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The design and implementation of an
embedded pedestrian detection in
Intersection

Student : Kuang-Jen Liu Advisors : Dr. Bing-Fei Wu

Degree Program of Electrical and Computer Engineering

National Chiao Tung University

ABSTRACT

Most of current digital -image processing systems are built on
camcorders and personal computers.equipped with video capture cards.
Required work is achieved by using the computers to do some mathematics
calculations on video files captured from the camcorders. However, such
systems can be very tremendous and complicated. For example, those
computers are too large to fit in all kinds of environments which need to be
monitored. Besides, the cost of multiple monitor systems is increased with
the number of the computers of which each has high expenditure.

In order to solve these drawbacks, this thesis develops a set of
prototype, which has advantages of tiny size and cheap cost, by using
TMS320DM642 DSP of Texas Instruments Incorporated. It not only
realizes the functionality of digital image processing from the DSP, but also

makes use of internal EDMA of the DSP and utilizes programs to



accelerate the process.

The developing stages starts from circuit design through component

selection, layout, trace, and package testing, to verification.

The first topic is pedestrian detection. Background extraction helps
find out pedestrian moving blocks. Morphological operator, such as dilation
and erosion, are also used to process video images. Whether an object is a
pedestrian or not is determined by characteristics of the detected corner and
edge.

The second topic is pedestrian tracking. A histogram of moving
pedestrian is created at first. By means of the histogram comparative
method and prediction by motion vector, the pedestrian can be tracked and
its moving direction can also be forecasted.

Processed images are ‘exported to the“screens of monitor systems by
the DSP, which the real-time-pedestrian detection and tracking results are
displayed. Finally, the embedded pedestrian detection system in

intersection is completed.
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MRIT GRS AR R S F AT 0402 IS ) 4 e

Fe g f& % 0.04 inch x 0.02 inch » 4% = = 4] 1.0 mm x 0.5 mm © 4R.3 wﬂ»&@] VIR > B
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TofEF B amER* o - BLL Video 8 * o ¥ ¢bA ELE Audio 8 * o A Reset
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(D# s TREH T B (DC/DCYE S0 B > i = BAREFEEP 30~ 20 20
FHA G TR WA SRR ER LS L Ko P RTRERY L 4K TEE
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AR * ORCAD #i# h fliF LBk > F AL F & M0 T #
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EI

| &

4 & ORCAD } ¥ #7i¢ = Library ta % % Bl @ * 2 B & % i Library ¢* 3 2

(‘3\

¢ * Hierarchy F¢ & > 554 3-7> 2 @ i%

TRk BLAEL PR IT E ]2 5N e

TR A 4 e "%n’i_}".‘?i%q’f%"

-

7

i¥ Capiure CIS - [TI_64ZMAIN_070603]

R File Desizn Edit View Tools Accesories Reports Options Window Help

Dlza| & »lme] 2| s |

| &[5

£3 Fike | %, Hisrarchy |

—|- £ Design Resources
= E= inind2_vDeienittia?_v2_circuit 070602%_642madn_070602 dznd
— Feuille 1/10
[F] PLACEMENT
E roor
Feuille 10410
[E EXT _con
Feuill: 2/10
[E B-DsP
Feuille 3/10
F c-MEMORIES
Feuille 4/10
[F] BUFFERIZATION
Feuille 5/10
[F F-HORDGES
Feuill 6/10
[E BTOE
Feuille 7/10
E E-TUART
Feuille £/10
[ L-vIDEO EXTENSION
2 £ Fenille 9/10
E p-pCI
+]- £ Design Cache
£ Library
3 Outputs
0 Referenced Projects

|
g.0.0.00-0:0:0

B] 3-7 ORCAD Hierarchy
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(2) Bt 7 * PP T R EL T B LA EN > EEiEL NE ) o
(3) %t & {5 % & ¥ DRC (Design Rule Check) » 5 £ F F #tiz t B4E45 7 -
(4) # - B~ =¥k 3 Layout pF » * s Footprint F & B w1 g 0 R aind EAp

¥ & & Layout * edic %8 (Power-PCB) &_f & <1 Footprint -

G) = %Ei%%%ﬁﬁﬁ’ﬁﬁﬁﬂﬁM$%{&ﬁiﬁo
(6) TH et BREL ool > FLBARNTFAHREFLEFETRH23E

17 ¢ 3 R AR

& * Power PCB k W (¥ T Badr ci® o 2 A8 > L #9773 eh= i23E = Library » 22
= Library 3 & e R e gE X o] 2 PR IR T A b R AR R T A R 2
oz (g%~ d ORCAD # ) 7 Net-List 4% - Fagt — B 7 2 A F yR 80 Fa & 3Fche
P it~ BN T 2 A nE BT SRR LS F R gL
(1) &R BeAr Rl b o iR = K R Ao B 3-8 4T
(1-1) 4 & h % Bdr -
- K2 Fw kSR EHk  fonELase r k o
Z R 5 (Ground) R o N AT B aAELE R At K o
B2 45 Lim(Powen)§ o S LR RATURE Y a0t T ¢
3 AR B(b4e 1 14V 33V 5V E) o ek R T L MR
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£ BR

R

B 3-8 TEAN K F
(2) TMS320DM642 1 CPU #7 & 42 600MHZ > 4p % sf-ig » sp ¥R A 4 3k ehdh iy

g{a—k,@ﬂb%%&ﬂg?%; AE e H A FE T RERSOY -

|

1 o]
)L;_
o

gl
o
|
(s}

-
K
Rd
W
G
,\ﬁt
gl
F}.
| -

CRIE e T W AR

(3)SDRAM #7i¢ * ciuf & % 133MHz » i + 2. * 4 %f 16bit Data £ & SDRAM i
£ % <+ 642 Memory Bus % 64bit> #7024 & Layout + & Ji% 64bit ehsn s & F A3 5
i o A AR e OEHET] 642, Chip o LS AR B AR iR PR AT L
R eh1 B RF IR o

(4)tts 3 Video 2 Audio #+EgEER B N0 A AMAPRiE 0 3 iR
LS S enis 5L > 11k B F (Crosstalk) e 4 o

(5) A s enph i o gL b enF AL w i (Data Bus) % pF%(Clock) & £ = = » f
BEHLZ IS = o TR R 2 PR NI BUAR A A M NFEARAR | AR o R0 S R

BT o

35 €& ~idiFi

3.5.1 TMS320DM642 DSP

TMS320DM642 g2 % 5 & & 3 CPU~ p 384858 ekl ~ f 38 F 43 a4 - DMA
FAIE o~ eI B b KR E R cCPU e fp A LR B4 4 K
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TR 8/16/32/64 A ST RPN > ¥ G BHEELBIEYE A2 5 B2 EE
PG R EFhHALAF L RENEL RS - BREREPT URFERGF AR

g% 0 EF EiRE R 2 600MHz » B 3-9 & 642 P 3RhZE 4R e

TEMIFA is B4 bits on CB412 D3P
Timer 07172 p— .
* Available an CB410 and C6413 DSPs only.
o EMIFA {32 Bits1) § Availabla on C6412 DSP only.
** 06412 DSP has only one IC.
| . W 9|7 cache 15 178 KBytes on CB410 DSP
— L1P Cache Direct Mapped. 16 KBytes Total
e McASPO" e 5
[m=m=mm=mm=e- T - TMS320064¢™ DSP Core
1 . ! H 3
I Lt I g § Instruction Fetch Control Registers
1= e 4;' % = E Instruction Dispatch yy— _
: : T g - Instruction Decode | [n-Circuit Emulation §
I 2 @ g
: - W% ‘_:, % % Data Path A Data Path B ?—3
e ___ 1z Py Register File A Register File B 5
= =] =5
. - EEIAEE R
G oF =, = E‘
HP1 16 and EMAC/MDID - *
i L1D Cache 2- 'l‘.'av Set Associative, 16 KBytes Total
— |2cmll = T
e GPIO[1S0] g
"

 3-9 TMS320DM642 j 31 % 4

3.5.2 MEMORY

TMS320DM642 & 56 ¥ i * ez [l A = p 8% ¢h 3@ % 5 oh 30 g
NOR-Flash 2 SDRAM > p $% 7% Internal Cache - % & %i¢ & * 7 SDRAM A5 5
48LCHM16A2 p % 5 1Meg x16 x 4Banks > % ;= SDRAM % 16bit e Data & & » 4
# Bank- #] 3 TMS320DM642 7 EMIF % 64bit> #rruiz i % tiig * 4 i3 SDRAM
Bif- 42 > ¥ SDRAM e iw4f & 5 133MHz - 7] 2 &_* 4 3§ SDRAM #1e = - B
SDRAM Data Base » #7174 & 7§ g% 3+ + i¢ * Clock Buffer % % 7 & SDRAM ¢ Clock
i e PEJEES 4 3F @ 48 4 i 4p = (Cock Phase) )~ # e 4 o o712 @ * Clock

Buffer & = = > A]5L CY2305  4- B 3-10 #7577
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DATA BUS[15:0]
- > SDRAM
<@—DATA BUS[31:16]

SDRAM

TMS320DM642 <« DATABUS[47:37] >

SDRAM
DATA BUS[63:48]
- > spram
SDRAM CLK >

Clock
buffer

A

B 3-10 Clock buffer 2 SDRAM

1% NOR-Flash i & & 3= 258 g Bt * |55 S29AL032D901F100-
32Mbit (4M x 8bit). A3+ > e F25% b5 ¥ ok 2z~ Boot-loader sf2. ;% 2~ B
sbo gk St Reset 2 14y ¢ B3t NOR-Flash otz 543 -

. TMS320DM642 p 3% 5. 256Kbyte"swSRAM - i # 5 Cache - ** & {]* SRAM
fedeid BEREIE B chid B H B2 AE R R0 eng > A B fURRE B LR D PR B 3-11
B VPR DR

Boot loader 3% (> £_F ¥ % Stand alone sk /e #icié * % > Cache &%k &
SfE ¢ R PR ATR Y o FIT E’v’ﬂ?\:iﬁn’jfu{i ®Av i i e [RAE L
F1# 3R 58 A E 475 %8 5 B~(Enhance Direct Memory Access, EDMA) e it #-3
FF AN TIP3 SRAM K AJE o A GG 5B R L EFRE G FRT BEH
TRAPRE KT BRI 22 B2 FIRDD MR B L g X AP
3 e SRR AT R B BN R AP 8- E @ EDMA REF
ALEPPER o iTtRenPFITE F & & AW » DSP pFiz » 1% EDMA #.# - =X 3|
SRAM » 2 22 {5 > £ * EDMA #)"»E'J;%ﬁa%%ﬁﬁ]:"' SRl BRI Rl AL N it A A £
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0x0000 0000

| Bootloader 1IKbyte | 0x0000 0200
Cache 63Kbyte
,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,, 0x0010 0000
SRAM 38.4Khbyte
,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,, 0x00199999
SRAM 38.4Kbyte
,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,, 0x00233332
SRAM 38.4Kbyte
77777777777777777777777777777777777777777777777 0x002C CCCB
SRAM 38.4Kbyte
0x0036 6664

SRAM 38.4Kbyte

M 3-11 TMS320DM642, 1 2% SRAM L] ]

3.5.3 CPLD

i TMS320DM642 s ke ¥ ¥ » eniz 3 CPLD » 2 & %] 2 TMS320DM642 + £
WHREAGCPIO Hrin A B 4e b ks F3F 5 BB AE > v ET UH 4k s GPIO
4| #c® > % £24) NOR-Flash thi= % A20> A21 i&7 BLR B chi= % & o 1 & | 7]
#_TMS320DM642 fn » 4% techi- B &y 5 20 g » i&{AO~A19’ Btk 4.8 % 1MByte

F £y 1% CPLD 542415 B§ 8 7 11 % Hw G g £ L 4MByter

3.5.4 TV Decoder and Encoder

TMS320DM642 i su¥ #7i¢ * 7 TV Decoder, 3|5 % SAAT114H 7 5 &%

NTSC /PAL Composite 3t %j{ﬁi%l » 2 2 £ % Digital CCIR 601/656 #5 21 erifi g o 5 ¢b p

P-=-1P4

$8:% 3 Video ¢~ Scale Engine. ¥ u@?]ﬂ:?» fe = o] B gt 38 o F241 TV Decoder #n

fi & 5 #H T B R a(Inter-Integrated Circuit , 1°C) -
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TMS320DM642 i si¥ #ri¢ * v TV Encoder, 3] 5. % SAA7121H 7 3 %%

3

PAL/NTSC Composite 4§ & 3t %{%J dv, 2 2 2% Digital CCIR 601/656 ﬁiﬂ = RO T

#] TV Encoder #2414 & 5 1°C o 4o@ 3-12 #75% :

v CCIR656 TMS320DM642 CCIR656 TV T'J.'I'l
—> T — —
Tlﬁllll Decoder Encoder
4
i y
12C 1°C

@B 3-12 Video ﬁiaa] » 3 ﬁia?] sk

3.5.5 Tk 4

& TMS320DM642 = - % 4% > 1 & \”F%K%?J% B % DC 12V p3rg R &
% 3.3V 2 14V R 3|MEe g ABRiEde o F* 5 PWM(Pulse Width Modulation) IC %

A+ 4ER = LDO (Low Drop Out Linear) k@4 “17% chT & » 4ol 3-13 #777:

DSP/SDRAM/
33V FLASH
DC-adapter | DC 12V 3.3V 1.4V DSP Core
> PWMIC » I
TV Decoder
5V
> LDO 33V channel 1 .
TV Decoder
5V - 3.3V channel 2
# LDO >
5V - 3.3V TV Encoder
» LDO >
» PWMIC
5V 3.3V AUDIO Codec
> LDO »
5V 33V DSPPLL
—p> DO >

B 3-13 Haed RARd i
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L 5 %%K:ja}iz‘ﬁ,;%ﬁig?]% G & ﬁﬁjﬂzﬁ%a o i@ % Visual C++ 2N F 7 KB B 74
Bopleiw i o AL F R ApR G BB E A Dk 2 ¥ L
B UdLen™ Fdet 51 R B BB E WRIT R Bd g g2l - h
AR 2 61 &L PR FIETEE L A PEE IR e B fS AT T A e ©

FF R AT AIGE A FRER e T - lﬁﬁ%ﬁ*aﬁ AR N F IR (T A RN
P40 BRI 4LE & o ¢ ¢hiE B~ F)(Region of Interesting, RO =% » &8 - s % &
L2 e 5 BEALEG Y RAMEFZ BB > AN RZE G B EDIFRZ
B P EHAF TR AR A ERFE L2 28 AL B E B RFRE RS a
2T DSP T 5 > & )R DSP bifne iy - Fli v - B UehE E o
WL*W=ﬁ{§§{¢?&%’%utﬁ&%ﬂﬁﬁﬁﬁﬁ’ﬁﬁaﬂﬁ%?’%
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TR
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S
ol
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=
P
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RAEstdem pH R B o F1% A AP obam = 2 > 4o 58 1L S Rk

BRI WEEE A PENCFIRAE B SEE KR T A GE NG R dol 410
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PO AN BB RGO > TR E T W o A2 AT
fodeen 35 - Borsg e M A RHlL R OPA L B RRER e
B 4-3> ftile x 2y B g nifcE b AP R ENRE S g FEF R
oo feach Benphiz  Aih2 BB 0 hifd 4of) 4-4 907 > 3 5~ Rt oo

IR ERT-ER - RE G RS  REPEH BN 41 BT

§ Dy, 3 IR N AR B e 2 42 M, b Lehlch A

e B iE 3 Bbenifd A BT I F BB G oM, 5 00 B BiGE B

-1
D,y =[Py =Py (4-1)
Lif|D, ,|>;
vy = ’ (4-2)
0, otherwise.
P,y =maxh, (1) (4-3)

b A Rep e o gaR S R - BRADEYT I REAR b

- fhfﬁﬁ&F\ ’ LJ]‘EPF’ (hady- rﬂlz\% aﬁm@—q- 55%‘3, ‘i;_l.]g,\_% I/E"_L/;'; , %‘j—!i ,%.fx

A\
P
7&»
e

Ey FF R 250437 LA 256 i JeAE - I A & 4 45 1iE 256
FEz_ @ o 35 i 7R— pr F’K@L)J.:",ﬂéﬁxiﬁﬂiﬁ_’éﬂ;@»\%P m%g;gﬁ;q‘,\;_ P o fzt

B Ak g AP ARG 200 R E ik o
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1
I

- '_;:5:. ‘E

(8) B 4 8 ) (b)= 5 % & 40 £ B

B 4-4 # $ 4 8 & )
4.1.2 ## $ 2 3B~

B bR AT > AT R ROFRT > AR ARG DB D RT 0 Bk

PRI E S e o

1,if |l -B Thas
0, otherwise.

b R@4)Y 1 () R F E ER (X Y) EE R X R KT b
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ysEEi 2w gk o B3 F R NI RG-S 0 R
2 (6P B E B4R 45 T 0 T U
WRET, iRie s 10 FRIFRRE S

& 30 = i {5 g

Bl 4-5 % F 40 5 B

B 4-6 # F = BEiHE

4.1.3 ;?a;m;‘;,ﬁ*,% Noise Filter

B eniBALY RIS S 4 F AL BRI b § BB R PR

I A AE o ATl BB s R B T ENPE > BRR T B A X

Qﬂ
S
%‘;
[\33
2|

[N
A
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# 7= Noise Filter Matrix > § #p 5| P, =% crpFig > B 258 4-5 k2|47 P, eniE 5 e o
P Oz 52 00§ Py Lepviz o B~ Pyenifh 9 9(T, )Rt on
zﬁépl’ﬁﬁﬂ,ﬁl’ﬂ 200 BdT 22 % 4c@ 4-8 TR IS E 0 X Ieh

Fergnd % 7o

Pi P2 |Ps |Ps4 | Ps

Ps | P7 | Ps | P9 | Pio

P11 | P12 | P13 | Pia | Pis

Pi6 | P17 | P1s | P19 | P20

P21 | P22 | P23 | Posa | Pos

B 4-7 5x5 Noise Filter Matrix

. 1,if«§:f1Pz)>Thd); (4-5)

0, otherwise.

Bl 4-8 SiEfeiin f/f@,_\ fs

4.1.4 #4535 1~ Edge Enhance

et e e e S AR A g - R L E
B> 5 4Bt s E B e4B 495 2 8P LR ARz 28055
W T A A D KR o U de 2 3N 4-6 14 T o 3 2x2 % H ¢ Block Base -
KR GROI ez PB4 F 232+ F AT & 22 ﬁﬂBIock;T‘&gL;‘B;‘— % o fBdr
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&R A 2x2 shBlock ¢ R &G - Bk S L anE o #N O g fgsfg»\ﬂﬁ}_gmg 1>
bk R 2x2 PR 2305 00 B O fhe iR fz'\%i]&iffif% 0 FrdZ = 2 {5 chfl4r
B 4-10 #7571 o

Rt B e ol B R TG T ART K& ik
v &g&fﬁ;ﬁljﬁﬁfsf}}’ﬁ?éj-}ﬁ-*{ﬁ Boih? ek gL T Ao o g R BET, ATl B ka0
BEBGRREL -

Pl P2 Ol O2
P;|Ps OOy

B 4-9 §5 5 1 &7 2 ok

1,if (i PZJ >=1,
z=1

0, otherwise;

(R

(4-6)

}

B 4-10 84 5 1 A

4.1.5 "% Dilation

bR E BB & % chF % (Dilation) & &4 (Erosion) s &7 j# > plic iR ok

b AL G BF 2§ (Mathematical Morphology) @ &4d 0= 2 E R0 iy 5 ) &k h

Ea

B AT L S P50 kg R & LR AR 5 R A K
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B R LR RIS e S R LR RS S e
AATEER A BEE o ST A AT cho 2 B AR ALY 5 B B 0 B L BE )
fi ¢ #r& 4 1) Closing sfc % o

ok B 5ES Fitis o RIS B TR G wip s w0 R e
@%%wﬁﬁ FRGEPREEE AL B G50 B 4-11 B 4 7 £ Kk GOBE dhaErd
v 2R AT K EE R R R AP E 0 bs BB BT S L amER
£y R 8 BE(P~P)EEF ¥ 5 Lyr3 HE7 3 5 1> P5rj~+‘uf% 15 2 (P~R)
0O > PG 0 iR AJT A I S ol 4-12

Ps=PUP,UP,UP,UPUP, UpUp, U ORGERT (4-7)

P:|P> | Ps
P4 Ps| Ps
P7|:Ps|Po

Bl 4411 ix4-27 "% Matrix

Bl 4-12 5B 0R it %

4.1.6 &4 Erosion

FlERIR] ¥ BB 2 > T A kTR F R o ARa gy ¢
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PA 2 N kaTenihd © - F LHEFR
B BB LTS L PESRFE AT RN 8 BE(PR~R)LE Ty EF
#5118 P45 1 F2PR 50 5iEEeN 4-8AJL S PP %% 4B 4130

Ps=PNP, N PPN PP, AP Py N ANDIERT (4-8)
W 4-13 153 @i %
4.1.7 % gL p| Corner.Detection
R G IE T Bl A @Ry B- BEL gl 2P f 4

i jp|(Corner Detection) { % 7 * o 2= 1% & B8R4k v i 5 (7 A PEE IR 4 e

RIS = 2 SR e R C LA v 1D S L ) - L N S

FEE=

N fE A BE AR o SR H (A B e 5N R 2 A BRefEAT 0 1 B A S 84 Bhdo

TG St

Corner Typel = 1~ %8

o2 p Y

bk B AP TR RGN RAB 414 - BERGOFR
iﬁb;j.u,_;\ Typel- v

PRI KA AP FL Y bl o TR A ME L &
» e @] 4-15 from ieH - B SEE S B2 {8 ek ETFT"?”'?TE‘“P’»

A & e Cornerl L — R ehiEAs o

b 3

g

SR 4 ﬁv'r%ﬂii]-*‘urﬂ
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[a—
[a—
[—
-
[—
[a—

B 4-14 & 8 TYPE 1 crfdisg

Corner Type1

Fl24-15 & 8. TYPE 1 chi %

Comner Type2 & # %+ £ ek i » SPUaH g B if ) AR 4-16 0 — fRfiimes
‘spﬁh;].»af; Type2 » v*TE RN RPEFAFF -+ &} -5 7 AP Me+ 1 &
g 2o el 417 46 e - T A L e S g Bl Lk iRk
BT 0 2% ch Corner Type2 5 — HenfEa) o
1/1]0 00
1111
111 11

[
[
oo

B 4-16 & 2L TYPE 2 (s
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Corner Type 2

B 4-17 £ 2. TYPE 2 ez %
Corner Type 3 5 4 # = Tend if » AP T K ¢ Bk IR 44cB 4-18 > — T
;mﬁv‘&pﬁhi].%ié Type3 » TR RN ks FEHFLT AP E > F PV LA

T A S o el 41997 B E - BEES B2 BA BT g IR T &t

ﬂ;i].};rﬁ A g g 9 Corner Type 3 &= i), o

O0/1]1
0 11
0/0|0

B 4-18 & 2L TYPE 3 cfdsf

Corner Type 3

B 4-19 % 2. TYPE3 e~ ¥
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Corner Type 4 2 4+ T end f » AP 2 % § B b 4cE 4-200 - H5F

;mﬁv‘&pﬁh;].%;; Typed » *tERN ks FEHDFLTAPEE > F TV L HEAS

{7

T A S o el 421 T e R - BEES B2 BA BT g IR T &t

v

ﬂ;;].};&i! A g% eh Corner Type 4 % — & enfia) o

11110
11110
O0/0|0

B 4-20 & 2L TYPE 4 (o sp

Corner Type 4

B 4-21 % 2 TYPE4 eniz ¥

4.1.8 -k :#% Horizontal Edge

=

P At A R (TR SR el B 4 < 2R ik 2 b

RO RBRNPHEE B GMRIE AR RIEL R T A AL RIFERT RIS

x

B A R Pleni kT arSobel 25N 0 BBl 3x3 g K Ao 4-22d 23 4
d 1@ T e 382 Sobel ehim it Bend g 0 F - BhenifoR 83 F R 23 iR ik
k2 (S S A ATNRE B o doo 5t 4-9 U E - B-kT e Sobel « 3¢ 0 - Z7~Zg i
FWiphApde » L B3 2 LR ELEPBHE B S BB - BERABEF T4

- B
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Ao 3 PHEEaE 00 <3l 2550 ;]_Z,_;J__’g_r 1 j\E’J,’JI/‘Z\-% @_625 o ?ﬁ?%%mng‘%\
Xzl i

hy =|(z, +2x2,+2,)—(2,+2x2,+ 2,
L[5 > w9
* 1o, otherwise.

bR 4-22 Zif e Matrix ¢ Zi 7 23X B G RIP hF i A E § 5K
T_- B i g Rt @ 4-#(Threshold Value Parameter) - » R =53 Matrix £_% 77 -k T > &
BG TR DY B L F O Matrix £ 2 e % rE B @Y cny Bice B 4-23

Zi\Z2217Z -11-21-11 1-11011
Z4\Z5\Zs o 1040 101 [-2
77128170 L1271 -11011

-
[\

] 4-22 Sobel Matrix

B 4-23 kTR 5 RIL2 {5 ]
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by = Max{ay,.by, | (4-14)
tyn = MiN{a,,by} (4-15)
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rate = max{0,c} (4-20)
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TR TRMOEE F 4 hEvent §122 Task U FRES o &
TMS320DM642 @ > 3% 5 16 F# Priority <9+ 1438 2 o & Tl 3% &9 CCStdio h.%
R o T O SRR TS B AR
B 4-35- ¥ 13k % Task & Priority » > §_ 2\ i@ i}“%‘ Tsk_main() s > 2% 2T 3]
Priority 15 g & > 3B & St Peenad® Tsk_main() o ¥ ¢F 2w 973k J e [l e B b
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# /Blackhawk USB510 - C640c Emulator/TMS320C6400_0 - C64x0c - Code Composer Studio - Not Connected - [loopback_video.cdb]

‘i Fils Edit Object View Project Debug GEL Option Ppofile Iools DSP/BIOS Window Help .8 x
2=H B | S| A T B | SN | OE E | | e Y
[loopback_video pit | [aebug_NTSC ]| £ B8 i X X2 &L
Hle 0BBEHERHEA
™ ? Files Estimated Data Size: 6897 Est Min. Stack Size [Malls]: 1088 TSK - Task Manager objects by priority
w + () GEL files * g System = (1 Priority 15 (Highest)
U= A Pojects + (g Instromentetion & TSK_main
(¥ - 2% loopback_video.pjt (debug NTSC) = (g% Schefuling () Priority 14
™ [ Dependent Projects + {B CLK - Clock Manager (3 Priority 13
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o [] YDFunstionProtype h + " HWI - Hardware Interrupt Service Routine Manager (1 Prinrity 11
1 ] YDStructuze h & SWI - Software Interrupt T (] Priomity 10
"} = £ DSPBIOS Confiz = TSK - Tack Manager & (] Priority 9
2. Inapback_video.cdb & TSK_idle () Priosity B
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V.3 3@ Include + (% IDL - [dle Function Manager 3 Priority 6
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= & -3 Some + (@] InputiOutput (] Priority &
2 [#] BackgroundConverge ¢ %l CSL - Chip Support Librery 21 Priority 3
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|#] Dirsw e (1 Priority 1
—_ E] EdgeDetection.c = (0 Priority 0 (Reserved for the idle task)
[ frontProcesse B 9 TSK_udle
i) m irmage.c (] Priority -1 (Suspended tasks)
5 [#] LoansDetection.c
: l:] Ioopback_video e
E] MemoryMap.c
[#] Morphological.c
|ﬂ Qdmac
[#] tackingobic
[ File View [#Bookmarks |
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Fent 2 A EFT oy £ %R A Coding Style i%E 0 v F R F R

LETVOMN RER SR BN RN A DSP R F 0 ke % € F B a7
R ANBRIABE S L AKYERNER S o

FARAUE 4836 k| o mRAES L o K g PIRFHHN ok R
f— B2 mE= S et B B R RN Y ;‘é,T.%EG:?* Shifter == ;8 k@ * - 14k
Fol4rid CPU B8 chpsflf o T — B |3 4@ 437 4 ¥ % ok - BioHim
PIMGEDE FREIDEENRBELL > L LEFENIEIL o - B ARR
—WERT R T - R TPE N EFFREBFR G A eI - g hijd
% o FEPE - S T ﬁvgmﬁu = 4u 1?&? S CPURE a8l o
Boisfedl- B AUy Lotz o R 438 kg F- BiHRFCFRSTHAT
BBUGEE A EENALIE N heniE s G2 DR T4 BT L T B
Bz kH g e g 2 L 2 BER e v AP e F R AFE LR
TfRaAz o Ttk g ﬁi&%?}*’ R e i o = 2 & CPU 7 iz o g?}ﬁfg
B B i e 2 A AN PR EL D S 1 i 1 B2 > ek V0 CPU
B s 2 N RIS PP 0 ) AURIE L (Ao i1 2T o
RARBE & IE 8 %

A=C+B/2; A=C+B>1);
A=C+B*2 : A=C+B<<1);

R 4-36 Coding # &](1)

BRAT X BIEE %
For(j=ROIYO0 ; j<ROIY1 ;j++) For(j7=ROIYO0 ; j<ROIY1 ;j++)
{ { ey % . .
For(i= ROIX0 ; j<ROIXI ; j++) jSize = j * ImageHsize;
{ For(i= ROIX0 ; j< ROIXI ; j++)
A = *(pin+ j * ImageHsize + i) ; { - ‘
if( A==0x255) A = *(pint jSize + i);
{ . if( A==0x255)
{
J
} J
S
} }
}
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B 4-37 Coding 4 ©(2)

foA Bk
if((A==0 ) && (B==0) && (C==255)&&(D==255))
{w=100;}
if(( A==255) && (B==0) && (C==255)&&(D==0 ))
{w=101;}
if((A==0 ) && (B==0) && (C==255)&&(D==0))
{w=102;}
PR
if( (B==0) && (C==255))
{
if((A==0) )
{
if (D==0)
{ w=102; }
else
{ w=100; }
}
else
{
if ( D==0)
{ w=101; }
}
}
®]"4-88 Coding # &1(3)
b izt Coding g9 % o péki Bl gt o AR gk

2Bk Rk & g 55 352x288 M E 0 R A PR & @t 101376 =
dgkiE o B P B I PBE N R A 288 StengkiE o ARBAIE R W 2 b 101024 =
i dr N 4-24 5 Bk 133MHz Rkt E > H - BRE TR 2 Bird kA g
Foud 204258 e gy aiE B R G 1.52mSec & 4 o A258 P b faskiE aid

BT b BB AT i B 0 d g 18 5 Coding Style H_it 93k DSP #4 (7o F % B 1%

& %%
oA B iE K #1318 B2 et i = (352*288 ) — 288 = 101024 (4-24)

a g 2 (s eiE B PFE = (SRAM pig & #p) *2%(3 4o 3k 72 =X k)

= (1/600MHz) * 101024 * 2 = 0.032 mSec (4-25)
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