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ABSTRACT:

The vehicle detectors are the basic infrastructures for ITS development. In Taiwan, most of
traditional vehicle detectors are foreign products. Thus, the implementation costs are very
expensive, and the maintenance and related techniques are dominated by foreign agencies.
Besides, these detectors cannot perform very well under the sophisticated traffic environment in
Taiwan, such as mixed traffic flow. In order to expand the sources of traffic information, 10T
and NCTU team have cooperated on the feasibility study on the vehicle detectors prototypes
development in 2005. The team developed two kinds of vehicle detector prototypes,
vision-based and microwave-based, and their performances were verified successfully. In
2006, we continue to improve detection technique and enhance the accuracy under
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As for the vision-based vehicle detector, the system can identify the vehicles in multiple
lanes during day or night time successfully. As for the microwave-based vehicle detector, we
developed the CMOS IC of vehicle detector (which is first developed in Taiwan) and the
antennas and composed the embryo detection system. Its prototype performs very well under
primary testing.

We hope the outcomes of the study could drive and corporate with the domestic
manufacturers to produce the low-cost and high-accuracy vehicle detectors through technology
transfer in the future. Furthermore, the vehicle detectors could be implemented more
comprehensive and provide more complete traffic information.
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3-13 (EF={EAl
2.2 i F M B p|(Traffic measurement) :

B N2 R B MR T2 2 Rl e b o Bl
ﬁgggﬁ e S ARV HE - BAERETHEIE SRR
8V @naﬁWA,vv&i?ﬂﬁﬂiﬁW@W°ii$
Bt ik (Excelipzp > ) P fm i Bg @Iy » i
ﬁﬁﬁ?%%?ﬁa@ﬁg%’ﬁ%@uﬁgﬂﬁiﬁfga%

H

3.% # £ 7 (Incident recording )

Bk S B GUELEE ok LN ) B ULl R4
%ﬂﬁ$7fﬁ& FF 3G (FEH 14T
$2mg RV R T ) BE 487 B4 5 (Sframes/sec)
i’EF@fﬂTﬁ’ A AT BB 0 RS E
*””*Jf’i“’ ’#%T'Fi‘ W} | * R 2 émgﬁfﬁ’gﬂféifi’;f
Ao
F

F_k
. |

T

>
=

Ef'ﬁfj”#%ixaiﬂ1(FFO)rﬂ@p<m
(A% > gHRNER ).

4.p #3475 i (Self-diagnosis alarm)

gl

PEZYERB S  EPP ARSI L i d
Ilased R 24T B2 PRI -

= ~ Traficonf’ if3% & §m i Jp| % Si(http://www.traficonasia.com/)

Traficon ¥ @ fmilipl A i B £ 5 R B R § 2eeh
LU FMEARFE > A S D R R T (VIP) ®iPIEX
SRS & LT N TR S e
e mwn%%ﬁﬁﬁéfﬂﬁ?u&%ﬁ%%#%@%mwl
o H BN 4 7 Traficon [k sLE G ri A X F A AR R N R

ORI Lf”%’%’ﬁg‘% R ith A B plfrf EF AWK LT F

GE 5 g R0 ok 2 5 F s 4 o (4o 3-14)
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Traficon § k¢ 2 @0 Bl kA B oA

1.%%3p @ 3538 WHER S I pF 4 47 > Traficon emgsg ¥ 2 Rl HHL T
SN RE T AR TR ¢ FAheE B i
v R BFCRGFIHE P HEEE L ER o (A0F
3-15)

3-15 [E5E R Al

2.2 B ¢ Traficon ehg2 st 8 il p) & v J‘,{ﬁ@—_}ﬁéi;Ly SR 2 i
Byt 2R R R A AL B ETE B0
HECABRGEEGRGECEERD [ HEE e (T
B)ZF o (4rF 3-16)
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FHE RKRE

AP w8 F 04 ERE SR 2 AR RS A GRITH

LA A AR LTI AR R B0 RN 0 A 8

= L SR W= i 3 7=

FEF SRS > A AL HH T TR
B2 @R 2R A rd @i e plAWFHEN FRARD -

%ﬁﬁ,‘?l‘%’\\ﬁ’iiﬁslg@@? éﬂ\ ’fﬁ;-ﬁr}%‘]4llﬂr-r:

F T 3B A T 3.0 IR

N

PEX EmER S

. - B IRIAR B EEEH
G PR 5 o = ¢ 5
,?/’f?i’}ﬁﬁy»?m %3/{%%%%&—?.75 » ij’ﬂt =

B 4.1-1 REAEHEARREEZEER

%%ﬁ%ﬁ*é%ﬁ%*%i%é%%»ﬁ@%%ﬁ%%aﬁw
B gk B RT AL 22 R R B e o g

T S MY 0 BT S HCEAID (5 0T PR T RIS 6 L
FAEEE 20 BFHHES B0 VLIR30 KA
FAER o R T AL AR TR o R B T e PR
R o

LB~ H ~ ¢ 3£ 1 CCD (Charge Coupled Device » g %48 & =~ %)
FCCOBHEE ~ T% ~ B idgs—+ - Rinliis - %
Kﬁ;"l{ﬂ » H @ )/é';‘fi’l”\ii:%?:):‘]ti .



Vg ~e 48 D P@EDd X FHP - TEHB &SR
BiRp BEHE SRR HAY L ARAENET | -

4.2 CCD s/t

PR AIREREEE NP p RBP g 7 X
iz ~ CCD ## #h= &+ £ (Automatic Electric Shutter: AES) =% &
# 7§ (Back Light Compensation: BLC) % it e 8> A P43 5 F 3
SICCDHEF PR * T Ao EHRR* L5 FTHH L wCCD
%%%’U%@ﬁ e B P RBPRZIRET R pREER

PU E SR BN P 72 A Y5 KMS-63W3N 2. CCD &84 &
< BB B PF (% 0.05 Lux, F1.2 5600°K 30IRE) i& 28 ¥ 12 &+ F 34 {7 B2 3 B~
oo HARFACR 4.2-10 - KFE P w A Ak B B 0 B
F OB Rk Hoe e 16M e il 0 BB F L * 4o 1/100 fyeni- g
BRB-E- B 50 BFLm R S iy ki
1 =% » fRis A% 40 1/4000 f/,‘mrg PP g BB R R R iR TR
TRk e 2 R > A NG Y E Y RS R 5B DSP fhk

WRBE- g iR ik BB L FE4F 30 = kB~ NTSC/PAL
] 3% FiE b B e o

i 42 CCD v CMOS .45 = § 3:1 chds fi §o > i i 100 A pechy
1000.1(A PR it fe P 5 ¢ 100,000 Lux fof® p 100 Lux 9 ifo ie 48
FTRFEF AV AZPELE- BT PR P RSk FPF) - 63W3IN
EFMR) k7RG 2801 enFAE s g ] 0 BT B SRS 00 B o S b
B4 154dB iRk T A BEWE R E G A PTE N I e
PEEEER (BU P AMERGERUEF OBAENS - LR
3:1 s fi > B4 95~110dB i % 42 % 14 ) CCD A 2 8 3 4B
% 42-1% 42-2-
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5% 4.2-1 KMS-63W3N-CCD 1BE/H48 48

7 Bt KMS-63W3N
R NTSC | PAL
- - - 1/3 &~ CCD % ifps bl B
CCD & i % 768(-k ) X 494(£- %) 795(-k ) X 596(=-% )
¥ H 5 A |55FKMA60RB F/f | 62544 R 50 BH F/
I S S P e 5 /Line-Lock
) B g 0.05 Lux (F1.2 5600°K 30IRE
S LR e 0.001 Lux((Fl.Z 5600°K 1OIRE))
R 600 #1/580 4 (He i 1 5L58 i L)
i gl F ATW/AWC ¥ 7 3% (& ¢ )
# W 3200~10000°K
v b R p & E 4] ON/OFF # *7 3%
HE oA # W ! 0~18dB
= e e 52dB(# -] )/70dB (3 ~ )(p &3 & ¥4I b F)
L 1/60~1/120,000 #;:¢ % |  1/50~1/120,000 )ik 4
P ok E pieRF BB R
¥FREEE N TR AEHEIEed ¥R EE T
5 4 M OB F R
P T d¥ R EEERS
ok oA R d ¥ R EEE R
Bk g X2 b REEER
B . B a d ¥ R EEH
RN T d ¥ FEHEHTH
Bl 4 3 oW dF R EE SRS
[ TR d ¥ FEEEHRSH
B w8 d ¥ FEEERSH
B F B OF ow d ¥ FEEEHSH
R B G R 52dB(280:1)
R i & N R 8 21 > 1.0V P-P at 750hm
- 0.45
1 iF %R B ER -20°C | 50°C
1 iF R B RAR 85%RH T
z i DC12V + 1V/120Ma
SO I S 0.45/1.0 d ¥ %:E H 741
? < 50.5(W) x 50.5(H) x 115(D) mm
B 4% 1R
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T ACERTEE Y A

“ATW: fi # 3¢ iy T =
*AWC: £ $+ 4 Z_5 T i

*z o (E =:mm)

A SR VR L OH,

]
{

3= 4.2-2 KMS-63W3N-CCD &2/ B2,

W k7] k8L
AR R R 280:1 #° fi #= B (B>t @ Sedk fgh 90 B)
AT B R T 154db i % 3 % »L(@<~ B L m&% 50~100 13)
4% Y i ﬁf‘pr TR IRA R R A R o
48 ¥ F Skt iF 48 -] T 3¢, 320X240 I EMCA] T B o

B p BB E I

2 ek d 12dB g £ R -

¥ EAH AR

I SRS ok 1S (S

TR

|

e 12V £ 10V/120mA Az 1474 42 o
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4.2-1KMS-63W3N-CCD 1 &/
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4.3 $#RER

JoudRt 8mm F R BEALE 0 AP MR T Ao & B 4.3-1 475 o

7= 4.3-1 8mm FEEEARTE
MODEL NUMBER CCTV LENS 06
IMAGE FORMAT 1/3 inch
FOCAL LENGTH 8mm
MAXIMUM APERTURE F1.2
APERTURE RANGE F1.2-C
M.O.D 0.1m(W) 1.0m(W)
ANGLE DIAGONAL W54.39° T5.89°
OF VIEW HORIZONTAL W43.62° T4.73°
VERTICAL W32.73° T3.55°
DIMENSIONS D34.0xL74.0
WEIGHT 90g
OPERATING TEMPERATURE RANGE -10°C~45°C
OPERATING HUMIDITY RANGE 30%~70%
MOUNT CS

AVENIR
CCTV LENS
8mmF1.2

MADE IN Japan

4.3-1 8mm £558




4.4 CCD [hiEE

RIS R CCOFPBBF LA FTHRITE B * £, 30
CCD ## 4 *t e % GL-607 % *t * i ¥ 4ofl 4.4-1> Ak h ¥ 3+
dE R B BB ARES s HR R oL 44-1 0

< 4.4-1 GL-607 ZJ\H5EE RS

GL-607 2 ¢t * £ §

HOF B ¢ #EE e d
b gLt < | 147(%)X140(% )X470(£ )mm
F o ¥ %4 < < | 105(%)X100(% )X320(% )mm
B 8 i #|IP66,CE
H 4e 41 B Br %
= ® ¥ 41 |ON:15C ON: 35T
OFF : 25°C OFF : 25°C
"t v fie =R ] e (3E )
#i » % B |12VDC / 24VAC / 110VAC / 220VAC
% £ ¢ 4 4t |20.8kg, 23.6kg, 3.7 #
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4.4-1 GL-607 =4 RFHEZ
()FHEESNE 5 (b)INzLEs 5 (C)ERE 5 (d) ~ (e) EIRIEE T ; (NFMIFA

45 B

S REE R A A YR kAT kh MS6404
B HRT AR 451 (FAME FEEFE TR LT S c HRR
4o T
» Model name : MS-6404
e CPU : Intel Pentium 940 3.2GH
» HDD : Seagate 200G/8MB/7200RPM/S-ATA
* RAM : TwinMOS 512MB PC2-4200*2
» Power Supply : 260W(PFC)
* Dimensions : 210(W)x330(D)175(H)mm

» Microsoft Windows XP Professional VVersion 2002 Service Pack 2
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E [0
e =[N K
=[5

© ()
4.5-1 %2 MS6404 % TS

(@)~(d) B EERIRIMNR 5 (e)ERITAEL ;
(N~(@)FERRPREIER R EEEE ; (h)IMERAREREF
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6 RBREHYF

GBER Y 2B 3 B g+ (ADLink - RTV24 5 4@ 4.6-1) 44
Jo T AT
» Four color video digitizers operating in parallel
» Up to 120fps in 32-bit, 33/66MHz PCI bus
e Color (PAL / NTSC), monochrome (CCIR / EIA) camera
» Up to 16 channels extension
e On-board TTL I/O lines
 Built-in watchdog timer

* Protection circuit for security issue

4.6-1 ADLink - RTV24 SRS HEEF

4.7 ADSL {88 i

G ¢ E T ADSL ks @GR R T K
ATU-R(ADSL ﬁ@;ﬁﬁ%ﬁ;&r% AT-1)4eB 47-1> B2 A ¥ 3 57
R R R TS B TN () B K 64k—1Mbps 0 T @ ag I
256k —12Mbps) -
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Z< 4.7-1 ADSL SiBHEAR1E

Chipset

AD 6489 + Eagle

SDRAM

8 MB

WAN Interface (One ADSL port)

ADSL standard

ANSI T1.413 Issue 2, ITU-T G.992.1, ITU-T
G.992.2

Downstream: 11 Mbps

G.DMT data rate

Upstream : 1 Mbps

G.lite data rate

Downstream: 1.5 Mbps

Upstream : 512 Kbps

ATM Attributes

PPP over AALS RFC-2364
Multi-protocol over AAL5 routed | RFC-2684
Multi-protocol over AALS bridged | RFC-2684
PPPoE RFC-2516
IPOA RFC-1577
VCs 8
AAL type AALS
ATM service class UBR/CBR/VBR
ATM UNI support UNI13.1/4.0, ILMI
OAM F4/F5 Yes
Management
Console port RS232/DB9
SNMP Yes
RFC-1213 MIB Il Yes
Telnet Yes
Web-based management Yes

LED Indicators

CT-500C: Power, Alert, LAN Link, ADSL
Link, ADSL Tx/Rx

CT-500S: Power, Alert, LAN Link, ADSL
Link, ADSL Act

Local interface (One Ethernet port

Standard

IEEE 802.3/IEEE 802.3u 10/100 Base-T

Transparent bridge and learning

Yes

Routing functions

IP static route Yes
RIP and RIPv2 Yes
Network functions
ARP Yes
DNS, NAT/PAT, DHCP/BOOTP Yes
PAP, CHAP Yes
IGMP proxy Yes
Power Supply
External power adapter | 110 VAC or 220 VAC

Environmental Conditions

Operating temperature

0~50degrees Celsius(operating)

Relative humidity

5~90% (non-condensing)
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Dimensions

CT-500C: 200 mm (W) x 44 mm (H) x 137 mm (D)

CT-500S: 40 mm(W) x 140 mm (H) x 133 mm (D) (with cab. Holder)

Weight

CT-500C: 335 g (without power adapter)

CT-500S: 245 g (without power adapter)

“‘f ﬂ']

1§ Fpas £ 4 Hub
T Ay~ U AR OE R th

4.7-1 ADSL Eig#% (% CT-511C)

H 8,
HH,?\/*%zﬁ
g B RN ERT B AT v R RS 68 e -0 LB

ARRTE LS A s 5 P L b AL B
210kg/cm2 > 14 ASTM #4782 4 > 4§ 4.8-1 2 4.8-2 -
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g [IREE)
et [ a0
30 \ 00
= @42edFL
A Bati atemTam(TIP.)
=

(b)
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4.8-2 FMTTHPER AR T BIHRZR
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4-16



FHE RBIEEETT

POIERE A A fsaPio o 2R E B AR 51 frE > B A
LIRS LR TES SR TS B g - Ba R
T L FR P dets o

CCD

2P A & 4 AR |

Capture card

Y

Bray#2 By 4h 52 14 | Motion detection

NO

Object Recognition

l YES

Object Tracking Segmentation
- = 2
Traffic parameters By H"+]' ¥ -*‘% 18 ¥

B 51 (RAlZR B E T RIEE

5-1



51 XBBHETERIE

SN 1
SRS RN EIE
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@—éiﬁii@léz?d STk T P R B 15,?]3?§1—5é,§ ifﬁ,g:l
bt B RN B2 B el AT D IEA B < )
B2 R Aot o 4 e PER o2 o

N,.=N, . +N,..+N

total large smaill motor
Now * 32 Rl

Nlarge HE ?tlljj iﬁ?’i ﬁl 4‘3@3
N i + 7] .:I:J & ¢ﬁ5~
Noor 3 2. 7 e i

3
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ORI ER T R E L B R A
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N
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N:HEpETp T2 52 8wk
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0: T (/] )
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5-2



I=q

WD R F L0 L B L i0d 5 o (B sin B R E 2R
SR RIF O TP T R om A K ST D 0 L AL
RIT P > iz BY B RS FrE L R TR S o

4 BL3tE — Frame B 9% it
AR E R o

>
5]
¥

|
Ti\4
N
[
(7
b
=
o]
g
fmt.
g,*a \\?{y

N:£—mei%@@&i°

F-oFE-2g > ZigAT ok - D
&E%@:’é}”? Bfmlice AT NE Y AR
b2 bR B RE(R R) 0 A B B4 P e
%ﬁﬁ%iw’&#&102y¢%HT’E%%%E4
I B 0 4@ 5.1-1 2 B 5.1-2 -

FEHE 2 0F S

g
&

i <
=

A

b

D, * % CCD & “ri &2 JEYFAL @
D

2 :hvehiclextane; hﬁ’_ﬁ%%&’
O:CCDHERBEJFL 5 2 % &

5-3



511 FrRRETEE

DA D2

D2!!

D2

512 FrREMEE

5-4



5.2 AisR B H RHREY

CCD

I

Capiure card

Motion detection

NO
Object Recognition
i YES
¥
Object Tracking Segmentalion

:

Traffic parameters

[ 5.2-1 BlES¥ o H RAEHEF B

TRELL S F BRI ARACB) 5.2-1)1 & e 2 A4 B Z B
BEBLATAING > 2 A8 FY PijAInHm . bR B R
MARSEFHG > R g AT RFLT FRBRR T RS

L FE “%ﬁm%?ﬁ?%ﬁ% % o kﬁ AR E L
desg R B A R IC T o i B D A
(AT > T p AR LATFERE P & LATHFE - ® AT
PR FHRERES > EAMP AT NES{ T oyl
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RGO EE D AR @K#W#ﬁ’wu%*”ﬁm%mgﬁ
FREAIL o - P B A R T T B A rE

R JE o od S BTG E AL D RS HIEIIAR R AT E DR
oy 2 A4 R F LR AL FIP A AR TG B R
fe % B e 3 imﬁmy{?fﬁ AL F] s d TGt
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(k) SARUTIIAIE R (5 120 5R)
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(e) % 25 ARFIARIE

(9) 535 'E‘IEF ﬁﬁ‘%ﬁ% (h) %’ 40 BEF AL

(k) REFEREE TN ERRAE
[ 5.2-3 REFREIIRELRZ
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5.3 RMestzEntes (el

cCcD

I

Caplure card

h

Motion detection

NO
Object Recognition Ocelusion

i YES

Object Tracking Segmentation | —

k 4

Traffic parameters

& 5.3-1 B s RHEEEFE

b2 iﬁﬁgﬁ’* B TEER G D g R & 1 K (ViA24c ] 5.3-1)
B2 Eggd * PHRSTE o R EA R R R RE R
BenH A B R o WEH & PR RO AR AR 5 L i E
gl @ﬂi%l,i‘a v (Intelligent Transportation System: ITS) *# & * {#2L% B
Ao e B R~ AR R R E

KA TR 2 TR R ORI Bl TR R
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07:12 1 13 |13 0 | 1 | 0 | 6 | 6 |0
07 : 13 5 5 0 0 0 0 7 8 1 70 | 70 | 100%
07 : 14 8 8 0 0 0 0 3 3 0
07 : 15 3 3 0 0 0 0 10 9 1
07 : 16 6 6 0 0 0 0 8 8 0
07 : 17 1 1 0 1 1 0 5 4 1
07 : 18 17 | 17 0 0 0 0 8 9 1 66 | 65 | 98.5%
07 : 19 6 6 0 0 0 0 2 2 0
07 : 20 4 5 1 0 0 0 8 6 2
07 : 21 11 | 12 1 0 0 0 6 6 6
07 : 22 7 7 0 1 1 0 8 8 0
07 :23 6 4 2 2 2 0 5 5 0 | 93 | 8 |90.6%
07 : 24 16 | 14 2 0 0 0 10 10 0
07 : 25 12 | 11 1 1 0 1 8 5 3
07 : 26 7 6 1 0 0 0 7 7 0
07 : 27 12 | 10 2 0 0 0 4 4 0
07 : 28 3 3 0 0 1 0 8 6 2 | 81 | 76 |93.4%
07:29 | 10 | 10 0 0 0 0 9 9 0
07:30 | 17 | 16 1 0 0 0 4 4 0
07 : 31 3 3 0 0 0 0 4 4 0
07:32 | 10 | 8 2 1 1 0 9 10 1
07:33 | 13 | 12 1 0 0 0 6 5 1 | 8 | 77 | 87%
07 : 34 7 7 0 1 1 0 6 4 2
07:35 | 10 | 10 0 1 1 0 16 11 5
07 : 36 6 6 0 0 0 0 6 5 1
07 : 37 11 | 12 1 0 0 0 4 4 0
07 : 38 9 9 0 0 0 0 7 7 0 72 | 71 | 98.6%
07 : 39 6 6 0 0 0 0 8 8 0
07 : 40 8 8 0 1 1 0 6 5 1
a y ',ﬁ u 634 500 73% | 61 17 0% | 166 443 37%| 861 960 89%
BrF | 514 97% | 21 76% | 453 97%| 988 97%
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0745 | 8 | 8| 0 | 0| 0 0 4 1 410
0746 | 6 | 6 | 0 | 0| 0 0 71 6 |[-1
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0754 | 9 | 8| -1 |0 0 0 51 4 | -1
07:55 6| -1 [0 0 0 5 1 | -4
0756 | 8 | 8| 0 | 0| 0 0 0| 010
07:57 | 11 2101 o0 0 5 510
0758 | 7 |10 3 | 0| 0 0 6 | 6 | 0|59 |64|922%
0759 | 7 |10 3 | 0 1 1 3 310
08:00 | 7 |7 0o |0} 0 0 5 510
08:01 | 4 0|0 0 0 2 1 210
08:02 | 12 | 13| 1 0] 0 0 6 | 6 |0
08:03 | 7 |7 0 | 0| 0 0 4 | 3 | =1 74|73 |98.6%
08:04 | 8 | 8| 0 1 1 0 | 10| 10 |0
0805 | 6 | 6| 0 | 0| O 0 | 14 | 13 | -1
08:06 | 5 5] 0 |0 1 1 8 9 |1
08:07 | 8 | 8 | 0 1 1 0 71710
08:08 | 9 | 9| 0o | 0| O 0 4 | 5 | 1|60 |64 93.75%
08:09 | 55| 0 |0 o 0 3 310
08:10 | 5 | 5| 0 1 2 1 41 410
08:11 | 10]10] 0 [ 0] O 0 2 31| - -] -
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08:15 Jaafua] 0 |2 2 | 0] L |1 0] a¢1o]100%
08:14 [ 14|12 2] 0 0 0 4 5 1
08:15 6 5 -1 0 0 0 5 5 0
08:16 5 5 0 0 0 0 4 4 0
08:17 7 7 0 0 0 0 3 5 2
08:18 [ 11111 © 0 0 0 3 4 1| 55|59 [93.2%
08:19 7 7 0 0 0 0 1 2 1
08:20 7 7 0 0 0 0 7 7 0
08:21 8 6 0 2 2 0 5 8 3
08:22 7 7 0 0 0 0 2 5 3
08:23 o | o 0 1 1 0 3 5 | 2] 50|58 |86.2%
08:24 9 9 0 0 0 0 0 0 0
08:25 5 | 8 3 0 0 0 8 7 | -1
08:26 g | 8 0 0 1 1 2 2 |0
08:27 9 | 9 0 0 0 0 2 4 | 2
08:28 6 | 5| -11]0 0 0 5 6 1 | 53 | 60 |88.3%
08:29 | 10 | 7 0 0 0 0 3 6 | 3
08:30 7 | 8 1 1 2 1 0 2 |2
08:31 515 0 0 0 0 0 3 |3
08:32 3 0 0 0 0 0 0 | o0
08:33 8 | -1 | o0 0 0 2 4 | 2 | 46 | 52 | 88.5%
0834 [16 | 16| © 0 0 0 1 3 |2
08:35 1|1 0 2 2 0 7 7 10
08:36 6 | 5] -110 1 1 1 2 1
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0839 [14 |13 -1 | O 0 0 3 4 1
08:40 86| =210 0 0 1 6 | 5
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B2 1313101010110 1717105 050
13:13 5 4 -1 0 0 0 3 3 0
13:14 9 9 0 1 1 0 5 6 1
13:15 5 5 0 0 0 0 4 4 0
13:16 2 2 0 1 1 0 3 3 0
13:17 7 | 7 0 0 0 0 0 0 0 | 36 | 36 | 100%
13:18 8 8 0 0 0 0 2 2 0
13:19 3 3 0 0 0 0 1 1 0
13:20 3 3 0 0 0 0 0 0 0
13:21 4 | 2 0 0 1 -1 1 4 3
13:22 3 3 0 0 0 0 2 2 0 | 25 | 26 | 96.2%
13:23 3 3 0 0 0 0 2 2 0
13:24 5 14| -1 1 1 0 1 1 0
13:25 1 1 0 0 0 0 1 1 0
13:26 3 3 0 0 0 0 3 3 0
13:27 3 2 | -1 0 0 0 2 2 0 | 19 | 18 | 94.4%
13:28 2 | 2 0 0 0 0 1 1 0
13:29 1 1 0 0 0 0 2 2 0
13:30 3 3 0 0 0 0 4 3 11
13:31 3 2 | -1 0 0 0 2 2 0
13:32 6 | 6 0 0 0 0 1 1 0 | 34 | 29 | 82.8%
13:33 6 51 -1 0 0 0 3 3 0
13:34 4 [ 2| -2 1 1 0 1 1 0
13:35 8 7| -1 0 1 1 3 4 1
13:36 5 5 0 0 0 0 1 1 0
13:37 514 -1 0 0 0 2 2 0 | 35 | 34 | 96.1%
13:38 3 3 0 0 0 0 4 4 0
13:39 3 2 | -1 0 0 0 1 1 0
13:40 5 14| -1 0 0 0 1 1 0 35 | 29 | 79 3%
13:41 4 | 4 0 0 0 0 8 8 0

6-27




7 6.3.1-2 BHERSERERERMRFEH R -—PERALERGE

R B (; iy jtséi;o%sj;o") AhpW | 95& 107 268 (x)
a4 |3 & <48 8 * B fE
PERF | VD |[A 1| 3L (VD A2 [3#4L | VD [ A1 EL| VD |4 1| Bk
13:42 4 3 -1 0 0 0 1 1 0
13:43 2 2 0 0 0 0 4 O [-4] - | - --
13:44 5 5 0 0 0 0 1 1 0
13:45 4 5 1 1 1 0 2 2 0
13:46 3 3 0 0 0 0 1 0 | -1
13:47 0 | 0 0 0 0 0 1 1 0 | 14 | 13 | 92.3%
13:48 0 | 0 0 0 0 0 1 1 |0
13:49 0| o 0 0 0 0 1 0 | -1

w5 | 291 305 [89% | 23 | 5o [85% | 99 | 195 |51% 413 <55 764%
Bres | 335 96% | 16 80% | 194 99%| 545 96.74%

6-28




i EEARHIVDE ~ T ETET'—H[FMOO%)

i 60
50 |
40
30
20
10
12:45{12:50 | 12:55113:00 | 13:05 [ 13:10 | 13:15 | 13:20 { 13:25 | 13:30 | 13:35 | 13:40 | 13:45 | 13:50
—&—VD 0 3 0 1 3 3 2 1 1 0 1 0 1
—A— 1 3 0 2 3 3 2 1 2 0 1 1 0 1

el

B 6.3.1-9 BEREFER(1240~1350) KBV E ;R 8 MR LLEE — P EIRAEY

I: Iéfil EI?I F’JTFI VD“:—E’ Ao *fﬂl_ﬂftq%yl(1026)

60
i

50

40

30 |

20 -

10 F \/A/

0

12:45(12:50 112:55|13:00 [13:05 [13:10 | 13:15 [13:2013:25 |13:30 13:35 | 13:40 |13:45 |13:50

—mVD | 29 | 29 | 24 |29 |38 |27 |33 | 25|18 |10 22|24 |27
—a— 28129 23 128 138 27030 2515 9 18|21 18] 8

F

6.3.1-10 EfIERFEZ(1240~1350)/\BY B it 88 ERE R L 4QIE| — HEERR AL ER

6-29




60
50
40
30
20
10

plizt BRI VDES ~ R BT R((1026)

12:45112:50

12:55{13:00|13:05|13:10 |13:15 |13:20 |13:25

13:30

13:35

13:40

13:45

—&—VD

12 | 16

21

16 | 17 | 21 | 23 | 10

(@)Y

11

11

15

11 ] 16

23

15 | 17 | 21 | 25 10

O

10

12

11

& 6.3.1-11 BEIZAFES(1240~1350)RE B it 8 HERE R LLECIE — HER AR

12 B B P (1 240~1349) 4 ] a2 3] o Ao PGt T S5

—— T Fw
3

—a— i S ARE

B 6.3.1-12  BHIERFEZ(1240~1350) A HASA AT HAR TR B 20K
—FRERAR

6-30

KHEEE




7 6.3.1-3 RIERSER B E SRR R - RARPRLRERS 68

R B

Ko Poif i B 5 68

BAEP

95 & 11 * 16 p(z)

EF)

)

)

(L8

A )

P R

<
o

A1

L

<
o

A

a

AL

<
o

#
A

9

AL

VD

A d

R

07:01

07:02

07:03

07:04

07:05

22

22

100%

07:06

07:07

07:08

07:09

07:10

20

19

94.7%

07:11

07:12

07:13

07:14

07:15

21

21

100%

07:16

07:17

(=) ol Jol Jol Fall Fol k=1 E=] I=) ol ol Nl Nl Nel el Jel N}

07:18

(=) ol Fol ol ol Fol k=1 = N

|
—

07:19

|
—

07:20

27

29

93.1%

07:21

07:22

07:23

07:24

07:25

23

21

90.4%

07:26

07:27

07:28

07:29

07:30

E BNoN BN BN I BV, BN o Wi HUSE Raal Ne i IV, T RUS I BN IEN [ lo'oli IUSH ol RUST RO, I (O I NS N, o Wi I NS 2N RN RUSH RUSH IEN I B \O N BN |

AlOINQIN|UV]|R|l|W|IOS|FJUn|W]lR|IQ]|olW]lo|WlulN]IND]|WIND]R]|WIWLWI VNI

(=} =l ol fol Jol el Ll Fol ol i1 =1 =2 =) i=h F=h F=) Fwl Rl Nl Rl Nl § SN B Neh Nl Nl Rl B Kl Ne)

=) fol fol ol fo) fol Hoh ol Foll I E=2 =2 =] =) =) Jo) ol ol ol el ol N Je) Jol ol Rl Rl Rl Rel Ran)

(=) =l ol fol Jol Fol Fall k=l Eol s £=2 Ll E=2 =2 =) =) Nl Rl Jel el Nl § Sl R Jell Bl el Bel Bl Nel} Ren)

(=) ol Foll ol ol fol Jol Fall Fol Rl Re)

(=} =l ol ol Fel Bl fel Joll Fol k=1 [=] F=) Jol feh F=l F=l Fwl ol el Fel Nl Fol Rl Nl Joll Nl Nl Nel el Na)

(=} H=l ol Fol Jol Bl =l Foll ol k=1 k=) F=h §__} J=h Foh J=j Foj fel ol ol Jol ol Fol Jol Joll Joll Jlol Fe ) =2 k=)

=) ol Fol fol Jol ol Joll fol Fol k=1 k=] K]

32

32

100%

6-31




)

=
=]

f

T2 —RARIPHRERE 68 (

A

Bt p

JILE

~

3% 6.3.1-3 LIERFELYE;

95 & 11 * 16 p (z)

EIAN- ]

100%

80%

46 | 96.8%

46

34 | 94.1%

46 | 96.8%

35

28 1 89.2%

47

46

36

47

42

31

394 1379 | 96%

AL pE

v

0

0

0

{3 % fid i B - 68

L

&

B

10

11

10

11

13
12

VD [+ 1
10
8
4
9
9
8
9
8
7

11
9

2
8

6
11
5
11

13
13
4
5
6
8
6

10
4

7
4

8
0

i

iR

P

07:31

07:32

07:33

07:34

07:35

07:36

07:37

07:38

07:39

07:40
07:41

07:42
07:43
07:44
07:45
07:46
07:47

07:48

07:49
07:50

07:51

07:52

07:53

07:54

07:55

07:56

07:57

07:58

07:59

08:00

o

-

6-32



)

=
=]

T2 —RARPRRERE 68 (4

A

3< 6.3.1-3 BHIERFERE R B HEE RN

QF- o =} o =}
:,*m; (@) o0 <t (@\]
3y
jandl}
N Bl %) - < o) Nel ~
OOIm:« e\ e\ [\ — el —
S =
= a ~ e < o O o
— > ~ I a Q N Q
o—
4 s
H J00000400000000100000000000000000
X Ausl
4Wl00000000000000100000000000000000
~
=
= W00000100000000000000000000000000
8|
-
Ak YL
n“.rrOOOOI_00000100002001_001_0010000000
Ausl
=
OOm.:l10010111011000120010012221100011
O | |
L
iy W10011111010000100020022211100011
,fm.w:
%) )
o e_.ﬂ4.000140001_0400440000010%14004001_
= A
,@r.«ﬂ_
Hmiu73535523247523442244424274434017
W93534623257623562244414466435018
ol | | v o] =] o| o] of =] ] | | | ©] =] 0| ] S| =] ] A | V| O] =] 0| ]| S| =] &]en [
A E = = = =] =] = = Q] Q] Q] N Q| Q| Q| | o] of o] of o o] o of T | ST
Ay [ |42 | S| S]] A A S]] S]] S]] A S S]] STS S
Hﬂvu —l ] ] | e ]| ] ] e e o] ] ] ] ] ] ] (] ] ] ]| ] ] ] e ] ] ] ] o |
B

6-33



7 6.3.1-3 BHERSEREIREBEMREIR - RARIREERS 68 (18)

PlEE e B PR L v

n
N
o0

DALY 95 % 11 % 08 p (=)

/\~
4
T8

a8

i 1312

# EIAN- ]
A

pF R VD |4 1| %

<
o
Tl
-
<
o

>~
=
T\
-
<
o
-
.
o
L

12:45

12:46 20 | 18 | 88.8%

12:47

12:48

12:49

12:50 32 | 29 | 89.6%

12:51

12:52

=0 k=) K=} F=) k=) k=3 T =1 k=2 N

12:53

12:54

|
—

12:55 20 | 17 | 82.3%

S

12:56

(e} Ne)

12:57

12:58

12:59

13:00 22 | 19 | 84.2%

13:01

13:02

13:03

13:04

13:05 23 | 18 | 722

13:06

13:07

13:08

13:09

13:10 30 | 21 | 56.1%

13:11

W W R ]Q W[N] W I [ [N W [W IR N[ ]Q W b |[\O | ||
(el L N B NS0 L Kol L fee il | \O RN | \O 2 el fen il Fanll | \O 3N fen i fen il faell L | \O ) feulll feul Feoll (el feu il kol (=N Ll R==)
(el Bl AV TN i el Rl Ll Ken i ol | \S 0 el el el Ll [l [l kel I il (=2 [=2 (=0 ==l Kew iy Ken iy Ll 1ol fen)
(=3 [l [wl (el (el (el (ol (ol ol (o} ol (o (el (el (o (el [ (el (ol (=1 (=N [« el (el [ell [l Ka il fan)
(= [l [l [l [l (ol (ol (=8 ol (=l el [l [all fe i (= (= [l [l [l (el [=f (e [l [l [l [l kel fe)
[ [l [l [l [l [l (ol (=3 [l [l [l [l [l ol [l [l [l (ol [N (= [« (el fe i [erll Fenll Favll Kol fan)

>~
|NMU]MI\)\II\)P—‘UJ»—‘O\UJI\-)UI[\.)UJUJL'—‘#O\DJ\]#\OUJ[\)'—‘P

13:12

gy - — 287 | 253 | 86%

6-34




)

=
=]

f

T2 —RARIPHRERE 68 (

A

Bt p

JILE

~

% 6.3.1-3 BHISASERESS

)

95 # 11 % 08 p (

EIAN- ]

wr

&

92%

25

24 1 95.8%

35 196.1%

24 1 79.1%

32 1 93.7%

29 1 79.3%

27

23

36

29

35

35

AL pE

v

F4| VD [ %1

E>a

0

0

0

0

0

A1

A it i B o 68

L

it
-

&

gt

B

10

VD [+ 1
3
4
7
3
4
2
5
4
7
3
4
5
6
11
4
3
8
5
5
6
5
8
6
4
6
9
3
6
9
6
4
7

R B

P

13:13

13:14
13:15

13:16
13:17

13:18

13:19
13:20
13:21
13:22
13:23
13:24
13:25
13:26
13:27
13:28
13:29
13:30

13:31

13:32
13:33
13:34
13:35
13:36
13:37
13:38
13:39
13:40
13:41
13:42
13:43
13:44

6-35



I\,

7 6.3.1-3 BHERSEREIREBEMREIR - RARIREERS 68 (18)

Bl 2k L e P g B 568 AELPY 95 & 11 * 08 p (=)

A=
hi

a8

] A B b
R VD |4 3| #FL A

T8
N
3
[uts

<
)

>~
=
.
e
<
)
u
.
i
<
o

>~
=
%
7
Ja

13:45 | 3

13:46 28 | 26 | 92.3%

13:47 | 3

EES B D AV

13:48 4

13:49 14

—

)
|

\8)

13:50 36 | 33 | 90.9%

13:51

13:52

13:54

5
7
3
13:53 6
5
4

13:55 31 | 30 | 96.6%

13:56 10

13:57

13:58

13:59

14:00 23 | 21 190.5%

14:01

14:02

14:03

14:04

14:05 21 | 18 | 83.3%

14:06

14:07

14:08

14:09

14:10 29 | 27 | 92.6%

14:11

Wl N|W oW IR [—mIND|[—m|W NN |W R ||~ |V W [ |

il (== fee il Feo i Ll Feo )} Feull §\O 3 fec i feoly el Fen il fe R Ll | NSRS Kl Ll fo N Lt 1= Ll el =N el ==l il OO 2 K]
il (== feol feo i Ll feol} feull feo i fe i en il fe i fen il fe R Ll Ll (el I £=0 Ll R =2 Ll ke=R Kew i § \S N fen i i | \O Y K]
(=3 [l [l (el (el (el (ol (ol ol =l =N =k (el el [l [l (el (el (el [ [of [« (el [l (el [l Kl fe)
(=) [l [l [l [l (el (ol (=8 [l (=l el [l [l fe i [l (= [l [l [l (= (= [ell fe i [l [ell [eoll kel o)
(= el [l (e} (ol (ol (ol (o o} (o} (ol [of (el (ol [l (el (el el (ol (=1 (= [« el (el fell [arll Falil fan)

W O QW IQI|WwW [N~ ]=]|WwW SN X |Ww ]

14:12

bl i 353 (324 91%

6-36




P BGROEEE FIF VDEE T S TR (1116)

07:05|07:10 | 07:15 1 07:20 | 07:25 | 07:30 | 07:35 | 07:40 | 07:45 | 07:50 | 07:55 | 08:00
—&— VD 0 1 0 0 1 0 7 3 0 1 7 7
—A— 1 2 0 1 1 0 7 4 0 1 5 6
ﬁé?]
Bl 6.3.1-13  L$2RFE(0700~0800) K BY B & At R LE I ]
_iﬁrﬂ'lkl_l_ |:|
TSRS | B VDE © 7 3T (L6)
gIF;] 60

0 07:05|07:10 | 07:15 | 07:20 | 07:25 | 07:30 | 07:35 | 07:40 | 07:45 | 07:50 | 07:55 | 08:00
—=—VD 22 19 21 27 21 32 30 35 36 46 35 23
—Aa— ~7 | 2] 16 21 27 19 32 29 34 34 45 30 22

S
6.3.1-14 S082RFEX(0700~0800)/ )\ B B i 88 AE R 5K LE &0 ]

— RARRIRE R

6-37




P DSEBEEE R HIVDEE » 2 S RTERR(1116)

0 07:05 | 07:10 | 07:15 | 07:20 | 07:25 | 07:30 | 07:35 | 07:40 | 07:45 | 07:50 | 07:55 | 08:00
—=—VD 0 0 0 0 1 0 0 0 0 0 0
—A— 0 0 0 0 1 0 0 0 0 0 0

ﬁ |

6.3.1-15  5$2RFER(0700~0800)HE 58 i B #E e R LE &[]

— RARRIEER

PREB PN PR 7 e RS AR P RI(1116)

100%
80%
60%
40%
20%
0%

07:05 | 07:10 | 07:15 | 07:20 | 07:25 | 07:30 | 07:35 | 07:40 | 07:45 | 07:50 | 07:55 | 08:00

—B— EREERT | 100% | 94% | 100% | 93% | 90% | 100% | 97% | 100% | 94% | 97% | 80% | 89%

Sl

6.3.1-16 Z<$2RFES(0700~0800)5R P AR IEE kS R ATM E Haa K B

6-38




TR B VDS * 2 F TR (1108)

12:17 | 12:22 | 12:27 | 12:32 | 12:37 | 12:42 | 12:47 | 12:52 | 12:57 | 13:02 | 13:07 | 13:12
—=—VD 3 4 1 2 7 2 3 0 3 2 5 11
—A— * 2 4 2 3 7 2 4 0 4 6
E?I‘ ]

B 63.1-17 BisERFER(1212~1312) KB B /R B MR hE

- %E rﬁ'_.l'ljill_l_ |:|

T TSHSEES | EIH VDS - S TR (1108)

0 12:17 1 12:22 | 12:27 | 12:32 | 12:37 | 12:42 | 12:47 | 12:52 | 12:57 | 13:02 | 13:07 | 13:12
—=—VD 24 18 23 18 19 18 17 32 17 20 18 19
—A— 7 | 23 16 21 16 19 15 14 29 15 18 14 15

S
B 6.3.1-18  REfisAFEL(1212~1312)/ \BYEE i B ZERE 3R L0 [

— RARRRER

6-39



P DEBEEE RS HIVDEE » 2 FRTERR(1108)

0 12:17 | 12:22 | 12:27 | 12:32 | 12:37 | 12:42 | 12:47 | 12:52 | 12:57 | 13:02 | 13:07 | 13:12
—=—VD 0 0 0 0 0 0 0 0 0 0 0
—A— 0 0 1 0 0 0 0 0 0 0 0

Pyl

B 6.3.1-19 BSEAFEL(1212~ BB R B MR LEE

— RARRIEER

Pt TR 7 % PRSP 1A A 1 108)

100%
80%
60%
40%
20%
0%

12:17 | 12:22 | 12:27 | 12:32 | 12:37 | 12:42 | 12:47 | 12:52 | 12:57 | 13:02 | 13:07 | 13:12

—B— EIREER | 92% | 85% | 100% | 94% | 100% | 82% | 883% | 89% | 82% | 84% | 9% | 82%

s

6.3.1-20 BH#EERFER(1212~1312)R Fg AR B IS R AR E VR EE

6-40




PRSI BI 0 VD 7 FETERI108)

i 60
50
40
30
20
10
0 l\l/l\l/.\l—“lh'\lél?!?
13:17 | 13:22 | 13:27 | 13:32 | 13:37 | 13:42 | 13:47 | 13:52 | 13:57 | 14:02 | 14:07 | 14:12
—=*—VD 6 2 6 2 6 2 4 2 3 2 2
—A— t 7 6 2 5 2 6 2 3 3 2 0 2
1

6.3.1-21 BESERFER(1312~1412) KBBR8 A R LLEE
_ﬁﬁﬁ'lkl_l_ |:|

PR RIERELEE | BT VDS T R RTERE (1108)

i 60

50 |

40

30 i /‘W

20 &

10

0 13:17 | 13:22 | 13:27 | 13:32 | 13:37 | 13:42 | 13:47 | 13:52 | 13:57 | 14:02 | 14:07 | 14:12
—8—VD 21 21 30 27 29 33 24 33 29 20 19 27
—— 7| 19 22 30 22 26 27 23 30 28 19 18 25

B 63122 BESERFER(1312-1412) N BB R AR oR L
— RE A REE

6-41




P DEBEEE RS HIVDEE » 2 FRTERR(1108)

0 13:17 | 13:22 | 13:27 | 13:32 | 13:37 | 13:42 | 13:47 | 13:52 | 13:57 | 14:02 | 14:07 | 14:12
—=—VD 0 0 0 0 0 0 0 0 0 0 0
—A— 0 0 0 0 0 0 0 0 0 0 0

Pyl

B 6.3.1-23 BSEAFEL(1312~ 141 B R B MR LEE

— RARRIEER

100%

80%

60%

40%

20%

0%

TP FISASEE T € VRSpL] | TR (1108)

13:17 | 13:22 | 13:27 | 13:32 | 13:37 | 13:42 | 13:47 | 13:52

13:57

14:02

14:07

14:12

92% | 95% | 97% | 79% | 93% | 9% | 92% | 90%

96%

90%

83%

92%

i fe

6.3.1-24 BERRFER(1312~1412) RARREE R ARG RE

6-42




< 6.3.1-4 hERR T EREMERIFETR

R I95 & 112 08 F (=)

RIS DY FRT B

4 ik W rr & 7 Atk > b i &
igz VD 2 it ﬁgi ;JE VD 2 it E}§£ ?ﬁ;
1 53 86.3 16 62 65 95.4
2 40 94.8 17 42 45 93.4
3 55 98.2 18 42 45 93.4
4 43 96.8 19 47 48 96.9
5 49 89.1 20 30 31 96.8
6 66 96.9 21 41 40 96.5
7 49 93.5 22 65 62 95.2
8 48 100 23 68 64 93.8
9 55 96.3 24 64 64 100
10 56 98.2 25 40 40 100
11 50 94 .4 26 48 40 80
12 50 83.8 27 29 31 93.6
13 63 98.4 28 49 51 96.1
14 42 96.7 29 55 56 98.3
15 50 96.2 30 40 38 94.8
TR 95%
0 12 S5 VD AR R (1108)
o
= 70
et
é 50
T ¥
10
-10
213 |4 11]12[13 16/|17|1819{20 |21 [22{23|24 25 |26 27|28 [29 |30
—=—VD 40/55]43]49 50150|63 42|50 62 42|42 |47|30 |41 65| 68|64 |40|48]29 49|55 |40
—a— 5t |47 ] 38) 544455 53143)62]43]52|65|45|45 |48|31]40]62 |64 |64 40|40 |31|51|56|38
SVELHIHIBE)

6.3.1-25 FRERRFAEGFH REMXLLEF

6-43




100%
90%
80%
0%

I 284 ] SRR (1108)

SVt Ve

60%

50%

40%

30%

20%

10%

0%

1 23456 7 8 910111213 141516 17 18 19 20 21 22 23 24 25 26 27 28 29 30

IVERHI PR

6.3.1-26 HRHERRFEG B R R K E

7 6.3.1-5 RARIRFEIRE 68 HREMBIETR

BIREH B L F b i RS D 68

PERY 195 119 08 p (=)

3 Pk = g Wy & 7 Ptk P Wy &

NSRRI Tj dg(fif SSNCEEI R T\;ﬁ }(ﬁi)ﬁ
1 80 82 96.6 16 78 78 100
2 87 87 100 17 96 94 96.9
3 81 77 94.8 18 86 87 98.9
4 72 72 100 19 77 81 95.1
5 84 85 98.8 20 85 84 98.8
6 114 125 91.2 21 66 66 100
7 96 97 98.9 22 75 79 96.2
8 100 97 96.9 23 83 83 100
9 80 81 98.7 24 77 81 95.1
10 70 77 90.9 25 65 78 83.3
11 95 106 89.6 26 81 81 100
12 77 77 100 27 79 76 96
13 90 85 94.1 28 78 81 96.3
14 86 89 96.6 29 70 74 94.5
15 82 83 98.7 30 75 71 943

TR R 0 96.4%

6-44



FhCs BT E)

PR R DRASEE VDR SR HIRARTE T R (1108)

130
110 |

70 |
50

10
-10

112|34(5]6|7 8|9 [10(11|12(13|14|15(16|17|1819|20 |21 |22 |23 |24 2526|2728 |29 |30

—=—vD  |80|87/81|72/84|11/96]10/80|70(95|7790(86|82 |78 |96|86 |77|85 |66|75|83|77 |65|81|79|78|70 75
—— At |82187177172/85112197]97/81|77/10(77|85 18918378 |94/87 81|84 |66|79 83|81 |78/81|76|81 |74 |71

SVELHIHISE)

6.3.1-27 BRPG[A)RERIE B B R A FE R L ECE]

ok T SRS HF 0 (1108)

100%
90%
80%
0%
60%
50%
40%
30%
20%
10%

0%

1234567 8 910111213 14151617 18 19 20 21 22 23 24 25 26 27 28 29 30
EgSIt

6.3.1-28 BRPG[A)RRTE B B 3R AERE R K (E]

4 U R BT A AN~ M PR 2 R BB 40T i T
Lant s mBdE S e o BFEEERD RE RIS R 0 H
TR E v E 05% RS fR AR mI ooy P i

6-45



6.3.2 TRE AR

=

AT RN D IR R BRI E R L D BT ER
T B 684 % 5 v (N 24°45'54" E 120°54'50") 2 & & w P-if if B4 68 4
B F- RE A R o (N 24°49'34" E 120°58'13") 2 #c§ > ¥ 11 4 1
P N H R R ERES o SR BRI FRRT 10 7 28 F
17:40 = 1839 pFEx ¢ = w5 (4 6.3.2-1) B3t e (12457
L F % B TR 20051028 F P P E A 1719) 0 A K& b Btk i B2 3
HPEERF L 117 08 p 22:12 2 23:12 P> 4p B 2 e FF g ok Szt % & 4o
% 6.32-1~% 6.3.2-2 % §] 6.3.2-2~% 6.3.2-8 *75 o

6.3.2-1 RAEEFERPERAR 684 BEEORRE

6-46



7 6.3.2-1 REREREEMRMEAIR-—FERAR

D EpT 684 B B T

R B (N 24°45'54" E 120°54'50") RAEP Y 95 # 10 * 28 p (=)

g EE 32 %2 Xl

2= VD |* 21| #Z£ | VD L | VD | A2 34| VD |41 | BmF
17:40 6 | 8 2 0 8 2
17:41 9 | 9 0 0 10 | 4

1742 | 4 | 4 | o 1| 84 | 94 | 89.4%

17:43 25 | 27 2

17:44 11| 10 -1

17:45 113 [ 14| 1

17:46 10] 9 -1

17:47 9 9 0 2| 71 | 77 192.2%

17:48 1 11 [ 10| -1

17:49 8 7 -1

17:50 8 7 -1

1751 113 [ 12| -1

1752 | 6 | 7 | 1 80 | 84 | 95.2%

1753 | 15 [ 13| =2

17:54 5 6

17:55

Llo|le

1
1
17:56 9 10 1
0

1757 | 13 | 13 2 | 67 | 69 |96.1%

|
—

|
—_
A= |an|n o] |lu]|lo|(r AR ]wv o o |u oy oy

Bl [Q(n]R|o|WwW = Q| |uv [ [ |u oo o [ay [ oy oy [y
|
\S)

~
'—‘OOOOO'—‘OO'—‘O'—*OOOOOON'—"—‘OOO'—‘OOOOOP
S

=l k=2 =N [k [l [l L} ferll farll Ll [l L Ll Ll Kol Ken ) Fanl Kan i) LOSIY Lt |\ 2N Reo i fan i Ran i [t kel § \O 2} farll farll fan)

17:58 8 5 -3 0 2
17:59 7 11| 4 0 11 —4
18:00 | 10 | 8 | —2 0 4 1
18:01 716 | -1 0 5 2
18:02 7 10 3 0 2 0 71 | 74 | 95.9%
18:03 | 13 | 12| -1 0 2 0
18:04 | 17 [ 15| =2 0 2 3
18:05 | 13 | 14 0 6 -2
18:06 | 10 [ 10| 0 0 7 11 | 4
18:07 38 | 6 | -2 0 4 9 | 5 | 81 | 86 | 94.2%
1808 | 12 [12] 0 0 5 4 | -1
18:09 | 10 [10] o0 0 5 5 10

6-47




7 6.3.2-1 RESREREEMRFEIR-PEBROEGE

Rl (; Byosi j"ﬁ;‘oﬁ‘j;) ABpH | 95E107 28 (=)
] A B < A8 o AN}
PERF | VD |[A 1| 3L (VD A2 [3#4L | VD [ A1 EL| VD |4 1| Bk
18:10 6 | 7 1 0 0 0 2 3 1
18:11 1214 2 1 0 ~1 6 6 | 0
18:12 12 9 -3 1 2 1 7 11 4 73 | 82 | 89.0
18:13 516 1 0 0 0 4 5 1
18:14 | 14 [ 10| -4 | 0 0 0 3 9 | 6
18:15 4 16| 2 0 0 0 3 2 | -1
18:16 6 | 5] -11]0 0 0 3 5 |2
18:17 5 5 0 0 0 0 5 3 2| 55 | 58 | 9438
18:18 6 | 8 2 0 1 1 8 6 | 2
18:19 516 1 0 0 0 10 | 11 | 1
18:20 | 21 |16 -5 | 0O 0 0 4 8 | 4
18:21 9 | 8| -1 0] 0 0 5 4 | -1
18:22 7 8 1 1 1 0 8 10 2 | 84 | 89 | 944
18:23 9 -1 |0 0 0 8 13 | 5
18:24 8 -1 ] 0 0 0 4 6 | 2
1825 | 10| 12| 2 0 0 0 4 4 |0
1826 | 15 [ 13| =2 | 0 0 0 5 12 | 7
18:27 13112 =1 0 0 0 5 5 0 77 | 87 | 8.5
1828 | 12 10| =2 | 0 0 0 3 5 |2
18:29 519 4 0 0 0 5 5 10
18:30 6 | 7 1 1 1 0 4 2 | =2
18:31 5171 2 0 0 0 6 8 | 2
18:32 17 | 15 ) 0 0 0 3 4 1 72 | 77 | 93.5
1833 [ 10[10] 0O 3 3 0 5 4 | -1
18:34 | 10 | 11 1 0 0 0 2 5 3
18:35 7 | 8 1 0 0 0 4 7 | 3
18:36 | 10 [ 10| 0 0 0 0 2 1 | -1
18:37 5 5 0 0 0 0 5 5 0 55 | 61 90.2
18:38 9 [10] 1 0 0 0 6 7 1
18:39 3 | 4 1 0 0 0 4 4 |0
WS | 566|564 99% | 22 | 17 | 70% | 282 | 357 |79%| 870 | 938 | 92%

6-48




I B R B HI VD * 7 SHETE4EHI1028)

60
50
40
30
20
10
0 . -, . . .
17:45 | 17:50 | 17:55 | 18:00 | 18:05 | 18:10 | 18:15 | 18:20 | 1825 | 18:30 | 18:35 | 18:40
—®— VD 4 2 1 2 0 1 0 4 0
—A— t 3 2 1 2 1 1 0 4 0
Eﬂj?F'EuEJ

B 6.3.2-2 RERFERAEREEMRLLEE —PERAE

HIES E%‘,?fzﬁﬂﬂﬁ?& TERIFIVDE ST %ﬂ,’ﬁ@%ﬁ’(lo%)
70
i
60
50
40
30
20
10
0
17:45 | 17:50 | 17:55 | 18:00 | 18:05 | 18:10 | 18:15 | 18:20 | 18:25 | 18:30 | 18:35 | 18:40
—&— VD 55 51 47 40 54 53 49 26 54 55 43 34
—A— 58 49 45 43 51 52 46 30 47 56 50 37
Py
= JL IEEBE 7 7 3 JL
6.3.2-3 RERFE/ BB RS MR LB E — P FEIR A

6-49




I B HIVDSE » 3 ETERE(1028)

L 60
50
40 A,
30 A\\A/?-\\//\/‘—__‘\.){ \
20 .\\./ == -\-s_—z_‘L
10
0
17:45 | 17:50 | 17:55 | 18:00 | 18:05 | 18:10 | 18:15 | 18:20 | 18:25 | 18:30 | 18:35 | 18:40
—=—VD 27 17 29 24 15 27 22 29 29 22 20 21
—— 7 36 26 36 25 21 33 34 27 41 31 23 24

Eﬂj‘ ftil

B 6.3.2-4 RERFEEEREEMRLEE - PERAE

Tﬁ’f i B TU RSk VDS 7 BT H(1028)
0 | — a
90% rr/*’/'\\.\.//'\ﬁ' L ——
80%
T0%
60% [
50% [
40%
30%
20%
10% [
0%

1745 17:50 1755 1800 1805  18:10 1815 1820  18:25 1830  18:35 1840
e

B 6.3.2-5 RERFEPERARRFAENHERE

6-50




RIRE E%

t5— AR

A

B

/JILE

~

7 6.3.2-2 RfERFELE

L X X N X X X
ol || s X 2 = K > 2
/.\14131
_Hr.ﬁ_l
oo | % = ~ = i a o
=) ~
<
.
o0
~| |8 ® © = = @ o
o—
N Mm_000000000000000000000000000000
al |
4Wmﬂ000000000000000000000000000000
=
= W000000000000000000000000000000
8|
% [elel—=lelele|Tlele|eleole|eo|alele|al=|c—|co|—|T|~|o]|o|—|c|o|°
At
5
o || T lololo|lol<l<|lalolclclo|<|clo|cla|o|lclolalalo|la|lalolala|a|~|o
~
o | v
L
iy W001011100001020021010141001010
,rmw:
5 .
g M&r0040100000000%041_.4044444000000
) ok
,@r.«ﬂ_
Hmzu434142010130141335221164033100
W433152010130121223210043033100
ol en| ] v o] =] o] o] of =] &l A | | ©] =] 0| ] S| =] ] A ]| W] O] =] 0| ] o =] &
A B ol Q] Q] S a] of of o] o of A of of o T | ] | | | S| ] F| | 2 v v
“ '
Ayl | 4 | QO QA &S] QA A QS A A A & A A A S S S A A S S S S A
i A a A A ] A A af ] ] af ] af a ] f a]  f )] Q) Qf a] Qf )] ] f )  f ) -

6-51



7 6.3.2-2 RERFERERE

B

MERET R —RARA

RIRE R (1)

R B

o ik i B 68

AAHPE

95 % 111 8 (=)

EF)

T

i

a8

T8

EIAN- ]

P

<
»)

LA FA

<
)
>~
=

<
»)

#
A

)

#®AL| VD

A1

¥ Fe

22:53

22:54

oo

22:55

|
—_

22:56

22:57

0
0
0 | 21
0
0

16

68%

22:58

22:59

23:00

16

23:01

23:02

15

93.3%

23:03

23:04

23:05

14

23:06

23:07

13

92.3%

23:08

23:09

23:10

23:11

23:12

100%

23:13

23:14

23:15

12

23:16

23:17

11

90.9%

23:18

23:19

23:20

11

23:21

23:22

W= =N |=Jo|lh|o|lWIWIDR]|=m]|—=IO]|I=IlWI|IDh|DR]|m|IOIm|WIR|DR]WIDR]ID D ]|—]|N

Wl =~ |lo|lu|loco|lw|lw]lr]l—=|—|lo|l—|lw |l |lu|l—m|lol—|lw sl ]|r]— |0
clololo|lollo|l~|loclololcloc|lolo|lolo|lol~|lolclo|lo|lo|lalo|lo |o

oclo|lo|lw| oo~ |~ |lolololoc|lolo|lo|l~ o~ |lolo]lo|lo|o|lo|lo|w v ]|o | |o
clolol—~|lolo|lcolc|loaolololc|lolo|lo|lo|lolo|o|lcolo|lo|o|lololo |~ |o|le |o

(=N [l fen i ferll [l fe )l [l fen il Feo il [l Fell [l [l [l [l [l [l (o N (=2 (=1 [« fel kel Feoll [l [ell fen )i ferll Fen )i fan)

(=N (el feo il feo )l [l fe )l [ell el [l [l [l [« [=3 (=l fall [ell Fen il fer )l [enll fen )l [enll [l ol [l [l [=1 [l [er il Fen il fan)

(=) [l feo i el [l [eo )l [ell el [l [l [l [« [l [l [l [l [l [l (=l [l (el ol Feo ) (e

76.7%

i

151

140

92%

6-52




TN AR B TR R F B VDS * = 3 FTE e (1108)

60

50

40

30

20

10

22:27 | 22:32 | 22:37 | 22:42 | 22:47 | 22:52 | 22:57 | 23:02 | 23:07 | 23:12 | 23:17 | 23:22

—=—VD 2 2 3 4 6 2 5 0 2 0 2 3
—A— 7 1 0 1 0 0 1 1 0 0 0 0 1

F1ed

B 6.3.2-6 REAFE AR EREBHEMERLILEE — RARREER

TSRS TR R ES 1 B VDS * 1 3T E(1108)

o 60
il
50
40
30 |
20
U W‘\/‘\l
0
22:27 | 22:32 | 22:37 | 22:42 | 22:47 | 22:52 | 22:57 | 23:02 | 23:07 | 23:12 | 23:17 | 23:22
——VD 16 4 8 10 7 7 16 15 12 7 10 8
—h— 16 4 9 15 12 7 15 15 13 7 11

8
P el

[\

[ 6.3.2-7 REFE/\ELE IR B R LE B — RARIREE




TSRS VDR * 3T RIH(1108)

L 60
50
40
30
20
10
0 = & = = = = ——1——3a = = =
22:27 | 22:32 | 22:37 | 22:42 | 22:47 | 22:52 | 22:57 | 23:02 | 23:07 | 23:12 | 23:17 | 23:22
—=—VD 0 0 0 0 0 0 1 0 0 0 0
—— 7 0 0 0 0 0 0 0 0 0 0 0 0
e
& 6.3.2-8 RREIFFEEE R E R K LEERE — R M ITEE S
?ﬁz} TSRS T s VDS * T F T (1108)
-
.\
90% -
80%
70%
60%
50%
40%
30% [
20%
10%
0%
22:27 22:32 22:37 22:42 22:47 22:52 22:57 23:02 23:07 23:12 23:17 23:22
fj il
6.3.2-9 TR ERFEL R O A IRERE B R AR E PR E
PR R AT R R RS S T T4 S
PO BB ASRHRETREERY 2 - TARR GRS 4 o

6-54




6.3.3 BB IPHER

A UR G IR R B RT LD BB FRI R 684 B
% v (N 24°45'54" E 120°54'50")2- 8 > 02 4 1 348> ;8 1t s
PE Bk o AT FEERI 10 7 28 p 16:40 T 17:40 BF I AP R R
(147 % F % BT 20051028 % p p SRR L 1719) FEE > 47
B2 BREat ek 6.3.3-1~ B 6.3.3-1~B] 6.3.3-4 57 o

6-55



7 6.3.3-1 HRZEFEER

=

M Rat R —PER O

i

Rl B (1\; ;ié 51:156?30%5?5;") AHDWH | 95E 10 28 p (=)
0] | B < & W B
PR VDA 2|34 (VD A2 |34 | VD |41 |34 VD |[* 1|
1640 | 9 9| 0 [ 0] 0 0 8 | 8 [0

1641 [ 11|11 0 [ 0] © 0o | 6| 7 |1

1642 [ 9 [ 7] 20| 0 0 | 2 2 |0]69]68]985%
1643 [ 5 [ 5] 0 | 0| 0 0|99 |o0

1644 [ 7 171 0 | 0| 0 0| 3] 3|0

1645 [ 1313 0 | 0| 0 oo ] ofo

1646 [ 10 10| 0 | 1 1 0| 21]21]o0

1647 [ 8 [ 8] 0 | 0| 0 0| 6| 6 [ 0] 63]63]|100%
1648 (11 (11| 0 | 0| 0 0| 3] 3 |0

1649 [ 7 71 0 | 0| 0 0|21 21]o0

1650 [ 13 (13| 0 | 0| 0 0 5015 (0

1650 [ 5[ 5] 0 | 0| 0 0| 4| 4|0

1652 [ 9 [ 9| 0 | 1 1 o | 7| 7 o] 75]75]100%
1653 | 6 6] 0 | 0] 0 0 515 (o0

16:54 [ 1212 0 [ 0| © 0 8 | 8 [0

1655 | 4 | 3| -1 | 1 1 0 515 |0

1656 |6 7] 1 0] 0 0| 3] 3|0

1657 | 7 [ 9| 2 | 2] 2 0 | 2] 2 [0]60|63]952%
1658 [ 4 [ 4] 0 | 0| 0 0| 213 1|0

1659 [ 14 (14| 0 | 0| 0 0 | 10 [ 10 |0

1700 [ 4 [ 4] 0 | 0| 0 0 1 1|0

1700 [ 5 [ 5] 0 | 0| 0 0| 3] 3|0

1702 [ 9 [ 8 | -1 | 0 | © 0 8 | 8 | 0| 56 |57 ]98.2%
1703 [ 5 [ 5| 0 | 1 1 0 | 11| 10 |-1

1704 [ 8 [ 8| 0 | 0| 1 1 1| 3 |2

1705 [ 3 [ 3] 0 | 0| 0 0|21 210

1706 [ 3 [ 3] 0 | 0| 0 0| 3] 3 |0

1707 [ 6 [ 6| 0 | 0| 0 0 | 6 | 6 [ 0] 54 ]|54]100%
1708 | 2 | 2| 0 | 0| O 0| 6] 6 [0

1709 |16 [15] -1 | 0 | 1 1 71 7 |0

6-56




7 6.3.3-1 AREHFEERBEMEKRGET R —PEROERGEE)

Pl (; s j’f?;‘oﬁ‘j;) Az | 95101 28 (=)
£ N X B o B R
R | VDAL | VD| A1 |#4L | VD | A1 [FFL| VD |[* 1| Bms
17:10 | 12 [ 12| 0 0 0 0 10 | 10 | 0
A1 ] o o] o 0 | 14] 140
11:12 13 | 13 0 0 0 0 9 9 0 | 96 | 96 | 100%
17:13 2121 o 0 0 0 4 4 10
17:14 |1 14 [14] o0 0 0 0 7 7 10
17:15 1 14 [ 14] o0 0 0 0 4 4 10
17:16 8 | 8 0 1 1 0 7 7 10
17:17 18 | 19 1 0 0 0 6 6 0 | 83 | 84 | 98.8%
17:18 6 | 6| 0 0 0 0 0 0 | o0
17:19 1 13 [ 14| 1 0 0 0 6 5 | -1
112200 [ 11 |10] -1 [ 0 0 0 6 8 | 2
17:21 919 0 [0] 0 0 8 8 |0
17:22 15| 15 0 0 0 0 5 6 1 |76 | 75 | 98.7%
1723 114 [ 10| -4 | 1 1 0 2 5 |3
17:24 4 13 -11]o0 0 0 1 0 | -1
17:25 120 [ 17| =3 | 1 0 -1 | 7 9 | 2
11:26 8 | 5] 3]0 0 0 3 4 |1
17:27 10 | 7 -3 0 0 0 3 6 3 68 | 70 | 96.1%
1728 | 14 {14 0 | 0 | 2 2 1 5 | 4
17:29 00| o 0 0 0 1 1 |0
1730 | 14 [14] o0 1 1 0 1 1 |0
17:31 714 3]0 0 0 3 8 | 5
17:32 9 7 -2 0 0 0 2 3 1 | 62 | 63 |98.4%
1733 1 13 [ 13| 0 1 0 -1 3 6 | 3
17:34 6 |4 210 0 0 2 2 10
17:35 114 [ 15] 1 0 0 0 2 2 |10
1736 1 7 {7 | 0 | 0| 0 0 4 7 |3
17:37 4 4 0 0 1 1 3 4 1 | 54 | 63 |857%
1738 | 10 [ 14| 4 1 0 -1 2 3 1
17:39 4 |5 1 2 0 -2 1 1 |0
Bre |535(519]96% | 14 | 14 |100%| 267 | 298 |90%| 816 | 831 |98.19%

6-57




IV 25 1 e FRRFS A BIAIVDE * T T

i 60
50
40
30
20
10
e e e e ——
16:45 | 16:50 | 16:55 | 17:00 | 17:05 | 17:10 | 17:15 | 17:20 | 17:25 | 17:30 | 17:35 | 17:40
—=—VD 0 1 1 3 1 0 0 1 1 1 2 3
—A— t 0 1 1 3 2 1 0 1 1 2 1 1

Eﬂj‘ ftil

B 6.3.3-1 BRZBESEABE IS EMKILEE — PERAE

1% B8 FFRIFS  BIHI VDS ~ 7 5 T

80
i
i //‘\::::><‘ﬁ
40 4/.\.\\‘\,tl/
20
0
16:45 | 16:50 | 16:55 | 17:00 | 17:05 | 17:10 | 17:15 | 1720 | 1725 | 17:30 | 17:35 | 17:40
—=—yD | 41 | 49 | 45 | 35 | 31 | 30 | 52 | 59 | 53 | 52 | 49 | 39
—a— | 39 | 49 | 45 | 37 | 30 | 29 | 52 | 61 | 47 | 43 | 4 | 45

Fyted

B 6.3.3-2 BRZBEFE/ R EREAEMRLEE —PERAE

I\

6-58




8 B 1 SRS IVD * 7 Rl

50
40 A

/ N\
21\, /}\\F¢4=—/ \k<:f\*\N

16:45 | 16:50 | 16:55 | 17:00 | 17:05 | 17:10 | 17:15 | 17:20 | 17:25 | 17:30 | 17:35 | 17:40

—=—VD 28 13 29 22 24 24 44 23 22 15 11 12
—A— t 29 13 29 23 25 24 44 22 21 25 20 17

P

B 6.3.3-3 BRZBESEKEREEMRILEE —PERAR

- I i Ve AR RR P

100% 1 l—/'—'\.’,,,—l—/'—'\l“l\./—l\
90% -
80% [

70%
60%
50% [
40%
30% [
20%
10%
0%

1645  16:50 1655 1700 17.05  17:10 1715 1720 1725 1730 1735 17:40
e

B 6.3.3-4 HRZBESERPERAERRNAENHEE

S SR S A TR
LA B R AR EEL LM T L f - AR A

230 &=
S 4o

6-59



6.3.4 BEHIRENEEZIZ1E

B16.3.4-1% B 634135 ¢ %ﬁ%#%%#ﬁ" % g Kb 2 A L JRds T
LB B 634-1(a) 0)s A% AR T2 AE 2 TR

Bk G AR B RIR B s B 0T L B ,zﬁmi% L RmE
B o2 2 BT (4o 6.3.4-1(c)) 0 5k

HEHERFR A PR 0@
k2 22 2R GF G i ey 2SS (40B 6.3.4-1(d)) -

Bl 6.3.4-2(a) ~ (b) 5 t1 428 et 2 T (4] 6.3.4-3)> 114 4

\%%%E%CCD)"/&F e 2 ’Eb‘gl %Fé’:'glg\#;‘ﬁ"); ’é—#‘éi#*z‘ﬁv
ASLH B e B R ME BT R TR T AR 2 EE Y H AW
6.3.4-2(c) » 12§ % 5uiF * § #1845 (moving edge) BRI » B & W F ik

Flied rid 2 R L o @ KA T R R AR E DR GT L EFR

F'
e B % doBl 6.3.4-2(d) -

(a)

(b)

6-60



(©)

(d)
6.3.4-1 PERBRHERBARIR oI E

@QERBAEM T ZE R OAERBARER N ZREFRE OrRE
BNEIRFREEEZARR 5 (A)RMEE RUIE LAMZIERIFER

6-61



(b)

(d)
& 6.3.4-2 RERBERER AN RIRE ARG
@EZABIRE F2ER  O)AEZ ALK T2 REBFRE  (ORTRE
BRI EEZZARN 5 (DRFERUB] LAEIERFER

6-62



il
6.3.4-3 N\ NANIZENMRRFE CCD Z R E ZBIIIRED
6.3.5 fRZEMER

AT RGN RE R BN RT LD AU EY FRIT K 684 &
% r (N 24°45'54" E 120°54'50") 2. #c# » & 0 4 13- ;e H ol g s
FEBEES o AR ERRIFFL 117 029 09:10 3 10:09 0 3%
BB BT A P A 6.3.3-10 T2 BAE F ded 6.3.5-1- B 6.3.3-2~
Bl 6.3.3-5 #757 o

6.3.5-1 RESERPERAR 684 BEEORRK

6-63



7 6.3.5-1 RBEREREBEMRMEAIR-—FERAR

R B (; iy ﬁtﬁézto%sjsi)") AhpW | 95E 117 028 (e)
£ ) B ) Y R
PERF | VD |[A 1| 3L (VD A2 [3#4L | VD [ A1 EL| VD |4 1| Bk
09:10 7171 o0 0 0 0 3 3 10
09:11 12(12] 0 0 1 1 5 5 10
09:12 6 6 0 0 0 0 3 3 0 50 | 52 196.2%
09:13 3 |3 0 0 0 0 3 3 10
09:14 516 1 0 0 0 3 3 10
09:15 8 | 8 0 0 0 0 3 2 | -1
09:16 3|3 0 0 0 0 2 2 10
09:17 2 2 0 0 0 0 4 3 —1 | 47 | 41 | 85.4%
09:18 9 | 8| -11]0 0 0 2 1 | -1
09:19 11119 | 210 0 0 3 3 10
09:20 4 | 4 0 0 1 1 2 2 |0
09:21 8 | 8 0 0 0 0 2 3 1
09:22 4 4 0 0 0 0 3 3 0 35 | 36 |{96.2%
09:23 8 | 7| -1 ] 0 0 0 1 1 |0
09:24 1|1 0 0 0 0 2 2 10
09:25 9 [ 7| =2 | 1 3 2 2 1 | -1
0926 | 14 | 15| 1 0 0 0 7 7 10
09:27 9 10 1 0 0 0 1 0 -1 ] 65 | 64 | 98.4%
09:28 8 | 8 0 1 1 0 3 3 10
09:29 6 | 4| 2| 2 3 1 2 2 |0
09:30 8 | 7| -1]0 0 0 0 0 | 0
09:31 6 | 6| 0 ] 1 0 2 2 |0
09:32 6 7 1 1 1 0 3 2 -1 | 39 | 37 | 94.6%
09:33 514 -11]0 0 0 1 1 |0
09:34 3 | 4 1 1 1 0 2 1 | -1
0935 | 12|10 =2 | 1 1 0 2 1 | -1
09:36 8 | 7] -1 ] o0 0 0 3 4 1
09:37 11 | 11 0 0 0 0 3 3 0 70 | 65 | 92.3%
09:38 515 0 0 0 0 2 2 10
09:39 [ 20 | 17| =3 | 1 1 0 2 3 1

6-64




7 6.3.5-1 MARBEREREEMRFEIR - PEBRLEGE

Rl (; Byosi j"ﬁ;‘oﬁ‘j;) AnpH | 95EIIG 2p(n)
£ ) B ) Y R
PERF | VD |[A 1| 3L (VD A2 [3#4L | VD [ A1 EL| VD |4 1| Bk
09:40 8 | 8 0 0 0 0 3 3 10
0941 (10| 9| -1 | 2 1 -1 8 8 | 0
09:42 5 6 0 0 0 5 3 2| 73 | 67 | 91.0%
0943 [10|10]| 0O 1 1 0 5 4 | -1
09:44 8 | 7| -1]0 0 0 8 7 | -1
09:45 6 | 6| 0 0 1 1 4 4 |0
0946 | 11 |10 -1 | 0 0 0 4 4 | 0
09:47 9 8 -1 0 1 1 2 2 0 58 | 60 | 93.3%
09:48 8 | 7| -11]0 0 0 4 6 | 2
09:49 6 | 8 2 2 2 0 2 1 | -1
09:50 | 13| 14| 1 1 1 0 2 2 |0
09:51 4 |5 1 1 2 1 6 6 | 0
09:52 10 | 10 0 1 0 -1 3 3 0 62 | 64 | 96.9%
09:53 [10|10]| 0O 0 0 0 2 2 10
09:54 6 | 6| 0 0 1 1 3 2 | -1
09:55 |14 |12 2 | 1 1 0 1 1 |0
09:56 [ 11 [ 13| 2 1 1 0 4 3 | -1
09:57 5 6 1 0 0 0 4 4 0 60 | 63 | 95.2
09:58 6 | 7 1 0 0 0 2 2 10
09:59 1 10]|10] 0 0 2 2 1 1 0
10:00 8 | 7| -1 | 2 2 0 2 2 |0
10:01 7 (10| 3 0 0 0 3 3 10
10:02 0 1 1 1 1 0 3 1 2| 49 | 52 | 94.2%
10:03 4141 0 1 1 0 7 7 10
10:04 8 | 9 1 0 0 0 3 4 1
10:05 | 12 [ 14| 2 0 0 0 2 2 |0
10:06 1 0 0 0 6 6 | 0
10:07 6 5 -1 0 0 0 2 2 0 49 | 51 | 96.1%
10:08 7171 o0 1 1 0 2 2 10
10:09 3 |3 0 0 0 0 2 2 10
BEES 1452 |449(99% | 24 | 33 | 72% | 181 | 170 [93%] 657 | 652 [99.23%

6-65




PRI B STV ~ 2 T
§fﬁ60
50
40
30
20
10
0 —ﬁ*ﬁ.\'él"q;‘:‘?.\l—
09:10 | 09:15 | 09:20 | 09:25 | 09:30 | 09:35 | 09:40 | 09:45 | 09:50 | 09:55 | 10:00 | 10:05
—=—Vvp | 0 | 0 | 0 | 4 2 |3 | 2 | 3 | 2| 4 1
—— 2 1 0 |1 7 |3 2 | 2| 4 | 4 | 4|4
Pl
B 6.3.5-2 AKRBEREEMKLLEE —PEIRAK
AN R T B VDR S SR
60
M M//.
40
10 S“$ﬁ
20
10 F
0
09:10 | 09:15 | 0920 | 0925 | 09:30 | 09:35 | 09:40 | 09:45 | 09:50 | 09:55 | 10:00 | 10:05
~®—VD | 33 | 33 | 25 | 46 | 28 | 56 | 41 | 40 | 43 | 46 | 27 | 33
—&— “7 | 34 | 30 | 24 | 44 | 28 | S0 | 40 | 39 | 45 | 48 | 31 | 36
Fed

& 6.3.5-3 MKR/NBUE i8R EEE — PERAE

6-66




PRyl BRI VDS S TR T

60
50
40
zz N

. M / ¥<’\l/’\\l

v

09:10 | 09:15 | 09:20 | 09:25 | 09:30 | 09:35 | 09:40 | 09:45 | 09:50 | 09:55 | 10:00 | 10:05

—=—VD 17 14 10 15 12 29 16 16 12 18 14

N | oo

—A— t 17 11 11 13 13 25 17 15 11 17 14

e

& 6.3.5-4 MARHE B HEMERLLEE —FERARK

P I B Pt 5 AP
100%
%0 l\/"_"\.\.\.//l\—.\._’—l
80% [
70%
60%
50%
40%
30% |
20% |
10%
0%

09:10 0915 0920 0925 0930  09:35  09:40 0945  09:50 0955 1000 10:05

Py

S

B 6.3.5-5 RAAERARRARENTH

t
]

éjﬁ“@%%@ﬁ’3?%ﬁ%ﬁ&fmﬁ$?éﬂ{$u

b BT RAOTR R PFEIVE R - TARR FERaL 4 o

6-67




6.3.6 FIRREZSHMG

£iEERAM S E K%“Ei’uTﬁ@@63m»@
6.3.6-1 AT BZRAEMED I GERREFEEL R PR
B g d N 636-1AED R R B FEEGAD Y O

~ ¥ R SRR R A W] 5 20945 2 18854 2 ¢ LA
Blen DI EAp4e T2 AREGEEREFEEFE RApER > A7 PE
ZGFAPRTIONN 6 2% 0 B - T2 N4 o AYATT AR aE
EHBEFEERZT AM SRR D D 2 PIESL RN o

n ~
QL =D, + 2. L + N tan é 2 6.3.6-1

[ 6.3.6-1 EERRCUERTE EIRSFIRAVARL(RRIEE)

6-68



_ﬁ_
&
i
™
a
[
O

-

| I
ko

6.3.6-2 FEERSCIERFEXEIMFIRAVANN(IMAIEE)

6-69



ETE CCTVEGaHE

BN R I =L 0 TR TR R oA e T &
BeBod B0 AP 52 CCTV AR S s AP Mok 1 7 17 5 2l 3 724
BEFEsTAR B Kog 2 * » I F R R A ST 0 T RTEHEZ Rfp o R
Pavep Bt 2R R B GHRF Hh2 £ p o Fa %G CCTV EAR L
%*%%ﬁ HEFGFERA SR PR E G TR LR

%&ﬁ%&%zﬂ#A%%7 Sk BT AR TR f 4R
Rad 2 CCTV ik sudrw @2 2 ikohg F (Frame Rate)¥? « |- (Frame Size)~
B AR A EALER L CCTV ngg.\@ﬁngg.\/ﬂ\ 2T F
UEERYAFRTALES L BN S AP RL TN
2Pt 2 e B o

—=$

7.1 CCTV ESiRRIANT 4B

CCTV % FRRILMET I v > FRAZp s tin- BER 2
LA o CCTV A A FIL A F ok 2 4 R ALK e scad © > H 474
F R ARY BMAEDT ke T AR RAN PG 0 F BRI
wiE R R TR G 0BT o o DE RSO R B
EE A BT R o WEEELR

r‘ﬁ
PR £ ey - A DL

PRILRED %Ly 7§ bk
* E’ﬁ;;,;x,t,? WL o ;;;;’a hoh - PR lj%]]g\\{a_’:}’_”] -\44??/_
RERE AR RFTF L DI R R o KA G oo s o
TR Fes s LkrE
g agp o @ CCTV EAR A A AL TAB 2 5% " 4p % ¥ 2
VRAEEEOE GEETN IR EEIARLE 0 eh g A
BRARFFEZEIG Y A Kok 0 & 1 CCTV 222 § @ bty
PR AR IR £ RS A

ETTNS

7-1



HT?%CUVﬁﬁiﬁﬁiﬁﬁﬁﬁim%Ti
1.k Stk :

S ST R SV ST E A
B4 A P 20 R B e T B M R 5 B BT
o BT E GRS LEN R T RER AR

2.7 §y Jew

- BERFHESACCTV v d Hijdd ~ 94 - TRBIr7
Fod o BL 1 REFRHEN AP enFT T & CCTV
MRNE SR AR S KRBT F A ANRY N T ARAS G

T Z fEREE e
(1) # 3% &

CCTV that =3k % ¢ 5 B 3 HOLSB- B ek 2 H i p4
Wi > A% - AR Ak - Mt Es o p R
B 24 A ELE PRURHETAMEAI LR

(2) ThEEAKA

TR P ML~ RS R S ARAE T B f—‘:‘;%&u@ﬁéﬂ&%

$ o RELEBMAET FHTH  LRART RRAH L ok

TH LA A * A LB A 2 L A AT

Foo Bt {2 BF b g AICCTV i S B fhsh @ g = 58

Ll g AN BIIEAET U f R RIER R R L

R 0 B AR AR AR P (doiniR ) 0 T U &
ﬁ@ﬁ%ﬁo

Z= 1.1-1 CCTV B RHAVEHTT N

@ g 5 o

b 5 e S fr T AL B 7 enpE4ET (3m~150m)

& gk e (300m~A -+ 5f )

PRI PR

7-2



() AR A

AR E e HRERE - BH Il R E -
Lo BB Ho AHEH6 RHEE B EERNE 3
A BB A E ARSI A S

W

7‘-’%

4
3

LA R
7.2 CCTV BER RIARERIE

%@ECUV%%ﬁiPi%P%MIﬁ‘ibi?ﬁﬁ’“’

v EAN
WA R FE AR ERE- AR PATLERHR kEF L E

Y EFHOT AN SR EEE 2 3% KT R kRS
§T

. %ié\ﬁ%ﬁLfP“zﬁﬂ'“‘

= BEARMTF ALY

" B OB AR I

" R IR R Y

*® 7.2-1 BIERDERRER

SE-LRURY LR EERE
BT B e
AE R IR T TR
LR LRI A Per At hRE R R SR ZBLERER

%23;1’??}:‘]’?%%? B T 24 BT

LyrY WA R FEEEEAA T2-1 907 o 0T WA B
B TR T il AR f 0 P AT

7-3



hird o A R 2B AB T o AP B g B g fER R

é%ﬁ*&&ﬁﬂ41%nﬁﬁm%b% %ﬁ e B B e e B

s
R
Jxx
>
N
‘=
ED
H:
>\_
M
.
\?‘
I
A
o
ie
=
w
»
-
IB‘
&
Rl
~mly
=

s 2P o S s CCTV 2 @giéiﬂ
/? 'J Pik‘ ’i :i ’
P;%ﬁ&a%@%

TR B 7.2-1 54
CF TR S T L LUl o
TR R LR ES > Y §

ooy SRERYE - SLARBREKSEERGETE 0 2 LRY
R FLEFAT P LTI B RRRE B T TR
2o ANER VR - SRR RE L GR T A 4T o

7.2-1 At ESZIERO S IR RIS Eif s S

7-4



BTN T N

d3hergd oA BB > HWMEAR:E SR g2
2P A 4 et o e PR R - BLAORRR TR T B TR
B dg s A ,u‘é}}\ﬁﬁﬁ«’;.ﬁ;%‘r% SV S

u rg;ﬁ'ﬂﬂ:{f—]-\ata 1 ?Iﬂ"\:“.u

d R A R R A B s CCTV 4 it
B 1EE BAB 0 T v‘rmﬁ,xg\._t/»\ﬁ ;’Z%if%a??iﬁ%
BRI ERS 0 2 A2 R RN s C R AT
i {2 » CCTV % i -

Boh et BRI RFgR o ARYTKT CCTV ¥ 1 2

(%@722)’iﬁfé;§é%ﬁiiﬁzﬁu%d*ﬁw TP os)iE

T uffl@;ﬁ g el B i SR T B R  E %t CCTV
Q% y

-

A SNBSS S T HE R BN P whE
BRSPS BRSPS U Nk B R F

AR

CCTV BIEFER R F A > ThB R 7.2-3 2 3 sV 97 7 > B 3 7K B
B~
.3

1. 7 P erdE 2% 3 B
2. BSR4 B

3.7 FeniE Rt S v
(Forward-looking ~ Backward-looking ~ Side-view)

A FE R EARED R

50 7 R PEFG(P A~ - BoER L7 FHFH)

7-5



(a) ZRE A B E BB A 2 BR R =% (b) ZRELAEEREEA Z iR es
7.2-2 §ARBRERZ CCTV Eiflzs

b XBmEA
o W

[ A SRR
BN BN Bl e EH (DVR)

[B 7.2-3 CCTV BSi Rifi%EEE
BIRRE : S&EFEARDERAR
d 3 CCTV e it B it 8 dm i R B2 > B 23 b
BE HHCCTV H GG cnB b B gl Pl f SLplf & > 02 6 )
T TR N G TABE TR & > AP & Ran i PR R

S A B RGE A R B FIAGRE o

7-6



7.3 FNREIEEERY CCTV RIS IE D

AT B R3O FERFY s B ORIRARE
MR RERE S BRI R A R s PR R R R Fep
FRE4L 73129 > 4 Mo HPBHEFFEEDL D chhex p
Mo A 5 oF RS ATIETERT R RS €T A
¥ @& & CCTV B~{8 g » P53t 4 7.3-2 0

7 7.3-1 TRIBEZRY CCTV RAGEARK LT

Ap Wit £ p o Y
w2 3 L 48 2} 2
. e 2006628 | %% =
T
FiE - HLe T 624 o
o e 2006.6.28 | "% =
2
® i - LAt b 66 o 2
}[f]lg B 2006.6.28 | "EHF % =
T
£ E - hu = 4902 o é‘_ x =1
o |aE e 2006.10.3 | ¥ % e
Bl - g @ | =< 3 &7
= Rig - 5Le T 34 o2
A o e 2006.10.18 | "4 7
]
X|ig - A 37 08 E g
fﬁ o 20060018 | =2 7| g
<< e P
% k. L T 55 BN g 3
Ef]ﬁ Bos 2006.10.19 | "E¥3 R
<<
B - 5Lt 465 = £ B foog
3- RS
a 2006.10.19 ", .
i = 5 F i | BEZ9s T 697 2
o e iy e 2006628 | T¥5 # =
g = 9
ES v = )uﬁb ._P 6065 2} s ,):‘ x ';: g
i E.;]jf i 2006.6.28 | "EH M
= /9L _g.
ES f = )uﬁb ._P 6047 2} * ,_)_;f X ';: g
";]f i 2006.10.19 | &% .-
= /9L _g.

7-7




< 7.3-2 Y45 CCTV RAZRYEFZERFA

B

FE - e T 4820 2
RiE - 53 T 624 22
Jau

i - 5Lt 66 = 2

\Fﬂ@*

g = 5Le T 69.7 =
Fe

Rig = 5L+ 60.65 =
2 Jiw

o
B3l i@y L CCTV B ifsnit ¥

- A 0T A4 EEAWATEE S CCTV B i

BREDHEFET T - S8L R -

g - 5Lm T 49.02 =
2 Jiw

SAPTEBES - R A LaEY o ERA
e T REE o F stz CCTV Boif o

FiE - 5e8 T 34202 e

RE - 5Lt F 3722 e

g - 54+ 465 = 2
Jiw

Rig = 5L+ 6047 =

2 i

AL B C :'z—iffbhigja I R TS
X0z 24 pEz CCTV ®if > B8 T

7-8




uT%Jﬁﬂk%ﬁLCﬂV%%@ﬁﬁﬁ&ﬁo

1.3 1 BliE—RER A

BELEEERE }1 ..
\cﬂ. L -
BES 20 A6

7.3.1-1 BlE—5RE | 48 NERKIEREX

RS | FE-5le T 48 22

ip 4P ¥ | 2006.6.28

Jp#EpFR | 10 : 38a.m.~10 : 39 a.m.

PrER |18

hE > | F e

L A

PR | D

B R | A

A AT TR O R R WX R R DR ] 0 2
BgmRE Lt A PR OER KERT UF N HipEs B
TRt it HhktEnd FREA A2 L RE
STILAEE L B end BAE o LB DR T A -

7-9




/ 1A =39 49
: I

YWEZK+ 408 A6 20 A6

7.32-2 BHiE 15%R | 624 AERE/KIRBEXR

PHRE | R 155 T 624 2 2

ip#&p ¥ | 2006.6.28

Jp#EPFRF | 10 : 38a.m.~10 : 39 am.

T 1248

A TR T RFEEDPEFEE S 0GR DR R 2
BRI G AA PR IEE > SPRERET - BT B o JL
rT i

Bk ARG AP B E TR AL DR o A
B D RRE G DR R o 2
iz REE TR RE > BB RADRRIL T gL -

1R

7-10




lr"l!-"l 'IF‘| B 83

. %
T

] " fﬂl - h ¥
Y o S

7.3.2-3 Bi#E 1574t £ 66 NER KRIRAER

R A | B 15 1 66 O 2 sk

p#Ep ¥ | 2006.6.28

Jp#EpFR | 10 : 02a.m.~10 : 03 a.m.

IRER (144

ik L

% iz ot =

L | g

LR AR E

Sl G RRE SRR TG - S8 HT R E R SR
Pl o A BTG AL PESLY  SBRERE - B

ﬂ;rmgﬁ iz @ iﬁgdp\?’sﬁﬂ_Pﬁ;ﬁﬁﬁ ;Eg%tl__,;',ii
Q.?%‘ZOFZ@’,@\F"“M—{“" #ﬂ%m&:&‘l’lx}if&" v om B
AL ARG % B BE R o

7-11




'E}E +49:34
1B-A23-85

i=12:2>1: 48
1222

(b) RIRAHBER
B 7.3.2-4 BE—5ER T 49.02 AR

7-12



Bl - s T 49.02 2 2

3p#&p ¥ | 2006.10.3

pH#EpFRF | 11 : 20a.m.~13 : 00 p.m.

PrER |1 P40 A4

kS e | E

% iz X ik X F

2 | g

PaE | TRy

s FAAEFRAEN LT LK I T HEFTRTL =
BiRA A I T AP R L RERET - BT R 0 por
vREkend dm g P BB TR B4 T BIRL BRI
o EHpEERS DY HESF oA I D REA
E R TREBRYE e BE L B gRRIL T A g

7-13




'1._. 1 A1z
1El— 18-
s

() RIRBBEX » RBWPRERIER

(b) RIRAIEX » BREREAAIER
7.32-5 BIiEE—SRR T 34 AEE

7-14



BiE - 5e T 34 22

Il A oo

ipdEp #p | 2006.10.18

IpEER |11 42a.m.~17 : 08 p.m.

BrER |5 244

p#E> e | 2w

X a}%:&

2GR | g

B g | v AR

W BRORGERAEL A ER R I LLL S ik
FIT = 7T AP RS IR RIE RO AT S
By BdmAd PR ORE TR el B iR 2
TG BRE TR ARRITT R R E AR AR T
AR TIIREF e R A @Ry ey o f 2 3w

7-15




VI.

88 :5:25:53
181896

2083° ‘'m0 18:11:58
El=-C(N)> 37K 18- 18-P6

(b) REE#HES - RERFLAEBFRBIEME
7.3.2-6 BIE—RAL L 37T AER

7-16



R | Wi - A 37 22 A

ip#%p ¥y | 2006.10.18

pHEEEF | 17 1 23 p.m.~23 : 25 p.m.

FrER (6208

h#E> e | F e

X iE % Bt

ST SRR -

EEIN
B RE | A

S FAETIIRE S AT BT A Bhenph g o B R Y

Qi#ﬁggﬁg,ﬁﬁﬁﬁéﬁ’#%@@ﬁi%’*g
R L P T O B AR Rk 2 0 B AT
5B %ﬁ?ﬁ{&?ﬁ TP EAH o RIESFAL T
T o LB R R T A g IR e ARk
B D g LRI T A B SR T R g o ST B
Bes it e e R p i P R A i R R kot

2 R R R Y — 3 2 .

7-17




VILI.

IZ2:82:53
18-19-86

7.3.2-7 BliEE—5RF & 55 AR RIS AR

PR B | RE - 5e T 55 02 R

ip4Ep ¥ | 2006.10.19

pH#EPERE | 23 1 30 p.m.~05 : 00 a.m.

2 rE 5 B 30 4~ 45

> e | F e

% g it

R | g

B g | = A

B ML E AR O ) 7.3.2-6(b) B B2 £LER 0 F B fRALER it

AT ’ﬁﬁi%ﬂ L5 @ PR S FR ekl B
i%# @‘*?”ﬁ%ﬂ’ﬁ%&%ﬁﬁﬁﬁT,
o o2gd % BEEAE NEL AT S IR 2R

7-18




VIII.

2012 A8 I5:13:17
Bl —(N) 46K+588 18- 19-86

(a) R &R

20121 A8 I 6:82:
EH—CNIN 46K+588 16-19-B6

9

(b) Reafise

7-19



7.3.2-8 EE

'zg:88: P94
16-19-P86]

.88
2} 46K+508 |
\ - '

(c) Rea:=
—iRdb £ 46.5 ABRE BRAREBIEMLIER

."'l

pIERE | R - Bt 465 2 2

ip4&p ¥ | 2006.10.19

Jp#EPFRE | 05 10a.m.~11 : 10 a.m.

FHER |6

> |

X E 0 X

A GRR | R e E B P

B | TR

P FOPREDR G T U R R R I PSR S
J g ,é‘iﬁ:ﬁsg,g]m—xap m;,lk,ﬁ,, A o - Nl IS
TR O GFaRR S H B BRI AR e e o
SN NELL B PTIER B S i kRERE H
AR PE B A R R PR KB TR T -ﬁ AU RER T A
LigeE e RGHORE CEH o rREES - B

TR R R G AR B LS

Bonaggiett  pEOERE S X > R Ed B EES o T
P BLEL P fiE o i ﬁ'iﬁ"’px,@»\" iR §8
SRR AR T A E IR

7-20




1.3.2 BlE=

A BES/N

7.32-1 BliE=5%r | 69.7 AERE /KIRBIEX

R | R Z5a T 69.7 22 e

ip4#Ep ¥ | 2006.6.28

p#EPFRE | 10 : 02a.m.~10 : 03 a.m.

L 1454

B | R

X E 9;%

AR | R

B | = Sy

P TRREEEET TG - A X R X T
FAPEE T AR APPSR 2RE 0 BB

B AR R RS ZBBE G R R

H
& ’L‘t—?"iﬁi'—’”'é/? PR BT EDN AL o

-

7-21




(11505 :4 1
. e I
3 (Sla) R Eatn o) HG _:'_'” Hb

7331 EE=SRL F 60.65 AR/ RS RIRELE

iR | B = 5L 60.65 0 2

p#&p ¥ | 2006.6.28

p#EAFRF | 11 0 05am.~11 : 06 a.m.

LR |18

hE>e | F e
X 0% ? R R R
iR | e

%ufrm;h? ué;u&%‘ww%ﬁp\ﬁﬁﬁu;ﬂ&%% ¢ B
BARLES > L AR RBPPET B R E £ 1T
%F' e B R AR PFERERLLR T EF]F 0 d R P
FRUH 0 F ARG N R F I E LT RE Y
BRHRIL T F S

H

7-22




7821
El]=(N> 6AKt+478

B 7.3.3-2 EiE=5t £ 60.47 ARR TR KIRFE

JpdERa | WEE = 5Lt F 6047 2 2 e

3P ¥ | 2006.10.19

p#EFRF | 110 10am.~13 : 30 p.m.

PrER |2 )F20408

hE > | F e

X iz 7R R R

2R | e

By | Z My

S PRE R 7331 S e - B 2 2R R IERE

PR PRERLERE T o d 0 Ed £ T H

7331 Hg 2 FHAPFFEE> 7 AT F F Gk pFREF g

Wi IEHAR - R DR R £ S URE R
o IR T AT PR FOARERE O Wy
Rl R BEBRERI > R REF S AR TS 4P
Hed  FHEART UHGLER R TIHED DR il

Yo RERAT AR el o

’

7-23




7.4 ST

Boan drig * ap| iR T f‘ 7B AR A TR LR gl B ifﬁlé

BIE2FEREE > R 2 B RARN R R E 0 d A iﬁ E -

g 5 (Frame Rate)£2 ~ | (Frame Size) % § 3% 7 £ & » #7334 € & 75
B4R Ao iR SRR AL 0 1T LT B 91818 69 CCTV B
Giad=h BIER S % 0 £ T4-1 5 L pIRERE A EFDS o

& 74-1 ZBRFBERIDE

Bl BB g
R - 54 66 22 A |mx ~ "3 v @K
Rif- 5 T34 22k |FX 28 g
Rg-53d oWE-5s T340 %538 51K
B (2 ) Bl — 8t b 465 22 A |x ¢ pag b2
Blif — 540 F 465 02 L |x ¢ pied b B
Bl — 54 F 465 22 |2 ¢ 23~ 5 B
Bl - 5 T 48 22 k. (A% ~ 58 « REY
Flif - 558 T 624 22 L[l % ~ 3« BIAY
B - 5% @& = R - 5e T49.02 202 mdls® ~ 52 ~ 19
B(F #) R - 4 37T 22y |2 d Fa~ 598  BRpHs
Blig — 540 37 0B Ay |% ¢ 2yt B BEEAES
Blif — %% T 55 08 L [fgL~ b 3
Flig Z 508 @ O |WiE=5e T 697 22 e |dF % ~ 8 ~ mIER
Be(F w)
i (F w) R = 54+ 606522 A7 £ 2 B~ 2
Bl = 554 1 6047 2 2 A3 X R i~ L 2

7-24



74.1 BlE—RERAR (EM)

AR R 1A H:2 B8 :
e

BE o M, A6
| § "

7.4.1-1 BliE—3EAL £ 66 AR EAIRFER

PR B B Blif - B4 66 2 2 s
Jp] 3k P Y 144

%12 ErES | 100%(18/18)

¥ 28 i BaES | 100%(16/16)

%33 Errd | 100%(23/23)

% 4.3 3 8 EE S | 96.150%(25/26)

v
Rehx £ 8L 2 ¢ 2FEHIN)ED > @
PHEEABEE ST U E e @ b Hi




& 7.4.1-2 BliE—3F T 34 AEREAISUFRER

R B

Bl - 5 T 34 22

RIFEPE R

10 & 48

CRERE S

87.89%(152/171)

528 AR

83.44%(131/157)

GREE 2L

76.28%(164/215)

549 i B

77.78%(193/245)

Wit

PPERE G T SGE 0 BRI REEhiERER o D 4L
pB g A AR o B R L ehi e o &
HEF 15qc25dg ham+ A8 pF > (27 5 ol ks
B chd jmA 2 o E A e

7-26




7.4.1-3 BE

R B

B 2R R

10 & 45

18 B

84.74%(161/190)

528 5 ERE

80.19%(251/313)

$38 5 RS

75.07%(277/369)

$ 432 By %

71.27%(258/362)

Ela

M B B 7.4.1-2 5 F -

S AT R e A b
tiwmwﬁfwaﬁﬁ;
B g frR 7.4.1-24p > B R E q-j&«m, v by
THEORE S A m L o R E
WL e

BB B 7.4.1-2 ehi
BERS TS ”Lr:h—z =

VN2 ) - S8 2

R

LB
SRk

7-27




ZH12

B 7.4.1-4 BEiE—RAL L 46.5 AR R A RBEREAIHFERER

PR B B R - 5o+ 465 2 2 e

R 10 » 48

5 183 Brrd | 17.91%(7/37)

5 2.8 i Brw s | 23.919%(11/46)

¥ 38 i Brr | 23.53%(12/51)

% 498 i Brrs | 42.229%(19/45)

5 58 i ¥rrd | 34.78%(8/23)

wirE % d AT RGO RO RIE R

TEEEGE I RBDEP > T Yok F B
BLAP DR RI Nk > 2R axiv g 4edg o

7-28




e 3
46K+588

6:8Z2:17
168-19-_HA6

7.4.1-5 EE—HRAL L 46.5 AR B REMEREER

PR B g — 5+ 465 2 2 e

P 2k P 10 A 48

%18 5§ Brg% | 37.5%(15/40)

%23 i WrE % | 32.31%(21/65)

%33 i ®rp | 17.89%(17/90)

%43 3 EFe | 11.65%(12/103)

%58 i B ag | 11.46%(11/96)

2 (F % BB e Bl 74.1-4 5 —Bu B o SRR B A

]l.L
Roj LR RAgE haf BEOP 0 AT
Fleacts » B RERY Fp G T HGamad
e RO ARRM S REDIREART R
B Bt B ogm R enFEE o

7-29




VI.

Hnm-.- . -ﬁ‘ Al ﬂ_'!"' 'Fl'll T

L]

Ezh12 T __"LTE':HH:EE:
B (N>! 46K+508 § (e16-19-b5

L]

b bt

B 7.4.1-6 BliE—3RAt Lk 465 AEREERBESAREGER

RFR R BE - 5L+ 465 2 2 e

B3 PR 10 » 45

FlegRmy | g2 k3

28 Rk | @ik g

$33 S | mi

¥A48 Ry | miE

RIFR R PSR 7414 4cR 7415 % A —BE R
PochpE R EET oo Y T OURRTIR SR

R E B IR R REE 2RSSR
TR Bcac £ ST Flcacr 20
B gm Rl AL EF

7-30




742 BlE—RERAR (M)

>R 13 l TR EEHERE \
S S LA BN T A6

7.4.2-1 BIEE—3RR T 48 AR RAISUFRER

Rl B B - 54 T 48 22
iRl pE 1448

%183 B % | 100%(40/40)

5 2.8 i ®pr | 100%(34/34)

% 38 i ®ar | 92.31%(24/26)

%43 ®rE S | 27.57%(10/35)

BT % Fli 3 e 4 B8 AW chd Al o o
B3 rd gt hAadERE F AL LH > EH 2
AoE ) EB AL LA ED R A BT OR
GRS EE AN

3B PR 4L F ] BT
3o om iR enFEE o T b 4 5L i oanlt gy

7-31




FHHET

/ A8 A =30 25

'l Pl oy {5 L5 E".II.J'll <= B

7.4.2-2 BliE—5RE | 62.4 AERAVIFRER

RIFR R g - 5% T 624 22 e
Bl PR 1Ah48

18 Brrs | 929%(23/25)

¥ 28 3 Brr s | 929%(23/25)

%33 i ®rr s | 100%(13/13)

§ 42 ®rr s | 100%(13/13)

i

Bt 1B 2B 3B AT A S B
LR ERB B ESF B £ =
BAHLP 2 F DRl g o TRF TSR BET §
ool R w o endiedp e T A E P R 4D
%9 0 FLMREIHE - A& FR
£ o0 B gwr ot ’R?'J%,;L_@——Aﬁﬁgp\ v a L
e dp > 28D A g o

7-32




7.4.2-3 BE—5RE T 49.02 NERAVHIERER

e B - s T 49.02 2 2 sy

IR P 10 A 48

% 13 ®rwF | 59.8%(177/296)

¥ 23 i #pg % | 57.19%(183/315)

% 33 i W pp % | 72.76%(187/257)

#4323 Frrs | 85.59%(196/229)

%58 i Frrs | 100%(11/11)

ELERE Fl 18 280358 F enpl ] 0 2 B i M

S WG BB 2 Y RRAREGT 0 A 2 2 dengd

Fid ol ER ol BB LWL
4o T > 1B i o 2 BB i e FE K LI o

7-33




i e Bl — 5L+ 37 28
PR 10 A 45

$ 18 Bapk

$38 R | B G
540 AT | Ry
St PEREE ETFIEEY o B E L R R A

Pi@%wﬁﬁ@wgaﬂw% AR A L 4
do o B R PERT > R T E R A
o0 i R s

7-34




ar

2883 88 I8:11:45
E}— (N> 37K 18- 18-96

B 7.4.2-5 BiE—RAL L 37 AR E B IRERsE s AV ERE R

BIEREL BE - 5L b 37 2 2 i
PR R 10 4 48
Floglms | a2t
2B By | g2 H
F3BF RS | miE B
FA4D g RpEy | mEHt

PR R ERT o F LI B e ILELER
EERD R R P EAH @ EEFE G B 0 R
PHREER 2 F o #2Bfmiip Lt R o

7-35




VI.

3885

B —(S) 55K

7.4.2-6 EE

a8 3Z:83:
18-19-86

Ay

—35%R | 55 AR RREREE FRISGFRER

iR B B Bif - %8 T 55 2 2
PR PR 10 A 48
5 138 i ®rr | 56.36%(31/55)
¥ 23 3 ®rr s | 47.83%(44/92)
38 i By 74.71%(65/87)
FiTE % §F N v B R FEOEE
) »]zm_ G g :':LELFF“%E v B fewn F R
IR T3-S SR T

7-36




743 BE=ES

BRARE (A

B 7.4.3-1 BiE=5Er | 69.7 AR BRI IERER

R B

Flif = 553 © 69.7 2 2 jk

PR R 1548
%13 ¢ ®rrd | 100%(22/22)
¥ 28 Brxd | 100%(16/16)
%38 #rrd | 91.67%(11/12)
RT ty&waﬁﬁﬁﬁmﬁ*’éii%mﬁgﬁ
g B R BE S % p D i ip B
PURLELTERIZR - T OUE | A A o

7-37




744 %@

(@)

1585

g
B

(515
' BEH KRG SH

49
B

7.4.4-1 BE=5%At k 60.65 B REAVGH{ERER

Bl B B R = 2.4+ 60.65 & ¥

R 144

%18 #rs | 100%(25/25)

%2 B i BrEs | 96%(24/25)

% 38 Ear s | 0%(0/17)

BT E F1 LB R A > @ TR h 3 BB i £ PP
B enRRid > 2 25 e 3 LB FehA TRl § A2 R
oD PR AFT BRTRERERIERY ik
SR A S A RT3 BLE G end §m o

d 318 B Ztﬁ;@ﬂﬁ’ “fﬁ‘i'?—éiﬁmﬁ”/gigt'!
f B > i SRS OB 0 R (T 3 5L

B g Ak R o

7-38




7821 A8 “'\5.4
B —=(N) 6AK+478

3:47

~
18519 B6

7.4.4-2 BliE=5RAt E 60.47 A B RAVSIERER

e Bl = 5L+ 60.47 2 2 iy

PLRPER 10 4~ 4

§ 18 ®rr s | 99.15%(232/234)

§ 23 i ®rr s | 95.89%(210/219)

% 38 i Brrse | 0%(0/152)

RIELS LR B Ao @) 7.4.4-1 hB B RAT e (e A E pE

Benplzdr o 15 fr 25 8 g+

3B F b oend g v AR R AR R

g

!
) o

FH 4R %

7-39




7.5 %

ERERREERATIEEHE

BAFREFNT AHER S 6 0 APEHREFE S RITA
7o & #f&% ipld 7.3 Seadr e T R 1B ik
PO PRI AR 0 P R S R TR R R R S
geerg) TR FEEAR G ARAK - BT A FH < D
fope s Bdmend o AP 0 et CCTV il i & 7 oh
@R 15 CCD RSB BehF A " K7 £ 5 % o iR
Fentyl e i chd R E AR D RIEER - PR R T4 §
SRR TS ks e B2 R R E L &g 2 BET CCTV
hcsis RPIFIRG AL si- R NEM I hEEREF R
LR RS il AL v - R 2 e R E ko
RN

BB R RRNETING > B fpldr B PIELE & anX|dridy o B
BFREcHIt iy » NPT ok R 0 B LR R B B R
Hir  f 2Rl m@Ast- B3 1 4B LERP RSB F R
o8 FREW R g AR R EED] - BEcE s § P 4o 8-32 45T ¢

# 7R R

Yes
¥ n
v

B 7.5-1 EEZE

|||r1t

NV SN =



e ARG TR O APT umE AT BEATR R
# iﬁayaﬁ s CCTV enE ARk Suard B 8 3 enfl ihd o A4
g OB L EMEF T o d 3 CCTV FAR & 32 BLie &8 A f7
= & a??f%» FRERCEARRE S BRGRE T DR R TR EH
/biﬁj?“ﬂ‘ﬁ?éi}i‘l’ﬁ CCTVHER A LM Er I af* P ki » %
AAPRERREY P2 ARRBRBRTAS G hkih > %7 &4 7 0
KA THAHF S pﬁvxtm"uvg&ﬁx,sao
T 2L CCTV o ifm o FI B /B AR FE 22" 2 CCTV R
GATRIEFS T FF T REEZ figedoT £ 7.6-1 277 B A
BLREE R ERPRE > PR R AA K- - RPRZ o

7 71.6-1 CCTV &5 A A5 2IaIRIRE

d Ak SR L AR R

e

_ CCTV ¥ heanfiiT R S o + a8 R AR P AR Y Res Mg b o

b
\\‘“*
4,3;4

CCTV ¥ ifeniE RS ¥ B X o) g2 Fo t Fud

Ao R EHPRBRBE R A S R o

CCTV #HER W endiepd R WP IER ot v B € 7 &LEF WS i
RERE N iﬁa‘”"”"* KB i&ﬂfﬂ‘fz’v’ﬂ%ﬁ%ﬁi%v °

B?'E} %?Axi A =3 3}";@ :IL
&f’“@:v‘ &;Tf?ﬁw a‘sﬁm ﬂﬁ’iﬁiﬁﬁféiﬁ'u?é‘égﬂ’.Iﬁ,Fé%\\o

\mk

}fﬂ&:mhﬁv‘ W @RI BT BT
I F B

IR TR R R S Sy K

N 11*

1@“?@“

=
At
NN

SN mCCTV%E/%}—%#’ZzF BRINEI P fa A Gy
CE A R A A PRS0 ® @ AR TR o

7-41



xz&lﬁ p\ I CCTV %R, /:z 5 ;
H%ﬁﬁ@xﬁiﬁﬂz»r@,ngﬁa %iﬁﬂ,‘% .y
AP E 7] o ¥ ek s

A B ARG
":J chﬁ—l»i— Ll

g
CCTVE!E’ZJT"??*M%ﬁﬁs’:—%E LR AT P R
:ﬁﬁﬁiﬁfﬂ—aﬁﬁ,;‘;

TR S ST

i3

K

\\\
| =
eic
4
=
-
=}

e F AT R T RIEY o NPT A eE T 2T P ow kAL
22 CCTV #ER 5 SLE & ¥ fp &2 T2 Ja £ H & 4 CCTV ik sgr
PR T ﬁgafg.\@?]» gl G EAE AL B R UE E REL
28 2gpd o CCTV fsdr L gl o TR BB 2 4pF o
Flt o &R tfetg 5 (Frame Rate) 2 « -] (Frame Size) ™ & + 73
R AR 50 B CCTV &Rk SLivfEL » N4 ) g f

o 4\353‘&;’1#4 =% :‘LQ’}; ’T}|J}%¥~.;E :

SN SN

%
- RAPRR RS o

2. t7 I CCTV &% 4 sehif fufd

%%i’gwbuﬂﬁ¢§%m&,mmﬁ@ﬁsQ\Jb+§ﬁ2kﬁv

o2 i o 5T RS ek SRenif R 4 0 B E Ry pkin
FE AR AP ARSI AEFRB A pTAE



FaR AN EEp BRI G OERER S A AR LR
# F CCTV &R : sui =

4 b~ EEABEH AR LA B R DR

PP e RIGRE Y AR g
REIE B ENFAFF > FRGY 222 A
B 3R amﬁﬁﬁnm%m_ F A D E

tg & (Frame Rate)#? < |- (Frame Size) R 48 o w1l %k i &k > & Jf 4+
e 59 BIReh R R s B iR ) LR K SR
TF T TR R S i LB # 4 B M AR AT e pE
fe FBR R 2 DXk R U FERHERAR

ﬁ:
(@)
@)
_|
<
&
o
=
B
=K
o

7-43



ENE FEREREKTIME

ITHADFF RGN IR R L AR Rhe AR (7
B it e

8.1 #&am

éﬂp%ﬁ%*wmtﬁ&ﬁa@g&iiﬁwawﬁ’imp
PP FUEF U ERBAS IR R ELE SR N EER AL ]
SERTEERL R g ~’w$$%ﬂﬁﬁﬁﬂjé«ﬁwﬁ
8.1-1~® 8.1-4) » ~# 3 “,f G 1L BRGET ) B iR b o ¥ OATH S

L R TR B A 45 (0 B H - PR TR R B4 5 2 L )
~

2. NEp kA E Al p By m ) L Siipd 0 T35k 2 3%~5%2 7%

3. ATHE R PR A AL Tioypaia 4 9 6T & o

4, s LT R ﬁ\l FLEEPFF 5 1L % A Bk erig A e
Zowe A o BB AFERE v AIF T 06~7 22 RE o



I B 2 B Aty 53 A

Li£0640~0740

T&[E]1740~1840 “Ri£0740~0840

ANCR ﬁ1640~1740 7~0940~1009

—

HEi1240~1349

— ~

——

8.1-1 REREHERRAUEHENTE

FITE B B -- 2 R 55

L i20640~0740

T&[H]1740~1840 Li£0740~0840

ANCR F[164O ~1740 £7~0940~1009

—

HEE1240~1349

—— LT

—— b

8.1-2 RERABE--RIFHHEITE

8-2




2 B8 Bl Sty 53 B

L1£0640~0740

[

&fE]1740~184 L 1£0740~0840

o — :r Ei{‘—i

[T F71640~1740 F7.0940~1009

BEi1240~1349

8.1-3 FRERVNRIE--RIFIEHE RS TE

FI 1 B RS- o 51 A
L E£0640~0740

T&fH]1740~1840 L1£0740~0840

* k:r E;["—L’”

R

£7~0940~1009

—

HElE1240~1349

8.1-4 FRERREE --RIGIHRDTE

8-3




8.2 RAKTIME

A K%

F2ERIFERYIC G EFFAB 26 0 - BEEGESD i
)2

WRIB MR RREE L 0 V- BINP AT AERTE S

ﬂ’ﬁowVﬁﬁqﬁuiﬁL? S gggr,ﬁzﬁgﬁ#.
ks B
A

Bk SR RE RS R CCTV B i fmi R B =
FeEy -

B4 B gm0 R B Rl R s d

iﬁ%lﬁ%ﬁiﬁﬁﬁﬂ%ﬂ&@W?%F%@%éiﬁw

41
4@”;3:%

(1)

(2)

- B EER G D R R BOM R AL P ¥ 2 & R

LEag it A d o PP oy F I 40T

yal

deop R 2B ﬁ*_]:@;J%;eg\_;;

Pavh A MHRFR (A pHED ARG g R2LEBP XK
CES R B L R %mkama;’&@@%
AR hhIE 1 ESREDRES o AP 4
Fhgt I AT HB LT UM R 0 b BB SR
B AP AR o AR WALZEWRZ P G RN i EE
SARMARAE S B R G 65 2% 0 d W F AR g B
w4 Rl R B F) A AT g BAEIE
T R A2 RJE T 0 B B R ey

a. ¢ A% B A4 K/T‘/EH;E o
b, B %7 U G 2 b %R AT T o
C.o¥t B P EA S W RITT o

BALEBEYT P SRR RGP 0 s ek e g
% PeFamgitiay L3 Ft g Hiapdk



(3)

(4)

R A 2 TR R RS LREh A RP A
i?%ﬁhﬁ’ﬁgéi%ﬁﬂﬁﬁm%“’f&iﬁP*
PHFTEE 50 1 7 SR B2 AR 0 M F P PR

CHE R A AP RIFZDGRERA AT o

a
b. B E RPN RA P R F AR 2 i AL -

iR E R HE 6 R YRR N 2

Pk St E o BB Rl ¢ A R R B R 110
B Y R AR E A BE R VA INTAES
B4 FFHEE DN EEKEF RO R AR Fe &
AR F 2 EROVEBEHIRETE  F i R
o 1L /E‘ﬁ-ﬁ = a:‘J'_a‘—“ ﬁif"’ m#"—‘f?\cﬂb 4 TFpt j\;g,{zrﬂ;‘[j;'lqu;f%‘—l—
58 1L T AR REZ RJTBNT 0 MR B H O BRI RS
a F L A AR A RBE IR 4T
b. 2t NEFE A EHE2 AT o

C. i BB L BAE -
e 55 F B £ 4+ CCD ) p #5 BP0 22 4 kg of chig s i 4

APFEEY - B BT B EESBRER ] &
BB ST R AR A d AP E SRR RE AR
6.5 2 ¢ v b g A A B B0+ FiEd Ad d BTG AP
FEREFAA X EBNRLAITHGE » bR PiLE
»CCDR* ~E> giFpdpEmafLidfprigRic
AEEE T B EBEA A AR R PR E > T A
TR FATE R TS JFF%\ L H G - 114 % CCD
R N R Fr R A

a. AR RRT o R P BB R kA O fe s B g i
iRl e

8-5



S

b. 2 BT > Mo k@ p d P aF L ffadnd §ui
R o

C. 7R ERT > Wi p I Fp dR-MEaL il ad s
R o

d. k& R4E -

(5) 40553 fmfs 5 e o 018 I8 Feak b iie

IR R R R H TS R B LR
HFE Y 0 AT AR R B R e R R 0 e sh R
E?}-}ﬁ q‘_@mu&{ ,p]p'a;z%/ik y ] pL ﬂ\;ﬁ){;ﬂi ;}i/{ﬁr:}'?’—nl.4t s B iﬁﬁf
g e Rl RGBT > MR PR Rk S Ry
Wit o P AT
a. F 1 BRI R RS FRR U o
b. A7 3 B 4RI F B R 0D @ G Rl o
C. % Jufff & RY4E o

(6) & Buk Hp 0 plipled

AIEF 2 BT AR R R MKRFLIEAY HF
EIEH PR DAEERA KT A2 R

2.CCTV i S5 & F st @ 4 11 0 B

CCTV jisitrZEx ta @ iﬁifﬁi?'l%i{f&_”ﬁ FEA e N
W Ar LR R - B X & R - 4p # 2 w (Forward-looking -
Backward-looking ~ Side-view) % % » * & & 3f3-#-2 §m 0 Plw B 2
g oo s CCTV o iffs v ;{;\.ﬁﬁiﬁaué B e P e ",ért 7 OZE2K
EReA 2 et o d AN ERBREF Y LR R CCTV 257 & AR
oot b eRLeniEEL 2 Z 40k 0 23 CCTV @iy
S TR B AES A AR 0 B ORGSR R g R TR
0k o IR AR 1 & kg 5 (Frame Rate) i & % 6 & F F o 11 2
FHsmenT TR E LR > Fpt o R B E DR R L PR
3 o

8-6



(1) T2 A4 CCTV sz d o 7

WS 2 ERMIEFALHCCTV BREME 7 I b 3Tk
—';'EI%\}’I%/”\ J'FJ*LI'ETF
(2) CCTV k sk & @éﬁﬁﬁﬁ 2 AR S AR

CCTV iAo~ jmid Bl B2 2 o;cgtéﬁxg{,uﬁu FE
B s F R BRRFHY G RETHE 6 0 B
R R A G ] R 4 R e
(3) CCTV & sz g2 5h ﬁgﬁﬁ,xﬁ/ﬂ 2 LY

ARG DR I AR O
£ B ﬁ‘ﬁﬁﬁua%ﬁﬁ&,ﬁf@@ 1%
PRMZE REFE 2 ehvh ATk o 27 » BB ETY ¢
Fle L& R b R P Ao R %ﬂﬁﬁﬁj mop S % 2
E RIS L BT g R RGBT A T

(4) CCTV ZEzk > 3\ &g 5 B O chdf o

LT P e G CCTV i s B gm il ip Ricdh -

LAPME RS BT BB RS 0 T D
~k@%m7Wﬁ;#?@y%b4@%30£§&éﬁi%ﬁimil

AL NP B RP R B FRE RG22 F o o T
AEE2FE RS RRBEX DB RIEEZEZ T I (Frame
Rate)& < F® & F2_ & 454831 »

(5) Fo FFeha it & &
BASAFL BB RBEL - L0 WL TR 2
EA O F EEHP IR RS BRBEE 0 BT E T
PR Dt E o RS R RE 2 ERDPES R
Ho SR MR REF AR -

8-7



[1]

[2]

[3]

[4]

[5]

[6]

[7]

W%

2L

Hnig
o

Kim, J.B., Lee, CW., Lee, KM. Yun, T.S., and Kim, H.J,
“Wavelet-based Vehicle Tracking for Automatic Traffic Surveillance,”
Proceedings of IEEE Region 10 International Conference on Electrical
and Electronic Technology, Vol.1, pp.313-316, 19-22 Aug. 2001.

Foresti, G. L., Murino, V., and Regazzoni, C., “Vehicle Recognition and
Tracking from Road Image Sequences,” IEEE Transactions on Vehicular
Technology, Vol.48, No.1, Jan. 1999.

Jung, Y. K., Lee, K. W,, and Ho, Y. S., “Content-Based Event Retrieval
Using Semantic Scene Interpretation for Automated Traffic Surveillance,”
IEEE Transactions on Intelligent Transportation Systems, Vol.2, No.3,
pp.151-163, Sep. 2001.

He, Z., Liu, J,, and Li, P., “New method of background update for
video-based vehicle detection,” The 7th International IEEE Conference on
Intelligent Transportation Systems, pp.580-584, 3-6 Oct. 2004.

Chen, C. J., Chiu, C. C., Wu, B. F., Lin, S. P., and Huang, C. D., “The
Moving Object Segmentation Approach to Vehicle Extraction,” IEEE
International Conference on Networking, Sensing and Control, vol.1,
pp.19-23, March 21-23, 2004.

Limin, X., “Vehicle Shape recovery and Recognition Using Generic
Models,” Proceedings of the 4th World Congress on Intelligent Control
and Automation, pp.1055-1059, June 10-14, 2002.

Wei, W., Zhang, Q., Wang, M., “A method of vehicle classification using
models and neural networks,” 2001. IEEE VTS 53rd Vehicular Technology
Conference, Vol.4, pp.3022-3026, 6-9 May 2001.

&
KN



ER T 1-1
SO T 1-1
12 FFF R E R F s 1-1
AR I e 1-2
R X ST 2-1

R T e N 2-1
210 BBIE 5 5 oo 2-2
212 A REATE T AL oo 2-7
213 FHEZ 2 HFRAITEE s 2-14

R Rt 2-17

I T —— 3-1
31 B B BRI E oo 3-1
I Tt 3-12

L 4-1
L 4-12
4.3 FMCW & S8 10 8 B 3B oo seesees e sessneens 4-15
L e To R 4-19

%

5T % DSP BB ETT e 5-1
5.1 DSP AL B oottt 5-1
5.2 DSP BEAE oottt 5-7
5.3 DSP 28 RF B £ BI3E ooieceececeeeesee ettt 5-21
B4 R BT B 72 oottt 5-40



6.1 %~ -] B fﬁ-’» I PP 6-1

6.2 B i RBECE I TE e 6-17

6.2.1 g WP B H e Bl P B2 HRM R 6-19

6.2.2 Hrk MR B EHECEBT E e, 6-23

6.23 F BB AT Bk WIRI B2 RV E 6-28

6.3 FALW B EAL BRIE R Pl o, 6-30

6.3.1 T A E 6-30

6.3.2 &/ﬂ\ﬁiﬁlﬁ/‘ﬁ b1 6-45

6.4 fc 1 /?]E@-’ﬁ Pl BB T E AT 1T e 6-53
EHCE X1 N s A O 7-1
5 -SSP 7-1

O N S A TR 7-2

¥ 2 ;gL ...................................................................................................... -1
FEATE L B8 3R oot bbbt A.2-1
a2 P W ARFAERESETLLT R o, B-1
HHA5r 3 18 2 R s C-1
4% 4 An X-Band CMOS Multifunction-Chip FMCW Radar.................... D-1
145 5 RTMS 22 Smart SEnSor B 1 ..o E.1-1

Al



% 2.1.3-1 Iﬁlfﬁ;ﬁﬂjﬁﬁi&/} BE o 2-15
72132 ML BRIR2Z B2 FERE L ITE e, 2-16
311 THEDL B FHD e 3-2
7312 THEDL BEIFLEBT v 3-3
% 3.1-3 RTMS ~ SmartSensor £2 Accuwave . #L vcieiiciieecciienn, 3-12
Fe 3.2-1 M FEETETEE T oo 3-19

S A o O 5-9
E T N 5-10

2 5.2:3 B E A 3 o 5-11
2524 B HFE D o 5-12
2 525CHEZHERMZHS 2358 L e, 5-12
£ 526CHIZHRBEME R 5558 L2 e 5-13
EA R X R I 8 T N 5-14
% 5.2-8 % C3Ei2 20 UNION .o 5-15
£ 5.2:9 Fad RS232 2454 1 ooccvvvcscennnessssssnessnns s 5-15
% 5.2-10 fa# RS-232 230 4 2 v 5-16
7 5.2-11 BEARILEEEE oo 5-16
# 5.2-12 BEATET TR o 5-16
Fe 5.2-13 ChECKSUM  1.ovieiceee e 5-17
#5214 XEXARER L ABBHELZ CHFZATZ s 5-17
Fe B.2-15 f5 4 B e 5-18
% 5.2-16 ¢F3RP ET2 AZNFE s 5-19
7 53-1 DSP 2 3P BRE 2 M ELAZ T B o, 5-21
206011 B HE A L BB R T FEE e 6-16

F =111



+
T~

o I L

S

6.2.3-1

BERE AT 2 Bk BORIFEARR A 6-29
FIETB E R AL B RIEEREE s 6-47
F-o DR BEBITPRPIEREEE o 6-48
2B EREIEEFPIZEE T e 6-49

Y



R S T R L | 1-2
Bl 2101 3 Ak 2 48 BB B2 M) oo 2-1
I s e S L R 2 2-2

Bl 2.0.1-1 GRS HRTF R 2-3
Bl 2.0.1-2 FMCW 75 2Bl oo 2-3
B 2.1.1-3 LADVIEW BETT F B oo 2-4

B 2.1.1-4 & % DAQ + i 7 FHIEEY oo 2-5
Bl 2.1.1-5 AR T B 72 oot 2-6
Bl 2.1.1-6 FEEARNFITE B oo, 2-7
Bl 2.1.2-1 FMCW % 527 BBl oot 2-7

Bl 2.1.2-2 5 Sor Gu FHEBl o 2-9

Bl 2.1.2-3 SCO SE 455 BE Tl covvveveeeeeeeeeeeeeeseeeesesseesesssssessessssseesesssseens 2-11
B1212-4 = 6 22 B2 24X BEEF o, 2-12

Bl 2.1.2-5 4T B R A oo 2-13

Bl 2.1.26 T3 B R 30 oottt 2-13
Bl 2.1.2-7 T i T AL ittt e e ae e enre e 2-14
B 311 FE RSB T R e & (PRI B8 R &)
...................................................................................................................... 3-2
B 3.1-2 FAREIR % 77 BBl e 3-5
B 3.1-3 AT E 2 3B e 3-5
B 3.1-4 RTMS & 5o B ZEZE Bl oo senee s 3-6
Bl 3.1-5 %% 5B RTMS BRI B mUR 5 B2 E e, 3-7
Bl 3.1-6 RTMS 2 i F3 @B IFTE I o, 3-7
B 3.1-7 SMartSensor B B ..o e 3-10
B 3.1-8 Accuwave Model 150-LX % H B ¥ e 3-11

Y



B 3.2-1 - S FMCW 3 i 5 507 BBl oo 3-21

Bl 3.2-2 - . FMCW 3 & ;s PlE 5 —PF M ] s 3-21
Bl 3.2-3 = L E HANRIZEH oo 3-23
Bl 3.2-4 3B B 140 Y BT s 3-24
Bl 3.2-5 # # e ﬁ:@_e:r B2 IR A s 3-25
B 32-6 A CW LA & & BT 5Tl " BB AN E s 3-26
B 3.2-7TFMCWRLBL & & & Ra™ » dpiEfy i 38 #2436y

2 FEdE A é%frﬁv_z,mr ............................................................................... 3-27
1328 ~+& fp&ETRH (T4 ,13;‘»;’43;%) ........................ 3-28
B13.2-9 ++ 2 fpl&ETH (7248 &L ms 1000 ) ... 3-28
B 3.3.1-1 B BB BE B H R L e 3-29
B 3.3.1-2 Hiw BB BE B H T2 e 3-29
B 3.3.1-3 Hi# Bl BIBRIL e 3-30
Bl 4.1-1CMOS Heik B & ¥ B B2 % & 5 583 BBl e, 4-2
B 4.1-22006 = 4 7 c7nCMOS #cik 8 & # B B E T AB oo, 4-3
] 4.1-3 Power Divider £ Bl B oo 4-4
Bl 4.1-4 iR BRRIZBDE oo 4-5
B 4.1-5VCO & 2 FMCW 234 % 2 5LB 11 oo 4-6
Bl 416 B B A2 VCO i 4-6
Bl 4.1-7 CMOS Bk B B % B IR e 4-7
B 4.1-8pad fz B Bl oo 4-7
B 41 9CMOS i B & "R R B 282 BYrfe B Bl e, 4-8
Bl 4.1-10CMOS i B & ¥ R B B+ 32 B9 F 8 Bl o, 4-9
Bl41-11CMOS ek B s PR B E T > 2 B% el Bl e 4-10
Bl 4112 2 BB FIZ F T s 4-11
B 4.2-1 BEHER TR NI LA TR 4-12
Bl 4.2-2 5] 2 M H-T 5 2 FHERIBT) oo 4-13

Fle-VI



B 4.2-3 AT RIL IR A e 4-14

Bl 4.2-4 A7 X RNEFHERRFTHZDERIESF e, 4-14
B 4.3-1FMCW 3 i > x %7 PRl 2 B 4-15
B 4.3-2 K3+ CMOS T a2 FMCW o #8973 T B fice
.................................................................................................................... 4-16
B 4.3-3FMCW T i > @@L £ 2 FHBl e, 4-16
B 4.3-4 FMCW 2_ £ B A 5277 Bl v 4-17
B 4.3-5FMCW F i 5 52 2 P F ZF BB oo 4-17
B 43-6 ot fc i 7 PLEHHRIZ IF 2 BRI DTA 4-18
B 4.3-7 71 ADS itz IF 5 2 RIPFH 4-18
B 4.4-1 Chiponboard 2_ #2235 i 4-19
Bl 4.4-2 FMCW RF B3 3K 35 e 4-20
Bl 4.4-3 B EHET 4-21
Bl 4.4-4 B A58 3 B s 4-21
Bl 44-5AGC p 1 Z 305 F o 4-22
Bl 4.4-6 EEZ 350 e 4-22
Bl 4.4-7 FE T 1 A 5L e 4-23
Bl 4.4-8 5= 8 CMOSHTA E & % oo 4-24
Bl 5.1-1 DSP 47 20 2845 e 5-2
Bl 512 10 472 245 oo 5-4
B 5.1-3 DSP 28 % 207 BUB] oo e 5-5
B] 5.1-4 DSP 5 7 8t ™ BUBB] oooiiiei e 5-6
T 3 Y 5-7
B] 5.2-2 DSP 38 157 35 s 5-8
B] 5.2-3 DSP FF B Bl ooveveececie ettt 5-9
Bl 5.3-1 T BALT (A) e 5-22
BBl 5.3-2 SWITCH & FE2K F_ i 5-23



B 5.3-3 T BT (B) e 5-24

B 534 T BALT (C)  ooooeeereeeeseeseeseeseesessessessesssessess s 5-25
B 535 T BALT (D) coooceereceeeeereeseeseeseeses s 5-25
B 536 T BALT (E)  ooooeereeeeeeeteeseeseesses e nesn s 5-26
B 5.3-7 0 BB INELZ B % e 5-26
B 5.3-8 % =83 22N 2 2K T (A) e 5-27
B 5.3-9 % =483 22N 2 2K T (B) e 5-28
B 5.3-10 % =5 A28 22K Z (C) v 5-28
B 5.3-11 2 FFT 15 2- BlT5 woovieeeeeceeeeeeseeeeeseesesses s 5-29
Bl 5.3-12 GUI AZZS /1 B oot 5-29
B 5.3-13 TR BB B M 4r 15 A 2 222 205 s 5-30
Bl 5.3-14 FTHUVEEE et 5-30
B153-15 4 ST LB oo 5-32
B 5.3-16 ;T8 im B BBLAI (A) oo 5-33
B 5.3-17 T3 im B BBLAS (B) oo 5-33
Bl 5.3-18 & F SFEE ot 5-34
B 5.3-19 & F S BPIZEE 2 W HUMH] oo 5-35
B 5.3-20 2 5 ST ALB oo 5-36
B 5.3-21 2 5 BRI oottt 5-36
B 5.3-22 2 5 o ARI] oottt 5-37
F15.3-23 MF % A TREBBLE D 5-37
B 5.3-24 T2 5 5e oot 5-38
B15325 » A AR ELTAEANRERE L Z T LB e, 5-39
B 5.3-26 %4 SLIBIZE oottt 5-39
1 5.4-1 DSP 6713DSK 38 {7 ZE HE Bl oovvvvvveeeeeccecnseceessssseeeesnneeeen 5-40
B 5.4-2 CCS AZFS B H IR oo 5-42
B 5.4-3 % 5 2 3 (EIARR] oot 5-43

[ IE-VIII



B 5.4-4 )% 2§ B FTED oo 5-44
R O I N < 6-4
F16.1-2 % & i
B 6.1-3 % — # i T 5
I I 6-5
B 6.1-5 % — & i o

B 6,06 5 — 2 i 3D Zhil B coovvoveoeeceeessseeseeseseeeeesessssssseeeeese s 6-6
B16.0-7 % — 2 i 3D 5a B/AE > TH oo 6-7
T I N 6-8
e T I A 6-8
B16.0-10 5 = 2 38 THI B ooovveeeccccsseeeseeeeseeseeeeeeeeessssssssesee s 6-9
N B I N A o 6-9
N R I R 6-10
B16.1-13 5 = 2 58 3D ZLAL B coovvvvvoeeeoceeesessesssessssesseeeeeeeesssessesseeeenne 6-10
B16.1-14 5 = 8 3F 3D 5ait B/EE > T B oo 6-11
N LR I N N 6-12
B 6.1-16 % 2 2 i 23 B2 i F oo 6-12
A R I T N 6-13
B 6.0-18 5 2 B 58 S0 B oo 6-13
B 6.0-19 5 2 B 55355 42 oo 6-14
B 6.1-20 5 2 2 5 3D ZA B coovvovvveeeeeeeseeseessesesse e 6-14
B16.1-21 %= 25 3D Bit BAE» LI oo 6-15



B 621-1 2P EPAPB ZE Bl oo 6-19

It s G- 6-20
B 6.2.1-3 Mk BB BF EE T2 T LBl e 6-21
B621-4 ] £33 r TR BHERE i 6-21
6215 [ 28 r BRI EREEZ TR 6-22
B6.21-6 = @& x BRIEBHFE oo 6-22
B 6.21-7 % f @i r WPl BHFEEL ZELE e, 6-22

B 6.22-1 ~ 8 if 2 A4 BlE B (& 40°) oo 6-25
B16.2.2-2 ~ # iF 2 b3 BE B (& 35°) oo 6-26
B16.2.2-3 ~  i¥ 2 b3t BE B (& 30°) oo 6-27

Bl 6.3.1-1 B B TRE PALEL oooooeveeeeeeeeeeeeeeeseseseesseeseeseeesseeseeeseessssee e 6-31
T T8 e . 2 R 6-31
B16.3.1-3 45 $F L5 2 B85 oo 6-32
B 6.31-4 ° A% L G 40 2L FE 2 A e 6-32
B 6.3.0-5 #4504 b B i — - (510 BEF L e 6-33
B16.3.1-6 24503 F B X 7 L EE DL e 6-34
B 6.3.1-7 it R BAE TR E BE e 6-35
B 6.3.1-8 FALYCEH BEZ F BETRE oo 6-35
B 6.3.1-9 KT 22 REZEZXE L ITHD, e 6-36
B 6.3.1-10 AN FHATE H ) oo 6-36
B 6.3.0-11 42 B2 T2 AN F G oo 6-37
Bl 6.3.0-12 & % FHATE H ) oo 6-38
Bl 6.3.1-13 @ % 2 55 BRI oo eeeeseee e eseee 6-38
Bl 6.3.1-14 & % FHACE AL F B oo 6-39
B 6.3.1-15 57+ 3 K 7 o Poif i 5 3K Aufi % 2 =% 7 4 B
.................................................................................................................... 6-39
B 6.3.1-16 £if F BE AT E ) oo 6-40



Bl 6.3.1-17 Boif i EETR IR oo 6-40
B 6.3.1-18 P F BT AT EAZN E B s 6-41
B 6.3.1-19 ATH 3 KEE A FIAFRIFEZE B o 6-41
Bl 6.3.1-20 T i 2L B oo 6-42
Bl 6.3.1-21 T i ZE K B oo 6-42
B6.31-22 4 37 XMHEFATE D) s 6-43
B 6.3.1-23 T # Rl B FTHZE 5 (A) s 6-43
B 6.3.1-24 T %Rl B THZE 5 (B) e, 6-44
B 6.3.1-25 T %Rl B FTHZE 5 (C) e 6-44
Bl 6.4-1 377 2T R (20225 ) %1 28 Bl 6-54
Bl 6.4-2 731 B (FETB])  oooeeeeceeeteees ettt 6-55
Bl 6.4-3 E 245 (FETB]) oottt 6-55
Bl 6.4-48" L% (F 25 ) e 6-56
B 645 3+ 7 AEFFeEF I 31 E B 1 6-56
B 6.4-6 #7773 FLEFFRHF IR F 61T ZE B2 s 6-57
Bl 6.4-7 5 1 2% Bl oottt 6-58
Bl 6.4-8 K35 130 28 BB R oottt 6-59
Bl 6.4-9 %51 2 R P Y (A) oo 6-60
Bl 6.4-10 %51 2 X FB Y (B) oot 6-60
B 6.4-11 PLEPEE ] o 6-61

E 0N



11 MEE=KER

2 %fﬁi %ﬁlﬁiﬁ:‘wd B 73 B Op AR

'%ﬁﬁ'v T e

M 352 4R 0 R E 2 1% 5 B2 Bok R B et R
b S BALTAS BOTRT R A R R R R

bz Bgmo BB F AT Z WRIET BRI 2B dE e Mol D e
PIRT % AR R 2 2D P T ENER - T HR S EE
B D BEFTHENN 28 BE o FEEIE T 2 PT R
MR @~ B BEFTH B FER2 BRI B B BL XL S A3
TR RRA IR L1 MERG P -

12 MREABKEE

AP T ERASDRTRIEFR ¢ 45 § M e 2
B ELRIL B (DSP) 2 HiA 4384 o F oA Y ¢ 7§ RF e

AAMIASIFANE 5B RF RFE > PRLIBRRLE
BEHCA IR o Bofs M 9T A 4 2 BLIE (7 A AF o DSP fm it A o g
Blewd gl ired AL 2 AHAE TP gd Ay BB

1-1



14
=
A
T\
&
)
\\‘It
A=
{w
=
a3
fu
(S

lm
(=
S
=\
44
4
I
W
\"Q:D_
=i
i
N

o R A M AMEehd R Rl 4o

ERER

1.1 WEEE

*p;%@%z%m@W$iéﬁﬁﬁ‘@W$§%#ﬁ<gﬁ
z ) 4o B 1.3-1 9757 o Mok o IR] 5 R 28 A

RF #-e383 0 B a3

7

(=
N
“ )%'
w m
e

o
B
\
T
e
&~
)
=
b
Vo
=
b

{EHIZREE RS {EHIZRERE TR
[HREIESR =
s P ﬁlﬁg B E
L
RFFE 3 A5 B e EEEyr |

SRR

A
gt L

SEUEEE
2 EISSS
RFfEGE ot

A | i
I
I 2 i B PR M AG CHET SNR
2 SR VS AACCHRY DSP3gi =
AGC BURE
PRI
<L R L=
e VT
B R ADC ST
L e DSP f@ﬁuggt;éﬁ Y
g Va0l E T
IR
i * DSPfl1 A
f HET?E[J%EWV’E . Jats]
T e RE=ree
# R Lk
SR i

EECis

1.3-1 AHARFAEZREE



28 piElEIERR

21 HIHARTEMERR

94 AT HEFAFRERTARLLFATEY E BT FEY
A o 2 F ek s B q@fﬁ PR AR 4B 2.1-1 977 0 £ RS R B

S P gElcs BaE A kg F A o S RAAHL 2R &
R ORF He 2 B Ad2 e » i 3§ R AST e
VA SEFE W 2 BT HEAEN (L) R gl S b
TG XA ;(2) #RRF 82 S AT {2 BV ASZAE § 100M
SFIFMCW 2o = & 208 5 (3) Sidl F end e B AU H e o & by
g EPEREE 0 Fd L B E R e RSB B2 b
FERUE S A FEMATRA TR Ao B 2.1-2 7T o

B 2.1.1-1 FEHRBEWMEZZ ST

2-1



0

UL

AR AL RN

\ 4/

LB AR o, 1

5 |

F—o |

HEHE |
pEm R

LES SRS

2112 EEMBERANZER

TR TREFAERBERTAF LA EFIE ) 2T
FHCA N ERIEING o A S 2N KRB AR 211 MRIE k212

B 142> 12 213 ;Kfi)iii‘i—;’?fﬁ‘lé\’ﬁﬁ%% °
2.1.1 {HHISBRE

BB ORI B2k Mide@) 2.1.1-1 #7570 £ d Radio Frequency (RF)
oA A 3B RRTANEGd AP HF R NERFE T
#&ﬂsz B ATE B Rk MEL > 2 (6 5 d RF fEck X MR
e BT R H e g 4 B R FFEFIA > LA 2 L AFEL
WL EWEFEL AL PR BB IS P E R T

2-2



A
Y
gl

|

A
Y

B 2. 8R! MEENRANXFFAEEXHT. -1 HARRRERE

&&%@mdrmk__1$ﬁ?mﬁ%&;17ww§,“ AL
Z iR BTE S BRI ARLAFARTE
BTG AR QR IARL B3R T E (FMCW) 2 3 » FMCW
FEBEZ AT M ARESF > 5 FMCW g h2 !t #
Ve R B R R B AP HEERE R 0 A > FMCW § i &
@GR RIDEFER D GRP R A B G B - R Lo
FMCWﬁﬂizgﬁﬁﬁibﬁﬁ%ﬁ@d@ﬁﬁﬁj’aéymﬁaﬁmu
FE MR B EETE RPN o B 2012 wE R 22 FMCW

P
TEIR RrE, HY #ﬁ»@iifév’ﬂ?f-‘—ﬁﬁ AP B S op & [Klein, 2001] -

Frequency
i Transmitted

. Received
s o \v"’/

:
L L

e Tirmie

LT T, = 1/f, —

2-3



Mg M R BT INA o T X EREY S N RF
oA wE (1) 12 LabVIEW $f8 87 o (2) 1 pefe S BEor o

(1) LabVIEW

LabVIEW 7 Laboratory Virtual Instrument Engineering
Workbench s # - 5 - BRI 423535 (X fE2 5 G3F
TORTRL FHEA G LR g s TG e
Lo T R- BE T aE T R b FLEY o 2 HE fdop
LabVIEW £ 5 ¢ 32 FH#2(DAQ ) TR A 4782 % % F >
$£H W o b LabVIEW € 8|18 cnlic A 47 22 85 7
#iL e @ LT U F DAQ + R frit B Ak o 58
LabVIEW ffie & » if ¥ 2% g o kBN 7 BE 54 4

R g o

%¢¢%a@wwaaNﬁé@w¥ﬁﬁﬂiﬁﬁ%
)2 AFHET > B 2113 LY kT2 Fe 0N F e
IME ML SR AP LA AEB A A L EHT
AEE Y B2 AR R WA 2 BRI o

w

—h
rI.

=] 3
" e -
Time i — Peak
wrl
Domain i Frequency
Frequency —— - Paak
!.:: R —L
Domain : TS
. Frequency
. Amplitude

2.1.1-3 LabVIEW Z&7REEH



(2) TrpFfz st

T AR P Ao 2014 277 > I 2 E R RIRE (NI
1 DAQ FB~+ #-18 B B AriR e Pl BB T Y 0 1
—H'& fe N7 FFT & & ~ ‘-?pr:'?;;j\?’x ,:,ﬁﬁ/z A4 "YF'EEFI
Moo TATF P ik&F’—ro

2.1.1-4 {#H DAQ FHEITEFHEEY

FEN B AT g PRI (A BALS PRBCPER 0 002 BiEHEF
PRABLAT A MBS e it e 2 E
o B R R OT A SRS A A2 WAL o 1Y
Labview #74% #0750 35 41 Peak B8 1> {F = » €45 e e E 5
@ T AR R 2 E TS N 4e R 2115

2-5



; !
FFT 714 S i

5 U FFT 5 4L B '
A "Ii;jﬁ;& E.' AL ~ 7
- %J i &
. {?E&:'%‘T’% ﬁ%lﬂzpeak
dp TIRB 5 ) IR
% peak N

2% Z_Threshold

! ,

ﬁ;f] 11 peak:t 5L @?J 1 peak#g
58,

END

2115 RVEEA

B 2116 F 5 FERNEFZFEE, o Fe 3 L TR
U FEEF LA I E S B8 £
MER TS HREERENLGEME 2T LGP LIRS

-

2-6



B 211-1 EEERNEEEET

211 WEEREMETIRE

BE- BREMATEIROREFLAT TS B
¥ ¢ RF Module ~ IF Module ~ Antenna Module -~ DSP Module -~
Display/Control Module % > 4[] 2.1.2-1 #77 -

TX ANT
TX/RX <]
RF Module <] RX ANT
ANT Module
P/S
Module IF
Triangle Generator

IF Aup Module

y Beat Signal

DSP Module <—l

Control
Pannel

2-7



RF Module 3 & §_# 4 s\ aop &2 4] 3 80 fo+fy, ;x«’ﬁ%:’n ;
I T MBS R R o] PR S Sk 0 R
W S T R I HE S B IF 0 ZHE B X R

2% (DSP) A 5adr » £ AT 5 I8 jE2 R E B FK - &
B R BT i SR AR e R R Bk SR
FEBME RN AR RV A ARAE S A RERE
2.1.2-2 & iR F Ay i‘i)‘fﬁéFﬁ?] o

2-8



e
(0d) 1oued
[onuo) /Aerdsiq

(41
TR W
JMPOy sdyIduwry | W
HE a - 101es3u90) T i
YT [ e oBueLL | | wHEwE | WHE
SINPOIN dSA 0| PR ATIF uanod | o) T AGTT QY
H¥354rh AIPOIA 1 oana |AMEAMY Hapv
(an ) Y ACIF TSI, OMPON §/d
Al
v (€D
L NN
pcei W A
LNV Xd JXIN XY ’
(8) 6)
0]
o e
il g ONA
SMMPO LNV
(1)
WrH T
xR wea| | W — FSe sy | B
o |- e BN, (- e | Prmiloi
INV XL o IOPIAIQ 149 Wy deMN@ o W%Mwmwm% MW%W_M_,‘_
(L) (9) (s) (€) @ (1) o

2-9



(1) RF Module

E

a.

5B E B P g

SCO (Stable Carrier Oscillator) 2+ & 2 f1* - 3 4 7 % #%&
ZHF - P RO RTEIFPN AL - BRTOTHY
= 5. f.» v & 3 Low Phase Noise ~ Compact Size ~ Frequency
Stability with Temperature % &8k B 2.1.2-3 5 H § i 32
TEB -

FMO /FMS ( Frequency Modulate Oscillator/ Frequency
Modulate Synthesizer) + & % & # - a4z (FM) 5 -
Heorg 4 ond AR ARy chdE > BRI A
AR IS BLAE P 0 i 2 RBEREA o

18 & miAk B (Coupling Filter) i & 2 gt 43~ & chsip

% 5.( f, + f,,, upside Band) -

fm ?

SR 1 5L fe F (Power Divider) #-34 118 chsiE 17 5L
(fo+f )~ 2B - BRIFLFH* > ¥ - BB ERIT
2 4~ ¥ F 55 (Lo, Local Oscillator) # B~ 4p i3 5L
( Beat Signal ) »

RXEAETE (Mixer) 2 & A $# B jtv A @ AR RT
BEURHE (5 ch A 4F 2 55 (Beat Signal ) IF -

i< fe2n e~ B (Low Noise Amplifier) i & #5347 20 5L

fEigesc~ LNA ©

g s 4g % (Double Side Band Mixer) #-48 %47
( SCO, Stable Carrier Oscillator) 13 55 f_ 22 = 4 4 (FMO
/IFMS, Frequency Modulate Oscillator/ Frequency Modulate
Synthesizer) & 3L f, > SURAR 5 BEEAR B2 SR AR 1D 5L

fo+1-f, o

2-10



Za — =Ra+jXA
<« X

<> / Active Device

MATCHING
Zg NETWORK

R; (LOAD)

FEEDBACK
ELEMENT

B 2.885% FMEENERNNNERFEEIXHFH, -1  SCO ERERE

(2) =

a.

Ak A2 B[V R B RFYIE

ZEpAE2FILLAEZ - Z AT ViR FMO - i

FMO%ﬁ]ﬂ‘ AR R foy o

PoEar Lk B R FR-F AR 5L (2K~30K) koo B4

Hr R BB A2 M A G R Flpt el § st MG B
i3 (Noise ) ~ 374 (Harmonic ) ~ 74 (Spurious ) #
A % B IEML R R B FERR T & Ry o

EA A BEY AR B2 TR 4B 2.1.2-4 #757 o



A

Bl 2.1.2-4 =/@RRESRKRPIEHAREIRR

(3) Antenna Module

T ML &S RF Module 2 2 2 3 a4 03 2 iy
Bk bz wd BEEA T kAP TR T A AR R B X RE
HEAHR®™ > 3 L 7 12 (Azimuth ) *12 (Elevation ) > 3 & (Gain)
20db > = st fe & RF Module fij 11 55 22 3% Jeg4p 293 B (s 1L
E D) BT - RARKFP PG RIF 3 BEE o 4oR
212-5- B 212-6 2B 2.1.2-7 71 » 54 A Bl B X
S E AT B R E e T

e A& % ---—-157 (Azimuth)
o & & % --—-—-45 7 (Elevation)
T R L F A

o B F e 10-15db

2-12



2125 IEEXR

2.12-6 UIEERIKHAR

2-13

Power
Supply

DSP
Module



2127 FEKE

213 BHEBERZIHETFRADMER

CEPFERPRAGTHORE P AR DT SRR
Bé o EATRELZEE SR T m w i TR A SER

dod 2.1.3-1 #7 o

2-14



#2131 BHREEERED AR

—dpy @
ke B
Hop|qe L
- R
A R
FEEAFE(ZzRmEE)
P R
Bl it 2 F Hagd)e 3
AT L(gaP)
HAi) 32 ppad
B2 jpad
AHRE i g o] A8
R v e
fARE R E A A
oy

oo A GoREE S XA L
i\ﬁmf%'——l?:“:r Yy B Rt Akt A

R s g4er7p}la = :,t%-é”rgé‘:mz\mﬁrg’r B /v\?éﬁf%igi—ot“ﬂ’
AEER RS A AB ha NG 0 B A AR

R Afc b eniEp] > 5 A8 Ha)

=
A B ek B, wI G H B A A Ak o
%ﬁﬁ&ﬁ@ﬂ%ﬂ%%%iﬁﬁﬁéﬁﬁﬁ’?@%14&%
PRI 304E D 2 TR EER G T2.07% R kB B TG RF o
R BEuAmky o VHRIEE RS Y I 0 aET] 85% M o
BEgF BApd 2 4 o FHT0%my v fdpd 2 B @33

%ﬁaﬁaﬁ%ﬁmﬂ%p ST g 2 ek R BT 2 IR E RIS



# g I

F]p PR

B € i MOY T SFIR[AE A ATIRN R el iE o &

Lok in i g T8 e }igjrg%“:“&/j—,?

7 2.1.3-2 RUHAGURIRRIZS < BRAEEE T2k

S RPEEE T8

PR Bh BZpigogIi ke P 94 # 11 % 18 p (1)
Pl Jvoss iif 2is0) |15 lvp s s iﬂﬁ £ 1E(%)
1 88.4 59 49.83% 16 | 3885 | 44 | 11.70%
2 55.7 58 3.97% 17 | 4128 | 45 8.27%
3 51.49 60 14.13% 18 | 3653 | 54 | 32.35%
4 55.04 48 14.67% 19 | 518 | 49 5.71%
5 96.66 65 48.71% 20 | 5892 | 52 | 13.31%
6 85.22 54 57.81% 21 | 562 | 40 | 40.50%
7 46.1 55 16.18% 22 | 619 | 61 1.48%
8 20.3 54 62.41% 23 | 8806 | 81 8.72%
9 19.33 56 65.48% 24 | 518 | 66 | 21.52%
10 19.01 48 60.40% 25 | 6192 | 57 8.63%
11 41.29 54 23.54% 26 56 64 | 12.50%
12 51.41 52 1.13% 271 | 236 | 62 | 61.94%
13 68.92 62 11.16% 28 | 769 | 81 5.06%
14 17.93 50 64.14% 29 | 8615 | 64 | 34.61%
15 86.19 55 56.71% 30 68 56 | 21.43%
T4 g 27.93%

2-16




22 AEETIFIAH

AERGEBUEGHYFAT A E PR AF NG RPN FRE
B XL ek Ml N gmRE s Bl B HRERENTE &
FEL o AR TR HE AR X R CRF e S 3
FAELRIE (DSP) ¥+ > R Al Rl mk o £ UF &
£ H DSP» fici BRI ERF - BAPE LR hEd T T P B R
AR BRI AR SRR T AL > e R e g
ML RETE ROy 2T REME SRS AR G R
A RGP ERE KRR R > R H {RITF Y 2P o

~m

j\:’:p’ijgi—%%ﬁﬁp = 22 1 i3 B ;LJF T F| A TE

(1) 227 E8A 2 TR ARAIE AL EZE S
FMCWRFIC » @ jici 5 & * fice2 TRAFFER " > 8@ < Hf
LA A o

P EEF AP PEETER A R AEF - FEZ 2

E RSN £ LA S TS L EE %%im”
E A * AR g E o F}%'leh"°le7fé/? ﬁ[’"’h’lﬂ e agb NN
1 ,F}%,Igv:_jj.‘}bi«ﬂ’# E@p‘,m*ﬂ ¥ >t (Doppler Effect) i *

ﬁﬁ%%?ﬁ%ﬁ@wéimW#%ﬁ%ﬁwﬁﬁ@1W%ﬁ
B o FMCW 7 i e ¢ Bt & > 5 8P chsg vt 38 ejicd enie iz
i i ﬁv;_-twg BELRIE > B AR R ARE M R Kaugdh o
e A AL ITRILMIA- o5 B eHFMCW F 2224 5% > 1 1989
# % B Hittie > 734 - B H & 9% RFIC(Radio Frequency
Integrated Circuit) & FMCW 7 i w0 =5 % * o335 8 GaAs »rH] iF
N e FMCW Bk s & 21 R+ S8 D ks 3h 2 0F Ko7
%1999 1 2005 & F FMCW RFIC fi * 23 5 <~ % > ~ 4
Pyt GaAs & B ko m AT BB P b ¥
B2 R RFICH & # > © 8 B & A% MiE 5 ﬁgﬁa

e

(\\«
::N
\\\?{r

2-17



(2) FMCWRFIC H & 5 e fifie K3+ o

AT RE 2B FMCW Radar Sensor = E FR &
EoevaeR(HIHE)E PREFERENEDAS AL A
AL 23 RFIC &£ 2 3@ plsE o A7 %55 FMCW RF
Module &2 # ‘e % » 12 e B8k ke & FMCW Radar Sensor 2.
e

(3) ez =y
115 JR] 2

i
E

ﬂF«
9%
N\
pas
(=
g
(=i
da
Pl
[l
N
v
4%
g
—
Ny
=
[T
—
N
—

—\
S

o

EI 1

i@ «r

2
=4
FE -

-kmv

d ot a e B 2§ A R B B AR B B R
@WW@ R EER R
EAEN ﬁwpxﬁag 2
e d o SRR R VK | ﬁn%&ﬁﬂ%iiéﬁiﬁﬁﬁ

=
B
2\\2:
(\x

(4) ' & Rlw (sideward looking) 5 iz HiRlE > &=f L @
(forward looking ) 18 ipj2_ 4 ¢

TEFBE A LE g 2 QAL A2 B iR R R

IRl RS A BFETFEE T R o ¥ 3R 9 BRI H i R

CRENE R SR i S ST R A o o i A A

BB 2 i SRR 5“ A = BN & IR A

(5) - WplBEAD gEe= B () 2 il o

g Rk AL ST R H - (R E R g iR g
Bap g - foora B e AT R T oL R
EoRHAd RALZGAUFBEITAREr A BENY LB EF

(6) % £#H -

2-18



(7)

(8)

2V REINA AR R ATy MBI FE G KR
SUHPEARER AR CRPEF FFIRET AL R E A
W2 P RAZE N2 aF e 1R E o FERE
?miﬁﬁ$&’j&w¢%?&wo

/fdl’;t/)j»rr?, L_}:' }i
Ho R R A Sl B AR #
FREF TR SRS TR L

(D%)ﬂ’fﬂiﬁﬁﬁﬂﬁcﬁﬂ%ﬂoﬁﬂﬁﬁ@“ﬁ’
Hef AR LRI R L0 RPN F AR HE

fﬁiiﬁa‘ﬁﬂaﬁiﬁiﬁﬁlﬁo
i e B g 0 R B AL R

BB RO T MO ORI B A e R R R Rl
PR FES Rl > ¥ 8 RTMS &7l o JE 03 48§
AR PR A L AR B R IRT i ar s o

2-19



F=8F XREHRE

AE RS L= aﬁ%fgﬁ%ﬁ%gq‘ od RPN Y E P TR
2 BRI RE  Fl 3 FRAAHETER- AN R ’a‘%%"»j‘ﬂ
AR S A Ao S R R @maﬂ,32ﬁmfaé%%ﬁm
EEWRE S Tl AR TR 2 AN R BIR B RaTer H o B
R RITHE 0 2 3.3 rmj}ﬁ wEE R B AARIZZE AR BN 28T
pEIE N A<

3.1 BSMEURI B RS

@ i (Radar) &_ Radio Detection and Ranging 5% e ¥ £ &
it E"f | PR R AL (E’Tﬁiﬁlﬁap*ﬂ’,‘_ plE_p ehg B i
Boogdal MR S SEicd 3.0-1 2 & 3.1-2¢

FEDRAAMEHBEFRP FD R TH BE LW P ARDF S
PRERRFRAfCLATR A RNl AT RN 5 R
Mo § ket plBT * Rt @ (Threshold) iR % 45 it ;5% SN
Ho R 2 BTN A e B B D R B R BT e G R
@:%%%ﬁ%ﬁﬂﬁéﬁﬁﬁﬁﬁ*ﬁﬁﬁﬂﬁ’?&éum 2
otz 2 »TRR EHPIELFAS BERY EH- B BuH IR
Tedh 2 g fesu ehdy ~ Hy 8 2n 88 40 302 A~ o B T R e AP
A2t ¥ (False Alarm) #£5 2 & {rfe T 2 R BITRA EF B > 4e
B 3.0-1 %77 - B Y A mieae & oa Rk Ed x:‘:ff%ze%i’a”‘
RER* KT EREA T o

(

(e

e
e

r 7 7’&
|

3-1



—>

FE RS E R

) ARG E R

I
I
I
I
I
v

& 3.1-1

bHETEAY 0 T A ¢
WHMEL SAAE S MRSy T
TR LA
REILE Kk S S

R o

B dod % 420 7R & 56 Teehp &< 4%
T enfgsta £ 0 4 il

—
>

B i

ERBERBNMNEREME (P HERFEREE )

MILS FAsEE L (D) g fpEF s i S
AT TR B R apEiE o
B ¥ (False Alarm ) ; (2)4 4= 308§ fe3t > #5 Atk o
B A HFG R EMSFoREES o B
B oM E PAR N TRR BT OER TR o - B
i ALER

A

e
T & P AR RIS

o

#x 3.1-1 FENEEMeE %Eﬂl
1E i S F it
et ik ,i— é mﬁx ] &F’@ﬁ‘.‘fr’ﬁx—\ % JEHE ~ P& o
RIE P RSB | A5k %3; . "sii%&é%%;fr;m% A
ES
P BAPMPEORA A o3 BREAR- R
, ﬁ¢%k&@i’ﬂ&1 T A BEHLAL 5 BEHLFES S o
Fpu
et 8 ARLCB PG
e TS '%ﬁ%@
By & e EHEB RS FRR S - IR E PR ik
Pt i FHEE T ALAA RFREA G FEIEET O F
3 & fhdn ik ¢ MTBF (535 sipF ) 2 455 =0 eefhi2
1 ET A B enT 3ops B s MTTR > 5 8 4 Fchpo ié T 303 44 pF
=
WHirE 2 AT E A E AR R A A frw'
Wz P ﬁf?"ﬁ%*m‘fptvéma./}ﬁ/ﬁ LS FF”%F?:}%E?E
. E%@aﬁggﬁmﬁ%@oﬁaﬁﬁﬁﬁééﬁ%@
) lri__]_ A;\ g—_g °
e RlE PAR AR, Rl ih s HEEfeir & o Bl Rk

RS vt B i AL (383
EH )

3-2



& 3.1-2 FENEERMEH

1R iR e

ARPRGEEFERS O S TR BHRFE M
BrRER 2 1 IEAE R M BAEAE D FEDPIERERH L ER
Fedodr o 1 TEAE A B Rt Fenk Rkl o

);f«éﬁ]’]% j{\ gg z@g,-t-q:r &E'f—i-}ﬁ sy 342 ~’—: EIJ ks \&E’{é}ﬁ—: °

o 50 2 B R - Rk R A% AT E R
S B Bk R -

I SR AL AP § BT
A ﬁh%ﬁ/‘ FRA e R AP AR S dp G i fyda af ehit
AL B AR R L AT 0 0 aRS B
o PR e i O IR PE R -

PR R Ao AT 5

THL KRR - R T fedB G P AR K
_ , e s _ - 41A . v
+ P R vy + AN by _ Y
o , L | R e MM ETNEA T ONEG=—- Y A G

T A ed fA5 R fos F e A’

RMhG B G AN E G TET ERE

oo
B agar dp 7 ERJTHE L 4 o
i SO T RPIFFESN BR T RS -

aﬁﬁﬂ?éé%%@wﬁ%#w ReRaL > A Ay ik
Aot UF’VS C o B Ao & Lyt 2§ & (Doppler
Radar)  »* BRI & 4 19+ & - =B {508 RETE L LR % >
?éﬁjiﬁ'&;;i,éa,u?am?“}*% /T}Ijlbm\»’"}j‘?‘\'!x};l";m% 2o W A
BB B s TR R o R g2 AP HIE R 4 0
2R FHEHAREHEZBA IR CNMEERTMTE

¥~ # (Johann Doppler) 4p 4} @ FBLEFF &2 R ih (4osk i & 4
) Z R AT Y o BT 2 4 #ic (Wave Number) #-g 2 2 F
BB < Sl o AR F AL SR BT e AV P RITE R
B AFTERNEF TR LR T B o FIT R
L3Ik pR T A H A FRITRABEIEF > RRTZ 7
HER AT ER PR (Aol B58) 2@ B 2 R 2T RGN
SR Rt B RIE o dodk i 4ok §F 543 2 (Radial Speed) 0 BT
o §3L1ﬂ~?Lﬂﬁwvﬁm%%ﬂﬁiliiﬁﬁé’Wﬁ

3-3



B0 G302 BE o Rt B RILF T2 G0 FIF I RRIF 2
BLRIH 2 B enip a8 s > W ERE B P R LB -

el
v iR S

;8 3.1-2

Hd :—‘”KLﬁ;H{EﬁT:;

fo ° P
v iR S

a P BER D e Iop 2 Fad b

Vi el G-I SR = A U S A ) S ;rs BT R TP R
fg,imﬁwwmLyﬁ@ﬁwwW%@ﬁﬁéﬁmxbi’@ﬁ%@%ﬂ

# )k ﬁ”'iﬁﬁ yiig) 8 W"’iﬁﬁléz? BT L O R(E BE D P g
Bpl- T IE‘?E'I&‘?’&E’I‘? éi,f;\gi;fé‘i %}ii/}fﬂ?*ﬁ ﬁ}é;;gqgog
ER?WD PR YRS B 2K

K
o B (1) B2 Em, 7
AABY FEAMEDEIR L1 AR ERT BEA

o

Vo AT (FMCW) BIERIE 4 Sk 2 & SfL 2 47 5 4
B F bto 2 FEAE o F R M F b K w P g B8 2 M
FMFARLPE LR q § F LTI SR FaR S B3y
PE] AT aE B2 AT S 0g A B o g BERUBLET F UL B - L BN i
et it A F2 L& 4 a4k % (Beat Phenomenon) > % Bl
312 3 B s 5 S g Rl 2 BEAEBIH PF o A O Br % o T o HeARE 5t
WL R R T BL % - P %2 4p 48 (Beat Frequency ) > ¥+ j& 1 §
PE B2 BRBIER ERETHRATH pEEE -FMCW 2. F 32
B dRl 2 gmdi oz fRIE > ¥ R L2 4R e

-‘-,:L 'mh

3-4



AT ) S U B

B 3.1-2 RHERTEE

Bl 3.1-3 224 * g2 § P RE Sy
B T2 LT AR S PRA T R L D g
ZHED PRI LG DRI

%ﬁif—h'l. '; ey “||+’: 2,
e SRS SR
rlylylylylyl_-@ﬁM@ﬁH@% |
- DIBEERIRE (scatterer) filiifl] 872 FsiR
IRefH

R P—RIEEFMCWIRIE
! T -« AR B
o AT R FGER

FRFfE]

R ZEYRIREMCWI

LT wm Ry
o TSI A 25 B R

FRERA

B HEEFHEFMCW i 2

REfH]

B 3.1-3 FAEEEZEEREL

P Ep g A BRI IRERE o T EHR
b % $ * 9 RTMS ~ SmartSensor #cid 3% & 48 i B B &7 * A58 4)
2+ eh Accuwave 150-LX 15— i g o it = fd & S | 4 A 4
3.1-3 -

3-5



(1) EIS 0 RTMS % 3t (http://www.rtms-by-eis.com/)

d v £ < EIS 2 @ (Electronic Integrated Systems Inc.) # &
Z_. RTMS (Remote Traffic Microwave Sensor » & =8 2 i@ ficid 8 Jp)
B)I-FARA AT H* N2 TGl GRE vV UHS

S
ﬁﬁéﬁ@w’iﬁﬁiﬁéﬁﬁﬁﬁ#ﬂriwﬁ o 7 1P
60%ﬁ%@W’£ﬁ%§$8%?é? e S
BRI hD fpn s B E BTG F f ‘“'Jév\isﬁ%%% °

Kmmfﬁ%W%ﬁ%ﬂﬁW{.ﬁ¢¢a¢
RS 232 RS 485 g )" %%;U%Jkl #t]i—_d\»gipm ,l 5_5;

RTMS i 5@ % 8" 35 3 kRl 2 dmo d 00t F E L 5
LFe e EFRE e B FRE - mR BT ER
W MR- B2 o B 3.1-4 E_RTMS i 5L B BEXR > 4ok 3
BRI BEE o RF AR - BEEEKR- 5 4B 315 %
K 5B RTMS BRIBErFmiip s Ry o

RTMS st 245 % 57 > 558 KX &R 15 AR > F 2P
FEBE G 60 2 2 g RN o SRR B R R 0 2 2
VA R E S S o B 3.1-6 &_RTMS =i ? T

RTMS (Remote Traffic Microwave Sensor] radar

3.1-4  RTMS RiG{EAIKEE

3-6



Testing the performance
of traffic detectors

& 3.1-5 &S {E RTMS [RAIRR ISR (RAIZ @ EE

[HERTMS Sokup whibly ver2.0.03 [ i 1ol
Tfa Bresi FLTDs hedp
| MODE = Sidefire Highway
= = Zones 1 2 3 4 5 6 T B
I E-E;;n\,:gfﬂ ® YWolume 4 & i5 10 & 4 5 ]
| FIMETUME =D QQW;IHFIW %1 1 i5 & 1 i 3 4
| PERIOD = 30 See Speed Kmih 104 122 82 8Y B 7 w76
VERIFY MyVaume © o0 4 1 o 2 1 1
SPEED CALIE. LV Volume O L] 1] ] o 1] 0 1]
T Hlong vol, b0 o O© o o 0 0
DATA = NORMAL Mﬁ'-g_ . Iu_
TOOLSE
ADVANCED
FILE
READ RTMS
LOAD RTMS Y
EXIT
| IR N (A R | | 1 1 1 I | I I 1 npnnoppn o I LIS L
10 20 mﬂﬂﬁﬂ mﬂﬂﬂﬂ n @
123308 17 Mozt mieiy in 26 s | NRKE M7 |/ Comt s ]

B 3.1-6 RTMS @B EARESEE

RIMS el fhit 3> 050 [l 5 2 £t BEARAT
LRI ALl o 2EF S X A A
FAELBREY o ¥V ek BHG
BRAFRTEADF P PP R T S ehd i o

3-7



RTMS 7 Z & p ¥ fag ¥ QBFFHEP Lrd- o3 £ iz
AR PSS LA R ERTMS & bz ir B iE 2T
(¢ FEG ) GE P~ HBRHE S 2D 5 h fo#
S5 R T 0 B3 Errahtk B o RTMS eh% & 2 4P ¢
B Pt (B TR SBEFREER Y LB AR NPt
R R o

RTMS & - féaké | hd i > F 1 a7 ks B

pIMEGLESE A R I B RS K S S P S €
B F AL R A f AR AR SR
E R o bR F o4l € R S v b
RTMS » RTMS % pt g ipl i p 4f - 3R] H gEdg o 12 2 2 2
(73%)ﬁﬁ%ﬁﬁa’MMS?%ﬁéﬁﬁ&ma$32+
Bt H¥ A1~ 2 B A 17 LA WRIS cnlcp > 5 B REF
F - B S BE

RTMS ihp ¥ Mo B4 56 0 R h8 Bk T IR 3R
4 ’lf—"— l?' ‘:‘Bﬂ’}" R,pp\:%%';ur'}ar' °11'Ll‘]é§‘

/4

45\303007f/m~11§’§"%’*‘:é;’%",£ﬂ%;tﬂspi)q ﬁ,,ﬁ%

b 5 T o R Aol E R hd )4 8T o K it it £ ok
FEpli 4 ® RIMS it 43 430973 § e 8 £ 7 fipl 0+
TR AH W B RER D §E

RTMS eh% R0 w e SRl 8.0 v % 50

A. &X 'F‘ X }‘&1{3—

%#:i%ﬁﬁoﬂ;RTS
a3

w

L

P;(:
o

b

Mot

s

o3

N
R

zﬁWﬁ&Oa%? FHABR S F P o

ik Bh o WPl R R Y l'ﬂoﬁﬁ,ffg‘ft’& Fang i A 5%z
poooiR BREL B 10%2 oo

B

3-8



B. I w % ZEHo

BEL GREFER R o 0 NG BH o REREL & 2%2
PoRTMS X% ¥ %5F - Bl Aehs4m B EE &
#id42iF 1Skm/hr iR T 0 I e % ERAT R
B iR RIH R o

23 R e Sl

;;Q,ﬁ,g\;j\igﬁop;g%,
FEL KL OB E S

REPEL S bR K

?‘

ﬁﬁ%%%%ﬁ?ﬁ%ofﬂ’MMSﬁmé % %
WA stk B fop 78 -
AT AT > RTMS Vi € 2 4 L enfifd :
Al 4ok RTMS eh% K4 R 7 i g B8 & RIER > &

FRANTE T F Mo
¥FHRIMS 6973k 8 2 P Arev A = = o
C. & RTMS chif pl3 ¢ § #
D. A2 Fujdedh - 2 g
R s B R § il p
P eepi -
A e ot R HR B T BREORE (X 91k
F) AT EH AR AR cRTMS ek £ 5 2.8 24 » § & jF »
e 7

FKE oL o3 J2A 4 % RTMS el £ pF > Bl % 3 ¢ £ 5

d >t RTMS @ P& fmeis ens FR5F 8 a2 o' (TER)
?"%]F\’%gﬁf f‘)-i]
e A 60 2 4 (2 Fe ) o

,&}
F
|4
23
g
kil
o
kil
by
3
2y
kg
S
W
&
3

(2) Wavetronix #1 SmartSensor (http://www.wavetronix.com)

% & Wavetronix = # *% 2005 # 4 # ¢ SmartSensor Model
105 e & g R F 4 % 0 Ak ondieiz i § L H * 3N e R

3-9



- FEBPEH FE L Egp RILE T
B OE S EEBIEEIEE 2 GFHLL R B 317

% SmartSensor & |

W

EF AR 4
B RSB MO R S R PR R g e K p
d A B (T I AT 0§ BRI (5 iR S 6 e

R E K E AR 0 F KRR R

Bt B3 g o &R Ak 2 o SmartSensor Model 105 s 3¢
—éiﬁflfﬁ/?'lﬁi'g-ﬂ»"ﬁ 0 Rfoe it BB F| 8 lli\?';g =S s g ]
i 4% hp 0 plEFAE Y SmartSensor Model 105 ¢ & 4% (7

N .
A ot B IR 3 g 3 o
SmartSensor Model 105 ik 34 2 @ B T2 454 i b4 ¢
A BRIBFTUEPIRE SR NERI R o FEHTHD TS
fh-~ BB ELndgm 8 v - Bogmidp-
B. BRIERIET T LROIFE D BN P LD HTRTEED
C. Smart Sensor Model 105 1§ jp] B it 53 T P e~ 7 e (52 4
lﬁa@maiﬁﬁt Tiog R{cd g ibg F > L 2 i
FA LA AAE R E K e
%2%2«@m12zm B @ g A R R 5 -
D. SmartSensor Model 105 # & f& % § iR T
; povRg

am
s
lag
3
-ﬂ <
Jn
™

5
/\‘

—

F s A b~ B
SRR mEELEEN T
Wi U BBEERMF TR N A—40CH 75CHE R



R P~ 5%95%REFRZ PN (FAR) R FE

E. SmartSensor Model 105 i ;] % ic 53 45 7z 1 | 2] # w2 >
B4R B R S0% IR A A B IRG § A
P bl T ERA N T EIRET HE A PE > K
FREARARD i PR o

F. Rl & §F 0 0~200 = 2 /] F23% ® 3¢ & p B 0P AR

G * MR FLIHRT p I o
(3) Naztec, Inc.7 Accuwave (http://www.naztec.com)

% W Naztec = # #74 & ¢ Accuwave Model 150-LX 31 &
g A R P dRAEE T Ao PR TR R B AR R R

Bz T R AR AN > FPr v a2

PG F R KV AR R B F BTG
WOpltS & AT chpE P o B 3.1-8 5 Accuwave Model 150-LX %
&+ o B e

i

Installs on existing poles for
most intersection applications

B 3.1-8 Accuwave Model 150-LX & EHEF

3-11



Z 3.1-3 RTMS ~ SmartSensor Ed Accuwave FH1& ELER

Bk @ R RTMS SmartSe?S;)r Model Accu;yja(l)\ji ;\(/Iodel
. FRE BN E B | ER B RE N N .
2 e ﬁih;#%; ﬁi‘;%ﬂ; CRS R 133
 Rlis E 4
37 & 45° 80° LE
kT4 15° 12° LES
1P BEAE 3~60m 3~60m £ 24.38m
g R
i i) T 32 hiviEgai | HhiviEg8i W%
PIEEfE4T R 2m 3m LES
PRy R 10 msc 2.5 msc (ES
Tz a0
e e RS-232 & RS-485 | RS-232 2 Rs-485 RS-232
ok 4.5W 7.5W 15W
E5 25 N
B R F -37°C~74°C -40°C~75C -40°C~74°C
APEER 95% 95% LE3
. 5g- 104 £ | 10g> 10ms &+ i 3= .
s i it "
BEAE
® 16 x24x 12 cm 32x23x7.6cm 14x11x26cm
A 2.2kg <2.27kg 2.27kg

32 BEWRERN

BN AR T R EFERR Al e 5§ BT E S
(RCS)~ 2 13 7 EFFRBimE T w A o
(1) % 4758 % (Radar Cross Section » RCS)

RCS & 47 3 &P R BT EAIS N 4 - BT
£ 0 FIF EEA R ¥4 RCS &= ?L“ Y34 o RCS H#-p f&¢7
BRTBANT RIpEdp s 280G 0 PIT &P ARG - BEL
M OFEBE B R R o FATIN T EA N B N 4o
e BEE e e G A~ T FIN R R B R A TR R F e

3-12



REGLE BT EE G P ARTEE X W) S Tk MG
%Jmﬁiajﬁﬁ%%&’%u%%%¢ﬁ§%§0%§3}3

AT

2

E*(k
ok’ k) = lim 4zR? )

R ‘Ei(K)r ik 3.2-3

24 ook k) FEEG S
B : fp ket 8 D] g ik 5 R
E°| @ pEdp 45 R Aot & || 0k Stk B
ko kg @ A E F bk e o 1 1P R
¥ 0o Bk ARk S i

TREANET I A2 5 gt A7 R TR~ 2 [
Bt AR A RCSBIEES A 4pk > 2 A7 d A fceE

"L 3 (Scattering Matrix Techniques ) ## 3 -

STWAPREIRIPFEOPL P EE IR TEG

2 v 2 v ) 'z ~ P )
- AR 2N L 2D/ A D Lk A mp A IR L)
Ao A yEEIER P A R B B3R B RS enT 3
FEW - PR A 50 B age RN 5 BRERRLE L o T

¥ig > X 10 % T 1dB e £ £ §E o

TMGF AL DN E G FN 3242 %

2
R =(_4/1R) G,G, ;¢ 3.2-4
T

He o BTk 5o
N B ) S
Gy G & FotjlriBixjdz * RHZF

La

>3

3-13
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R PR R L= GG, — » 4rir M &7 3T X MY
J % Pt (47ZR1R2J ‘ A *ﬁ = *ﬁ‘ ‘12 ﬁiﬁ‘.
” —_— . . . P A o
EnrHagE IR T Ri —“=(—) GG —3
AR ¥ 5 e | 5 % Pt AR AR

P 1
B “ gt ° [Dybdal, 1987]
t

RCS » Mg F &k chlp 7 b &8 LR B F] 7 0 X 3§
% > Sarabandi fr Li(1999)# | &% F#EF T » RCS € 3 7 Ip e
it AEFT A= BRE > ¥ - $%4 Raleigh % > 2 RCS
KEAR BB 4 0 P L X E® ORCS S RF  BRfs Gk
¥ % > RCS i — T @ o 7 BTk 3 Pl ffd >
WA AE ,ﬂ%%ﬂi‘ AT R E SR R EE o S
B % o Goldman(1995)F 7 % % ki % H =ch Z# 5 2%
Boehh G- B RE DAL A - B R R LT RRE T
F I ESEG R PR CIMBR CHBE Y- BE &
e kk e it FOT R KR TR Y RAERBR TS G
WA B T REVHATI PR CBEVER P TATE
Hos Y BRI FIF T g BRI A (iR & RCS i
PR ATUAAY R F] T A FEAE
#§2 7 3F ¥ # 7 [Bennett and Toomey, 1981; Herman, 2003;
Ehrman and Lanterman, 2003]4#- RCS % » p &yl 2 — o

Bennet {- Toomey(1981) | * & 3 F A F & 4 F 7 FF #L i
(Frequency Space Trajectories ) » 48 % &_— 7};@_ difFd FoRlere s

m;l‘f')i %ﬁﬂ b':’g'*};?—t:hﬁ’l"mRCS Ll i ¥ A ﬁfﬁ
ﬁﬁ'&r{#”‘d‘oﬁ—%;"lq—ﬁ&mlﬁﬂ'pql?rﬁgv,\gfﬂmj—i Al @

Z B~ A S~ okt (Receive Polarization ) fr= i &

(Aspect) o i& * F ~ P2 k 287 Bl P o 74 R R i

Mgt d i F P R - 2 7 AT E TR o 7

DS }I?v"T“; iF% B35 (Rejection Number » RN) > & RN

AR S PIAF AT E DTS TR Y Aty hp R E £ pEdR
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2 3 & F &£ 5 (Radar Cross Section, RCS) £ 2 = p & (&
TEFEY 53 0 RCS) i k2§25 il a 7 4
FI) P RS o Herman & A A3 P4 MHAF T 2R B B
HH R A FMAAESLFET o > 7 LB A RCS TR F
SPERAR > B BRI ERY REFE

}

[

f3t 8 RCS #ciy > Bowman(2000) /7 5 7 — 4t e & 3+ 8

# RCS #xig e 2,2 ¥ 8 & & * & Methods of Moment £ High

Frequency Appr0x1mat10n C(D)HEREE N L E M 3 A
i NP EERG ; (2)4 Sub-domain Edge Lengths +* #7 3

SFHEFRER S 08 F %H@Eﬁ@§°ﬁ&ﬂ%%%ﬁ%%ﬁW%
PO R R BB APk T E - F e R G o o

RCS &4 £EF AR 2 FiLid® » (e A ped imt Fe
o 3w #R4% Z > Palubinskas ~ Runge fr Re1nartz(2004)/T*u'f'
SAR B kv 172 IF > » & {r RCS 2 FF eriff T2 > F 2B &

w0 & ~90 &2 180 & PF > ¢ 5 #kg ¥ o RCS & ° Hines
Fv Mavris(2000)7] * B 5 RCS Efr RCS fft B it et i p)
GG EE G Rt ARy A EL b J'J.‘fl
* RCS k$PR 5ot § i i ip) b endrrdt > 4o VHF/UHF 4 5 e
VV > HH &t § E #3385 3 §8 o0 % gr 4 o [Gatesman and
Beaudoin, 2003]
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Improved Discrimination of Microwave Vehicle Profiles [H. Roe
and G. S. Hobson, 1992]

WETPOLFERNTEA D EFPHROEREE LR
WRRE o K- i 1 E & 5 5 5 Bicycles ~ Cars ~ Light goods -
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SLALE S & 10.5GHz > 4 B 120MHz > BlEEfZ+47 2 5 62.5cm >
PR Rk ® i L 40mph FH PFR S Smse ¥R AR A
om Al o LEMF G F A~ ERT AS R &P RSP
FE e N - B BT E M kg (& 5 FMCW 5118,
4 Doppler 355 ) ©

¥h i RICRESE L R SPUELE A 0 105 3.2-5

2&FxoyREOT G LEET o
| 7 3.2-5
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Mo Glhe LTSRN e B EN S R
U EFE ook E RO R T R e { 3w 4 TI%—ELIE’
SRR A S IR AR S R R LR
FhAEF SNkt o

3-16



Polarization Identification of High Resolution Range Profiles
[He Songhua, Zhang Hui, and Hu Bo, 1995]

% iE&EyEs (High Range Resolution) § i P &5k
G ¥ —*l&{*"l;ﬁ%\“" SRR K e U FEEL S Bde P Rk
B~ AT R B ) AT B S T B R B 2 BUE i e
%;,ri&mg FIrs2 PP AR A G %R 4 P SRR T

o — B BLAR 1 AT o 0 XE’»,E{ SR e T

ZFp Jfg_wa L EIBT R o @ *@_,L LA A.m e ﬁ;ﬁ * o ok g!;f: | #

F_&

Huynen #¢ Kenaugh /& 2 #-& i* §74+42*L (Polarization Scattering
Matrix > PSM) _@f‘?/’v\ﬁ* e p g AT FRADERRET > PR
HPSM § & 2330 @ gt d AR T R - AT
I * A it e gk BiE TR TR F RIEET R e A 4T o

HRIEREMP NI EN T o hdtRit» & § FIRIEE ~
(Range Cell) &2 p thendk R 7 Fp @ 3 #7811 > FPF

ATt Bhety RIEEE ~ 45 D H R R e 20 AL
{7 fEA o §# 0 RATH DR gsEL S 3 0 B FikaEd
(Eigen-matrix ) ¥ 17 % 77 43\ 3.2-6 :

a 0 ;\: 3.2'6
S, =
0 b

I WL R F XS RN A

_ (le [ cosa, J _

x=| = T, X 3227
x,) \sina, -e™

_(y, cosa, N

y= (yzj (Sma ¥ ] 7 3.2-8

M ,,{k/]“ﬂ‘,hmﬁ%l*;é E
=[y"R@)SR(-p)X| =Y T AX #1329
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R()-S-R(~9) =S,

1
coS 2ay

sin 2ay cosz,

—sin ?_ay sinz,

1
cos2a,

X=] .

sin2a, cos z,

—sin2a, sinz,

A B, 0 0
A= BO A() 0 0

0 0 C, D,

0 0 D, -C,

A = laf +r°)

1
5, =l )
CO + JDo =a'b

'J/’g C —f:';,ﬁ&,}i 1L 15 Stokes 74 _:3::}—]__:‘.@‘ R E"J’ngﬁiifry y B4 th

YTAX 3£ 3.2-10

>R RIEEF R ehiE i ¥ R g &k (Polarization Matching
Filtering of Fully-Polarimetric Range Profiles ) §.i% %48 # € Bl i
s 7 FIEAT PR R G SREET R AT BF R AT

X (I I=0L..,L-1 p,g=HorV ;4 3.2-11
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)}R(— o )%
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Fbt g 5 b o

¥ ¥ & PIFET A 5 EE (Range Profile Span » RPS) 35

YO(I):QXHH (IY +|XHV (IY +|XVH (|)|2 +|va (|)|2)%

EEFEXTEE

Y.m=12,...81=0L..,

AETIRE ST

8 > @ e w T FFHE %J

L-1f

PFE e W R AN fEA SRR & 3.2-3 AT o

;% 3.2-13

bR

RLEE T A

 3.2-14

& 32-1 J\iEZHSRER
[He Songhua, Zhang Hui, and Hu Bo, 1995]
.| aE biE %

1 1 1 TG R A = kLR staE
2 1 ~1 w bR SR
3 1 >>a
4 1 <<-a
5 1 jv, v>>1
6 1 iv, v<<—1
7 1 1+
8 1 s
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(@) BHEAGKREZE T A% |pEEE AN chml fETsEE € % B
T 53 45N

Y, (1) = max{y, (m =1.2,....8] *3.2-15

s ml B 3§ ELRPS - g T R H
BRA) 5 g s 1L PR 7 L B r T LS RPS R 1
AT o

(b) P HRdest S R A e R TP 0 T RS @

;¥ 3.2-16

T =(r,r,,...r) 3 3.2-17

AOTed TR ko ErRR D e Bk -

Spectrum Correlation of Beat Signals in the FM-CW Radar
Level Meter and Application for Precise Distance [J.C. Chun, T.
S. Kim, J.M. Kim, Z.S. Lim and W.S. Park,2001]

FM-CW # B £ i * AJEdpessd B i pl b > Bdop & F
Bk E o g * 3 % ¢ g VCO ( Voltage-Controlled
Oscillator > 7 #| R&FenE F B ) H ﬁg?l dUHE 58 P TRdE - 4T e
MR o i F VCO § F & f2 B chzb 5t B IF A 3 Bl e
R EWH S ORI EFER U ER T € F <o AF7 7 11 Beat Signals
(FpAR3UEL) 2 AP MR 2 AR DI AWM 7 T dp

12 B enpedE o — 4L FMCW ik 5 By A2 B4 B] 3.2-2 #1777 @
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B 32-1 —fx FMCW FERHH5EE
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o, 7 3.2-18
4f _Af
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r=2d/c B_L % 782 28 & pFF(Delay Time » 3 587 #2755
ZPEFA) RIS F AR B AT T BEY B
A A S Wl pAEV A7 538 3.2-20 0

f.=kr 74 3.2-20

B B R R Ep R kg A R B TRA
S S R R S R T 2l LA Y
0B, 0 ¥z, 0 AT N E RN 3221 2 32220

X321
W= Al cosk gzt (1) ’

X322
V0= A? cos2ak ;U (1 )

P Afrum A B R A v ddREE A% 0 BEH A S L K,
chpE F § 3 #ic (Window Function ) o F]pb i3 ut 2u 552 % = ¥ 4%
SR R T AT &3¢ 2223 % 2224 -

7 3.2-23
Nl(f)|:Z‘Ail‘§(f_kﬁfl) ¥

;¢ 3.2-24
I\/z(f)l=Z\Aﬁ\5(f—kﬁrz) ©

¥ n=pn o BRI FRDIAET LT 558 3.2-250

f2 = pfh 5V 3.2-25
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D.

Af M= {f - bl}average = (p 1){ fbl}average = (p 1) f ! 5\: 3.2-26
de , f) o f T Yoy &
Bois o b 582227 F daE P R apEgadY

c 7 3.2-27
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41, Af

Faten gE w o vhae eh N 3t IF 1 B chas JEpE R R

VEEHLEN P fRA b oo B edild’ W ud 2 TRl E

“}L

T

Ad2! f;32Q8
Af b21
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AR T iR FM-CW 3 e33R E S P RJEd L
B2 Benbf oo F dpaE F1 5 VCO 2La i #rid S4B T A%
XERRE o @ h g R R R ERs ALY 5 T o

A Novel Signal Processing Approach for Microwave Doppler
Speed Sensing [Norbert Weber, Stefan Moedl, and Michael
Hackner,2002 ]

d AR BT RO 5l T Gt B Al R
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fy, = f,(C+Vvcosa)/(C—Vcosa) 74 3.2-29

IvD ¢

fo ~ f; (1+2vcosa)/c 3 3.2-30
foi BB S VARG ML ER o ch ki o B
FHRT bR §EFUBE R R TR %gg_;mmgﬁnmg
RN{ A FELe B EL 50 ED P Fo R AL g S
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feP oMLY BEkGFTHALFEA
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v (c/2)(fy - )/ f; ;4 3.2-31
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B3.2-5 2RI ER 3 3.0 m/s sy 7 B2 A4FE R 2
PR S o f o Bk e f - f B A KRR T
TP AR D A R Y T SRR R R O EE > 4

7
fopl 0 M2 2 BArE R 2 fo =500 0 1% 5% 3231 V@R

Bk oy R R AT

v=3.125 m/s » & 7 P

A Novel Signal Processing Technique for Vehicle Detection
Radar [Sang Jin Park, Tae Yong Kim, Sung Min Kang, and

Kyung Heon Koo, 2003]
WAy A4 g (Continuous Wave » CW) 22 2347 38

G Fren

( Frequency-Modulated Continuous Wave » FMCW ) % &
B JLEAR 0 T L H fIA, CW 22 EMCW & 3R (> i o

(a) CW

Bk A MG 27 OF EE PR 0B 326
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(b) FMCW
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F. Using Radar to Help Mitigate Truck Overturn Incidents on US
Interstate Highways [Eugene F. Greneker and E. O.

Rausch,2004]
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Track Detection and Identification at 1,000 feet
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7k kR ¢ ”Real Time Traffic Measurement from Single Loop
Inductive Signatures”, Seri Oh, 2002
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P2 F & T FMCW g amE Rl kB2 fiogiEpg e & o
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4.4 RFIC #HZ<Ed &0

L CMOS g B e ¥ R I E & ~ N K- KRR
— e dp i endiedy 0 AFT R PR (S 2P~ 4.4-1 s chip on board 3t %
F ’?' | % L-type v matching VCO_in 2 VCO_out B~} 2 w 48 3c < {4 en
VCO % 5L » TX out #-7 ﬁo%{d—m@],.l BT b B Ak B Rx in e
FLT e dgy o~ % &y o LO n 2 LO out R4t ¥ - BiEHE o RRIL
= %J% LO % 5L o

TX Ou

VCOo I

VCO Ou

LO 1

4.4-1 Chip on board Z £ 57

@ 4.4-1 w2 chip on board 2 # %< % *t @ 4.4-2 57 FMCW RF £ .3%

¢ o b= e FMCW transceiver module €-36.2 mm x 30.5 mm >
593 ORF A2 5 o 35 CMOS M B fs F BB E 2 #73 ¥ éﬁia
@ﬁﬂ\%?ﬁn“";/{‘kg\ ‘4_—3"”;{‘\ %5 "L;‘)}?"( o
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4.4-2 FMCW RF {&#Hz%5

@ R e felie - BB & ¢ PRl 5 R A

ﬁ%ﬁﬂ FHLEE > R~ T - R ARG Rk

44-3 BF A EATR Y B RBHEF 0 T RIESZ S g
1) RF ke (2) s34 4 & (4o® 4.4-4 “757 ) (3) AGC
( ¥t B (4o 4.4-5 9757 )0 im 2 A e & B 4o Bl 4.4-6 T
B B fedici 3 B e - APl o
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4.4-3 HEWAEREELE

4.4-4 IR EESR
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44-5 AGC BEPELEIALE

4.4-6 SEREZMAK
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Bl 4.4-6 § - BxFFnles W ‘E'%E‘!H-m“ 7 RF f- e i fra B
SRR (4Bl 44T 5577 ) S FEOGE ko B 44T 52T
&k T g Teflon 2= 5% > l-"k’f%"“‘ RS I el SR
opee flluanfic T RF» LFikd > 25 - BREDFMCW 7 &£ >
ME SR R RIS

4.4-71 EERTERM

HEAFZYPF AL B AT G RIESRSe L R 2
AR R Sl R o Fu[ s BIMA AT Y AR 2 kX
3t P 3% CASCODE #ﬁf#%i@{écﬂiﬁﬂz‘:ﬁ_&i’@?}/\‘:ﬁﬁﬂr&%ﬁfi ; iE
AT 2 enCMOS e B & # R R B4 ¥ ? T A T enlayout 4o
4.4-8 #75+ o B 4.4-8 3= “73 £ & o RF building blocks & 4p B s> % pE
PR BEE IC e ) 5 168 mm x 1.6 mm s H IC E4%rfe B Bl et
- RaEkt A RAp R 0 © E3F — B building block at 4c 38 ek 3 E 4e

W%z o
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EAHE DSP H{IE 57

AR B RS RN EREFTRFEY > PN S
oo FIUAAAM) FE - BAER Y RRARE e A ) B LK EN
B s 1O ] AR AR RE R T R S /
FoAERVEHL Y PRy B DSP iz 52 B o 2 1R
PO AABRET S S EPL kB AERFEE S v AME R
2 jogk o L p A4 DSP i B A i o

5.1 DSP f#ge

d 2> A3+F 2 DSP % ##MWZ S R T
M1 g * CPLD i (7 4 $uiF (v p¥ B chgd) > DSP & &
PEERGHFEINSETN B AV REREASY R B S
TR A 6701 ASLE 0 @ e G 0 ¥ L% 3t DSP i
et e 7 SRAM 2 DRAM & fd > & i i=ge v 2& R g 12
Fh ey B R RRE o A E AR E 128K*32 4F SRAM
3 ﬁ}u{ AMB Bt 2 E B F#* > A KRS 7 7
FEREA! SRR EREE A A o

PR G NERR RS FTEAMDT R A
SMA Female #:8 » 12 2 & £ 500 =& 16BITS st L3853 & » 11 7 fie
AR T EAMEFE LRGN R T SR ARG R
PSRk A B LRI & RTMS 12 2 SmartSensor 4% * 47 I
iy i 6 RS-232 112 RS-422 vigF £ FIL 4R F AP F 2 Rl E
AR REAE N E s A A

AT A TR R E2Z DSP AR AE PN B (¢ 35 DSP
%%%\DSP%&?H#\I/O 2% 1“# DSP % x %> B.[@ > 2 2 DSP
SRR ) A Ep T



(1) DSP & 1844

J-

ESEE : TI TMS320C6701
=L

TR

- SRAM 128K*32, EEPROMS512K*8
AK*8*2*2

PF B 34 % (CPLD): Altera EMP3256ATC144-10
Z ¥ # & : Watchdog Timer, Push Button

fiwm: 2L 4 B 7] 3 @ RS-232 2 RS-422

& “fﬁf{f fim P JTAG 14 Pins £ ¢

PR A w0 SMA female #:Eg 0 ¢ 4E A/D > BofRE & 3

500KHz @16Bits
g:;}g,ﬁg] »~ ¢ +5Vdc
hEx o] < 18cm*14cm

(2) DSP 4% 2 % # : 4c ] 5.1-1 “F

P DOV board cormect arga

BT

Eef
DC offset (| o,
McBSF1 *
ADCEIH GFIC
P 050
ITAG
¥y ¥ ) HcBSP’D] ¥ q
FLASH . . | ©CPLD | DD5 g« | RS472 | 16
SI7KRE | T DSpETL v 7| irterfacs "
F 3 4 A
L}
SRAM . Pl
178Kx32 LPLD
3,3V REG. ITAG
TPS7RA33 AGC 67 ,
ATT 4 » i
RFEIT1I/Z 2x
M

DSP module DSP board block_diagram

5.1-1 DSP fxzZ8t&
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a. DSP6701:  stfpd]e o> ¥ g 2B A% #ixF n‘—’ﬁ%l A x o

b. SMA: # #z /o female #&Eﬁﬂi&l » » %= DC offset {5 i& » ¢
# AID (ADC8322 ) B~ 47 & : 500KHz @ 16 bits data,
R4l ® (CPLD) &3] % ¥fr#4]@ < (DSP6701) -

c. RS422 interface : DDS £ 4|5 4 & o k i 4] ¢ v
(DSP6701) # &, & pFpRfr+4] % (CPLD) ﬁi%J R
£ &4 D type #37 connector @& 3] DDS -

d. SRAM (128K*32bit) : % sufr41¢ ~ (DSP6701) szeld

-

e. FLASH (512K*8bit) : % *tiz#41¢ «~ (DSP6701) =%l
W ©

f. AGC,ATT,RFBIT1/2: % ¥ei=+41¢ « (DSP6701) £+ T/R
module #3155 o

g. McBSP1: k sugr#1¢ = (DSP6701) 1 12S fi @ o

h. GPIO : general purpose I/0 (4 INs/4 OUTs) -

i. DSPJTAG : x stg=4]# & (DSP6701) s + “f% fig o

j. UP_DOWN board connect area : DSP board £ 1/0O board

‘\:H[‘ %);u/i—%i /T ‘i °
k. CPLD :DSP6701 EMIF address decoding, * #g A/D parallel
data convert to serial data for DSP serial port.
~ DSP ficie p wn B IR A g 4o 1 B8 JTAG KRB {74258 12
txo 1 RS-232 i (7 p R F M @ﬂﬁjéﬁ iR g Rk 3L PC> ¥ %18 GPIO
Bk $5ie CCD Ap 444 -
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(3) 10 T2 RH L AoB] 5.1-2 #1or o

1
OF filter
Analog | real input 4
switch [ 5
517
¥ | . input p )
Lnalog ] -
TP_DOWH board connect area multiplex )
b kL l ﬂ'I.B l:lﬂ'I.E-'IS "~ F’Jll' N
TTL | 2
AfD
Level b -
¥ l change | i AR} Lol
3 N I
Re232 | | UaRTIZ [ > [T y .
Maxzal [T 7 g v SIS 1 2xxa = il
2 |_.
D/4 ¥
i [
R5422 “ e Ll
sm.ﬁ5c1158 JT.:.'I';G HOLOZ T 115¥
l l ‘H TT SAMFLEL Y -15%
—E: *—G“D
_Ti: =
DSF module IO board block diagram Y,

51-2 1/0 MZZRHE

real input5: B B3 G ELE 5 A F wapt %Hiﬁi%l ~ o
sim. input 5 HCRURITE * 405 AT SUELE ~ o
OP filter : A Jm ik B o

Analog switch : #f v* 30 5527 i BB (GE % Fge P iR ap L 5

B~ R A UL ) -

Analog multiplex : #g+ 5L % 1 B 53 1o

AID: % &= 4 & (AID), 10V -

CPLD : A/D & D/A conversion p* & #7742, DSP6701 EMIF
iy AR o

Level change : TTL = QV, z6V , £10V, -15V -

FIFO(2K*8) : 2 um 8 = ¥ 2 - 4L¢ e % o

The other TTL : =4z gidm ) TTL # = o

DIA: #ci=# & 4 & (DIA), 10V
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|.  Sample & Hold# : #g  5LB~ 4 & iR4F o

m. UART1/2: 2§ 4 8 7[id 1, UARTL, UART2 -

n. RS422(SN65C1168): RS422 4 & ,41in,2o0ut -

0. RS232(MAX3221):RS232 4 & ,1in,lout o

p. CPLDJTAG :CPLD e + “,f@a fig o

g. UP_DOWN board connect area : DSP board £ 1/0O board
MEEE T d o

(4) DSP #-4 % 5o BuB] © 4o 5.1-3 #7577 o

BUCIES MR SRAM FLASH
IR PEEADLL, 128K x 12 517K x §
TRETTa1ED
. 16-hit »
Input Signal D3P UART [FII
— aADC - - -
ATITEESY ThISZ20C8T01GIC AL TL1&CT52EPT
Iy
Tiring Control !
CPLD (=23 ADC DaAC FIFO
EFNE2564-10 144 ADETRO4T DACELZAU U IDT 720412501
1 f
X
432 [#0
DWILTEE & Hold AM2ECI2
ADGI3EA LF198H
Iy l i
Analog Analog
Switch Switch
ADG3334A | ADG3I33A

P

5.1-3 DSP t&#iR #7118 E

DSP #ie 3 & 4 5y > E 43457 %E@?J B R | ET P R 2 JEAE LT
AR M S o ¢ LR ADC %l s kR
ADC 2z_ % z.¥2 No missing codes (Resolution) ~ Integral linearity error -
Total Harmonic distortion ~ Signal-to-(Noise+Distortion) ~ Throughput 2

Power supply rejection ratio & F1% 7 B ©



¥ OAE 2 %*+ DSP @ fs > 7 3]22 p 454 coja b iy > T %
G RewEe m (i S8 U H IR 0 5 d Analog switch ~
Analog MUX ~ % i :# cn ADC B2 /S JE (8 ) S5 & Z|¥r2_ 18 > £ 5 d DAC
% Sample & hold B /& » ¥ W H 2R > N2 g e o E 3T
P dlenp e

DSP #4142 3% 13 % & FLASH ; DSP #iC e @ i 42 ¢ e A2
<% SRAM - ¥ - » ¥ & d CPLD Memory map 2 ¥r#|# > 1

oo e JRiEAEY AR ek i L 0 v & d UART % FIFO i# EIJJ;;‘E'JE

~kEHE o UART 3%/ & 7 RS232 &2 RS422 > & 8305 FLfest i

4 o

(5) DSP 45+ it = BLW) @ 4@ 5.1-4 #157 o

337
T8V
Fegulator
: i I
ADC DSP
¢ \ | FLASH
P#‘Ei"g <TXH Control TTL 0wt |
pin[2a..
ATT (AGC . CPLD1 et
9] <Dnso:nm1422 TFout |
LDs .. DEP Board
D type #37
A .

5.1-4 DSP tRINeEFH IR E
a. AL TN URLE ~ (IF) > 5 ADC # & sl i3 s S

\

b. # 4 %_RS422 4 & =1 DDS control signal ;

=

C. ﬁ?] I TTL 4 & =7 RF TX/RX control signal » 4420 5L 82_
d DSP 2 3> % CPLD | memory map decoding s »i% 3 J12
D type 37 pin connector ;

d. DSP ##8 425" 75 5 *< & Flash ¢ » SRAM E_DSP F #! @
¥ DATA e i i3 eni= B 5
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e. 18V,33V# & DSP ch1 iTg ik

f. B0 R A6 L @

52 DSP &7

& Aty it DSP #cdg 3t 4 o ¢ 45 DSP & i3 ;8 ~DSP ficdg i@ * 2
BAKH o2 > 2k A PC i * Code Composer Studio i i
JTAG %k 4] DSP- i i¢ * Microsoft Windows *# 1 RS-232 i 21 4% 3¢ >
% g2 DSP j#4d -

(1) DSP i# ¥ 3¢

ABLP B ek rE 45 4E F (PRF) 5 1500Hz » &+ % 84— =
v e Feje RF %k 0 5 A/D $78~J1 30802 15 0 ¢ S pid & )
gt o fRNEEES 2wk £ o] o F S 4o 5.2-1 5 o & *
o R FRGEE S S R TR 2 RS PR

Beo 1R 2 18P A FEE SRR % o H N4 4cB) 5.2-2 T -

AN
T.sms% st%

5.2-1 RIFEBEHIE
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Timer
3000Hz
Linearizer
Trigger
128
y Range
A Lzosamls |25t | ol ) Rs2m
____________ | Range 2705 pata Transfer
Data FFT to PC

5.2-2 DSPEEAIN

13k kAR E K2 A4 > TIMER % 2% 3000Hz »
FMCW /& 2. PRF 5 1500Hz » H 4% s+3F §pF & 5 1/3000 45 >
Doppler FFT &_FMCW % &+ 16 =t 4 - =X » #& FMCW %
bt enpFE B 4o timerQ_count iz pF A (B 5.2-3) #oT o

Foebo S AID TR 58 DSP 5@ B /7 fie o
i# * Ping Pong Buffer (double buffers) & iT 3 safa 7 FF i * 2_*»

¥ o *r e 8i4e RF_fly_mode flagl p¥ A (B 5.2-3) #f7% » &
213000 57 # = =& o fe pHRHFE 35S LF 3213000 ) -
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52-3 DSPEx=E

(2) % #h¥ i
AEE 2B A (PO 4

& 521 BEHE!L




< 5.2-2 BEfE?2




#* 523 BEHE3




o

Z< 5.2-4 BHZEFE 4
Options="Compiler" +{-03}
["sp_fftSPxSP2.asm" Settings: "Debug"]

Options="Compiler" +{-03}

(3) CHhkHmit
DSP #rdl & 2 T 5| % B CA % o
thET A G

a. 1% DSP z C #% 73 main.C, timer.C, INTR.C, ISRL.C,
initial.C--- % o 2 &~ w|f § 2 a4 R4 FBETIG o

VAR S L E
b. @ﬁi%l o 1% 2 CHh%k 3 » mecbsp.c, tel.c,dmah & -
c. RFi# Cth% 73 DDS_newl.C ¥ -

d. ME 2 CAh%kF rng_fftce

CHEzfeRps e a8 tfdrd 525
& 525 CHEEZMHENRARAGSKNAREL

CHk o4 rng_fft.C
e FET #5418 & 3¢
PR fit_img -- & 2 fft &3¢

Fft_amp_right — 2 2 fft 2 » & -
CH% L initial.C
ey Functions of DSP Initiation
&7 LR AD_buffer_init — A/D # 35 % 4= 4> B 3k 2

Initial —- EMIF, DMA, MCBSP, UART, 23 %¥c, 6%, 3R . S4 40 B3R 2o
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C

X
T

0
)
EA

S

g

£52-6 CHEZMERBRASSHREHE 2

2

T
=

T
=0
N

INTR.C

Interrupt Resources, TMS320C6x Peripheral Support Library Interrupt Support,
intr_reset — £ X BUTH 5 B

intr_init — ¥ %75 £ 47403k T

intr_map — © %7 £ 5 SLEHR G0N

ISR1.C
Interrupt Service Routines (including RS-232 transmission)
timerQ_int — & * PINGPONG BUFFER # {7 fE&t= w 2. FFT o

exté_int -— 2 4ci€_RS-232 2. & £ -

MAIN.C
Main Function as the entry

Main — & & & »

:%E

, & 3

RS232_REPORT — i’b?] I EH T RS-232 & & 5%

mcbsp.c

multichannel buffered serial port (McBSP) Support for the TMS320C6x DSP's
McBSPs

mcbsp_init -— MCBSP 4= 453k 2_

Tel.C
FIFO Data Tele-Communication

Telemetry_Waveform — & ¢ fifo ﬁ%l d g
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(4) seihigie * e (440
#* 527 ECIREE(EREE (fE8%)
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(5) £ DSP #2121 RS-232 2 8 5%

P DSP grdfi2 P RT3 24 RS-232 i s Bk« A
Jo it DSP $i-/0.1% 46 RS-232 % 7L 3 fm B ] 4 Sz = 2 > 1
2 B 4w E Rl 4 5i% 18 RS-232 @i F 424 DSP #/e > DSP Hie 42

Jozo = & o

DSP e @ ix FHL L F dmE Pk L2 2 2

a. 1% C3Fid2 UNION #-i% 2 FAl g iz 3 gt
Eh 4 o dod 5.2-8 #i o

7< 5.2-8 {#H C3&/A~< UNION

union

{
TGT_RST file; /[ Data Collection of TGT_RST
int value[56]; /I 8 x 7 = 56 integer values
char rsvalue[224]; /I 8 x 8 X 7 = 224 byte values

} xing; /[ for data transfer through RS-232

b. fc# RS-2323p 4 2 & =% o
7< 529 BE{E)RS-232 21551
/* DATA STRUCTURE FOR UART */

typedef struct {
unsigned dr :1; /* Data Ready */
unsigned oe :1; /[* Overrun Error */
unsigned pe :1; [* Parity Error */

/* DATA STRUCTURE FOR UART */

typedef struct {
unsigned dr :1; /* Data Ready */
unsigned oe :1; /* Overrun Error */
unsigned pe :1; /* Parity Error */
unsigned fe :1; /* Frame Error */
unsigned bi :1; /* Break Interrupt */
unsigned thre 1; [*Tx. Holding Register */
unsigned temt :1;  /* Tx. Empty */
unsigned rvb_06 1,

} uart_cntrl5; /* Line Status Register */
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% 52-10 E4E)RS-232 2342

c. % # RS232 ¢ Ready -

d. @445 A5 o dod 5.2-11
< 5.2-11 {E:XIBIEIEEENS

e. WiEAEFH o 4odk 5.2-12 o e

& 52-12 {FEFREEH
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f.  1#:i% checksum o 4r# 5.2-13 #11 o
Z< 5.2-13 checksum
while(lsr->temt != 1);

thr = chksum;

g0 H#RS232MWx o

(6) 2 4w P4 3% T4 DSP frle2 = & ¢

A KEIGRER G ABEE L 2 FTHREE BETRRAT
atms_cmd % ¢ £ N F§ > parameter it 42 Sl R @
IBixrBc-F AL HER L 16 bytese CFEZ &7 iE 40

% 5214 &4 N E 2 B R & S¥Eikick 5.2-15 7)1 &

fRBBEL A M

»

a3 . Lo n By >
G AT R DL B R -

& 5.2-14 REHWMEBAIRMEEGST CESRTEA
/| ATMS COMMAND DATA STRUCTURE //

union
{
struct
{
int atms_cmd,;
float parameter[3];
} word;
char rs232[16];

} rs2322c6x_cmdi;
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& 5.2-15 H4SHKIE
LB BELA % Hic R A
0 8 &
1 DEBUG 0 ¥ 2
1 HP G E
2 # 5~ AID T
2 CFAR o S e
3 AGC 255, B
01,...,15 = #
4 RERR 0 RN
1 LINEARIZER ip|
2 DELAYLINE ip|%
3 AGC Pl
5 PRF 0 "% A 4 5 500HZ
1 1000Hz
2 1500Hz
3 2000Hz
6 TH R NP3 FELR &
7 TH_D NP3 3 ;CBRE
8 B_ANG poa 13 xS &
9 SS Z 52 TMB R
10 |CALC_TBL & T MK Y
11  |ANT_NUM 1,2 Sk 43S
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b. DSP & ‘&2 %45 7h 28 ¥ #F > Jafciz 4ok 5.2-16

& 5.2-16 JIMERRENZ T2V

/* RECEIVE RS232 COMMAND FROM GUI CTRL */
interrupt void ext6_int(void)

{
int i,j,k;
for (i=0;i<COMMAND_LENGTH;i++)
{
do
{
k = (Isr->dr) & 0x1;
/* Wait for Data */
for(j=0;j<4;j++) asm(" nop") ;
} while (k 1=1);

/* loop until next character come in */
rs2322c6x_cmd1.rs232[i] = rbr;

}
[* STATEMENTS FOR COMMAND INTERPRETATION

*/

return;

(7) DSP 4 # CCS 2 i 3¢

a o o ®

=h

> @

CCS & DSP #r#83k = 7 OK

b.DSP & k&R & 1 4% OK

JTAG HAl #2 2% 7% 2 OK

=B PC T &, &~ WINDOWS & % } i
JTAG 457 % 5 %

7B DSP T R(3 AR 3 )

#4 17 CCS, DSP #%35% ¢ #7i%, ¥ #% F5 44§ RUN
Load GEL & Reset GEL

Load Project & Program
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(8) %Azt 3 DSP 4+ ¢ Flash 2 # 2%

BB LT Sy R £ R % CCS i rst L L
DSP z= 48 ® » £ & ¢ DSP % /- B kx> R T BATR A e o
Pl 7 & AT ES T ROM § ¢ o oozl s - B PROJECT
o o s (FH BT

o @

- ® o O

= «

Execute CCS

Load GEL file

Reset GEL

Reset CPU

Load w_loader.pjt

Load Program

Set Breakpoint on for loop statement
DSP PROGRAM Run

it succeeded, close CCS program, and then turn off and then
turn on DSP

copy Debug\ATMS_T2.out \ ATMS_LOADER
chdir \ATMS_LOADER

cVt ATMS_T2.out

Execute CCS

Load GEL

Reset GEL (both)

Reset CPU

Load w_ap.pjt

ReCompile w_ap

Load Program

Set Breakpoint on for loop

DSP Run

if succeeded, close CCS, and then turn off DSP

if ATMS_T2.out is refreshed and to be burnt again needed, just
go step 10, w_loader not needed.
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5.3 DSP 58 RF B &l

d R F A U S A D R E R A

RF ez = » £ Fia Bl ddn B > B it jc s DSP &7 #c¥

FE o E N RIS ERE G5 0 b RS-232 #F4p0 %
R ERiEAR ) FI AL RSP > AT BT DSP & RF 2 fF e
BEE R UFERUBL B BT S T REIUE o

AFE I DE ERIEN BT DRI TRE - B DSP 2 3t pF B
WE S PR A Eae ® (LINEARIZER) 2z #ir ~ Bl £ TR Jaz
B R A AR TR R R E I AR
(DELAYLINE) |z » f ¥ & F S+ RpI3E > 1T 42 mip !

(1) RETRE

A EEEA AP T R T RE CRFTIRELE > wREE A

TR KT RE o
(2) SPzZ 3 ERiFFaE -

a. &AL > DSP jg e sgiag 5 fT = 500Hz » Tl 22 DSP C6701 2
PpF R L fRes=30MHz » % =& ¥ 5 fRes/ fT = 60000 -

258 H 44 5.3-1 #roT

# 53-1 DSP Z&tR5=RAE3ERIEN FEx

/****************************************************/

* Interrupt and timer initial setting */

/****************************************************/

intr_reset();

intr_map(CPU_INT14, ISN_TINTO);
intr_map(CPU_INTS6, ISN_EXT_INT6);
intr_map(CPU_INT7, ISN_EXT_INT7);

TIMER_RESET(0);
TIMER_MODE_SELECT(0, TIMER_PULSE_MODE);
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TIMER_CLK_INTERNAL(0);
TOUT_DISABLE(0);
TIMER_SET_PERIOD(0, 60000);
(RIS S F TR EE ST

/* Time Units (tu) */

* ltu= 3e7Hz*/

/* 60000 tu= 500 Hz */

/* 20000 tu = 1500 Hz */

/* 10000 tu = 3000 Hz */

/**********************/

b, Bec i h BRI T AR ST ABTRES AR
B s g S 2ms > Tag S 5 fT = 500Hz > 4- ) 5.3-1 7
HEBALE 9T 0 - ¥ 5 500 Hefy o m g EAF- X TE 2

T H) e

W 5I]|]J.Is IZH1 A ?E'-.-'
289,988Hz

53-1 RE=IRE (A)
(3) RIgMmp A2 E (LINEARIZER) 2z it :

a. H _} SWITCH = 3k T 4B 5.3-2 #777 >
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HHLH | | LLLL LLHL @=

1234 1234 1234

5.3-2 SWITCH & HfE%E

R EIERE F 4 FMCW L eh= i o % SMA 3 RF e 2
MOD £ s it g2 B2 RF 38 o £ % LINEARIZER z
Trigger 2 5.4 3] DSP #-%2 2. GPIO % 0 %,{ﬂi%] ~ 5 4@l 5.3-15 >
5752 DSP #ic%e 2. GPIOIN £ 3] LINEARIZER #% 555 5 5f o

BEC AT R BAEFLIT AR ST AT RIS AR
Hig s asia kaz dp? By B8 S B2 & RAES
2ms > THE 5 5 fT =500Hz > 4] 5.3-3 77 i Borm 2. = & o

ETREE > Z R RINTRL 35V BT R L 472V 0
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3 - . . . . - - - .
L3 I IO I T I T IO OO T T T T T T O OO O I DR B

FI IR L EL®L ML

3900ms
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(1)The precise control of the

o

Fp
center frequency i1s indeed a
necessity for product
development.

(2) In the present investigation,
we have developed the
control of frequency by
external bias adjustment; the
measured data have been
collected recently to validate
our approach. This enables
the frequency control
centered at 10.525 GHz.

(3) Even for the progress in (2),
the frequency control 1s a
sensitive procedure in a sense
that any change in the VCO
load will affect the fine
tuning; therefore we will not
add the automatic frequency
control loop in this project
referring to the fact that fine
adjustment of the RF system
blocks 1s still on-going, not
finalized yet.

(4) Two commonly applied
methods for automatic
frequency control are: (a) the
PLL (phase-locked loop), (b)
the DRO
(dielectric-resonator-oscillato
1) injection locked technique.
These two approaches are
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considered the advanced
level of integration in the
continuing project, not in this
proposal.

(5) The PLL- and DRO-based
approaches, however, have
been under development in
the same laboratory. The
complexity of both 1s beyond
the capability of the
participating group.
Nevertheless, there are
limited results of the internal
researches available, pointing
out the potentials of both
approaches.

In the current project, I will
not add PLL- or DRO-based
frequency source for precise
control of the center frequency.
Without loss of functionality,
the center frequency will be
tuned manually by  bias
adjustment, while the FMCW
operation still works well 1n the
open-loop fashion by
self-mixing  with  returned
signals.
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Abstract — A fully integrated, miniaturized, low-power
frequency-modulated continuous wave (FMCW) multifunction
chip realized by typical 1P6M 0.18 ?m deep n-well CMOS
technology is presented for the first time. The multifunction
chip consists of VCO, buffer amplifier, 3-dB power divider,
isolators, driving amplifiers, mixer, low-noise amplifier,
attenuator, etc., necessary for carrying out the X-band RF signal
processing of the FMCW signals interfaced to dual antenna
arrays. The chip real estate measures 2.4 mm by 1.3 mm. The
entire FMCW chip design is based on the synthetic
complementary-conducting-strips (Ccy quasi-TEM
transmission line. The transmitter output is 3.5 dBm for
frequencies between 9.5-11.0 GHz and maximum tuning
bandwidth is nearly 150 MHz. The receiver channel has
conversion gain of 6 dB. The calculated range is in good
agreement with the measurement data.

Index Terms — frequency-modulated continuous wave,
complementary conducting surface.

1. INTRODUCTION

The FMCW (Frequency-Modulated Continuous Wave) radar
technology has found widespread applications from detecting
vehicle range to monitor of gas-assisted injection molding
process with operating frequencies ranging from microwaves
to millimeter waves [1,2,3,4]. Recently the ITS (Intelligent
Transportation System) group proposed the deployment of X-
band FMCW sensor for detection of vehicle volume,
occupancy, speed, and classifications of multi-lane highway
transportation system. Although most of FMCW-based
sensors known to date had been made by the hybrid
microwave/millimeter-wave integrated circuits [5], literature
survey indicated that a handful of FMCW chips were reported,
namely, 94 GHz radar [1,3,4], 77 GHz sensor [6, 7], 10 GHz
radar B], 4.8 GHz Doppler sensor 2], all made by GaAs
MMIC (monolithic microwave/millimeter-wave integrated
circuit) technology. To authors’ best knowledge, we present
the first CMOS multifunction chip for use in RF front-end of
the FMCW-based sensor or radar. The presented
multifunction chip operates at X-band, integrating nearly
every RF component into a single chip except an optional
power amplifier connected to the driving amplifier as shown
in Fig.1.

D-1

Section II reports the FMCW RF system building blocks
employed in the single chip design. Section III presents
measured data and Section IV concludes the paper.

II. CMOS FMCW CHIP DESIGN

The CMOS FMCW RF (radio frequency) front-end is
depicted in Fig.1, showing an external triangular-modulating
signal is fed to the VCO (voltage-controlled oscillator),
followed by a buffer amplifier and an attenuator. Then the
transmitted signal is split into two paths. The first path
encounters an isolator followed by a driving amplifier. The
second path also sees an isolator followed by an amplifier
driving the LO (local oscillator) input port of the mixer. The
mixer’s RF input port receives the signal from the isolator
followed by the LNA (low-noise amplifier), which receives
the reflected signal from objects. As shown in Fig.1, the
isolation between the transmitting path and the receiving path
mandated by the FMCW radar relies heavily upon the
isolation of the two antennas.

______________
| Power 1

Divider |

TX
Isolato  privingAMP  pA (Optional)
I 1
Isolato

I |
I 1
I Driving AMP I
| : RX
|
fo]
|

Fig.1 The block diagram of the CMOS FMCW multifunction chip

We employ 0.18 ?m 1P6M deep n-well CMOS technology
for the FMCW multifunction chip design. To avoid potential
CMOS substrate coupling from various building blocks
densely packed into a single chip, we invoke the so-called
synthetic quasi-TEM CCS (Complementary-Conducting-
Strips) TL (transmission line) [9, 10], which isolates the
potential electromagnetic coupling from the thick CMOS
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substrate, typically 600 ?m. (See Fig.1 of [10] for detailed
descriptions of CCS TL and Fig.6 for corresponding typical
propagation characteristics.) All building blocks and the
inter-stage connections are based on the CCS TL to achieve
the highest attainable isolation required by the FMCW radar.
The FMCW die photo is shown in Fig.2, occupying 2.4 by 1.3
mm’ real estate.

Fig.2 The die photo of CMOS FMCW chip

The receiver path consists of a three-stage, 18 dB gain
LNA of 6 dB noise figure. To enhance the reverse isolation
of the receiving path, an isolator is added. The measured
isolation of this isolator is more than 25 dB, 5 dB higher
than the simulated data, implying that the isolation is
primarily limited by the active device and the circuit
topology with virtually no electromagnetic coupling/
interference from the CMOS substrate. The mixer is of

MACROMIXER type originally proposed by B. Gilbert [11].

The single-ended RF input is matched and converted
differentially to the core of the mixer. The LO input is also
single-ended, which is further converted into differential
form inside the mixer core. Differential IF outputs are
located at the left-hand side of the FMCW chip. Measured
LO reflection coefficient, RF reflection coefficient, and
conversion gain are -12 dB, -17 dB, -6 dB, respectively.
Typical mixer measured performances are shown in Fig.3,
Fig.4, respectively. Fig.3 shows the characteristics of
return loss in LO/RF ports are better than simulated data,
but the best response shifted to 9 GHz in LO port. Fig.4
indicates the better efficiency of conversion gain even
though less 4 dB than simulated result.

On the transmitter path, the VCO design is a conventional
CMOS VCO with a cross-coupled PMOS pair as a negative
differential resistor, which is connected to two quarter-
wavelength CCS TLs acting as a resonator. MOS capacitor
is employed as a varactor. See Fig.5 for detailed layout of
the CCS TL resonator. Similar design procedure for the
oscillator is referenced to [9]. The output of the VCO is
fed to an attenuator, providing adequate signal attenuation to
and from the buffer amplifier. The measured buffer
amplifier characteristics are shown in Fig.6, which shows
excellent output reflection coefficient of approximately

-23 dB and transmission coefficient of -3dB when
referenced to 50 ? impedance.
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Fig.5 The die photo of CCS resonator of VCO
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Fig.6 The measured data of the buffer amplifier

The power divider is a CCS-based design, occupying 400
?m by 280 ?m real estate at the top left corner of the FMCW
chip. It consists of two 70.7 ? CCS TLs with a shunt 100 ?
resistor at two output ports. The measured results are shown
in Fig.7, showing better response in reflection coefficient for
port three and feasible performance of transmission loss at
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approximately -6.5 dB. The passive power divider is achieved
using the CCS TLs in a very compacted area, only 1.372? 10
* 2%, normalized to center frequency of 10.525 GHz.
Following the power divider in the transmitting path are the
isolator and the driving amplifier. Designs of these building
blocks are similar to those reported earlier.

Fig.7 The measured characteristics of the power divider

III. FMCW SYSTEM TEST

The system function of the CMOS FMCW radar chip was
simulated by Agilent ADS™. The external modulated signal
was a 100 KHz triangle-wave fed to the VCO and the
modulated bandwidth of the VCO was adjusted to 50 MHz,

and the range of distance was set at 7.5 meter. The simulated
data were later compared to the measured results.

A complete FMCW system was tested based on the same
simulation procedure mentioned above. The CMOS FMCW
chip was integrated with a DC voltage regulator and a pair of
transmit/receive leakage-wave antennas [12] for detecting a
stationary target. Using the Agilent 33120A signal generator
to generate a triangle-wave, which modulated the VCO, we
applied the Agilent 8565E spectrum analyzer to monitor IF
outputs in real time using the targeted echoes for range
detection. We measured the spectrum of the transmitted
signals at a distance of 7.5 meters from the FMCW radar.
Fig.8 shows the photo of the transmitted power spectrum
without modulation, whereas the modulated transmitted
power output is depicted in Fig. 9, which illustrates nearly 47
MHz span of the frequency-modulated signals. Finally, we
place a square metal plane as an echo target at 7.5 meter away
from the CMOS FMCW radar. Fig.10 shows the IF spectrum
at the mixer output of the FMCW CMOS multifunction chip.
The measured IF output data of the CMOS FMCW chip is in
close agreement with the simulated results as illustrated in
Fig.11. Hence the CMOS FMCW radar chip was proved the
practicable circuit and the all parts were certified the each
performance.
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Fig.8 Measured data of the transmitter output without
modulation.
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Fig. 11 Simulated IF output data of the received spectrum for
range detection, showing good agreement with what
shown in Fig.10 of the measured results at mixer
output of the FMCW radar.

IV. CONCLUSION

An X-band multifunction chip CMOS FMCW radar front-
end is presented. The performance of every building block
employed in the single-chip design has been evaluated both
theoretically and experimentally and reported in details. The
isolation of every building block reaches the theoretical
limits imposed by the active device isolation and circuit
topology chosen. Preliminary FMCW radar assessment
shows that good agreement between theoretical data and
measured results is obtained for a stationary target.
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A radar warning receiver for detecting and analyzing
radar signals comprises a plurality of RF heads each
tuned to a predetermined frequency band and com-
nected to an antenna covering a preselected sector of
reception of radar signals. Each of the heads includes a
frequency converter converting the received signals to
a common frequency base-band and producing an out-
put signal in the base-band corresponding to the signal
received by its antenna. The radar receiver also includes
a central receiver unit receiving the signals from the RF
heads, the central receiver unit comprising a plurality of
channels, one of each RF head, for receiving and pro-
cessing the signals from the respective head; and mode
selector means for selectively switching the central
receiver unit to operate according to: (a) an Acquisition
Mode, wherein the plurality of channels are connected
to cover contiguous sub-bands of the base-band; or (b)
an Analysis Mode, wherein the plurality of channels are
connected in parallel to cover the same sub-band of the
base-band.
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1
RADAR WARNING RECEIVER

BACKGROUND OF THE INVENTION

The present invention relates to radar warning re-
ceivers for detecting and analyzing radar signals. The
invention is particolarly applicable to radar warning
receivers for installation into military aircraft to provide
self-protection to the aircraft against radar guided
threats, such as air-to-air or surface-to-air missiles, and
the invention is therefore described below with respect
to this application.

Radar warning receivers provided on military air-
craft must not only detect the radar signals but must
also determine a number of their parameters, e.g., direc-
tion, frequency, amplitude, time of arrival, and pulse
width. These parameters must be measured quickly in
order to enable the aircraft to counter the threat by
avoiding it or by activating various electronic counter-
measures. For this purpose, an ideal radar warning re-
ceiver must have a number of characteristics including
the following: automatic operation; high sensitivity, to
detect threats while still at a distant range; high reliabil-
ity, to provide high probability of intercept and low
probability of false alarm; good coverage, to have a
large frequency band width to cover all threats, good
angular coverage to protect the aircraft from every
direction, and large dynamic range to protect against
weak or strong signals; fast operation, to provide readi-
ness for the appearance of a new threat; accuracy, to
provide accurate identification and direction finding;
protection against spurious and other signals, to enable
full performance in a dense-signal environment; simple
to install in different aircraft, to integrate with other
systems, and to maintain; and low cost construction
susceptible to volume production.

The emergence of new radar types and technologies
poses a host of problems to the radar warning receiver
which current systems find difficulty in meeting. Thus,
the newly developed PD (pulse doppler), SPSP (spread
spectrum), TWS (track while scan), FA (frequency
agility), and PRI (pulse repetition interval) agility radar
systems impose new and harsh requirements for the
modern radar warning receiver.

There are many basic receiver types in use today, but
all have their drawbacks: Thus, the crystal video re-
cetver (CVR) cannot measure frequency, is of low sen-
sitivity, and cannot operate in dense environments; the
instantaneous frequency monitor (IFM), which is an
enhancement to the CVR, provides it with frequency
measurement capability, but it is of relatively low sensi-
tivity and of little protection for operating in a dense
environment. The superheterodyne (or superhet) re-
ceiver (SHR) does achieve the required sensitivity and
protection, but its low probability of intercept, and its
inability to handle frequency-agile radars, make it out-
dated. The channelized receiver (CR) combines high
sensitivity with high probability of intercept, and is well
protected, but its complexity and high cost make it an
unlikely choice, especially when it needs to be multi-
plied to enable direction-finding.

Many existing radar warning receivers employ a
combination of two or more of the foregoing receiver
types in order to compensate for the shortcomings of
each type; but such combinations cannot fully comple-
ment each other, and the total resulted performance is
not the best of each. In addition, in order to perform the
instantaneous direction finding (IDF) function, several

40
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identical receivers are necessary to measure the same
signal simultaneously. Thus, many radar warning re-
ceiver systems include a plurality of crystal video re-
ceivers for the IDF function because of the simplicity
and low cost of this receiver, but the IDF parameter,
which is probably the most important parameter, is
thereby sacrificed with respect to weak signals, and
such combination systems are therefore quickly de-
graded in dense signal environments.

BRIEF SUMMARY OF THE INVENTION

An object of the present invention is to provide a
radar warning receiver having advantages in many or
all of the above respects. More particularly, an object of
the present invention is to provide a new architecture
for a radar warning receiver capable of imparting to the
receiver a high sensitivity, high dynamic range, good
protection for reliable and total parameter and direction
measurement of signals in a dense signal environment,
and quick response time, and further capable of flexibil-
ity in deployment, miniaturization, and manufacture at
low cost and in volume.

According to a broad aspect of the present invention,
there is provided a radar warning receiver for detecting
and analyzing radar signals, comprising: a plurality of
RF heads each tuned to a predetermined frequency
band and connected to an antenna covering a prese-
lected sector of reception of radar signals, each of said
heads including a frequency converter converting the
received signals to a common frequency base-band and
producing an output signal in said base band corre-
sponding to the signal received by its antenna; and a
central receiver unit receiving said signals from the RF
heads; said central receiver unit comprising: a plurality
of channels, one for each RF head, for receiving and
processing the signals from the respepective head; and
mode selector means for selectively switching said cen-
tral receiver unit to operate according to:

(a) an Acquisition Mode, wherein said plurality of -
channels are connected to cover contiguous sub-bands
of said base band; or

(b) an Analysis Mode, wherein said plurality of chan-
nels are connected in parallel to cover the same sub-
band of said base band.

More particularly, the plurality of channels include a
head-channel for each RF head, for receiving and pro-
cessing the signals from the respective head; and an
O-channel for receiving and processing the signals from
all the RF heads combined; and wherein said central
receiver unit further includes: splitting means for split-
ting the signals from each RF head to produce a direc-
tional signal from each head and an omni-signal derived
by combining the base band signals from all said heads;
and means for feeding the directional signals of each
head to its respective channel, and the omni-signal to all
the channels and to said O-channel; said mode selector
means selectively switching said central receiver unit to
operate according to: (a) said Acquisition Mode,
wherein said plurality of head-channels and said O-
channel are connected to receive said omni-signal; or
(b) said Analysis Mode, wherein said plurality of head-
channels are connected in parallel to receive said direc-
tional signals from all the heads with each channel cov-
ering the same sub-band and with said O-channel con-
nected to receive said omni-signal.

The central receiver unit further includes analysing
means comprising direction-determining means effec-
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tive during the Analysis Mode to analyze said direc-
tional signals in the head-channels to determine the
direction of the detected radar signal, and frequency-
determining means effective during the Analysis Mode
to analyze said omni-signal in the O-channel to deter-
mine the frequency of the detected radar signal.

Such a receiver architecture provides a number of
important advantages:

Thus, the dual usage of the receiver channels is a
major cost-saving feature. For example, in a five-chan-
nel system, the acquisition band width may be 2500
MHz, which is wide enough to perform a very fast scan
of a wide range of frequencies, including millimeter
wave bands, while maintaining a high sensitivity and
low susceptibility to jamming signals. In the preferred
embodiment of the invention described below, the com-
mon base band of the RF head is within the range of
2500-5000 MHz (2.5-5.0 GHz), and each of the differ-
ent sub-bands transmitted to the analyzing means for
analysis during the Analysis Mode is within the range of
500-1000 MHz. Determination of the various parame-
ters of the detected signal, including instantaneous di-
rection finding (IDF), is performed at the same 500
MHz band width by configuring the channels for paral-
le} reception at a single 500 MHz band. At this band
width it is easy and inexpensive to resolve co-pulsed
data.

Another major cost-saving feature is the minimiza-
tion of the number of channels, which also permits small
size, low power consumption, and higher reliability
with no sacrifice in performance. The fact that the
channels may be identical (except for the O-channel)
also permits flexible and modular construction and re-
duced development and production costs.

Further, the full dynamic range of the IDF (instanta-
neous direction finding) system offers the direction of
arrival, as the main parameter for sorting purposes,
obviates PRI (pulse repetion interval) de-interleaving
and other time consuming sorting methods, and short-
ens the reaction time dramatically. The significance of
this feature increases as the environment becomes more
dense and complex (agile).

The preferred 500 MHz predetection band width is
narrow enough to achieve the —65 dm required sensi-
tivity level, and wide enough to0 achieve a unity proba-
bility of intercept for frequency-agile radars. The nar-
row band width allows a relatively well protected mea-
surement against spurious and undesired interference in
dense signal environments.

The common base-band of the RF heads (preferably
within the range of 2500-5000 MHz) is such that the
entire 700-17000 MHz (0.7-17 GHz) EW band may be
covered using only four local oscillator frequencies.
This base band is no greater than an octave; it thereby
avoids harmonics. The frequency is low enough to
enable use of low loss cables leading to the aircraft
center, and relatively inexpensive and high perfor-
mance microwave components; yet the frequency is
high enough to achieve good preselection with rela-
tively weak filters, and a high spurious-free dynamic
range.

The preferred second intermediate frequency range
of the sub-bands, 500-1000 MHz, is not more than an
octave, and therefore enables obtaining a high spurious-
free dynamic range. It is related to the frequency of the
common base-band of the RF heads so that it can cover

" it using only three local oscillator frequencies. Yet, this
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frequency range is low enough to enable the use of very
small and low cost signal processing elements.

Further features and advantages of the invention will
be apparent from the description below.

BRIEF DESCRIPTION OF THE DRAWINGS

The invention is herein described, by way of example
only, with reference to the accompanying drawings,
wherein:

FIG. 1 is a general block diagram illustrating one
form of radar warning receiver constructed in accor-
dance with the present invention;

FIG. 2 is a block diagram schematically illustrating
each of the RF heads in the receiver of FIG. 1;

FIG. 3 is a block diagram schematically illustrating
the central receiver unit in the receiver of FIG. 1;

FIG. 4 is a block diagram illustrating each of the four
directional channels (channels 1-4) in the central re-
ceiver unit of FIG. 3

FIG. 5 illustrates the O-channel in the central re-
ceiver unit of FIG. 3;

FIG. 6 illustrates the switched multiplexer in the
O-channel of FIG. 5;

FIG. 7 illustrates the switch-combiner in the central
receiver unit of FIG. 3; and

FIG. 8 illustrates the multiple channel digitizer in the
central receiver unit of FIG. 3.

DESCRIPTION OF A PREFERRED
EMBODIMENT

Overall Construction

The radar warning receiver illustrated in FIG. 1 in-
cludes a central receiver unit 2, preferably installed in
the general area of the center of the aircraft or its nose
equipment bay, and four identical RF (radio frequency)
heads 11, 12, 13 and 14, each connected to an antenna
covering a preselected sector of reception of radar sig-
nals. Thus, the four antennas cover 90° sectors of azi-
muth, each being instalied at the extremes of the air-
craft, such as the wing tips, tail and nose. The RF heads
11-14, are small enough to fit in these locations very
close to their respective antennas.

Briefly, the purpose of the RF heads is to amplify the
signal received by the respective antenna and to per-
form a frequency conversion of a selected band to a first
IF (intermediate frequency) base band of 2500-5000
MHz. The converted IF signals are transmitted to the
central receiver unit 2 by coaxial cables.

The central receiver unit 2 determines the band to be
selected by the RF heads from a total band that would
typically be 700-17000 MHz (0.7-17 GHz). This large
band width could be extended to include millimeter
wave frequencies. Central receiver unit 2 processes the
information received from the RF heads 11-14, and
produces outputs to the display, control or ECM (elec-
tronic counter-measure) systems in the aircraft.

RF Head Construction (FIG. 2)

The construction of each RF head 11-14 is shown in
FIG. 2. It has an input connector 15 for receiving the
RF signal from its respective antenna or from a mm
wave converter. .

Each RF head further includes a triplexer 16 which
divides its band into three sub-bands. The signals are
amplified by a selected one of two low noise amplifiers
17, 18; two outputs of the triplexer are selectively ap-
plied by switch SW1 to amplifier 17, and a third output
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is applied directly to amplifier 18. The foregoing out-
puts are selectively applied by switch SW2 to a mixer 20
which produces an output to an amplifier 22 via an
isolator 24, a switch SW3, and a filter 26. Filter 26 is
connected directly to amplifier 18 via switch SW3 and
a directional coupler 28.

The three sub-bands of the triplexer 16 are mixed
with a selected one of four frequencies from a local
oscillator 30 in order to select the desired sub-band and
to convert it to the common base band. Local oscillator
30 is capable of outputting four frequencies to mixer 20,
as selected by a switch SW4. It will thus be seen that by
proper operation of switches SW1, SW2 and SW4, it is
possible to select any one of seven sub-bands and to
convert them by the four local oscillator frequencies to
the common IF base band.

The converted signal is filtered by filter 26 having a
pass-band of 2.5-5.0 GHz, amplified by amplifier 22,
and transmitted by a coaxial cable (having an isolator 32

—

0

to prevent reflections) to the central receiver unit 2 of 20

FIG. 1. It will thus be seen that unit 2 receives four such
IF output signals, one from each of the four RF heads
11, 12, 13 and 14, and that the frequencies of these out-
put signals have all been converted to a common base
band of 2500-5000 MHz (2.5-5.0 GHz).

Central receiver unit 2 determines the sub-band for
operation and feeds this information to control circuitry
34 in each RF head 11-14. Control circuitry 34, among
other functions, drives switches SW1-SW4 in each RF
head in accordance with the selected sub-band for oper-
ation. The total switching time would be about 0.1 us.

Each RF head assembly may be implemented in the
form of a single microstrip assembly, and its local oscil-
lator 30 may be in the form of separate dielectric reso-
nating oscillators or comb-generator switched filter
banks to achieve small size and low cost.

Central Receiver Unit 2 (FIG. 3)

The central receiver unit 2 is illustrated in FIG. 3. It
includes a power divider 41-44, and also a separate
channel 51-54, for each of the four RF heads 11, 12, 13,
14 (FIG. 1). The central receiver unit 2 includes a fur-
ther channel 55, called an O-channel, for receiving and
processing signals from all four RF heads.

The signal from each RF head is split by its respective
power divider 41-44 into a first part which is fed to its
respective channel 51-54 as a directional signal (IDF),
and a second part which is fed to a switch-combiner
network 46. The latter network combines the four di-
rectional signals from the four RF heads and produces
a combined omni-signal (omni directional) which is split
and fed to each of the four head channels 51-54, and
also to the o-channel 55.

The signals from the five channels 51-55 are pro-
cessed in each channel and then fed to a muliple channel
digitizer 56, wherein they are digitized in parallel, pro-
cessed, and the relevant parameters outputted in digital
form to a digital pre-processor 58 and then to the main
radar warning receiver computer 60. Pre-processor 58
performs some fast sorting on the received signals,
based on their measured parameters, in order to control
the data flow into the computer and to prevent its over-
loading. Computer 60 analyzes the signals, and per-
forms sorting, correlation, averaging and identification
operations, and outputs the processed data to display
and control systems in the aircraft. The main radar
warning receiver computer 60 also outputs control
signals to the receiver controller 62, the latter control-
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ling the overall operation of the radar warning receiver,
including the selection of the sub-bands to the RF
heads, and the control of the local oscillator assembly
64 of the central receiver unit 2.

Structure of Channels 51-55

FIG. 4 illustrates the structure of each of the head
channels 51-54 which receive the direction (IDF) sig-
nals from their respective RF heads 11-14 via their
respective power dividers 41-44, and which also re-
ceive the omni-signal from the switch/combiner 46.
FIG. 4 also illustrates the local oscillator assembly 64 of
the central receiver unit 2 which is connected to the
head channels by a mode selector switch indicated by
switches MS1, MS2. The latter switches, as described
below, select either an Acquisition Mode of operation
or an Analysis Mode of operation of the central receiver
unit.

FIG. 4 illustrates the construction only of head-chan-
nel 51 for RF head 11, it being appreciated that the
three remaining head-channels 52-54 for RF heads
12-14 are of identical construction. The O-channel 55,
however, is of a different construction, and is therefore
illustrated separately in FIG. S.

Each of the four head-channels 51-54 includes, in
addition to the mode selector switches MS1 and MS2, a
mixer 66 which converts a selected 500 MHz band of
the IF signal from the respective RF head to a second
IF signal of a band width of 500-1000 MHz (0.5-1.0
GHz). For this purpose, each of the head-channels in-
cludes a triplexer 68 and a switch SW5 for selecting any
one of the three bands of 2.5-3.5 GHz, 3.5-4 GHz and
4-5 GHz. The local oscillator assembly 64 in the central
receiver unit 2 (FIG. 3) outputs three local oscillator
frequencies of 3.5 GHz, 4.0 GHz and 4.5 GHz, which
frequencies are selected by a further switch SW6 and
inputted into a power divider 70 for application to the
mixer 66 via mode selector switch MS1. It will thus be
seen that the desired band may be selected using only
the three local oscillator frequencies of the oscillator
assembly 64.

The IF signal outputted from mixer 66 is passed
through a filter 72 having a band width of 0.5-1.0 GHz
and is then fed into a logarithmic IF amplifier 74 which
performs the detection and outputs a 60 dB dynamic-
range video signal.

O-channel 55 is illustrated in FIG. 5. It also includes
a mixer 76 and a triplexer 78 having the same three
frequency bands as triplexer 68 in each of the head-
channels 51-54, which frequency bands are selected by
a switch SW7. However, as distinguished from the
head-channels 51-54, triplexer 78 of the O-channel 55
has only a single input, namely the omni-signal input
from the switch/combiner 46 (FIG. 3). ‘Mixer 76 in
O-channel 55 also receives the selected frequency of the
local oscillator assembly 64 (FIG. 4) during the Analy-
sis Mode of operation.

Acquisition Mode and Analysis Mode

The Acquisition Mode of operation is selected by
positioning mode selector switch MS1 to select the
Acquisition Mode, and positioning mode selector
switch MS2 to select the omni-input signal in all four of
the head-channels 51-54 and also in the O-channel 55.
In this way, each of the channels covers a different 500
MHz sub-band, and together they contiguously cover
the entire 2.5 GHz of the selected RF sub-band, pro-
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vided the SW5/7 switches select bands corresponding
to the L.O. frequencies supplied to mixers 66/76.

In the Analysis Mode of operation, mode selector
switch MS2 connects the directional (IDF) input to
each channel except the O-channel which has only an
omni-input, and mode selector switch MS1 connects all
the channels to the common local oscillator signal de-
rived from power divider 70 and frequency selected by
SW6. Switches SW5 and SW7 of the head channels
51-55 select the desired 500- MHz sub-band of the
selected RF band whose signals are intended to be re-
ceived for parameter measurement and analysis.

It will thus be seen that during the Acquisition Mode,
as selected by mode selector switches MS1, MS2, the
four head-channels 51-54, and also the O-channel 55,
are all connected to receive the omni-signal. This pro-
duces a strong omni pattern over a wide frequency band
with the channels covering different contiguous sub-
bands. During the Analysis Mode, the four head chan-
nels 51-54 are connected in parallel to receive the direc-
tional signals (IDF) from all the RF heads, with each
channel covering the same sub-band of 500 MHz; the
O-channel remains connected to receive the omni-sig-
nal, of that same sub-band.

Measurement of Detected Signal Parameters

The omni-channel signal outputted from mixer 76 in
O-channel 55 is passed through a band pass filter 80 (0.5
GHz-1.0 GHz) to a logarithmic IF amplifier 82, corre-
sponding to amplifier 74 in each of the direction chan-
nels 51-54. The output of amplifier 82 in the O-channel
55 is a video signal representing the amplitude parame-
ter of the detected radar signal.

A signal from amplifier 82 is also fed to a discrimina-
tor 84 in the O-channel 55, which discriminator outputs
a video signal representing the frequency parameter of
the detected radar signal.

O-channel 55 illustrated in FIG. 5 further includes a
fine channelizer option controlled by a switch SW8 to
direct the output of filter 80 to a switched multiplexer
86 before the signal is fed to the logarithmic IF ampli-
fier 82. FIG. 6 illustrates the construction of switched
multiplexer 86. Thus, the 500 MHz signal from filter 80
is fed to a four way power divider 88 splitting the signal
into four signals each fed to a separate band pass filters
91-94 individually switchable to enable any possible
combination of frequencies to be passed to the logarith-
mic amplifier 82 via another four-way power divider 96.

O-channel 55 illustrated in FIG. 5 further includes a
superhet receiver channel option using the switched
multiplexer as a preselector filter. This latter channel
includes a voltage tuned oscillator 100 (e.g. 0.6-1.2
GHz) serving as a local oscillator and feeding a mixer
102. Mixer 102 is also supplied with the output of the
switched multiplexer 86 via directional coupler 104 and
switch SW10, and outputs its signal via amplifier 106 to
a selected one of three band pass filters 107, 108, 109 via
switches SW11, SW12, the signal from the selected
filter being outputted to another logarithmic IF ampli-
fier 110 and appearing as the superhet output signal
SHR VIDEO.

The foregoing local oscillator signals fed to the mix-
ers in the direction channels 51-54 and O-channel 55
may be derived from crystals or separate dielectric
resonating oscillators.

Switch/combiner 46 in the central receiver unit 2 as
illustrated in FIG. 3 includes a single-pole four-throw
switch 112, as shown in FIG. 7, an amplifier 114, and a

25

30

35

40

8

power divider 116 producing the four omni-directional
signals to head channels 51-54. The switch/combiner
also produces the omni-signal via a directional coupler
118.

The multiple channel digitizer 56 in the central re-
ceiver unit 2, as illustrated in FIG. 3, is more particu-
larly seen in FIG. 8. It includes seven video inputs,
namely the four inputs from the four head channels
51-54, and the three inputs from the O-channel 55.

10 These seven input signals can be processed to produce

the various parameters of the detected radar signal.
Thus, the four inputs from the four head channels 51-54
can be processed to determine the direction parameter
of the detected radar signal in the Analysis Mode, or the

15 coarse frequency in Acquisition Mode; the log video

input from amplifier 82 of the O-channel 55 includes the
amplitude parameter of the detected radar signal as well
as the time-of-arrival and pulse width; the frequency
video input from discriminator 84 of O-channel 55 in-

20 cludes the frequency parameter of the detected radar

signal; and the superhet video input from amplifier 110
of O-channel 55 includes the amplitude, time-of-arrival
and pulse-width parameters of the detected radar signal,
for cases requiring extreme sensitivity or selectivity.

Multiple channel digitizer 56 illustrated in FIG. 8
includes low pass filter 120 which are selectively
switchable by switches SW10-SW11. For higher sensi-
tivity detection of wide pulses, a narrow filter will nor-
mally be used to suppress the noise and achieve a more
accurate measurement. Multiple channel digitizer 56
includes a further switch SW12 for selecting either the
log video output of amplifier 82 of O-channel S5, or the
superhet video output from amplifier 110 of the O-chan-
nel where this option is to be exercised.

The main channel (log video, or SHR VIDEO, ac-
cording to the selection) is fed to a threshold circuit 122
which determines if a significant signal exists, and if so,
it triggers an analog-to-digital converter 124 to convert
the signal to digital form before being inputted into the
logic circuits 126. Threshold circuit 122 also triggers
the analog-to-digital converters 124 which convert the
analog information from the remaining channels to
digital form before this information is inputted into the

45 logic circuit 126. Threshold circuit 122 further triggers

the logic circuit 126 to coliect the signal parameters,
which may be measured on a single pulse basis.

Logic circuit 126 outputs the various parameters of
the detected radar signal, as follows:

sg the direction of arrival parameter is determined by

comparing the amplitude of the four IDF video
signals of the four direction channels 51-54. The
two channels having the largest signals are se-
lected, producing the correct quadrant of arrival,

55 and are then subtracted to produce the angular

deviation from the center of a quadrant. The re-
maining two direction channels serve as guard
antennas, and should their signal level be too high,
the direction of arrival measurement will be dis-

60 missed as inaccurate.

In the event the detected radar signal is a continuous
wave signal, its direction of arrival will be determined
using the high resolution SHR channel, and by sequen-
tially sampling the four quadrants by the O-channel 55.

65 The amplitude parameter is determined by the magni-

tude of the LOG video signal from amplifier 82 of O-
channel 55, or in case of use of the SHR option, the
SHR video signal from amplifier 110.
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The frequency parameter is determined by the output
signal of discriminator 84 of the O-channel 55 (FIG. 5).

The time of arrival parameter and pulse width param-
eter are determined from the log video (or SHR video)
input.

The foregoing techniques for determining the param-
eters of detected radar signals are well known, and
therefore further details of the construction or opera-
tion of circuitry for performing these functions are not
set forth herein.

Main Functions of the Preprocessor, Controller and
Computer

Digital preprocessor 58 in the central receiver unif
illustrated in FIG. 3 acts as a programmable multi-chan-
nel filter which limits the amount of data flow to the
main computer 60. The real time decision whether or
not to allow an incoming signal to reach computer 60 is
based on the signal parameters. In the Acquisition
Mode, the frequency and amplitude parameters will be
the main determining parameters; whereas in the Analy-
sis Mode, the direction of arrival and frequency will be
the main determining parameters.

Receiver controller 62 in the central receiver unit
illustrated in FIG. 3 is a digital sub-system performing
the control tasks which set the receiver in its various
modes of operation. This controller outputs the signals
to the various control lines which govern the central
receiver unit and the RF heads fast switches. Typical
activities of the controller: :

(a) start the Acquisition Mode in a particular 2.5 GHz

band;

(b) dwell in the band for a determined time;

(c) start Analysis Mode in an active 500 MHz band;

10

20

25

30

(d) dwell in the band to collect a sufficient amount of 35

data;

(e) blank out disturbances using the fine chanellizer;

(f) controll the frequency of the SHR;

(g) perform sequencial measurements of continuous
wave signals by switching the IF switch/combiner
46, FIG. 3).

The main computer 60 performs a number of func-

tions, including the following:

(a) processing of the received signals by sorting them
into consistent pulse trains;

(b) data reduction on pulse trains, such as parameter
averaging and variance or pattern calculations;
(c) classification of pulse trains as belonging to a
specific emitter type, using static tables of radar

parameters;

(d) identification of pulse trains by corelating them to
previously received signals of the same emitter;
(e) threat/no-threat decisions based on positive iden-

tification;

(f) performing a prioritized scan of the frequency and
direction domain, looking for new emitters by pro-
gramming the controller;

(g) threat warning and display to pilot;

(h) threat parameter listing to electronic counter-
measure equipment for effective counter-measure
operation;

40

45
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(1) built-in self testing to assure proper operation of all |

system parts.

Many computers are available today which can be
programmed according to known programming tech-
niques for performing the foregoing operations, and
therefore further details of the computer and its opera-
tion are not described. For purposes of example, there is
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set forth below a list of components and vendors sup-
plying them together with their catalog numbers, which
may be used in implementing the system described

above:

DESIGN EXAMPLE

RF HEAD
Triplexer 0.7-7, 7-12, 12-17 GHz

Pin SPDT Switch SW1, SW2, SW3

Low Noise Amplifier 7-17 GHz
Low Noise Amolifier 2-7 GHz
Coupler 10 dB 2-18 GHz

Mixer 2-18 GHz

Pin SP4T Switch 4-12.4 GH:z

4 L.O. Sources 5,7,9.5,12 GHz
Band Pass Filter 2.5-5.0 GHz
Amplifier 2.5-5.0 GHz

CENTRAL RECEIVER UNIT

4 2-Way Power Divider 2.5-5 GHz

SWITCH/COMBINER

Pin SP4T Switch 2.5-5 GHz
RF Amplifier

Coupler 10 dB
4-Way Power Divider

3 Sources L.0. 3.5,4.04.5 GHz
2 3-Way Power Divider

5-way Power Divider

Pin SP3T Switch
CHANNEL 0-4

2 Pin SPDT Switch
Triplexer 2.5-3.5,3.5-4,4-5 GHz

Pin SP3T Switch
2 Amplifier 2.5-5 GHz

Mizxer
Band Pass Filter 0.5-1.0 GHz

Log IF Amplifier
CHANNEL O SUPPLEMENT

Limiting Discriminator
Amplifier 0.5-1.0 GHz

2 Couplers

SHR

Mixer

Voltage Tuned Oscillator

Amplifier
3 Band Pass Filter

Log IF Amplifier 160 MHz
DIGITIZER

13 CMOS SPDT Switch

10 Low Pass Filter
5 Analog to Digital Converter

Filtronics SMX0016
(Modified)

General Microwave
DM3870

TRW Microwave
MJ-1020 (Modified)
MITEQ AFD3-2080
MERRIMAC C5MR-10-10G
TRW Microwave MX2181
ALPHA MT3674-E
NARDA NSO-FG, HI,
JL SERIES

K & L 6-IB30-

3750/2500

TRW MICROWAVE
MG-1120

NARDA 4324-2

ALPHA MT3674-B2
TRW MICROWAVE
MG-1120

MERRIMAC C5MT-10-10G
Triangle Microwave
YF-55 .
NARDA NSO-FG Series
Triangle Microwave
YF-55

Triangle YF-55 +
Merrimac C5MT-10-10
Alpha MT3673-B2

General Microwave
DM870

Filtronics SMX0023
(Modified)

Alpha MT3673-B2
TRW Microwave
MG-1120

TRW Microwave
MX2181

K & L 6-1B30
750/500

RHG ICLW750

RHG ICDT-750
Avantek GPD-1003
Merrimac CSMT-10-10G

RHG

Avantek VTO-8060
(Modified)

Avantek GPD-1003
K & L 8-1B30-160/20,
3,0.5.

RHG-ICLT 150B

Analog Devices
AD7592D1

K& L5-LIB 10,2
Analog Devices
HAS-0802

It will be appreciated that while the invention has
been described with respect to one preferred embodi-
ment, this emodiment is set forth purely for purposes of
example, and many other variations, modifications and
applications of the invention may be made.

What is claimed is:
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1. A radar warning receiver for detecting and analyz-
ing radar signals, comprising:

a plurality of RF heads each tuned to a predeter-
mined frequency band and connected to an antenna
covering a preselected sector of reception of radar
signals, each of said heads including a frequency
converter converting the received signals to a com-
mon frequency base-band and producing an output
signal in said base band corresponding to the signal
received by its antenna;

and a central receiver unit receiving said signals from
the RF heads;

said central receiver unit comprising:

a plurality of channels, one for each RF head, for
receiving and processing the signals from the
respective head; and

mode selector means for selectively switching said
central receiver unit to operate according to:

(2) an Acquisition Mode, wherein said plurality of
channels are connected to cover contiguous sub-
bands of said base band; or

(b) an Analysis Mode, wherein said plurality of
channels are connected in parallel to cover the
same sub-band of said base band.

2. The receiver according to claim 1, wherein said
plurality of channels include a head-channel for each
RF head, for receiving and processing the signals from
the respective head; and an O-channel for receiving and
processing the signals from all the RF heads combined;

and wherein said central receiver unit further includes::

splitting means for splitting the signals from each RF

head to produce a directional signal from each

head and an omni-signal derived by combining the
base band signals from all said heads; and

means for feeding the directional signals of each head

to its respective channel, and the omni-signal to all

the channels and to said O-channel;

said mode selector means selectively switching said

central receiver unit to operate according to:

(a) said Acquisition Mode, wherein said plurality of
head-channels and said O-channel are connected
to receive said omni-signal; or

(b) said Analysis Mode, wherein said plurality of
head-channels are connected in parallel to re-
ceive said directional signals from all the heads
with each channel covering the same sub-band
and with said O-channel connected to receive
said omni-signal.

3. The receiver according to claim 2, wherein said
central receiver unit further includes analysing means
comprising direction-determining means effective dur-
- ing the Analysis Mode to analyze said directional sig-
nals in the head-channels to determine the direction of
the detected radar signal, and frequency-determining
means effective during the Analysis Mode to analyze
said omni-signal in the O-channel to determine the fre-
quency of the detected radar signal.

4. The receiver according to claim 3, wherein said
frequency-determining means comprises a discriminator
in said O-channel for measuring the frequency of the
omni-signal therein during the Analysis Mode.

5. The receiver according to claim 3, wherein said
analyzing means further includes amplitude measuring
means effective, during the Analysis Mode, to analyze
said omni-signal in the O-channel to determine the am-
plitude of the detected radar signal.

6. The receiver according to claim 5, wherein said
amplitude measuring means comprises a log IF ampli-

—
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fier in said O-channel for measuring the amplitude of
the omni-signal therein during the Analysis Mode.

7. The receiver according to claim 3, wherein said
analyzing means further includes means in said O-chan-
nel for measuring the time of arrival and pulse-width of
the omni-signal therein during the Analysis Mode.

8. The receiver according to claim 3, wherein said
splitting means for splitting the signals from each RF
head includes a power divider, and switching means for
selectively switching the outputs of the RF heads to
said power divider in order to select the head of a par-
ticular direction for analysis, or to blank out a head of a
particular direction from reception.

9. The receiver according to claim 3, wherein said
analyzing means comprises:

a separate analysis channel for each of said head-

channels and each of said outputs of the O-channel;

a plurality of selectively-switchable low-pass filters
for each of said-analysis channels to permit match-
ing of the channel to the received signal;

an analog-to-digital converter in each of said analysis
channels for converting the signal of the respective
channel to digital form if above a predetermined
threshold;

and a logic circuit receiving the digital outputs of all
said channels and determining therefrom direction
of arrival, amplitude, frequency, time of arrival and
pulse-width.

10. The receiver according to claim 1, wherein each
of said channels includes means for converting the com-
mon frequency base-band to a different sub-band in
each channel for analysis by said analyzing means.

11. The receiver according to claim 10, wherein the
frequency range of each of said sub-bands and of said
base-band does not exceed one octave.

12. The receiver according to claim 11, wherein said
common base-band of said RF heads is within the range
of 2500-5000 MHz, and each of said different sub-bands
transmitted to said analyzing means for analysis during
the Analysis Mode is within the range of 500-1000
MHz.

13. The receiver according to claim 1, wherein there
are four RF heads, each tunable to cover a dynamic
range of 700-17000 MHz.

14. A radar warning receiver for detecting and ana-
lyzing radar signals, comprising:

four RF heads each tunable to cover a dynamic range
of 700-17000 MHz and connected to an antenna
covering a preselected sector of reception of radar
signals, each of said heads including a frequency
converter converting the received signals to a com-
mon frequency base-band and producing an output
signal in said base-band corresponding to the sig-
nal received by its antenna;

and a central receiver unit receiving said signals from
the RF heads;

said central receiver unit comprising:

a plurality of channels, one for each RF head, for
receiving and processing the signals from the re-
spective head;

mode selector means for selectively switching said
central receiver unit to operate according to:

(a) an Acquisition Mode, wherein the plurality of
channels are connected to cover contiguous sub-
bands of said base-band; or

(b) an Analysis Mode, wherein the plurality of
channels are connected in parallel to cover the
same sub-band of said base-band.
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15. The receiver according to claim 14, wherein said
plurality of channels include a head-channel for each
RF head, for receiving and processing the signals from
the respective head; and an O-channel for receiving and
processing the signals from all the RF heads combined;
and wherein said central receiver unit further includes:
splitting means for splitting the signals from each RF
head to produce a directional signal from each
head and an omni-signal derived by combining the
base-band signals from all said heads; and
means for feeding the directional signals of each head
to its respective channel, and the omni-signal to all
the channels and to said O-channel;
said mode selector means selectively switching said
central receiver unit to operate according to:

(a) said Acquisition Mode, wherein said plurality of
head-channels and O-channel are connected in
parallel to receive said omni-signal; or

(b) said Analysis Mode, wherein said plurality of
head channels are connected in parallel to re-
ceive said directional signals from all the heads
with each channel covering the same sub-band
and with said O-channel connected to receive
said omni-signal.

16. The receiver according to claim 15, wherein said
central receiver unit further includes analyzing means
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comprising direction-determining means effective dur-
ing the Analysis Mode to analyze said directional sig-
nals in the head-channels to determine the direction of
the detected radar signal, and frequency-determining
means effective during the Analysis Mode to analyze
said omni-signal in the O-channel to determine the fre-
quency of the detected radar signal.

17. The receiver according to claim 16, wherein said
frequency-determining means comprises a discriminator
in said O-channel for measuring the frequency of the
omni-signal therein during the Analysis Mode.

18. The receiver according to claim 16, wherein said
analyzing means further includes amplitude measuring
means effective, during the Analysis Mode, to analyze
said omni-signal in the O-channel to determine the am-
plitude of the detected radar signal.

19. The receiver according to claim 18, wherein said
amplitude measuring means comprises a log IF ampli-
fier in said O-channel for measuring the amplitude of
the omni-signal therein during the Analysis Mode.

20. The receiver according to claim 18, wherein said
analyzing means further includes means in said O-chan-
nel for measuring the time of arrival and pulse-width of

the omni-signal therein during the Analysis Mode.
* * * * *
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SYSTEM AND METHOD FOR
IDENTIFICATION OF TRAFFIC LANE
POSITIONS

CROSS-REFERENCE TO RELATED
APPLICATIONS

The present application is related to U.S. patent applica-
tion Ser. No. 09/964,668 “Vehicle Traffic Sensor” by inven-
tors David V. Arnold, Logan C. Harris, Michael A. Jensen,
Thomas William Karlinsey, John B. Dougall, Jr., and Ryan
Smith, filed concurrently herewith and incorporated by
reference.

BACKGROUND OF THE INVENTION

1. The Field of the Invention

The present invention relates to roadway traffic
monitoring, and more particularly, to determining the pres-
ence and location of vehicles traveling upon a multilane
roadway.

2. The Relevant Technology

Vehicular traffic monitoring continues to be of great
public interest since derived statistics are valuable for deter-
mination of present traffic planning and conditions as well as
providing statistical data for facilitating more accurate and
reliable urban planning. With growing populations, there is
increasing need for current and accurate traffic statistics and
information. Useful traffic information requires significant
statistical gathering of traffic information and careful and
accurate evaluation of that information. Additionally, the
more accurate and comprehensive the information, such as
vehicle density per lane of traffic, the more sophisticated the
planning may become.

Roadway traffic surveillance has relied upon measuring
devices, which have traditionally been embedded into the
road, for both measuring traffic conditions and providing
control to signaling mechanisms that regulate traffic flow.
Various sensor technologies have been implemented, many
of which have been “in-pavement” types. In-pavement sen-
sors include, among others, induction loops which operate
on magnetic principles. Induction loops, for example, are
loops of wire which are embedded or cut into the pavement
near the center of a pre-defined lane of vehicular traffic. The
loop of wire is connected to an electrical circuit that registers
a change in the inductance of the loops of wire when a large
metallic object, such as a vehicle, passes over the loops of
wire embedded in the pavement. The inductance change
registers the presence of a vehicle or a count for the lane of
traffic most closely associated with the location of the
induction loops.

Induction loops and other in-pavement sensors are unre-
liable and exhibit a high failure rate due to significant
mechanical stresses caused by the pavement forces and
weather changes. Failures of loops are common and it has
been estimated that at any one time, 20%-30% of all
installed controlled intersection loops are non-responsive.

Furthermore, the cost to repair these devices can be
greater than the original installation cost.

Installation and repair of in-pavement sensors also require
significant resources to restrict and redirect traffic during
excavation and replacement and also present a significant
risk to public safety and inconvenience due to roadway lane
closures which may continue for several hours or days.
Interestingly, some of these technologies have been
employed for over sixty years and continue to require the
same amount of attention in installation, calibration, main-
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tenance repair and replacement as they did several decades
ago. This can be due to a number of factors from inferior
product design or poor installation to post installation dis-
ruption or changing traffic flow patterns. Subsequently this
technology can be extremely costly and inefficient to main-
tain as an integral component to an overall traffic plan.

To their credit, traffic control devices serve the interest of
public safety, but in the event of a new installation, or
maintenance repair, they act as a public nuisance, as repair
crews are required to constrict or close multiple lanes of
traffic for several hours to reconfigure a device or even
worse, dig up the failed technology for replacement by
closing one or more lanes for several days or weeks.
Multiple lane closures are also unavoidable with embedded
sensor devices that are currently available when lane recon-
figuration or re-routing is employed. Embedded sensors that
are no longer directly centered in a newly defined lane of
traffic may miss vehicle detections or double counts a single
vehicle. Such inaccuracies further frustrate the efficiency
objectives of traffic management, planning, and control.

Such complications arise because inductive loop sensors
are fixed location sensors, with the limitation of sensing only
the traffic that is immediately over them. As traffic patterns
are quite dynamic and lane travel can reconfigure based on
stalled traffic, congestion, construction/work zones and
weather, the inductive loop is limited in its ability to adapt
to changing flow patterns and is not able to reconfigure
without substantial modification to its physical placement.

Several non-embedded sensor technologies have been
developed for traffic monitoring. These include radar-based
sensors, ultrasound sensors, infrared sensors, and receive-
only acoustic sensors. Each of these new sensory devices has
specific benefits for traffic management, yet none of them
can be reconfigured or adapted without the assistance of
certified technicians. Such an on-site modification to the
sensors may require traffic disruptions and may take several
hours to several days for a single intersection reconfigura-
tion.

Another traffic monitoring technology includes video
imaging which utilizes intersection or roadside cameras to
sense traffic based on recognizable automobile characteris-
tics (e.g.; headlamps, bumper, windshield, etc.). In video
traffic monitoring, a camera is manually configured to ana-
lyze a specific user-defined zone within the camera’s view.
The user-defined zone remains static and, under ideal con-
ditions may only need to be reconfigured with major inter-
section redesign. As stated earlier, dynamic traffic patterns
almost guarantee that traffic will operate outside the user
defined zones, in which case, the cameras will not detect
actual traffic migration. Furthermore, any movement in the
camera from high wind to gradual movement in the camera
or traffic lanes over time will affect the camera’s ability to
see traffic within its user-defined zone. In order to operate as
designed, such technology requires manual configuration
and reconfiguration.

Another known technology alluded to above includes
acoustic sensors which operate as traffic listening devices.
With an array of microphones built into the sensor, the
acoustic device is able to detect traffic based on spatial
processing changes in sound waves as the sensor receives
them. Detection and traffic flow information are then
assigned to the appropriate user-defined lane being moni-
tored. This technology then forms a picture of the traffic
based on the listening input, and analyzes it based on user
assigned zones. Again, once the sensor is programmed, it
will monitor traffic flow within the defined ranges only under
ideal conditions.

E.2-9



US 6,556,916 B2

3

Like an imaging camera, the acoustic sensor can hear
traffic noise in changing traffic patterns, but it will only be
monitored if it falls within the pre-assigned zone. Unable to
reconfigure during changes in the traffic pattern, the acoustic
sensor requires on-site manual reconfiguration in order to
detect the new traffic flow pattern. In an acoustic sensor,
microphone sensitivity is typically pre-set at a normal oper-
ating condition, and variations in weather conditions can
force the noise to behave outside those pre-set ranges.

Yet another traffic sensor type is the radar sensor which
transmits a low-power microwave signal from a source
mounted off-road in a “side-fire” configuration or perpen-
dicular angle transmitting generally perpendicular to the
direction of traffic. In a sidefire configuration, a radar sensor
is capable of discriminating between multiple lanes of
traffic. The radar sensor detects traffic based on sensing the
reflection of transmitted radar. The received signal is then
processed and, much like acoustic sensing, detection and
traffic flow information are then assigned to the appropriate
user-defined lane being monitored. This technology then
forms a picture of the traffic based on the input, and analyzes
it based on user-assigned zones. Under ideal conditions,
once these zones are manually set, they are monitored as the
traffic flow operates within the pre-set zones. Consequently,
any change in the traffic pattern outside those predefined
zones needs to be manually reset in order to detect and
monitor that zone.

As discussed above, several sensors may be employed to
identify multiple lanes of vehicular traffic. While sensors
may be positioned to detect passing traffic, the sensors must
be configured and calibrated to recognize specific traffic
paths or lanes. Consequently, such forms of detection sen-
sors require manual configuration when the system is
deployed and manual reconfiguration when traffic flow
patterns change. Furthermore, temporary migration of traffic
lanes, such as during, for example, a snow storm or con-
struction re-routing, results in inaccurate detection and con-
trol. Without reconfiguration, the devices may continue to
sense, but they may discard the actual flow pattern as
peripheral noise, and only count the traffic that actually
appears in their user-defined zones. The cost to configure
and reconfigure devices can be considerable, and disruption
to traffic is unavoidable under any circumstance.
Furthermore, inaccurate counting of traffic flow can result in
improper and even unsafe traffic control and inaccurate and
inconvenient traffic reporting.

Thus, there exists a need for a method and system for
configuring and continuously reconfiguring traffic sensors
according to current traffic flow paths thereby enabling
improved traffic control, traffic planning and enhanced pub-
lic safety and convenience without requiring constant
manual evaluation and intervention.

BRIEF SUMMARY OF THE INVENTION

A traffic monitoring system which employs a sensor for
monitoring traffic conditions about a roadway or intersection
is presented. As roadways exhibit traffic movement in vari-
ous directions and across various lanes, the sensor detects
vehicles passing through a field of view. The sensor data is
input into a Fourier transform algorithm to convert from the
time domain signal into the frequency domain. Each of the
transform bins exhibits the respective energies with ranging
being proportional to the frequency. A detection threshold
discriminates between vehicles and other reflections.

A vehicle position is estimated as the bin in which the
peak of the transform is located. A detection count is
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maintained for each bin and contributes to the probability
density function estimation of vehicle position. The prob-
ability density function describes the probability that a
vehicle will be located at any range. The peaks of the
probability function represent the center of each lane and the
valleys of the probability density function represent the lane
boundaries. The boundaries are then represented with each
lane being defined by multiple range bins with each range
bin representing a slightly different position on the corre-
sponding lane on the road. Traffic flow direction is also
assigned to each lane based upon tracking of the transform
phase while the vehicle is in the radar beam.

The present invention allows dynamic adjustment to lane
boundaries. Vehicle positions change over time based upon
lane migration due to weather, construction, lane
re-assignment as well as other traffic disturbances. The lane
update process starts after the initialization is done with the
continuous output of the current probability density function
at regular intervals. The update process is done by effec-
tively weighting the past and present data and then adding
them together.

These and other objects and features of the present
invention will become more fully apparent from the follow-
ing description and appended claims, or may be learned by
the practice of the invention as set forth hereinafter.

BRIEF DESCRIPTION OF THE DRAWINGS

To further clarify the above and other advantages and
features of the present invention, a more particular descrip-
tion of the invention will be rendered by reference to specific
embodiments thereof which are illustrated in the appended
drawings. It is appreciated that these drawings depict only
typical embodiments of the invention and are therefore not
to be considered limiting of its scope. The invention will be
described and explained with additional specificity and
detail through the use of the accompanying drawings in
which:

FIG. 1 illustrates a traffic monitoring system, in accor-
dance with a preferred embodiment of the present invention;

FIG. 2 is a block diagram of a sensor within the traffic
system of the present invention;

FIG. 3 is a flow-chart illustrating the steps for dynami-
cally defining traffic lanes for use by sensor data within a
traffic monitoring system;

FIG. 4 illustrates the curves associated with angular
viewing of traffic with the associated differentiation of traffic
direction;

FIG. 5 is a simplified diagram of a sensor and roadway
configuration, in accordance with a preferred embodiment of
the present invention;

FIG. 6 illustrates a histogram of the vehicle locations for
use in dynamically defining traffic lanes, in accordance with
the preferred embodiment of the present invention;

FIG. 7 illustrates the typical distribution of a traffic
sensor’s estimation of the probability density function, in
accordance with the present invention; and

FIG. 8 illustrates an actual plot of a histogram of vehicle
position measurement data for a three lane road, in accor-
dance with the present invention.

DETAILED DESCRIPTION OF THE
PREFERRED EMBODIMENTS

FIG. 1 illustrates a traffic monitoring system 100 which
provides a method and system for dynamically defining the
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position or location of traffic lanes to the traffic monitoring
system such that counts of actual vehicles may be appro-
priately assigned to a traffic lane counter that is representa-
tive of actual vehicular traffic in a specific lane. In FIG. 1,
traffic monitoring system 100 is depicted as being comprised
of a sensor 110 mounted on a mast or pole 112 in a side-fire
or perpendicular orientation to the direction of traffic. Sensor
110 transmits and receives an electromagnetic signal across
a field of view 114. Preferably, the field of view 114 is
sufficiently broad in angle so as to span the entire space of
traffic lanes of concern. As further described below, sensor
110 transmits an electromagnetic wave of a known power
level across the field of view 114. Subsequent to the trans-
mission of an electromagnetic wave front across a roadway
116, reflected signals at a reflected power level are reflected,
depicted as reflected waves 118 having a reflected power,
back to a receiver within sensor 110. The reflected waves
118 are thereafter processed by sensor 110 to determine and
dynamically define the respective roadway lanes, according
to processing methods described below.

FIG. 1 further depicts roadway 116 as being comprised of
a plurality of roadway lanes illustrated as lanes 120-128.
The present example illustrates roadway 116 as having two
traffic lanes in each direction with a center shared turn lane
for use by either traffic direction.

FIG. 2 is a block diagram of the functional components of
a traffic monitoring system, in accordance with the preferred
embodiment of the present invention. Traffic monitoring
system 200 is depicted as being comprised of a sensor 110
which is illustrated as being comprised of a transceiver 202
which is further comprised of a transmitter 204 and a
receiver 206. Transmitter 204 transmits an electromagnetic
signal of a known power level toward traffic lanes 120128
(FIG. 1) across a field of view 114 (FIG. 1). Receiver 206
receives a reflected power corresponding to a portion of the
electromagnetic signal as reflected from each of the vehicles
passing therethrough. Transmitter 204 and receiver 206
operate in concert with processor 208 to transmit the elec-
tromagnetic signal of a known power and measure a
reflected power corresponding to the presence of vehicles
passing therethrough. Processor 208 makes the processed
data available to other elements of a traffic monitoring
system such as a traffic controller system 210 and traffic
management system 212.

FIG. 3 is a block diagram of the processing including the
method for dynamically defining traffic lanes occurring
within processor 208. FIG. 3 depicts a flow diagram 310 for
defining the lane boundaries and a flow diagram 312 for
further refining the processing by determining a lane direc-
tion. In flow diagram 310, sensor data 314 is received from
transceiver 202 and is processed in a vehicle detection step
316 which determines the presence of a vehicle for contri-
bution to the analysis of dynamic traffic lane definition. The
detection algorithm starts by using the sensor data as input
and then uses a Fourier transform to convert the time domain
signal into the frequency domain. The magnitude of each
Fourier transform bin shows the amount of energy the
received signal contains at a particular frequency, and since
range is proportional to frequency the Fourier transform
magnitude represents the amount of energy received versus
range. Vehicles reflect much more energy than the road or
surrounding background and, therefore, their bright reflec-
tion shows up as a large spike in the magnitude of the
Fourier transform. A detection threshold is set and when a
Fourier transform magnitude exceeds the threshold, a
vehicle detection occurs.

Upon the detection of the presence of a vehicle, a vehi-
cle’s position is estimated in a step 318 as calculated from
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the sensor data received above. The vehicle’s position is
estimated as the bin in which the peak of the Fourier
transform is found. The vehicle’s position is recorded in a
step 320 with the vehicle’s position measurement being
recorded and contributing to the vehicle position probability
density function (PDF) as estimated in the step 322. The
vehicle position PDF represents the probability that a
vehicle will be located at any range and reveals the lane
locations on the road. Upon the measurement of a selectable
quantity of vehicles, the probability density function esti-
mates a vehicle’s position in a step 324 and facilitates the
definition of lane boundaries in a step 325 within the system.

The lane boundary estimation of the present invention
uses the vehicle position PDF to estimate the location of
traffic lane boundaries. The peaks of the PDF represent the
center of each lane and the low spots (or valleys) of the PDF
represent the lane boundaries (or regions where cars don’t
drive). The lane boundaries are set to be the low spots (or
valleys) between peaks. There is not necessarily a valley
before the first peak or after the last peak, therefore, a
decision rule must be applied to set the two outside bound-
aries. Because of experience with the system a fixed distance
from the outside peaks was typically used for the outside
boundaries. These outside boundaries represent the edge of
the road. Each range bin represents a slightly different
position on the corresponding lane on the road, and each
defined lane is comprised of multiple range bins.

In flow chart 312, lane directionality is determined by
utilizing sensor data. 314 and further employing vehicle
detection step 316 and vehicle position estimating step 318.
In a step 320, the vehicle direction of travel is found by
generating a first direction PDF estimation in a step 322 and
a second direction PDF estimator in a step 324. A separate
PDF for each direction of traffic flow is determined and then
each of these PDFs is used, in conjunction with the lane
boundary information in a step 325 to assign a traffic flow
direction to each lane in a step 326. To assign traffic flow
direction to each lane, the information about the vehicle
position (from the vehicle position estimator) and the raw
data are used.

To determine direction of travel automatically, the radar is
preferably not mounted precisely perpendicular to the road.
It is mounted off perpendicular, pointing slightly into the
direction of travel of the nearest lane (to the left if standing
behind the radar facing the road) by a few degrees. The
vehicle direction of travel is determined by tracking the
Fourier transform phase while the vehicle is in the radar
beam. Many measurements are made while the car is in the
radar beam. After the car has left the beam, the consecutive
phase measurements are phase unwrapped to produce a
curve that is approximately quadratic in shape and shows
evidence of vehicle travel direction.

A vehicle entering the radar beam from the left will
produce a curve similar to curve 340 of FIG. 4 with the left
end of the curve being higher than the right end. This occurs
because with the radar turned a few degrees the vehicle
spends more time, while in the radar beam, approaching the
radar sensor than leaving the sensor. Likewise, a vehicle
entering from the right will produce a curve as in curve 350
of FIG. 4 with the right end of the curve being higher than
the left. Once the direction of travel is known, the vehicle
position and lane boundaries are used to determine which
lane the vehicle is in. The direction of traffic flow can then
be estimated by using the direction PDF estimates to deter-
mine which direction of flow is most probable in each lane.

FIG. 5 depicts a side-fired deployment of a sensor 110, in
accordance with the present invention. While sensors may
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be deployed in a number of setups, one preferred imple-
mentation is a side fire or perpendicular configuration. In
FIG. 5, a roadside sensor 110 is depicted as having a field of
view 114 spread across multiple lanes of traffic. In the
preferred embodiment, the field of view is partitioned into a
plurality of bins 400, each of which represents a distance or
range such that a lane may be comprised of a plurality of
bins which provide us a smaller and more improved granu-
larity of statistical bins into which specific position may be
allocated.

FIG. 6 depicts a statistical plotting or histogram of the
positions of the exemplary data, in accordance with the
processing methods of the present invention. By way of
example, range bins may be partitioned into widths of
approximately two meters, while traffic lanes are approxi-
mately four meters in width. Such a granularity dictates that
statistical lane information may be derived from a plurality
of bins. As recalled, a sensor’s transmitted signal reflects off
a vehicle back to the sensor when a vehicle passes through
the field of view.

After processing the received signal, the signal reflected
off the vehicles is assigned to a bin having the corresponding
reflected signal parameters and shows up as an energy
measurement in the range bin representing the vehicle’s
position. The number of vehicles in each bin is counted with
the count incremented when an additional vehicle is detected
the count and assigned to that bin. When a bin count is
incremented, it increases the probability of a car being in
that position and after many vehicle positions are recorded,
a histogram of the bin count represents a PDF of vehicle
position on the road. The histogram of position measure-
ments identifies where vehicles are most probable to be and
where the traffic lanes on the roadway should be defined. In
the present figure, lanes 240 derive their specific lane
positions by setting the lane boundaries between the peaks
according to detection theory.

Alternative ways of automatically assigning lane bound-
aries may be used but are simplifications or subsets of using
PDF estimates and decision theory to set the boundaries. For
a method to automatically assign lane boundaries it must
have a period of training where it gathers information about
vehicle position on the road and this collection of position
information over time is more or less the histogram
explained above. Decision theory will be used in determin-
ing lane boundaries and can vary according to desired
performance. FIG. 6 further depicts two separate peaks
located within lane 250. Such a multiplicity denotes that lane
250 is used by vehicles traveling in both directions, mainly
a turning lane located between two pairs of lanes facilitating
vehicular traffic in opposite directions.

The preferred embodiment of the present invention
employs statistical processing in order to determine and
dynamically track the placement of lanes. While the present
invention depicts a preferred statistical implementation,
those of skill in the art appreciate that other statistical
approaches may also be employed for dynamically defining
traffic lanes. In the present embodiment, X1 represents a
random variable describing the position of vehicles traveling
in lane 1. Similarly, X2, X3, . . ., and XN represent the
random variables describing the position of vehicles travel-
ing in lanes 2 through N. Let Py, (x) be the probability
distribution of X1, where x represents the vehicle position
and can take on any value in the range of position measure-
ments available to the sensor. The random variable that is
available for estimation by a traffic sensor is the sum of the
random variables for all lanes visible to the sensor. Let Y
represent this random variable,
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Y=Sum(X1, X2, .. . XN)

FIG. 7 depicts a typical distribution of an estimate of PDF
of Y denoted by Py(x). Based on the estimated PDF of Y, an
estimate can be derived for the PDFs of X1, through XN,
that will be denoted by P, (x), through P, (x). For example,
one exemplary method of doing this would be to combine
several Gaussian distributions that are weighted and posi-
tioned proportional to the height and location of the peaks in
Py(x). If direction of travel information is available from the
sensor, then this information can be used to distinguish
sensor data from lanes of opposing direction thus simplify-
ing the individual lane PDF estimation problem.

The estimated PDFs P,.,(x), through P,,(X) can be used
to calculate lane boundaries. One approach in calculating the
lane boundaries is to use classic decision theory. By way of
example and not limitation, an approach that minimizes
average cost between two lanes is presented. In this
approach, the PDF of each lane is compared to the prob-
ability that a vehicle is in each lane and to the cost of
misclassification. This analysis produces the lane bound-
aries. Using these boundaries, the sensor’s vehicle position
measurement can be converted to a lane classification. For
example, if the lane boundary is set at 10 then the vehicle
will be said to be in lane 1 if x<10 and will be said to be in
lane 2 if x>10.

The following discussion uses the Bayes Detector to
determine lane boundaries. The Bayes Detector will mini-
mize the average cost of misclassification. Let C,; be the
cost associated with classifying a vehicle in lane 2 when it
is really in lane 1. Similarly, C,, is the cost of classifying a
vehicle in lane 1 when it is in lane 2. We assume there is no
cost for a vehicle correctly classified. The Bayes Detector
will give the minimum average cost and states that for a
vehicle in lane 1:

Px;(x)
Px2(x)

PoCa1
9.C12”

Where p,, is the probability that the vehicle is in lane 1 and
q, 1s the probability that the vehicle is in lane 2. Values for
p, and q,, are based solely on past traffic information and not
the current sensor measurement. For an initial lane boundary
estimation, p, and q, could be estimated from the original
estimated PDF, Py(x), or a probability could be assumed. For
example, if we know there is equal traffic in each lane then
p, and q, should be set to 0.5. If we assume 80% of the traffic
is in lane 1 then p,, should be set to 0.8 and q, should be set
to 0.2. After initial lane boundaries are assigned, vehicle
counts in each lane can be used to estimate p,, and g,

If lane boundaries corresponding to the physical bound-
aries of the lanes are desired, then the cost of misclassifi-
cation for each lane should be set equal and the probability
of a vehicle being in each lane should also be set equal.
Namely, C,,_C,,=1 and p_=q,=0.5.

By way of example, the lane boundary is the value of x
where

PoC21
GoC12

Pxj(x) = Px2(x).

To expand this problem to an arbitrary number of lanes,
the boundary between two adjacent lanes can be calculated
without considering the other lanes. For example, consider
a roadway with three lanes. The boundary between lane 1
and lane 2 can be found using the statistical method
described above (ignoring lane 3). The boundary between
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lane 2 and lane 3 can also be found using the same method
(ignoring lane 1). The outside boundary of the outside lanes
should be set based on the PDF of that lane alone. For
example, the outside lane boundary can be set such that the
probability a vehicle will lie outside the boundary is below
a designated percentage.

If vehicle position statistics change over time due to
weather, road construction, or other disturbances the lane
position algorithms have the ability to update lane bound-
aries. One example would be to have the current set of
statistics averaged into the past statistics with a small weight
given to older position statistics and greater weight to more
recent statistics. Thus, if conditions change the overall
statistics will change to reflect the current situation in an
amount of time dictated by how much the current set of data
is weighted.

FIG. 8 illustrates a histogram of vehicle position mea-
surement from data collected with the present invention.
Each of the three peaks, 700, 702 and 704, represents the
center of each calculated lane depicting a concentration of
detected vehicles. Centered about probability concentration
peaks 700, 702 and 704 are lane boundaries 706—712.

The present invention may be embodied in other specific
forms without departing from its spirit or essential charac-
teristics. The described embodiments are to be considered in
all respects only as illustrative and not restrictive. The scope
of the invention is, therefore, indicated by the appended
claims rather than by the foregoing description. All changes
which come within the meaning and range of equivalency of
the claims are to be embraced within their scope.

What is claimed is:

1. In a traffic monitoring system having a sensor, a method
for defining traffic lanes, comprising the steps of:

a. for a selectable plurality of vehicles,

1. detecting each of said selectable plurality of vehicles
present within a field of view of said sensor;

ii. estimating a position of said each of said selectable
plurality of vehicles;

iii. recording said position of said each of said select-
able plurality of vehicles;

b. generating a probability density function estimation
from each of said position of said each of said select-
able plurality of vehicles; and

c. defining said traffic lanes within said traffic monitoring
system from said probability density function estima-
tion.

2. The method as recited in claim 1 wherein said detecting
each of said selectable plurality of vehicles step comprises
the steps of:

a. transmitting from said sensor an electromagnetic signal

of a known power toward said traffic lanes; and

b. measuring at said sensor a reflected power correspond-
ing to a portion of said electromagnetic signal as
reflected from each of said selectable plurality of
vehicles.

3. The method as recited in claim 1 wherein said estimat-

ing a position step comprises the step of:

a. partitioning said field of view of said sensor into range
bins wherein each of said traffic lanes includes a
plurality of range bins each having a received power
range associated therewith; and

b. assigning said position of said each of said selectable
plurality of vehicles to a corresponding one of said
range bins when said reflected power from each of said
selectable plurality of vehicles corresponds with said
reflected power range of said corresponding one of said
plurality of range bins.
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4. The method as recited in claim 3 wherein said gener-
ating a probability density function comprises the step of:

a. generating a histogram of said positions within said
plurality of range bins.

5. The method as recited in claim 4 wherein said defining

said traffic lanes comprises the steps of:

a. identifying probability peaks on said histogram of said
positions; and

b. defining boundaries around each of said probability
peaks, said boundaries about each of said probability
peaks representing one of said traffic lanes therebe-
tween.

6. The method as recited in claim 1 wherein said gener-
ating a probability density function estimation further com-
prises the step of:

a. weighting for more statistical significance more recent
ones of each of said positions of each of said selectable
plurality of vehicles than stale ones of each of said
positions.

7. The method as recited in claim 1 further comprising the

steps of:

a. assigning a traffic flow direction to said position of said
each of said selectable plurality of vehicles;

b. recording said traffic flow direction to said position of
said each of said selectable plurality of vehicles;

c¢. generating probability density function estimations for
each of said traffic flow directions; and

d. assigning said traffic flow directions to said traffic lanes.

8. Asensor for defining traffic lanes in a traffic monitoring
system, comprising:

a. a transceiver for detecting each of a selectable plurality
of vehicles present within a field of view of said
transceiver; and

b. a processor including executable instructions for per-
forming the steps of:

1. estimating a position of said each of said selectable
plurality of vehicles;

ii. recording said position of said each of said selectable
plurality of vehicles; for a selectable plurality of
vehicles

iii. generating a probability density function estimation
from each of said position of said each of said
selectable plurality of vehicles; and

iv. defining said traffic lanes within said traffic moni-
toring system from said probability density function
estimation.

9. The sensor as recited in claim 8 wherein said trans-
ceiver comprises:

a. a transmitter for transmitting an electromagnetic signal

of a known power toward said traffic lanes; and

b. a receiver for receiving a reflected power corresponding
to a portion of said electromagnetic signal as reflected
from each of said selectable plurality of vehicles.

10. The sensor as recited in claim 8 wherein said proces-
sor further includes executable instructions for performing
the steps of:

a. partitioning said field of view of said sensor into range
bins wherein each of said traffic lanes includes a
plurality of range bins each having a received power
range associated therewith; and

b. assigning said position of said each of said selectable
plurality of vehicles to a corresponding one of said
range bins when said received power from each of said
selectable plurality of vehicles corresponds with said
received power range of said corresponding one of said
plurality of range bins.
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11. The sensor as recited in claim 10 wherein said
processor further includes executable instructions for per-
forming the step of:

a. generating a histogram of said positions within said

plurality of range bins.

12. The sensor as recited in claim 11 wherein said
executable instructions for defining said traffic lanes further
comprises executable instructions for performing the steps
of:

a. identifying probability peaks on said histogram of said

positions; and

b. defining boundaries around each of said probability

peaks, said boundaries about each of said probability
peaks representing one of said traffic lanes therebe-
tween.

13. The sensor as recited in claim 8 wherein said execut-
able instructions for performing the steps of generating a
probability density function estimation further comprises
executable instructions for performing the step of:

a. weighting for more statistical significance more recent
ones of each of said positions of each of said selectable
plurality of vehicles than stale ones of each of said
positions.

14. The sensor as recited in claim 8 further comprising

executable instructions for performing the steps of:

a. assigning a traffic flow direction to said position of said
each of said selectable plurality of vehicles;

b. recording said traffic flow direction to said position of
said each of said selectable plurality of vehicles;

c. generating probability density function estimations for
each of said traffic flow directions; and

d. assigning said traffic flow directions to said traffic lanes.

15. In a traffic monitoring sensor, including a transceiver
and a processor, a computer-readable medium having com-
puter executable instructions thereon for execution by said
processor for performing the steps of:

a. for a selectable plurality of vehicles,
1. detecting each of said selectable plurality of vehicles
present within a field of view of said sensor;
ii. estimating a position of said each of said selectable
plurality of vehicles;
iii. recording said position of said each of said select-
able plurality of vehicles;

b. generating a probability density function estimation
from each of said position of said each of said select-
able plurality of vehicles; and

c. defining said traffic lanes within said traffic monitoring
system from said probability density function estima-
tion.

16. The computer-readable medium as recited in claim 15
wherein said computer executable instructions for perform-
ing the steps of detecting each of said selectable plurality of
vehicles comprises computer executable instructions for
performing the steps of:

a. transmitting from said sensor an electromagnetic signal
of a known power toward said traffic lanes; and
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b. measuring at said sensor a reflected power correspond-
ing to a portion of said electromagnetic signal as
reflected from each of said selectable plurality of
vehicles.

17. The computer-readable medium as recited in claim 15
wherein said computer executable instructions for perform-
ing the steps of estimating a position step comprise com-
puter executable instructions for performing the steps of:

a. partitioning said field of view of said sensor into range
bins wherein each of said traffic lanes includes a
plurality of range bins each having a received power
range associated therewith; and

b. assigning said position of said each of said selectable
plurality of vehicles to a corresponding one of said
range bins when said reflected power from each of said
selectable plurality of vehicles corresponds with said
reflected power range of said corresponding one of said
plurality of range bins.

18. The computer-readable medium as recited in claim 17
wherein said computer executable instructions for perform-
ing the step of generating a probability density function
comprises computer executable instructions for performing
the step of:

a. generating a histogram of said positions within said

plurality of range bins.

19. The computer-readable medium as recited in claim 18
wherein said computer executable instructions for perform-
ing the step of defining said traffic lanes comprises computer
executable instructions for performing the steps of:

a. identifying probability peaks on said histogram of said

positions; and

b. defining boundaries around each of said probability
peaks, said boundaries about each of said probability
peaks representing one of said traffic lanes therebe-
tween.

20. The computer-readable medium as recited in claim 15
wherein said computer executable instructions for perform-
ing the step of generating a probability density function
estimation further comprises computer executable instruc-
tions for performing the step of:

a. weighting for more statistical significance more recent
ones of each of said positions of each of said selectable
plurality of vehicles than stale ones of each of said
positions.

21. The computer-readable medium as recited in claim 15
wherein said computer executable instructions further com-
prise computer executable instructions for performing the
steps of:

a. assigning a traffic flow direction to said position of said

each of said selectable plurality of vehicles;

b. recording said traffic flow direction to said position of
said each of said selectable plurality of vehicles;

c¢. generating probability density function estimations for
each of said traffic flow directions; and

d. assigning said traffic flow directions to said traffic lanes.

#* #* #* #* #*

E.2-14



US006693557B2

United States Patent

(12) (10) Patent No.: US 6,693,557 B2
Arnold et al. @#5) Date of Patent: Feb. 17, 2004
(54) VEHICULAR TRAFFIC SENSOR 4,908,615 A * 3/1990 Bayraktaroglu 340/933
4914448 A * 4/1990 Otsuka et al. ....o......... 343/872
(75) Inventors: David V. Arnold, PrOVO, uT (US), 4914449 A * 4/1990 Fl.lkllZaWa et al. .......... 343/872
Logan Harris, Linden, UT (US) 4977405 A+ 121990 Tsokamoto et ol 34354
: . . 977, sukamoto et al. .........
Michael Jensen, Linden, UT (US); 5262783 A * 11/1993 Philpott et al. ............. 342/114
Thomas William Karlinsey, Orem, UT 5423080 A * 6
) . . 423, /1995 Perret et al. ....oovenneennnnes 455/90
(US); Ryan Smith, Salem, UT (US); 5862337 A 11999 GIay .eooooeerrerersnen 395/200
Jonathan L. Waite, Orem, UT (US); 6,091,355 A * 7/2000 Cadotte, Jr. et al. ........ 342/104
John B. Dougall, Jr., Highland, UT
(US) OTHER PUBLICATIONS
. ) . SmarTek Systems, The SAS-1 Passive Acoustic Vehicle
(73)  Assignee: Wavetronix LLC, Provo, UT (US) Detector, www.smarteksys.com/sas—1_ flyer.htm Sep. 2001.
. . Lo . SmarTek Acoustic Sensor—Version 1 (SAS-1), Installation
(*) Notice: Sub]ect. to any dlsclalmer,. the term of this and Set—Up Guide, Jul. 25, 2000. ( )
patent is extended or adjusted under 35
U.S.C. 154(b) by O days. * cited by examiner
Primary Examiner—Donnie L. Crosland
(21)  Appl. No.: 09/964,668 (74) Antorney, Agent, or Firm—Workman Nydegger
(22) Filed: Sep. 27, 2001 57) ABSTRACT
(65) Prior Publication Data A vehicle traffic sensor for detecting and monitoring vehicu-
US 2003/0058133 Al Mar. 27, 2003 lar targets is presented. The sensor employs a plar}ar design
, resulting in a reduced profile sensor. The sensor includes a
(51) Int. CL7 ... G08G 1/01, HOlQ 1/42 multi_layer radio frequency board with RF Components on
(52) US.CL ... 340/933; 340/928; 342/385; one of the sides and both isolation and planar array antennas
342/450; 342/448; 342/454; 343/720; 343/824; on the opposing side. The antennas are preferably tapered
343/872 planar array antennas which include one transmit antenna
(58) Field of Search ...........c.cccoceuvveiine. 340/933, 928, and one receive antenna. The sensor also includes at least
340/905; 342/75, 448, 454, 456, 457, 385, one logic or signal processing board populated with com-
450; 343/872, 824, 844, 841, 842, 720 ponents on a first side and a ground plane on a second side
positioned toward the RF componentry of the RF board to
(56) References Cited form an RF shield. The boards are housed within a housing

U.S. PATENT DOCUMENTS

that is permeable, at least on the side through which the
antenna structures propagate.

4,658,334 A * 4/1987 McSparran et al. ......... 361/415
4,851,855 A * 7/1989 Tsukamoto et al. ......... 343/873 27 Claims, 12 Drawing Sheets
580
596 59\7
s A N N
0.4160in  0.2280in 0.0490in  0.2070in  0.4880in  0.1620in

593

0.2680in  0.3090in

0.6090in  0.6590in

598{

0.4140inJ0.4140inj0.4170inj0.4230inj 0.4340inj 0.4410inJ

>

” > &

P

<« < >
- >

€ P L

E.3-1



U.S. Patent Feb. 17, 2004 Sheet 1 of 12 US 6,693,557 B2

FIG. 1

E.3-2



US 6,693,557 B2

Sheet 2 of 12

Feb. 17, 2004

U.S. Patent

TELRTVEE)
¢ 9l

E.3-3



U.S. Patent Feb. 17, 2004 Sheet 3 of 12 US 6,693,557 B2

180

FIG. 3
(PRIOR ART)

180

E.3-4



U.S. Patent Feb. 17, 2004 Sheet 4 of 12 US 6,693,557 B2

o
~
wd>

[
w

FIG. 4

E.3-5



U.S. Patent Feb. 17, 2004 Sheet 5 of 12 US 6,693,557 B2

FIG. 5

Absorber

<3
[ —1
w>

E.3-6



U.S. Patent

Feb. 17, 2004

Sheet 6 of 12

________________________________________________________________

7
oO__LL@?i_\ JUID o O |o©
M= ’
[
— N/
=

E.3-7

US 6,693,557 B2

FIG. 6



US 6,693,557 B2

Sheet 7 of 12

Feb. 17, 2004

U.S. Patent

L "l

M::::.c ﬂ___cz#.a ﬂs%#.oﬁso:q.cﬂ:s:e.oﬂ___oﬁv_o

' o < > -y g < ’ ot

Jo88
UOBSH'D w00

UG0S0 uigse0

069 £65
ﬂ.& [&MB%%L %ol = TR | :
18§ 985 E ﬁn a ﬂ | ﬂ ﬂ ‘
> [ \L na <> <> > |
VOIIKD  UI0gsK0  wOL0T0 OBk U0 wI09k'0
— J /
Y Y
L65 __ 965

L —
o0
(¥ =1

E.3-8



US 6,693,557 B2

Sheet 8 of 12

Feb. 17, 2004

U.S. Patent

§ 9l
%0 L prii e N
25 TTTTTT T
m 19 759 999 0.9 m LS
_ uoneayduy |\ 1 | uoisianu0g
| euusy 12))14 I8}l it I iy e
| 3AI309Y ssedpueg §Seq MOT
| 059 Bueyng ompny | 1 o) bojeuy
S R | T | A B 7T
San e R LA e I e
| euuapuy 33|14 1PN
| Jwsued] ssedpueg UoSUIY|IM —
“ b9 >, ~ 269 g
| 9 09/ 989 89
I e e _
A - S T
| _NIW%_wcv _iwwsm W
|
m | pajeinpoy 929" 028 Ph m
! _ p29 919 _
( |
“ 08 2100 13pING 4007 | ezisaypuis |
i ! 14neg Y ¥a07 aseyg Zon | 1enBig 10aug | |
_ ! 829~ g 52§04 _
L - 0 8097 909 |
L

E.3-9



6 9l

US 6,693,557 B2

Sheet 9 of 12

Feb. 17, 2004

U.S. Patent

-g
w

TR
e
e
ewyy :  Yoew
Busues] | Euusjuy ANETF
o} Bip [euBlg ! ﬁ ' ssedpueg
N | e 00

o ' Buua)uy

5580107 1 91808Y |
W0} BIA
! [publg

o

E,__é_o
§elg aAndy
Jai})(dwy

D019 | M

029 Jajeosalg

E.3-10



US 6,693,557 B2

Sheet 10 of 12

Feb. 17, 2004

U.S. Patent

BuusiLy
ELYEREY

BUUBJUY
Jwsuel]

0b 94

L
ssedpueg

914 13pINQ
ssedpueg UOSUIY|IM

TR e
114 uorealduy U0ISIaAUOY
sseg w07 [ pue —> _mm_m_o
Bulaylly oipny 0} bojeuy
“1 ||||||||||||||||||||||||||||
_ J0jeJauag
" (fressagau b_v eybig
_ 5 U0)S43AU0Y-d ) eubig
e poeInpoN
| paje|npoy vf\
| H9 520} AT

E.3-11



US 6,693,557 B2

Sheet 11 of 12

Feb. 17, 2004

U.S. Patent

BUUBJUY
3309y

BUUBJUY
JNuwsueJ]

W9l4

18XIN

ey
ssedpueg

1314 13pINQ
ssedpueg WOSUIN|IM

TR e— m,__hﬂ_v__ﬁ_%w_o,\
1 uorealyljduy U0ISI3AUOY
ssed M0 [ pue. _ﬂ_ma
Buuiayjig otpny 0} bojeuy
09 F T T T T
_ JOXI
! a4 s
wwmﬁnm JeuBig
| :
. 208 paje(npoy
| ey g0g 8
| Pae[npOY 908
1249 676°0)
|
|
|
_ JO[J195( -
“ IH9 §'0) 10¢

E.3-12



US 6,693,557 B2

Sheet 12 of 12

Feb. 179 2004

U.S. Patent

Buusjuy

13314
ssedpueg

10je(n2J19

¢h 9l

J9XI

eleg oljel]

9y
§Sed MOT

uorjealyl|duy

pue —>

Busayyi oipny

b8

13pIAL
UOSUIH(IM

SWyyi0Bly
U013933aq

i

U0ISI3AUOY

[epbig
0} fojeuy

leubig
Paje|NPOy

10jeJ3U39
[ey1B1g
leufig

paje|npoy

2H9 §25°0) 2280

E.3-13



US 6,693,557 B2

1
VEHICULAR TRAFFIC SENSOR

CROSS-REFERENCE TO RELATED
APPLICATIONS

The present application is related to U.S. patent applica-
tion Ser. No. 09/996,146 “System and Method of Dynamic
Identification of Traffic Lane Positions,” (Attorney Docket
No. 15455.1) by inventors Jonathon L. Waite, Thomas
William Karlinsey and David V. Arnold, filed concurrently
herewith and incorporated by reference now U.S. Pat. No.
6,556,916.

BACKGROUND OF THE INVENTION

1. The Field of the Invention

The present invention relates generally to vehicular traffic
monitoring systems, and more particularly relates to sensors
for detecting the presence, location, speed, direction of
travel, volume, and occupancy of vehicular traffic on a
roadway.

2. The Relevant Technology

Controlled signalized intersections represent a key ele-
ment in urban planning, public safety and traffic control. The
science and engineering of traffic planning and control has
long relied on the use of sensor devices designed for this
specific purpose and, more recently, for the collection of
traffic flow data. Some of these device technologies, such as
those embedded in the roadways, have been employed for
over sixty years and continue to require the same amount of
attention in installation, calibration, maintenance, repair and
replacement as they did decades ago. This laborious care-
taking can be due to a number of factors ranging from
inferior product design and poor installation to post instal-
lation disruption and migratory changes in traffic flow
patterns. Reliability of these technologies is an issue to an
overall traffic control plan and can prove extremely costly to
maintain as an integral component to an overall traffic plan.

Traffic control devices that are embedded in roadways
serve the interest of public safety, but in the event of a new
installation, or maintenance/repair, they act as a public
nuisance, as repair crews are required to constrict or close
multiple lanes of traffic for several hours to reconfigure a
device, or even worse, dig up the failed devices for replace-
ment causing closure of the lane for several days or weeks.

While several sensor technologies are employed to assist
in traffic planning and control, the oldest and most widely
used technology currently employed in controlled intersec-
tions is the inductive loop. This loop is an in-pavement fixed
location sensor, with the limitation of sensing only the traffic
that is immediately over it. While such devices have con-
tinued history of use, failures of loops are common and at
any one time as many as 20%—30% of all installed controlled
intersection loops are non-responsive. Furthermore, the cost
to repair these devices can be greater than the original
installation cost.

As technology has developed over the decades, new
sensory devices have been introduced to the traffic control
industry. In recent years, there have emerged several non-
intrusive technologies for traffic sensing that employ a
remote sensor (i.e., not embedded in the roadway) as illus-
trated in FIG. 1. While the majority of these types of sensors
110 incorporate microwave radar technology, other types
including optical devices have also taken hold. For example,
intersection traffic cameras may be manually configured to
analyze specific user-defined traffic zones at all times. As
cameras rely on optics, (i.e., the ability to visually see the
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traffic that is to be monitored) they are susceptible to the
forces of nature that can occlude visibility. These forces
include sun glare, accumulated snow or dirt and darkness.
Under ideal conditions cameras would only need to be
serviced or reconfigured with major intersection redesign.
Presently available systems require on-site attention to
improve and upgrade the capability of the unit, or complete
replacement for upgrading the camera itself.

Another type of above-ground sensor includes acoustic
sensors which operate as traffic sound-based listening
devices. These devices employ an array of microphones
built into the sensor allowing the device to detect traffic
based on spatial processing changes in sound waves
received at the sensor. After processing and analysis of the
received sound waves, detection and traffic flow information
is then assigned to the appropriate user-defined regions or
lane being monitored forming a picture of the traffic.

When acoustic sensors are deployed, their microphone
sensitivity is pre-set for normal operating conditions which
include typical weather conditions. Again, the software and
operating instructions to control an acoustic sensor require
on-site attention to improve and upgrade the capability of
the unit, or complete replacement to upgrade the sensor
itself.

Other popular sensor types are based on microwave radar
technology. Such sensors detect traffic based on the reflec-
tion of a transmitted electromagnetic signal depicted in FIG.
1 as signals 118. The received signal is then processed into
detection and traffic flow information which is then assigned
to the appropriate user defined lane being monitored. As
illustrated in FIGS. 2 and 3, microwave radar technology
utilizes several bulky, expensive and manufacturably inef-
ficient components to sense traffic. Most notably, microwave
radar sensors are comprised of a mechanically-large horn
antenna 170 and separate radio frequency components and
controller boards that are individually tuned and matched in
order to result in an operable system 180. Furthermore, the
unit requires on-site maintenance and attention to
reconfigure, or upgrade software.

As identified above, many useful forms of technology
exist to monitor and detect traffic. However, many forms of
detection are obtrusively bulky, manufacturing intense, and
all require on site maintenance and attention to re-configure
the software, or operating instructions when traffic
conditions, climate, or other operating conditions change.
Without reconfiguration, the devices will continue to sense,
but with reduced accuracy and in the worst case they may
discard the actual flow pattern as peripheral noise. The cost
to manufacture and reconfigure devices can be costly, and
disruption to traffic is common.

BRIEF SUMMARY OF THE INVENTION

A vehicle sensor for detecting and monitoring vehicular
targets is presented. The sensor employs a planar design
resulting in a reduced profile sensor and a greatly improved
sensor for manufacturing. Improvements are a result of
controlled manufacturing processes for forming controlled
interconnects and structures on replicable circuit boards.

The sensor of the present invention includes a multi-layer
radio frequency board having a first side which includes at
least a majority of the RF components. On the opposing side
of the board is a ground plane providing isolation to the RF
components. Additionally, the opposing side also has printed
thereon array transmit and receive antennas for radiating a
signal toward a vehicular target and for receiving the signal
as reflected from the vehicular target. The planar antennas
provide a replicable antenna structure that is easily manu-
factured.
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The sensor device further includes logic/control function-
ality which may be colocated or positioned separately on at
least one logic or signal processing board that is preferably
populated with components on a first side with a ground
plane on a second side. The second or ground plane side is
preferably positioned toward the RF componentry of the RF
board to form an RF shield about the RF componentry. The
boards are housed within a housing that is permeable to
electromagnetic waves, at least on the side through which
the antenna structures radiate. To provide additional RF
absorption and isolation, an RF absorber is placed between
the boards to provide additional isolation of RF emanations
near to the source of generation.

These and other objects and features of the present
invention will become more fully apparent from the follow-
ing description and appended claims, or may be learned by
the practice of the invention as set forth hereinafter.

BRIEF DESCRIPTION OF THE DRAWINGS

To further clarify the above and other advantages and
features of the present invention, a more particular descrip-
tion of the invention will be rendered by reference to specific
embodiments thereof, which are illustrated, in the appended
drawings. It is appreciated that these drawings depict only
typical embodiments of the invention and are therefore not
to be considered limiting of its scope. The invention will be
described and explained with additional specificity and
detail through the use of the accompanying drawings in
which:

FIG. 1 illustrates an above-ground sensor employing
propagation delay calculation for position calculation of
vehicular traffic;

FIGS. 2-3 illustrate a radar sensor comprised of horn
antennas and multiple modules, in accordance with the prior
art;

FIG. 4 illustrates an integrated above-ground traffic
sensor, in accordance with the preferred embodiment of the
present invention;

FIG. § illustrates the mechanical integration of RF com-
ponents and signal processing components, in accordance
with the preferred embodiment of the present invention;

FIG. 6 illustrates planar antennas integrated into the RF
module board, in accordance with the preferred embodiment
of the present invention;

FIG. 7 is a detail of one of the planar antennas, in
accordance with a preferred embodiment of the present
invention;

FIG. 8 is a block diagram of the component side of the RF
board assembly and other related functional blocks, in
accordance with the present invention;

FIG. 9 is a detailed layout of the RF component side of the
RF component side of the RF board, in accordance with the
preferred embodiment of the present invention;

FIG. 10 illustrates an embodiment of the present inven-
tion that employs a modulated signal digital generator for
generating the desired signal;

FIG. 11 illustrates an embodiment employing a mixer
configuration for the digitally generated modulated signal
generator, in accordance with an embodiment of the present
invention; and

FIG. 12 illustrates direct digital signal generation of the
transmit signal, in accordance with another embodiment of
the present invention.

DETAILED DESCRIPTION OF THE
PREFERRED EMBODIMENTS

FIG. 4 is a perspective view of a traffic monitoring sensor,
in accordance with a preferred embodiment of the present
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invention. A sensor 500 is illustrated having a generally
planar topology due to the planarization of components
including planarization of a transmit and receive antenna.
Sensor 500 is a generally sealed enclosure comprised of a
material that is permissive to the exchange of electromag-
netic propagations. Sensor 500 is also generally comprised
of a housing 502 for enclosing the multi-layer radio fre-
quency circuit board and other processing component boards
such as digital signal processing and/or control assemblies.
Housing 502 includes a back surface 504 and a top or front
surface 506. During deployment of sensor 500, front surface
506 is directed generally orthogonal with the roadway or
portion of roadway undergoing monitoring. In the present
invention, the term “above-ground” sensor means that the
sensor is not embedded into the roadway but rather may be
mounted above or about the roadway at various acceptable
angles.

As the electromagnetic signals must propagate through
front surface 506 as radiated from planar printed circuit
board antennas described below, front surface 506 further
includes geometries that facilitate reduced distortion of the
antenna radiation pattern throughout the entire beamwidth of
the antennas. FIG. 4 depicts such distortion-minimizing
geometries as radomes 508 and 510.

FIG. 4 further depicts additional sensor enhancements
which are structurally depicted as communication link
antenna 512 which facilitates both transmission of accumu-
lated sensor data as well as reception of commands and
software upgrades. The power and serial communication
link are facilitated through the connector 514.

FIG. § illustrates an exploded view of sensor 500, in
accordance with the preferred embodiment of the present
invention. In addition to including housing 502, sensor 500
further includes a multi-layer radio frequency circuit board
520 which includes radio frequency components 522 dis-
posed on a first side 524. Circuit board 520 further includes
antennas 526 on an opposing second side 528. Such a
configuration accommodates an integrated and efficient
topology of a sensor since bulky horn antennas are not
employed. Furthermore, the integration of radio frequency
components onto a planar circuit board arrangement having
the antenna also disposed thereon dramatically improves
manufacturability.

Sensor 500 further includes at least one controller/signal
processing circuit board 530 having a first side 532 for
disposing signal processing component 534 thereon and a
second side having an electrically conductive ground layer
538. Electrically conducted ground layer 538 functions as an
RF shield when it is oriented in parallel and facing multi-
layer radio frequency circuit board 520 upon final assembly
within housing 502. Ground layer 538 also functions as a
ground plane for the controller/signal processing circuit
board. Signal processing board 530 and radio frequency
circuit board 520 interact via connectors 540 and 542,
respectively.

Sensor 500 further comprises an absorber 550 located
between multi-layer radio frequency circuit board 520 and
signal processing board 530. Absorber 550 comes into
proximity of both the electrically conductive ground layer
538 on board 530 and the first side 524 having RF compo-
nents 522 thereon of radio frequency circuit board 520. In
order to minimize the disturbance of the desired electro-
magnetic fields in the RF structures about and interconnect-
ing RF components 522, channels or cutouts preferably
extending only partially into absorber 550 are incorporated
within absorber 550 that provide clearance around such RF
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components including transmission lines located on first
side 524 of radio frequency circuit board 520.

FIG. 6 illustrates an exemplary layout of second side or
antenna side 528 of multi-layer radio frequency circuit board
520. The antenna system of the present invention is placed
on the same circuit board as the other RF circuitry. The
antenna system includes two coplanar loop series-fed array
antennas 570 and 572 that are preferably located on opposite
ends of RF circuit board 520 and on the opposite side of the
circuit board from RF circuitry components 522. Thus, in the
preferred embodiment, one side of the circuit board includes
antennas 570 and 572 with possibly DC interconnect lines
574 miscellaneous bias networks 576 while side 524
includes RF components 522.

FIG. 7 illustrates a detailed layout of a planar printed
circuit board antenna, in accordance with a preferred
embodiment of the present invention. The present invention
utilizes a coplanar waveguide loop antenna 580 for radiating
and receiving microwave signals projected about a vehicular
target. The present configuration employs a series of radi-
ating elements. In the present implementation, areas of metal
are surrounded by slots or areas with no metal. This structure
can be implemented by surrounding the metal with air, or by
printing it on a dielectric substrate, or on a conductor backed
dielelectric substrate. This is a non-resonant element that
exhibits many desirable properties such as wide bandwidth,
and a low coupling between adjacent elements. The radia-
tion from this element is polarized horizontally as oriented
in FIG. 7. In a conductor backed implementation, the
elements radiate only out of the page.

FIG. 7 depicts an array of series fed coplanar loop
elements 582-587 and 588-593. In the present invention,
the coplanar waveguide traveling wave series loop antenna
element exhibits the broadband qualities of a traditional
coplanar loop and can be combined in a series like the series
fed microstrip patch. For an appreciation of related
structures, the following articles are incorporated herein by
reference: H. C. Liu, T. S. Horng, and N. G. Alexopoulos,
“Radiation of Printed Antennas with Coplanar Waveguide
Feed,” IEEE Trans. Antennas Propgat., vol. 43 no. 10, pp.
1143-1148, October 1995; and A. G. Demeryd, “Linearly
Polarized Microstrip Antennas,” IEEE Trans. Antennas
Propogat., pp. 846851, November 1976.

In the present invention, since the coplanar series loop is
not a resonant element, the size of the element can be readily
adjusted. This size adjustment results in an alteration to the
amount of radiation exhibited. Thus, tapered arrays can be
designed by utilizing radiating elements with varying sizes.
The coplanar waveguide series loop element is implemented
using the following features: a conductor backed dielectric
substrate 704, 702 (sce FIG. 9), grounding vias 594 to
prevent substrate propagation, and wide coplanar slots 595
to reduce the effects of manufacturing variations.

The use of a conductor backed dielectric substrate limits
the radiation from the element to only one side of the
element and also facilitates manufacturing as the element
can be printed on a dielectric laminated with metal on both
sides. The grounding vias 594 prevent the propagation of
parallel plate modes that may exist when dielectric is
laminated on both sides by metal. These parallel plate modes
could cause coupling between radiating elements printed on
the same substrate and could cause unpredictable antenna
input impedances.

The wide coplanar slots 595 help in several ways. First,
wide coplanar slots increase radiation and increase tolerance
to manufacturing variations. Second, circuit boards are often
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coated with solder mask and conformal coating to protect
the board and components. These coatings, however, fill the
coplanar slots and cause unpredictable phase shifts. The
widening of the coplanar slots reduces this effect. By way of
example and not limitation, slots 595 in the preferred
embodiment assume a width of 60 mils. which provides the
needed tolerance to manufacturing and coating variations
but also maintains the necessary coplanar properties. The
width of the center conductor of the coplanar waveguide is
chosen to achieve the desired transmission line characteristic
impedance.

The detail of FIG. 7 illustrates vias 594, that in a preferred
embodiment are plated with copper to create a grounded
short between the top ground plane and the bottom ground
plane. In the present example, vias 594 are placed so that the
edge of the via is 25 mil from the edge of the slot which is
sufficient to result in marginal influence to the transmission
line characteristics but sufficiently close to effectively chan-
nel the electromagnetic energy.

A tapered antenna array 596, 597 may be implemented
through the use of varying element sizes. Series-fed arrays,
such as this one in the present example, are used to replace
corporate feed designs in which each element is fed by its
own individual transmission line. The corporate feed
approach requires an intricate feed structure that becomes
more complicated when different antenna elements are used
in the array or when a tapered feed is desired. Furthermore,
corporate feed structures are prone to undesired radiation
which results in antenna pattern distortion.

The exemplary loop dimensions given on FIG. 7 illustrate
the heights of the loops and tapering towards the edges of the
array. The radiating edges of the loops are the vertical sides
(as oriented in FIG. 7). Thus, variations in the height of the
loop results in changes to the degree of radiation from the
loop. Consequently, the tapering of the loop size results in a
radiation power distribution that creates a radiation pattern
with low side lobes. The dimensions shown on the array 597
illustrate the loop widths increasing towards the edges of the
array. This ensures that the radiating edges of the loop are
in-phase. This dimension results in the widths being larger
as the heights are smaller. The exact loops dimensions were
determined through simulation.

The lengths of transmission lines between the loops
illustrated on array 596 are adjusted to facilitate every loop
radiating in phase. As shown, these lengths are longer for
smaller loops. These lengths are again determined from
simulation. As illustrated in FIG. 7, the left half of the array
596 is fed from the right and the right half of the array 597
is fed from the left. This would cause an 180° phase shift
between the two sides of the array 580 if not compensated
for. Since the transmission lines which feed the two sides of
the array are of different lengths, the line as illustrated on the
right is exactly %> wavelength longer than the line on the left.
This provides the compensation to achieve in-phase radia-
tion from both sides of the array.

In the present example, the antenna 580 is fed from a 50
Q transmission line that drives two 100 Q lines, which
intersect at a tee. From the tee to the edges of the array, the
transmission lines are 100 Q. Notice that the 50 € trans-
mission line feeding the antenna narrows for a section 598
and then returns to the standard width. This section 598 of
the line is a quarter-wave matching section used to provide
an impedance match to antenna 580. The ends of the array
are terminated by short-circuited transmission lines. This
termination causes a standing wave pattern throughout the
antenna and causes the antenna as a whole to become a
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resonant structure. This has an advantage over a matched
termination in that the antenna gain is higher since there are
no losses in the termination. If a higher bandwidth antenna
is needed, however, a matched termination, which would
result in a traveling wave antenna, may be employed.

FIG. 8 is a functional block diagram of the radio fre-
quency circuit board with other blocks of related
functionality, in accordance with a preferred embodiment of
the present invention. The functionality of radio frequency
circuit board 520 (FIG. 5) may be partitioned into a transmit
portion 602, including a digitally generated modulated sig-
nal generator 603, and a received portion 604. Transmit
portion 602 is comprised, in the preferred embodiment, of a
direct digital synthesizer (DDS) 606 for creating a signal
612 that sweeps in frequency.

While the present embodiment depicts frequency genera-
tion using a DDS, it is also contemplated that other wave-
form generating devices, generally herein known as digitally
generated modulated signal generators, including numeri-
cally controlled devices, may be employed for generating
effective waveforms In the preferred embodiment, a modu-
lated signal is generated digitally and is thus phase-locked to
a digital clock. This modulated signal is then up-converted,
if necessary, to the desired band.

Various embodiments for the digital generation are
depicted in FIGS. 8, and 10-12. FIG. 10 illustrates another
embodiment for digitally generating a modulated signal. In
this approach, a digitally generated modulated signal gen-
erator 780 is comprised of a modulated signal digital gen-
erator 782 and an optional up-convertor 784. In this
embodiment, the modulated signal generator provides sig-
nificant advances over analog signal generators by providing
enhanced phase stability over time and improved modula-
tion control which results in lower compression sidelobes
and improved detection algorithms.

FIG. 11 illustrates another digitally generated modulated
signal generator 800. This embodiment illustrates
up-converting a digitally generated modulated signal by
using a frequency mixer 802. In this approach, the modu-
lated signal 804 is mixed with an RF tone 806 resulting in
a signal containing frequencies of the sum and difference of
the tone and the original signal. Only the sum or the
difference frequencies are desired and one or the other must
be filtered out by a filter 808. For example, the digitally
modulated signal generator produces a signal ranging from
100 MHz to 150 MHz. This signal is then mixed with a 10.4
GHz tone. The resulting signal contains copies of the
digitally generated modulated signal in the 10.3 GHz to
10.25 GHz range and in the 10.5 to 10.55 GHz ranges. A
band pass filter 808 with a high Q can be used to filter the
lower frequency copy and the higher frequency copy is then
transmitted.

FIG. 12 illustrates a specific embodiment for digitally
generating a modulated signal wherein the digitally gener-
ated modulated signal generator 820 is comprised of a direct
digital to analog conversion generator 822 capable of direct
generation of the desired signal. FIG. 12 further illustrates
another implementation of the transmit and receiver portions
wherein they share a single antenna that is multiplexed using
a circulator 824 for alternating between transmit and receive
modes of operation.

Each of these embodiments comprises similar additional
components and the preferred embodiment as illustrated in
FIG. 8 is used to describe and define those components. In
the preferred embodiment as illustrated in FIG. 8, reference
signal 612 sweeps in frequency from 10.5 megahertz to
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10.55 megahertz and is generally linear with a duration of
1.25 milliseconds followed by recovery time.

The output of DDS 606 couples to a phase lock loop 608
which operates by comparing two input frequencies 612,
614 and generates a voltage 616 which controls a voltage
controlled oscillator (VCO) 610. Regarding phase lock loop
608, if the reference signal 612 is lower in frequency than
the pre-scaler output 614, then the output voltage 616 of
phase lock loop 608 becomes lowered. Conversely, if ref-
erence signal 612 is higher than pre-scaler output 614, then
output voltage 616 of phase lock loop 608 is increased.

VCO 610 outputs a signal 618 whose frequency is deter-
mined by the input voltage 616. Those of skill in the art
appreciate that the higher the input voltage of input 616, the
higher the frequency of the RF signal output 618, and
conversely, the lower input voltage 616, the lower the
frequency of the RF output signal 618. In a “reverse” drive
VCO a change in input voltage yield the opposite result just
described. By way of example and not limitation, the VCO
610 of the present embodiment generates an output signal in
the 5.25 GHz to 5.275 GHz range.

Transmit portion 602 is further comprised of a pre-scaler
620 which operates as a frequency divider by reducing the
frequency of VCO 610 by a factor of, for example, 4. Before
comparing the two signals, the PLL further divides the signal
by a factor of 250 which results in a signal in the 10.5 MHz
to 10.55 MHz range, which range is near the same frequency
as reference signal 612 as output by DDS 606. Thus, output
signals 612, from the direct digital synthesizer and pre-scaler
output 614 become tracking signals for comparison by phase
lock loop 608. In general, phase lock loop 608 adjusts input
voltage 616 to VCO 610 until both inputs, reference signal
612 and pre-scaler output 614, are at the same frequency. As
referenced signal 612 from DDS 606 increases in frequency,
phase lock loop 608 drives VCO 610 in such a manner as to
also increase the frequency. Thus, output signal 618 from
VCO 610 results in the same signal as reference signal 612
other than signal 618 is scaled, in the present example, by a
factor of 500.

Transmitter portion 602 further includes a Wilkinson
divider 622 for dividing the RF signal 618 into two paths
while maintaining isolation between the two outputs, output
624 and output 626. Those of skill in the art appreciate that
Wilkinson divider 622 is a splitter in which each output path
is reduced by half or 3 dB from input signal 618.

Transmitter portion 602 further includes a doubler 628 for
receiving signal 624 and generating a signal 630. Doubler
628 operates as a nonlinear device for effectively doubling
the frequency from input signal 624 to output signal 630. In
the present example, input signal 624 operates between 5.25
GHz and 5.275 GHz generating an output 630 ranging from
10.5 GHz to 10.55 GHz. Therefore, signal 630, in the present
example, results in a multiplication of reference signal 612
by a factor of 1,000.

Transmitter portion 602 further includes an amplifier 632
for coupling with signal 630 and for generating signal 634.
Amplifier 632 provides gain control of the signal for boost-
ing the signal to a level sufficiently large for transmission.
Amplifier 632 further couples to a Wilkinson divider 636 for
partitioning a portion of the transmission power to the
receiver portion through a signal 638 and Wilkinson divider
636 further generates an output 640 for passing to band pass
filter 642. Those of skill in the art appreciate that that pass
band filter 642 filters the output signal on the transmit
portion to reduce transmissions outside of the desired fre-
quency band. Transmit portion 602 further includes a trans-
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mit antenna 644 further described below for emanating the
signals generated by the aforementioned circuitry.

Received portion 604 is comprised of various components
for receiving reflected signals as emanated by transmit
portion 602. Reflected signals are received by receive
antenna 650 and processed by a bandpass filter 652 which
reduces transmission outside of the desired frequency band.
The receive filtered signal 654 is thereafter passed to ampli-
fier 656 which generally is implemented as a low noise
amplifier for boosting the received signal to a more useable
level for processing.

Amplified signal 658 and signal 638 are received by
mixer 660 which, in the present example, is implemented as
a nonlinear device that effectively multiplies the two input
signals to produce output signal 662. Those of skill in the art
appreciate that mixers operate, for example, by receiving
two sinusoidal signals which may be of different frequencies
which results in an output signal having the characteristics
of the sum of the two input sinusoidal signals, which
trigonometrically results in a first frequency corresponding
to the sum of the two input frequencies and a second
frequency corresponding to the difference of the two input
frequencies. This principle is illustrated by the trigonometric
identity:

sinacosfl = %[sin(w — ) +sin(a + B)]

Thus, if one input signal is 10.5 GHz and a second is
10.50001 GHz then the output signal from the mixer will be
the sum of the sinusoids at 21.00001 GHz and another at 10
KHz for the present exemplary implementation, the result-
ing difference frequency signal is employed for evaluation
of the signal characteristics.

It should be appreciated that the utilization of the differ-
ence frequency is a result of ranging capabilities of a linearly
sweeping transmitted frequency. For example, the present
embodiment utilizes a signal transmitted that is linearly
frequency modulated (e.g. chirp). If the transmitted signal is
reflected by a single point source target and is received by
the radar and mixed with the same linearly modulated signal,
the received signal, which has been delayed in time by the
propagation duration to and from the target results in a
frequency difference between the two inputs to the mixer
since the transmitted signal exhibits a constantly increasing
frequency during the phase of the period under evaluation.
Therefore, the longer the propagation time to and from the
target in question, the larger the frequency difference
between the presently transmitted and the received signal.
For example, in the present illustration, the linearly increas-
ing frequency increases at a rate of 50 MHz in 1.25
milliseconds. Such a linear change in frequency results in a
40 GHz per second change in frequency. Therefore, if a
target is located at a distance of 100 feet, the propagation
time to and from the target is approximately 203 nanosec-
onds. In that length of time, the transmit frequency would
have changed by 8.13 KHz.

Received portion 604 is further comprised of a low pass
filter 664 which eliminates undesired RF signals from the
mixer output, therefore resulting in audio frequencies being
present at signal 666. Therefore, signal 666, which is the
output of the low pass filter 664, is an audio frequency signal
whose frequency corresponds to the range of the target and
whose amplitude corresponds to the reflectiveness of the
target.

Receiver portion 604 further includes audio filtering and
amplification as illustrated in block 668. Such filtering and
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amplification conditions the signal prior to digitization to
reduce any feed-through from the transmitting antenna
directly coupling to the receiving antenna. Signal condition-
ing in the form of high pass filtering is employed since
transmitter coupling appears in the received signal as a low
frequency.

The following digital circuitry components may reside on
a separate digital board. The output condition signal 670 is
input to analog-to-digital conversion for 672, which con-
verts the audio frequency signal to a digital signal for
processing and analysis. The digitized output signal 674 is
thereafter processed by detection algorithm 676, which
performs spectral analysis on the digitized signal 674 and
generates the desired traffic statistics for use in traffic
analysis, control, and forecasting. Other processing within
detection algorithm 676 include automatic and continuous
background estimation, automatic and continuous lane allo-
cation and automatic and continuous detection threshold
determination.

FIG. 9 illustrates a typical layout of the RF component
side of the RF circuit board, in accordance with the preferred
embodiment of the present invention. As discussed, RF
components 522 (FIG. 5) are populated on side 524. The
transmit portion 602 and receive portion 604 are depicted,
absent antennas 570 and 572 which populate the other side
of the board. The conductor backed dielectric substrates 704
and 702 for the antenna structures are depicted in FIG. 9.
Also depicted in FIG. 9 are the signal via to the transmit
antenna 704 and the signal via from the receive antenna 706.

The present invention may be embodied in other specific
forms without departing from its spirit or essential charac-
teristics. The described embodiments are to be considered in
all respects only as illustrative and not restrictive. The scope
of the invention is, therefore, indicated by the appended
claims rather than by the foregoing description. All changes
which come within the meaning and range of equivalency of
the claims are to be embraced within their scope.

What is claimed is:

1. A sensor for monitoring vehicles on a roadway com-
prising:

a multi-layer radio frequency circuit board for transmit-
ting modulated radio frequency signals and for receiv-
ing reflections of the modulated radio frequency signals
from said vehicles on said roadway, said multi-layer
radio frequency circuit board having a first side for
disposing radio frequency components thereon and a
second side having a planar antenna disposed thereon,
wherein the radio frequency components include a
digital signal generator that digitally generates the
modulated radio frequency signals; and

at least one signal processing circuit board having a first
side for disposing signal processing components
thereon and a second side having an electrically con-
ductive ground layer, said second side of said at least
one signal processing board oriented in parallel with
and facing said multi-layer radio frequency circuit
board.

2. The sensor, as recited in claim 1, wherein said planar
antenna comprises a plurality of series-configured loop
elements arranged in a tapered array.

3. The sensor, as recited in claim 2, wherein said planar
antenna comprises at least a pair of tapered arrays.

4. The sensor as recited in claim 1, wherein said digital
signal generator further comprises

a direct digital synthesizer for generating a low frequency
waveform for a transmitter of said sensor.
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5. The sensor, as recited in claim 1, further comprising:

an RF absorber assembled between said first side of said
radio frequency circuit board having said radio fre-
quency components thereon and said second side of
said at least one signal processing board having said
electrically conductive ground layer thereon.

6. The sensor, as recited in claim 1, further comprising a
housing for enclosing said multi-layer radio frequency cir-
cuit board and said at least one signal processing board
therein.

7. The sensor, as recited in claim 6, wherein said housing
for enclosing said multi-layer radio frequency circuit board
and said at least one signal processing board therein is
configured as a planar housing surrounding said multi-layer
radio frequency circuit board and said at least one signal
processing board therein.

8. The sensor, as recited in claim 7, wherein said planar
housing further comprises a radome integrated into said
planar housing and located adjacent to said planar antenna
on said radio frequency circuit board.

9. An above-ground traffic sensor for detecting vehicles
traveling on a roadway, the traffic sensor comprising:

a radio frequency circuit board including:

a transmit portion that includes:

a digitally generated modulated signal generator that
digitally generates a signal that is transmitted by a
transmitter towards vehicles traveling on a road-
way; and

a receiver portion that detects a reflected signal from
the vehicles traveling on the roadway and that gen-
erates a data signal that represents traffic data from
the reflected signal.

10. The above-ground traffic sensor, as recited in claim 9,
wherein said digitally generated modulated signal generator
comprises:

a direct digital synthesizer for generating a low frequency

waveform for said transmitter;

a phase lock loop coupled to said direct digital synthesizer

for tracking said low frequency waveform; and

a voltage controlled oscillator coupled to said phase lock

loop for generating a modulated transmit signal.

11. The above-ground traffic sensor, as recited in claim 9,
wherein said digitally generated modulated signal generator
comprises:

a digitally modulated signal generator for generating a

modulated signal;

an oscillator for generating an RF tone; and

a frequency mixer for mixing said modulated signal and

said RF tone to form a signal comprises of sum and

difference frequencies.

12. The above-ground traffic sensor, as recited in claim 9,
wherein said digitally generated modulated signal generator
comprises:

a direct digital to analog converter for directly generating

a modulated signal at RF frequencies.

13. The above-ground traffic sensor, as recited in claim 9,
wherein said radio frequency circuit board further comprises
a planar antenna disposed thereon for transmitting said
signal and for receiving reflections of said signal.

14. The above-ground traffic sensor, as recited in claim 13
wherein said planar antenna comprises of a plurality of
series-configured loop elements arranged in a tapered array.

15. The above-ground traffic sensor, as recited in claim
14, wherein said planar antenna comprises at least a pair of
said tapered arrays.

16. An above-ground traffic sensor for detecting vehicles
traveling on a roadway, comprising:
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planar antennas mounted in a planar circuit board for
propagating a transmit signal toward vehicles on a
roadway and for receiving said transmit signal reflected
from said vehicles, wherein the planar antennas further
comprises:
at least one coplanar loop series-fed array antenna on
the planar circuit board.
17. The above-ground traffic sensor, as recited in claim
16, wherein said at least one coplanar loop series-fed
antenna comprises:

a first coplanar loop series-fed array antenna that propa-
gates said transmit signal toward said vehicles on said
roadway; and

a second coplanar loop series-fed array antenna that
receives said transmit signal reflected from said
vehicle.

18. The above-ground traffic sensor, as recited in claim
17, wherein said first coplanar loop series-fed array antenna
and said second coplanar loop series-fed array antenna
include loop elements arranged in tapered arrays.

19. The above-ground traffic sensor, as recited in claim
17, wherein said at least one coplanar loop series-fed array
antenna each comprises at least a pair of tapered arrays.

20. A radar-based vehicular traffic sensor, comprising:

a digital signal generator that digitally generates a modu-
lated electromagnetic signal;

transmitter electronic components for transmitting the
modulated electromagnetic signal at a vehicle on a
roadway;

receiver electronic components for receiving the modu-
lated electromagnetic signal reflected from the vehicle
on the roadway; and

at least one planar loop series-fed array antenna for
transmission and/or reception of said modulated elec-
tromagnetic signal, wherein each at least one planar
loop series-fed array antenna includes a plurality of
loops, each loop having a height that is different from
other loops in the plurality of loops.
21. A radar-based vehicular traffic sensor, as recited in
claim 20, wherein the digital signal generator further com-
prises one or more of:

a direct digital synthesizer that generates a modulated
electromagnetic signal that sweeps in frequency; and

a modulated signal digital generator for generating a
modulated electromagnetic signal that is up converted
using a frequency mixer.

22. A sensor for monitoring vehicles on a roadway, the

sensor comprising:

a transmit portion comprising:
a digital signal generator that digitally generates a
modulated signal; and
a transmit antenna for transmitting the modulated sig-
nal towards vehicles on a roadway;

a received portion comprising:

a receive antenna for receiving reflections of the modu-
lated signal from vehicles on the roadway, wherein
the reflections of the modulated signal are processed
to produce traffic data representing the vehicles on
the roadway.

23. A sensor as defined in claim 22, wherein the transmit
antenna and the receive antenna are the same antenna used
at different times to either transmit the modulated signal or
to receive the reflections of the modulated signal.

24. A sensor as defined in claim 22, wherein the transmit
antenna is a first array of series fed coplanar loop elements
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and wherein the receive antenna is a second array of series
fed coplanar loop elements.
25. A sensor as defined in claim 22, wherein the digital
signal generator further comprises at least one of:
a direct digital synthesizer that is coupled with a phase
locked loop;
a modulated signal digital generator and an up-converter;
and
a direct digital to analog conversion generator that pro-
duces the modulate signal.
26. An above-ground traffic sensor for detecting vehicles
traveling on a roadway, comprising:
planar antennas mounted in a planar circuit board for
propagating said a transmit signal toward said vehicles

10

14

on said a roadway and for receiving said transmit signal

reflected from said vehicles, wherein the planar anten-

nas further comprises:

at least one coplanar loop series-fed array antenna on
the planar circuit board, wherein each at least one
coplanar loop series-fed array antenna is terminated
by a short circuited transmission line.

27. The above-ground traffic sensor, as recited in claim
26, wherein each coplanar loop series-fed array antenna
includes a tapered array that includes a plurality of loops,
wherein the plurality of loops are configured to generate a
radiation pattern with low side lobes.
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Line 49, change “comprises” to -- comprised --.
Line 61, delete “of” after “comprises”
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