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Student : Tsung-Hsin Yeh Advisor : Dr. Jen-Hui Chuang

Degree Program of Computer Science

National Chiao Tung University

ABSTRACT

The main purpose of this thesis isito-builda mobile robot system for the nighttime
surveillance, which can also be used.in-the daytime. The system uses an IR camera
and wireless device to make the mobile robot move unrestrictedly and can navigate at
night at scheduled time. Through the wireless device, the remote control makes the
system more convenient to use. Different from traditional surveillance system, users
only need to set up the route for the mobile robot once by leading the robot toward the
monitored object. For an object selected to be monitored, the system will record its
contour and gray histogram as object features for object matching during the security
patrolling. In this thesis, we estimate the contour of the object by Snake Algorithm
( Active Contour Model ), and with the gray histogram,do the judgment by using
Hausdorff Distance and Histogram Intersection. The results of the experiment show

the system is feasible can work satisfactorily.
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B 2.3 AXIS 213 PTZ Network Camera *} & -

% 1 AXIS 213 PTZ Network Camera *.3% %

Item Specification

Models + AXIS 213 PTZ 50Hz (PAL) Supports both desktop and
« AXIS 213 PTZ BOHz (NTSC) ceiling mounting

Video compression Mation-JPEG. Snapshot JPEG images available. User-controlled compression
level. MPEG-4. User controlled profile.

Resolutions 4CIF, 2CIFExp, 2CIF, CIF, OCIF max 704x480 (NTSC) 768x576 (PAL) min
160x120 (NTSC) 176x144 (PAL)

Frame rate + Motion JPEG: Up to 30/25 fps at 4CIF
+ MPEG-4: Up to 30/25 fps at 2CIF

Video streaming + Simultaneous Motion JPEG and MPEG-4

+ Controllable frame rate and bandwidth
+ Constant and variable bit rate (MPEG-4)

Image settings + Compression levels: 11 (Motion JPEG) /23 (MPEG-4)
* Rotation: 90°, 180°, 270"

+ Aspect ratio correction

+ Backlight compensation, exposure, white balance

+ Color and black/white mode

+ Overlay capabilities: time, date, text or image

+ De-interlace filter

Image sensor 1/4" Interlaced CCD

Lens + 3.5- 91 mm, F1.6 - F4.0, motorized zoom lens, horizontal viewing angle:
42 - 1.7°, auto focus, 26x optical and 12x digital zoom

Minimum illumination + Color mode: 1 lux, F1.6
+ IR mode: compete darkness using built-in IR lighting up to 3 m (9.8 ft)

6



(b) if i * S i

2.4 7 86 R ot 33 o R e o
Z ~amsmeR i 5 (Access Point)
fm AR AR L3 g AAE* Planex BLW-54PM {4 # fs}‘:{@ﬁi%lév’?ﬁ‘,‘ B

BRAETAW naR> Nt Aa Be s SFHRPEE R p 4D

Bt ¥ 2 4l 48 B o
VA ?“/)ﬁ%%_
ARIBRERE S G 0 APE* Werker WKA12-7.5F 12V » Hopenh BRiE

AmT 2 B p AR X 2l B L REF TR 1] AT 0 A &S B

FHTEFYRERZE X 2B E ) R R E N IREAR .

WEEYRFERIAERA 25 T 0 FAFA IR A FIT SR H
AEARY i THESRIST R 0 A RS TREY  JRE TP

B i g pBERT R ER R BRI R FAE LB

g

7



e 2 = Bl#se &t TALE o & % H /i TE P-4 [f112 0 12 Sanke Algorithm P~ ¥ 4
SR A R T e B ALY I f A B BEINE S TR B
IR A BT B R E B2 RREE S T P ST S

B 1l § 8V 29938 FnRETNE P EHETA BT ESL 28

Baas B E Y R

»
L

A 4

Firp A2 2w
(e IE T )

Vo,
i\
ot
&
<+
b\ W -
T
|rml
=
=
il
=
—

A 4

3 7 Snakes Algorithm
e BB T 30)

=
)
[}
i
[mf
4%
n
By
&
=



T AREBIRR
F PBIFERALR AR 2.6 AT 0 FAGEAE Y BAST A Al AP
BEINERP D EFIPFHERSIHGFHROFIT BT g BEPRT Y

PR FERFRLIGH S QENF o NAT L ANERBND D E P

AFFE S BT O RERFRED BT BT o Ak S R

MARR > Bd ASLHETH % 2 F o H A Nt R R P o F 22 D

WM P Bis > KRG BB 4D PlA T X EFT - CBBER I



B4 2 BB

A 4

3047 Snake Algorithm
(P18 B v 5 BR LT 30 )

Bl 2.6 % 2 GBI B AZR] -

10



AR AP A TR AR AP IRERETAS AATHEE R
TP g o 6% % 2 BRFER S 3] A 'Z;Vﬁiﬂ
GESRETAIHE AL c AFRARIoR L E S SRETALTRE
WHMERS 2 - REFTA - P EFETA -CREFTRLILZERET IH
Fo0 n A Z BB TR ek MM 3] S d N AR FRARS
FRESEREHEL AL T R R Rl R AUL > H AT S st
328 M - FS A A AL L AHBERF ORI pREAL K
B G FlAhe e t- pBBET P TR ES AP F 5
BAFRES FAME S BTN HBREET N 0 A HEET B 905 oh

Snake Algorithm ( Active Contour Model ) > #-3t 3.4 & ¢ Zp? o

T o A BEBIFABRE S-SR REeh o BR A4

\_.

i (457) ~ 2 (45°) B % - BFE R ety
FREL D AR BT (X, Y, On) > MR 31 HTR ERP R 560 kA A
BREETE Xy R o yp kT 2t RS S e BR P WX
FAEEE R bR & (320,0,180°) 04 & % & (300, -280,
90°) - AP FiIyHI A AL A A Bkp AL =E A (240,0,07) o T oF

AR AERE RS AETT R B EAPE P SRAT

<

Ao PR AR 33 &Y P BT RAPREFLEE s o A
> HE D] (250,-10,-457) R FRL @2 iy 40§ B E T (250,190,

11



90T )T FE RIS ET RS DHRREA P S ST 4
PRARF BB LE DR B L PR R E A gRE (A
(3 51:‘%!:. ) ’ ,:l‘\ “fu?‘ﬁ"}i" ﬁ.)/é.,f‘_?f) qr\‘zcésr‘" 1+ 8 B ?;:Qﬂk, L%;&%P\ 2

drd 2 0 o

(320,0,180°) s .
(300,-280,90")

2L 0
e

4.5.6

v
N

1.2.3

Xm

0 ym4_T

B 3.1 Tl s tiiedii o

LY I X

@A | BEREe it (Xm> Vi s Om)

0 T g (0+A,0,0°)

1 % (240,0,07)

2 + (240,0,-45")

3 T i (240+A,0+A,-45")
4 %t (250,-10,-45")

5 + (250,-10,-90")

6 T ig (250,-10+A,-90°)
7 %k (250,-190,-90°)

12



3.2 Bt Agm

Fli R F RS S o h AR L e B e AR Tt A
P * ¢ Ejgiki2 (Median Filter) ®aJd® » BERR finim & ¢ K F R >
Fric PR AR Y SRR enp o iR (PRI PE S e @ @ (Median
Filter) 4% Y p *Hd F i > d | FI A 5] B AP AP B ehE s
Bl I T R R Y Az g do R 32(a)? LB d ] Bk
1212~13~14-16~16~16~18~96> B¢ FE 5 16> Flpt b e FiE 16

PoiiiE 96 B 3.2(b)ih AR L R BI32(c)i P Bk ik

12 | 16 | 18

14 |9 | 12 T

16 | 13 [ To—
\

16

OESTUET () * wihit &8 i

Bl 32 %o AT o

13



E P~ /%@’Té%’%"ﬁ g,‘-_.,\_;#j"]%]
DFEETE om % 2ICBIFER S FRE P RDFEE S OERER A L

B IP~H B (projection) Rz R 0 3% N2 WP B TR0 2 a Pid

\

TERFAHET I FERFRARITRFES 0~ 7R Snake
Algorithm ( Active Contour Model ) 0% @ ririg & o p 628 P~ o ] > 34 E LR
AW GRS - B A B FRROTIOEEL - B P EE
(threshold) > B33 %7 p FZ2 - Bt 2% » BRp AP FHALE  APT
BorB @iy 303 EERP i PR 3 aF bR HDLERG -
bAe P ek B R AR - A EEE L R PR ARG &

REY -3 G ho B LR PP A BERPEREY e

(a) PREPHE - B % (b) REBEGE - B &%

B33 ih- EivB%E o

14



LA BRI - 2 N8 TN B R
N Eras 2R > Ay A 2588 & hix4 (Erosion ) iﬁ"“ﬁ%%%f@&’ 2 ¢ R ELE A
* Jh5&(Dilation) Em kB o & wiF > EF| - fid - B R e B 3.4 8T
%4 (Erosion) % %% (Dilation) 2. i& 5 iE4% > 1 274 5 > 0 & 77 ks > 12
Aol R 3x32 A S b0 &4 (Erosion) duEE c AF 1 ¥ESKRLG
m- 5 O > PI3ZH 4K 5 0° 3k (Dilation) uEE » £4 0% F 8

Shmmo L Rl R S Lo M3SA AT AR R JFEL B

A2 o
I LfLf1|0]O IL{1j0l0|lO0O|O IL{1}p1]0[0|O
1| Lf1]O0]|]O0]1l If1L|]O0|]0]O0fO L1 1]0]O0fO
I LfL|[O0|O0O]O I{oJO0]O0]OfO L1 1]0]O0fO
I L[{ofo0o]O]O 1{o0[fo0lO0]O0]O I L[{0olO0]O0]O
1| L[{0]O0]|]O0]1 110[0lO0]JO]O Iy L[{olO0]O]O
I LfLf1]0]|O 11010l 0f[O0fO 11 1]0[0f[O0fO
=4 ( Erosion) # 5 ( Dilation )

B 3.4 £ {534 {7 &4 (Erosion ) % #% (Dilation) 2 i& & iFFz -

(a) = B Fik (b) Ri7HE2 FHEEH

B35 7 2ma 2 L8 -

JTRER A A TSN ER (ST) d TaAatEHIATHER (SD); Vs

15



VN ZER (SL) »d +@ 27

a4

T L RS S LR 2
BAHLER (SR) - 3.6 565 KT2 L3 BB RATHWER BF2 P 6] -

Count
0 50 100 150 200 250 300

1
19
37

ST - — e e P,
73
91
109
T
145
163
181
199

SD — 17 H|= &= Cgd
235

I(a) = & Fife | (b) KTy
| [

103 120 137 154 171 188 205 222 23256 273 290 307

I x I
(c) L3 4%

1 18 35 52 €9

B3.6 2 @t MARRERE T2 IR R -

d B 3.6(b)(c) HBT R R HOH b A L TR F ARG
ATEPPL Ao APLBRn GRPFEFE (KTRP0~2390 23 K
F:0~319) " P(n) RERPEE (KTALE ) dAHFS 0 Rl
B e di 1 ikE e di —1D,=P(n)-P(n-d) SEApEELBLE -
Pl A2 R AT A5

P(n)>P(n-d)+1rl (3-1)

D+ Dyia+ Dyv2a+ Du+sa+ Dpvaa + Dyssa+ Dyvsa > Tr2 (3-2)
HY 5 (3-1)Vg#2>0 AP R Adh> Trlk % 8- B 3.7(a) 50k
THEFFA A LTS AZER (SL) ok 1P 12> AH e di 1A
P(5) % 58:P(4) 8% 16> % & P(n)>P(n—d)+8 5> F P(5) %
=g R oo

TS g o (32 )R DA P EA AR 2% 25 80 UH 3.7(b)

16



E'RS

bl KTHRPFFR LA 2T HNLER (SR) n 125 1> 5 hE % d

ETTS

—1>@ P(9) @5 123 Dy=—1-Dg=1-D;=2~Ds=3~Ds=—1~D;=2~
D;=4> % & Dyt Dysa+ Dps2at Dyrzat Dyvgat+ Dyvaat Dpssqt+ Dyrga > 8 i 1 0 F]

B P(9) AR cBI38 S RI36(a) pRERFREE -

Horizontal Projection : 2 (12)

120
100
80
60
40
20

P(5)SL

(a)

Horizontal Projection: 2 ( 1)

W37 2R



3.4 F RHET R

A B A EE 2 B R EREE o AL P AT R 2 £ B
Bl 3 RFENRE P ERPREAE S B FREY - 4oR 3.9 (a)
(b)) 3= BAFPFPELBESRA GRS APTURENT FHEET
e LA

|

Histogram (125 1:76)

|

Histogram (M:117 /5:78)

= T

(b)
B39 sbrE B pHATFE > @ o

W EREEF Mkt [ 6] #7441 e Snake Algorithm ( Active Contour Model ) >
BB b B B T je gk H BhAREEST TRLE ¢ o 45 Snake Algorithm (Active Contour
Model ) s e ddele (5 A L4525 i (43 ) HFS- B FH
(BK 5 FA ) > 4o@3.10(a) #7r o * R HFRIERL AN B 0 21 17T
2 GPIRE LD FAFEGHFAAP

AR RA PR PR e

S8
B 3.10(b) 7 tEE R R LLIES X BATLT - BRHEE -

18



(a) (b)
B 3.10 Snake Algorithm ¥£ 4 -

Snake Algorithm =8 4 i.%%lr'PE ot o HIFEE R & A (3-3) w0 &

AR e g p

T\

K;;—E_Einti?+€K§E€_Eext gﬂé?_ﬁ'gﬁ:wur F'*ﬁ’\]".é'; %

Brgbam iz LA E PR Aon e BB R A p IR R Epy @ 70 fEa £ Eon
2 Ecurvo
Esnake - Z Emt(n) + Eext(n)
(3-3)

MZ I

ECont(n) + ﬁECurv(n) + 'yEzmage(n)

Econt ;;‘ ﬁ ‘E“ 'H At "— (3‘4) ’ K#'J%EK%&E"% p Econt 12N ,v_} %)grgﬂ‘!;, —f‘ ’ Econt 'E'
Al BB AT 0 B3 Hor TR AR 25 i ek g o

Eon(n)=+ (x(n)=x(n+1))+(y(n)—y(n+1))° (3-4)

(@) Ecom B+ (b) Econ B

B 311 Eo@ Rt £ 5 P Ap R 25 gz § o
Eopy 5 8 Biv £ (3-5) 3G EEEE g R > B B4 ~ SEER & R 4
0 Eop B4 BB Y AT BI32EF T ARES RIS
B Bngk i B o

Euv(n)=[x(n-1)=2x(n)+x(n+1)]*+[y(n=1)=2y(n)+y(n+1)]* (3-5)

19



(a) Eqp B (b) Eeypy B0}

B 312 Epypp ¥ BBic £ PR 2.7 B iGEREL- ¥ -
NG R Eew b Eimage(3-6) > 27 B H? RN E > P Dk gL A &
Fiflih o A HR B ¥ Sobel Y (3-7)° G.(3-8) Wil kTB4%A

G,(3-9) WRlLEEE I(x,y) %7 F AP E > 4oF 3.13 5 5 Sobel :F &

.é‘ET%'w

Eimage(n): —‘ VI (x,y)| (3-6)

G(x,y)=|VI(x,y)|=\/ze+Gy2 (3-7)
1 2 1

G(x,y)=[0 0 0 [*Ltxsy) (3-8)
-1 -2 -1
1 0 -1

Gi(x,y)=|2 0 =2 |*I(x,») (39)
1 0 -1

(a) rER ik (b) Sobel :& &

B] 3.13 Sobel F 5 15 Biih2 £ B o

20



A3 45 e Sanke Algorithm i # Snficde (3-10) »HEp e 3

cont *
Ecurv £ Eimage 7 i %fri‘a Espring e Eline ;JL’% ':g i EE'} °
N
Esnake = Z aEcont + ﬂEcurv + yEimage + ‘LlEspring + KEline (3—10)
n=1

Esprmg R G- E » P oEnie %ﬂ‘g.{;,{}_w?’»#]ﬁﬂ o B (x07y0) B Esprl B
= %@E}'%ﬁiﬂ "‘E\!:’ :E‘ ’ sprmg .—N} J %n‘sfﬂb%ﬁ‘ﬂ '“:?;\!:’.u}ﬁ m 3.14 &Fﬂ- é‘

s

&
A
it Jﬁifﬁvm@%wao

Espring(n):[X(n)—x0]2+[y(n)—y0]2 (3-11)

( a) Esprmg LE'—" ( b ) Esprmg -A'J‘

B13.14 Ep e @a &< linBz 5 o gk} o

Eline 2 A FEic £ 0 P en@ g AW F ARl B4 % > Gl FAS G 5 #
00 GEcE LR v E > A Y T Gk

Eine(n)=1(x(n),y(n))

-

(3-12)
* % < Snake Algorithm & * $#ci®E 5 1a=10 ~ =6~ y=12~u=10~

k=10 FBnB0F = Fl 5 3x3 < ] 4o§] 3.15 #77 » F (% % 4§l 3.16 #77% -

B3.16(a) 54 i7% BAELE =% > B 3.16(b) 5 H FEmLY thiLAH B >

w0 B 3.16(c) 5 B fTiedrandh BREE Y o

21



T

52 >4

© O

¥ 3.15 Snake Algorithm #; §n 2305 §° ) -

(a) Ffsgbdzdni= ¥ (b) #EREEA 5 BT () Hmssd i5 o &

B 3.16 Snake Algorithm § F% %

22



BERGE B Rt RRB AT R f BERT

FRESF FRt AR E- B0 2 N H e N4 &Y RBP - By R

ﬁ
P
\ &
§\t

L EEHETS S I 52 R P IR AEEE AFEE S RBIF G S ETiR
342 &P P o
41 EETEFHBL

PR UET N PEPEFAcR 33 8¢ 5 JI* 2 B R S R
RPEERF R L g A AP DR EEEL  E S B 2R

BB £ Ac B 4.1 A0 0 g EESTEN I NE g e I 6 B Re ) B E D

=
A

s

Ry

i B F Y PR B 0] RSk e B2 L AR R4 4.2 41T o

Count
0 50 100 150 200 250 300

ST 47 | =

91
109

>
127
145
163
181

199

SD 221 | =

235

(a) B o ed g
1

(b) kT®

I
L.
|
|
i

1 18 35 52 69 86 103 120137 154 171 188 205 222 239 256 Z13 290 307

L |
(c) T3 ¥




ks
- i TR
A4 2+ X% R B (BL* BR)
=¥ % B (BL)
>
+ 2| ¥ % B (BR)
. s
A
wi# R =RI

=# Rk =L
+ B8R =LI+( hE®
W x(BPEF )

<% =RI-( RhE B
Fx(PWEg))

W42 R ER -

A2 E P E B AR E DA SR
L0 P A AT g gl S T
A

—=
|
=
F

T HH- L REPEY M B D LR A

FBH LI R EE (BL) 2 H¥TRHLS

!

% E B ¥ (BR) - #H 2= ¢ ¥y

B2 G ERS LR A AL AR (TP WAL 2 F ) BL

24



>BRFE it f L% =RI> =¥ % =RI-( REFWFx( P

% )) JBL=BRPF % HbatE 23k =L1>+3% =LI+( REF " F x

VR4l G R ESR R IS8 2 B 1610 P R EIS T 144 2 § 174
Flpt o RE B 098 B Rk Bt 0.83 F A4 B AZE 0.1 B & ik R

%A
BInARe B BEEEY B A 2 L HETRE S w43 (a) 4

B DE[ETE R (BL) 2+ %H (BR) | »BL 3 1902-BR 3 2714+
HHM= BL<BRE it bt 28R =LI=127> + 4% =LI+( RE B

FXx(P#E)) =297 4B 43(b) 2 BEEHER -

42 Fpir HeA gin e

FZR A B R IRNERS SOmERET A A S BT AR
BrREEF A 2 5 * Hausdorff Distance e %7 3¢ > H = N ek~ £ B §E
s Rty H D 20421 & ¢ WP o 4 * Hausdorff Distance e 2
o ¢33 p A8 AP EFAFOPRRBLI FAAL L BBE SN RBFLRED

Bl He gt S R A (R A L R R R o A B S 6 A L A

25



LA E P #5 Br Y o 2LE i Hausdorff Distance 2 %to # 1% ¢z Hausdorff Distance
NEEZK BN LE L) BFL R H S N w2 B R T R L K| YT

g A2 Mgt i 218 g0 2 & ¢ % Hausdorff Std Distancer # 3w > j2 30 4.2.2

v WP oo ATFE > B F A end| ¥4 * Histogram Intersectoin e j% > # = 3¢
ER A R RCR S Lt SR U R R N R LY e s

il
FhHEY NI FERS S EAEE RS Bap iR RH%TE 58 F e i
fo B 20 423 0 WP o VR A2 A HEdEnd - Ko g AR
BhrFLEFRL A ARTHEpBREIS N S - LIS 8T
P R~ AR A4 0 44 &9 K EmEp o

ERy 9L i A2 BB 44977 0 §E BB A BEIT
ok R R ERE S R T B A HEIETH 3
FoHF I Gd pEERT SRR KA LT AR (TER A
FRh L ER AN ZER ) RREFER AT TR A KRR BT

% B FS Bk Brgk 2. Hausdorff Distance & 8_F /| 3t &3 Ty P B 2
Hausdorff Std Distance & 2 F -] ¥+ % Ty P HEE » REF BB 0 ATFE
B F e &Y pEA pF 2 > B 7 12 Histogram Intersection = ;% & Ji4p i & £.F

ARMENTPEE GRS (4-1) A2 g% > FRD

‘k-
/1-\
S
K

1 . Hausdorff Distance < Ty
2 . Hausdorff Std Distance = Tjw (4-1)
3 . Histogram Intersection = Tj;
*eb® Thy Thsa® T PHEE &P ZHRIBEHPF 100X FH B EPEEL B 5 T

518 E ~Than 415F ~ T 65% > % 3 57 B2Er %fa‘ °

26



=

AFEE S RIFRE T

BB AT
(4-1) e 2

W 4405 g Sk 2 A -

SR :134

SL :175

SD 73

ST :136

A}
x4

(b) k%38

Count

18 35 52 69 86 103 120

188 205 222 239 256 273 290 307

(c) =2 HF

W45 b ol b Rpss -

27



Hausdorff Distance : 22.20 Hausdorff Distance : 29.15

Hausdorff Std Distance : 2.9 Hausdorff Std Distance : 7.43

Histogram Intersection : 23.27 % |Histogram Intersection : 57.04 %
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