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ABSTRACT

The aim of the thesis is to implement an auto tracking target
system with Viola’s method and OpenTLD, and to compare the
advantages and disadvantages of both methods. This system can be
used for security surveillance and eliminating camera blind spot.

The proposed camera system can detect targets by capturing
images, and when the target is beyond the viewable range, the camera
will try to keep tracking of the target by the rotation of the chassis. For
the facial feature tracking, we propose to adopt Arduino and combine it
with Viola’s method and OpenTLD to handle long-term tracking of
unknown objects. When the tracked target is about to exceed the
viewable range of the camera, the location of the target is used to
control the Arduino motor to adjust the camera lens orientation.

Moreover, this research compare Viola’s method with OpenTLD
by making an experiment. The experimental results show that Viola’s
method can stably detect objects with enough training frames on prep

stage. It may make an erroneous detection when the image is



overexposed or underexposed, and use more CPU resource. OpenTLD
can track targets with only one frame. OpenTLD, as it has ability to
avoid low contrast ratio, can escape making erroneous detections. We
also found that creating a dynamic training set can increase

computation efficiency and decrease FPS over time.

Keyword: OpenTLD, Haar-like feature values, OpenCV, Arduino,

surveillance systems, target tracking, machine learning






AR S 2
ABSTRACT ..o 4
B e —— 7
BBl B B oo 9
B e 10

- *ﬁ‘. ﬁ? D e 11
2 A B EE e 13
P - CR A LU 13
Bl B 3151 0 1 SRR 13

2-1-2 Alpha Channel ...........cccccoeeiiiiieniiieiecieeee, 14

2-2 OPENCYV L.ttt e 15
2-3Viola’s MEthod..........oovvvimiiiiiiiiiiieecceieeee e 16
2-3-1 Haar-liKe 335 3T oooiiieeeeeee e, 16

2-3-2 ## ~ Bl H-:# i & (Intergral Image).........c.co........ 18

2-4 AdABOOST ... e 19



3-2 FPS 230 B3 oo 28
3-3 HF Y BUPIER e 30

3-4 CPU TR * PIFE i 32

4-1 FPS PTRE MBI38 oot 33
42 v RIPIZERE S s 34
4-3CPU TR FBIREREF e, 36

4-4 3R E VN BUE T e 38



iﬁliﬁliﬁliﬁliﬁliﬁliﬁliﬁliﬁliﬁliﬁl

MBI TR e, 1
2 Haar-like 2 HTHE3F oo 1
3 AdaBooSt 77 & BBl ceeeeeeeeee e 1
4 OpenTLD % SLii A2 BBl oo, 1
5 F TR B o, 1
6 i R 3 R TFEIIR B e 1

T E P R FEZB] e 1

8 CPU f §% 4 GU M woovvrrrrverrresesnenrnnesssnnennns 33
9 A 67 ;% 0 7| 180 £ FPS B4t oooovrrveee 1

10 CPU F ik a3

BBl oo, 1

11 &5 8 cts CPU F iR AT B oo 37



s

R =R -l (RAE FIENE T U S 27
2 }f@/:.i f:k E,ﬁ—’ /24: Z:I:\ ....................................... 28
3 Viola’s method ¥2 OpenTLD +“ #i % .......... 38

10



Y

$-% B4

b3t A PRl hER L R v R FINEP
SR K e E R EMAE L ST F T S Y ep 570 B
B2

%Eéﬁ\%wﬁw%é}% RN B 2 {5 A PR LS

FOEPR O FAFESHy R Go TR0 < ROER
B A AR E ARG cdok G - B2 2T R LR poE i B
o 7 RS AGETDPFRE o S ¥ U D E Ao
TLH -~ RKE CERER X 2ERE  FEHN S SRHT
AT E &, B Ih A e

A AR P RIHET- BT UGG FER D
Fo NLRED A BRI b o L BIEA L LT LR 7
PEREARBEDR  EFRRELE R E

FiE- B2p &GRS AR P SR A
Merig 3RtRiRl2 o DlAegad (SRt 5 AN 21 2] AT R
% A A Ak RIE[3] ~ 14 Haar-like ##ciE 27 AdaBoost /7 & %

[4] ~ OpenTLD[5]% -

11



A~ F - BE R R HReh kS T iR T T
S o I F R[6] 0 Bk sinARAs S 2 BIRA (4o@l 1)
(1) #5318 OpenCV # it ehd 58RI 42 1 B T
(2) ¥ 4 * Viola’s method ¢ OpenTLD @ #3888 i o
G) A EZES RBEPEREENEL IR EE o
A @Br A ERF TR kI
(1) Viola’s method : i * haar-like 3 #ciE 2" 3 K ek 5 B &k
AP R o
(2) OpenTLD : #- fi #7342 Rk & i P B 2 o
Ay HipA B R REES R o AR R
o

A FZRAFT R 2 RARE e R AP HREEZ A

MR

EEREUHHER

RHISEER

I

ENEICERE S 4

12



g
)y
il
e
240z
Bl
3

2-1 i F AL

B i d o Affl* 23 sBA &L o Pz 5 ELDp
. é{:‘r;{i«rm"#]ﬁv vogrH A/,,\ ,Pcb—@{gbulgﬁﬁig ]
CRE L A

GAEEEM G AR GRKes A ~E o B L

¥ i 2 # (Eastman Kodak Company > — 4 3 A B )

PRk N kgesd e 8 e R R U Bk B R
o B o
TR P 1S 0 FHEET BT T L S A SR D B g B

'f]i,;‘)é{,/';/\ ES Pﬁ‘lji;}%—é:}i g{[ﬂ»mvgf’%o?:

-
F_&
=M
g%
5\
I
(=
2
s
>z

Mo defe LERF L FEF LN DA - BRI -

2-1-1 Bitmap

F
=3

oz BHIR R ERFEL R FAoP T A - KL LG D

T
_.\_
—=\
N

§
Qe
1%

T
_.\_
—=\
ﬁ N
]'m’

IE 4 B o A7 r4 FR A e Bitmap A8 oAk

13



- BALE B R e LR A - G edr s BELEE o # % -
B K iedrE BEenpEd o B - BRI Y - BogdlahE 4
oo FEB AT Hg L PIT LR Y ORI GG S 4 R
L AIRETER

Bk d k= Rd “ S FRGB 2 X FRA L TH- B

BEE - ARE R AR Y S DRSS SR PR A
Kyohrz d R EERRIE - B I AR Sl

;Ia_'riv;&é',,hfmjfaa A4 B
- ER* CMYK k@ er1 i & e & 4
C : Cyan
M : Magenta
Y : Yellow
K : Key(blacK)
Bjle o d Bz hd d - BHEHEEE kg hd 2k

BaRARGPE » AR AT ¢ > A hle A Aldpk o
2-1-2 Alpha Channel

- AR B F ¢ ¢ 7 — 1 Alpha Channel> 2 & &% % g2

B AP R - BHk#Hm > RGB £ i1 ~ B =~ » @ Alpha Channel

14



w b~ FiAd Alpha kB R A-TEP R 3 PR ER

Fm S AR o

2-2 OpenCV

OpenCV(Open Source Computer Vision Library) [7]4_— i #%& &
TR R e B Y B RSBk E o Intel FAzT BEF > 2
CHEZRARSE » L& g B CHoF 5 Bi5t chd fddeif b
PE: AF’K OpenCV 4 1% - OpenCV #% 7 A & 07 @ fad® & 3\
KR WERE T - ZRAE B G nAH R > B F
FAR RN L F AR e* o Hpend 57 BaEpeaniB g o
NPT RRRP R AN OB FEFE S 0 RN R E PR
SV

OpenCV ¢ Z3F e BHE AL T B BR A E
Core : A#HFHEH  F - LArTIBEL L frw@ * o
Imgproc : e J2 R jsficie > ¢ 7 S {r2b i née A e
¥ ZRERE B RIS 2 f e -

Video : A 478 7 e » H F®IEH ~ 3 "f’zﬁb F % i gien

J\
A\

calibdd : # 3 SARBEIE B2 BB ROE - b2 T R

iF

e
@;

23D~k E

15



features2d : FFHFFRE FHO P R E o
Objdetect @ §¥midr i foe T &K gy o
Highgui : ¢ ¢ ¥ f H#5- % £ B ¥ 4 5 ok £ 0 UL L% -
GPU : * GPU #vif i B 2 -

Fpt o 1 OpenCV ¥ 12 {37 i (yeJ2zF % B2 17> By %
# Java 2 Python /i 6 » A~ @ @& % 1> 230y & * 1] OpenCV
G e K S ok & ol (7 o

2-3 Viola’s method

Papageorgiou # 1! 7 Haar-like @8 5 = /2 » * P aRn] e it
BB R BEIG RAEFE R 2SRk
W AR en® F 2 P AR o Haar-like 45 8% & 4k R v th R
AR ARAE ) e B 0 3 B F - BB iR R e p i T B
HAE HBFP* oL L EHB kT R 2F L > Viola

Haar-like # #c @ G 177 — -1 = 2 #5380 % 5L 0 [4, 8, 9]
2-3-1 Haar-like # #<

- B3 Haar-like $#F#cv M2 & 54837 3B RB O E A
P feand &> ¥ NIE R ﬂ”“‘I RIECSR 20 W of Ry ey

Mo BAL S 2487 # ik (2-rectangle feature) © B] 2 & H AT #

16



Bl ARARS BAELY AR R A E S BFAKE ca, b 2 A#HE N
PR ¢ 5 H AR o

R AR S FARPIEE > Ao R Y
oY R R PN 3 9 ¢ ok d A AR A
I HCE R0 § B R fopd 24 4B 1% froHaar 4 ficie & p*
TR e BRI IR Bilde 1 IR e iy d 4B B andy
it PPRPFR VGRS RR S A RS R AR RR KT
W RIS RIFE o AR Y - & [ B R S RS A
B bldrif i MERSRE T R kit E e (kT 2B -
i) i e

Bl 2 53 FicEs B enfe b3t B3 2 5 28 ) i g S d

RRIE S N € R

(a) (b) (c)

] 2 Haar-like # #cficix

17



2-3-2 #% & B E-i% & & (Intergral Image)

4~ B AT Kk P-i# 38 5 Haar-like 4% #c® 07 2 - Haar-like 4 #c
ot - BV L E R AR > T AR E iR o § R ih
GF R A2 t5 > FRP R F OB s ¢ 584 3T E_ Viola $&

THRARIEE A BEEE E“"Jﬁm?—«kﬁ%‘]%\fu?”l‘\ | BB
o g R R e VR F FAES R oy o iAo B
PR L AR A BE R e B & B EEAT) A PR R B L R R
it i - BELiRG AP Rily? c 838 5 B R di
PP LB R RS KA AR 2 LA H B RS
Firo ARG RSB AT R PR DR R E 7 o

Mo FIRE R AR EE S N e

2L (xy) ii(xy)E R Bl f(xy) =+ & > %13 ok oo

T il 1* A_##% %~ Bl(Intergral Image) > i P &_k 48] »

[«

R R AT LAY LW R e e

18



2-4 AdaBoost

T K R g O B ARSEAE B R e A Rl (80 £ 71

* AdaBoost $ BE Y B2k AL A2 4 - B AR o AdaBoost &
d Yoav Freund = Robert Schapire #% 11— B EF ¥ 7> 2 > >
< Adaptive Boosting > f§ - AdaBoost °

AdaBoost = ;2 ¥ i % A S EINE B LRI RE oL
F R 53R A Bk Kt X 50% 0 e et A A B ebr
B D PR o o S g3 50% 3 A BV L Ak M et b
REERIFE T 0 A BT RS kS A RS o [10-12]

AdaBoost > ;= ¥ - fﬁgnk;, s - WY 4 r — (B ETEIE A
E L IETIE RS S FES  F - BRI S -
BIRE 2P URAFRE N VRESEF ook R BHRARE G
BIERE AT TR AR T - YRR T R L R

ARE ek R AR A BRI AL RS AR JRAT DR E 3R TR

19



% o i B ipHRen™ 38> AdaBoost * E Ay TR CE AT ) PR fRER A FED
TRAL o T ik H e

HF- o A EVR AT EB D GBI AE 5 SR A
i% 1§ Haar-like #FpciE k3" - B33 & 2 B - Haar-like #ficia §_d

24 BBt A G AR SR P ik AR R e T o

/

WA= O VRELGRE QAT BB LSRR L S E TR

{
AEER e BEFT BB AEEY

ﬁo

HF= o BTAHE T S BHANERE RHB LA
oA BARETET - RO BN RS 2R R
£ XL - BRANEE 4R 3

20



o ¥ B a ¥ a(® A
!5 % . o Ger e
T 9 @ © A o o o ¥ 0 0 =
& © tﬁJ © e ©
@ =3 @

F-EmsnE B_EmEIHE

HEERFARSH - B RE

Bl 3 AdaBoost 7+ i, Bl

21



2-5 OpenTLD

Viola’s method /% %241 * Adaboost i# & /= %] A KRR HR
BEAME PR AP S IR MR TR A
o F i#ﬁ%ﬁﬁéﬂtl—i;am”"ﬁﬁ*’@Eﬁ—wf%"ﬁ e d
Kalal, Z., K # ! enOpenTLD(Open Tracking Learning Detection) '] ;2
FTHrEFRC2ZRERERIYRE O NTE - BEIAKARY Y
7 o OpenTLD #-if Hea ¥4 5 = i 3% 4 Tracking, Learning,
Detection[5] © Tracker f # i B\ IR & B frame Hp &4 i+ |
Detector f f 7P o BB R P &4 2 o= % | Learning 7§ i
Detector 45 35-{e { AT/ & 4 A kK 1145 - B 4 5 OpenTLD
A LR A2 0 %18 Learning Hoi 4 ¥7RTH 2 Uk & 3 4¢ Detection
®rx % > Detection & #7474 1 Tracking fi i i ¢ Hise 4 &3 >
Detection ¥¥ Tracking ﬁia?] Mgk € v 4R % Learning e 2| %7H_F

FAEE T PARFRIATVRE AR RER AT RF o

22



Learning

Fragments of tranjectory

Tracking training data detection

A

re-initialization Detection

B 4 OpenTLD % %ui 2.8

OpenTLD svlm s 28 5 T

#HF- o BRIk ﬂ‘@?} LR AR GERE - B P ARIT L HUR
Ao Bldeig & Fp B35 Tracker i€ 7 3¢ o Tracker 1 & 1945 4 1818
B e e 3 IR P R o

#H 3= o feRl R e Tracker i Biehle B 0 Detector § ¥+ B
AT ss o fRiRlen™ SV ¥ B Y P 2 AL BIER ot
w[13] -

HA= 0 BV B ATHR A ¢ Learning % - B 8 R {0 A%
TokenF R R np AFY o JIF X EAEY 23 semi-supervised
learning[14] > & * 5 A thiz i o & f 6 R A5 F ARk Ak
fep AF Y a1 iF oo @ % H Y E & < it (Expectation
Maximization)[15]¢77 2 Kk @il § thict o & f & etk A E = p

B 3 (Self-learning) °

23



AT o ATHAR A BAREE 6 & 5 ik AT
EREEIE R S gl R RS KR S s SR
REZCLFTAHEE

H AT o @45 E 1 Detector E":’a‘féfflﬁﬁs?] - SCATE R
Fl* B2 o E Y Dot KFF P % o Detector 3 ¥ e § J1IRD
fagp ik T2l p AR 9T B AR P 3R] 0 ) 3w o0 Learning §
BL% Tracker v Detector = % ﬂiﬂ A enfd oo 2| %T Detector £_F 45 3%
FERAADRERA > e 2 PRE RBELAKRAE L PR JI
THeen™ 2 ¥ 00 E M Detector A 2 4535T P L F F T ERE

TLEFS{E"

24



3-1 %7 1F

Arduino [16]8 - BR RGBT S22 3540 e 7 V@ H ok
(AT M e dcA8 - Arduino & B47 1 C 2 JAVA 3% rfe 4 & o if

E % KR IE LMo # Arduino 2 PR 2 B & 2 SR (TR M

.

boB] 5 Frdles 2 EA41% Servoh chan e k3415 i o

WS FARMEYE

25



Arduino ##1% Fp4eT
#HFp— o frd i@ R Fods Arduino o B gz Serial Port o

L IR = SAREALREC R = < L KLENE ;3 ca R AR

3 P~ ] > j¢_Serial Port #{c 5L - 9P M EL Kk 2905 e & B
il -

HIZ o TR L T AR T TR S R (7 R 2
$rizdeim g 5 iE 18 @ 5L % Serial Port ©

RP Edek RAGNFF o R RS - E - B RS
G RFERSE S G REmFEEE BGREFT > ok F AARFR S aqﬁ
Far A3 PRI FAROHA IS BB & £ %Y frame 07 2

T RELE o REF{ Mk B9, 17] 0 AR ARIER

ol

%%i@¥*ﬁﬁ&ﬂ9%’mﬁm%ﬁ&%6u%@mOﬁﬂﬁ
4. Arduino > 3 Arduino 4P P RS E 2 R 1 0T o

F B TR B £_2010 & % ¢h MacBook AirIntel Core 2 Duo 1.86 GHz,
4GB 1067 MHz DDR3, OS X 10.9, OpenCV version 2.4.7 - & & & ¢

56 ¥ pixels H{4e @ # & 0 * H264/AVC Ruilil %f & a5 | B i

B ETI AR o

26



e

= fo i
target B AL e
tx P2 AR B X gh
ty Pt EARd gy b
W LEBNE PR
H BB A R
Left ﬁ?‘lﬂ’,;%%ﬁ, B L%
Right ﬂi%l:",gwfu T
Up RIS RN S
Down ﬁia%l:",gw,{» BT
None P iE T?ﬁi%:';};";ﬁfu]gm B
otherwise F L E e g

27




F 2RILE Een 2 A

# i4p 4 T
Left If tx>W*3/4
Right If tx<W/4
Up If ty<H/4
Down If ty>H*3/4
None otherwise

3-2 FPS 3% sg B8

ALK 7 (Persistence of vision ) * % % 77 % BB tjbid 30 3% -
RANGMNAERER o BEIREYGT ek & A A RPGT

01044 =+ » 2 fI}u—fLr% % frame 2. A IEPF R 5 100ms-400ms °

»

3
g

Vend m { AT S 5 F §) 24 % frame » if‘u—«‘?\24 FPS (frame
per second) » S F L e € F { B FPS A S o
LR ER B Y 0 60 FPS 4p$13t 30 FPS 3 ¥ { 4885 - — &%

FEUATIE S ¥ A 60Hz > L P A P € R R T2 S0 eh

28



B o % FPSATE 85 2 {5 » pr e N3 < By i L > 4
e a3 LATF LR o

p B iE AR % ffuﬁﬁl 4 FPS e 42 §_:

1. KPR o * OpenCV & B P A8 0 ¥ e

2. BEIEyERPL 4 ® % Viola’s method # ¥_OpenTLD i&

- W E LR

3. ﬁia?]:'! frameiﬁ%]ﬂ?ﬁ%ﬁ@/ IR %% EL -

Flot o BRIE ARJTR i BT 0 d FPS 3 fRdp Rpl e

B R E 2L AT R T @ ol '8 KT R 42 A0
FA B - ¥R o - BB iS5 30 FPSo & - $i48 & rd?
30 5k frame » & — 3% frame F 45 P &3 7 if g o FPS &3 ;4 4 22

45— 5k frame ﬁ?] IPFE  SLPER 0 BT - %R frame ﬁ%] A1 e s SLpE
> B3k % — % frame = framey » T - 38 frame % framéz > o5\

b4 .
=

lzac

FPE=
frameg 1 frame

d gt 8w s FPS 2 - %% frame %l 1is 0 BB s BRJIE R TR

is o ﬁiaa] 21T — 3k frame APF A o 12 FPS R4k 18 5 BIif kg » R PF

5043 1804 Hc BHIEI - ik 25 1804 5

29



= Fy&B¥HEy I e FPS 38 (7354 o 3o 4 fE % STy IR FPS o -

BB TR ke g g S 3R] L g

3-3 ¥t R RIEE

i B gl A2 0 A P IR Viola’s method 7 % ¥t
am@ﬁ%%4%55$§m’%ﬁ§%$%ﬁﬂ&%%%ﬁ%
Fo B 6 FFROBSAA  FILFHREELRESIHGHINHEEH
VOREMA ERFH O PIREFBLITRIF T GFE - RN

16 = 2] o F]pt 4aip] Viola’s method 7 i ¥4t 2 fg.jg] D R

Bl 6 F B % %2 H b

30



Bl 7 5FR3B43 450 & X AFFangi|R > 12 842 4~ 3
38L57 & 0 £ AVIR 521 SREF L EH] eI o

d R R R RN PR LR B
B bR B2 OB o BN AT R TR e Rl

vt $1 Viola’s method f= OpenTLD = /2 e #5 5 o

Bl 7 M RFHIR

31



3-4 CPU T il i¢ # i3

QL

14

g d

7

mn“l,;ft
ke p &

AT

CPU F il * jpl3g~ 2

= CPU # * %

Fy et ﬁf_

BB EA L ETF

B AL o do % T 0 ] hCPU G R E TR

£

I CPU i * £ f i< f 45 « F|p* CPU Rl £ i b H IR

* i i) 45 CPU

Y
-

g

?ﬂ B o
= 7]?/"

TheAz R 0 B 8%

1 0 ) 3] 180 45 b 2o b —

T

o Herd ST AT E RS 4T AR K R R

o

800 EUERSE (MEEF)
(8] [6] [ e g e | s | @
Brad | %CPU w CPURKH | ®ITH MEmE | PID | EAS
WindowServer 5.2 T:17:34.24 4 15 90 _window:
kernel_task 4.6 11:28:42.1 78 344 0 root
i EhERSE 3.5 49:21.13 6 2 43056 zip5201:2
hidd 2.5 40:51.75 4 1 68 root
sysmond 1.2 55:30.29 3 0 20446 root
W Microsoft Word 1.1 2:25.67 19 67668 zip52012
B e 0.8 45:07.97 1 16 905 zip5201%
& Google BIAFERE 0.7 26.23 28 13 67726 zip52012
screencapture 0.4 0.16 4 0 67986 zipS201Z
¥ Dock 0.3 48:35.75 6 0 255 zp5201:Z
notifyd 0.1 1:30.69 a 1 16 root
B Keynote 0.1 18:42.85 B8 1 37758 zp5201:2
UserEventAgent 0.0 2:09.11 6 Q 236 zpbSZ01z
UserEventAgent 0.0 1:45.42 6 1 13 root
pacemaker 0.0 1:28.80 3 1 116 root
pescd 0.0 30.80 4 ] 84 root
mDNSResponder 0.0 2:18.23 5 1 59 _mdnsres
httpd 0.0 26.80 1 1 42 root
imagent 0.0 17.73 4 o 288 zpSZ01Z
" TotalTerminalCrashWatcher 0.0 2.87 2 0 916 zip52012
E Sublime Text 0.0 26:49.96 16 0 20737 zip52012
ik 4.98 % CPU AN ITH 831
A 5.31% | LR 201 |
B '

89.71 % |

32



B 8 CPU f {*# v/ Fl

Yr® F1 %%

it

4-1 FPS x5y B 78

v FPS Riplida fE = 2 enfB T B 2o o @ % PR E 5
2010 # % MacBook Air » CPU 2 ® % 1.86GHz Intel Core 2 Duo °

9% 7 % % % > OpenTLD - 32 FPS &_11.6 - Viola’s method
7T 35 FPS £_6.1 #ufk o

B 9 5 FPS B3E% % > 8.0 7] 180 #)# — Fy7edk— X o i Bi_
H- 7 HEEE%A %L REHS - A B2 2 ok

2 fo 4 O FPS £ 3§ NATRE] 0 Gidh s FPS & o Hph i R

33



—4—OpenTLD —@—Viola'smethod

0 12 24 36 48 60 72 84 96 1081201321441561681380
TIME

Bl 9 = #2203 180 # FPS P~#&

4-2 ¥ B RIS %

AR GRS o W e i LHE B pixel AR Rk

o K- 6228 75 B pixel WFFEE THBEEERL o

¥

o

B 6t frLiaiE i 5857 ArgiE - &L 5 78.80 &g e

f
f

B 70 rsTHoE S 76.14 AFyiE > 8 X 5 36.80 & Ff &

o

FlOFERAIFRAINBE 2R HIFHF 2R L2 & o
BRGNS BRI AT E A R R L - AR

B o

34



B 7R ERET RERERR NS T PE R
L REBR Gy G AR AR RAAE S PR - 3
ok A PR £ 4% > 4% % & # Viola’s method & # 2] o

TR M RS JI XS T FHRAERSR R
REGPTOOTH Tt R e R E - A R AY R
FERFARRAE 0T 180 i F - 4T K FRRE o 2

F 5 Ro =@yt iciiies A 913 P iRR s G ot

o

[l =
R- -
&

EEFREFR A RRMOFERT ZETREE0T] 180§+
F#) 7% 1 =& o Viola’s method = # F38=t ic s 94 = > = # PR &L

52%

OpenTLD = # ya5 = fic 5 155 = o d ** OpenTLD ¢ f # &

Nl

LATHVRE T B M B Tt 3 5 X ME R
* o FER S L 86% o Flt 4%k £ @ * Viola’s method if B g
ALREARR  BERSARET LFOF 2 R PA 2 wih 20 115

R g R 0 @ OpenTLD RIZ & X Bl AR -

35



4-3CPU F iR =R % %

bl - BHREAT YA ZEHE - BRA A EE R
¢OR LRI E o PR S 0 D] 180 ) 0 & fiskiesk— = CPU i
# ﬁ?‘ o

B 10 & CPU F ik} 4= a3 B> 5.0 | 180 §)# #B— = CPU
% & o # A {7 Viola’s method P ) 5 i & # i+ » CPU i& »

AR TR K5 170%°OpenTLD R E 4% & 98% 1 * F o

CPUE JRII#E

—4— OpenTLD —@—Viola's method

Ry Sgigiiggannnasanssgasnnnnna u

X100 90000 000000000 0000000000000 00000

50

200

150

0
0 12 24 36 48 60 72 84 96 108120132144156168180

TIME

B 10 CPU F ik se3*

36



“ 2

B 113 Sl Foifis RAadz &2 - (87 anplid o @ LA
HH oo
Viola’s method «#nL 3= CPU # * ¥ % 96.11% -

OpenTLD 3T 35 CPU & #* & 5 54.2% -

—4— OpenTLD —@—Viola'smethod

120

10 o EpE s pet ety nniie sSegan

80

" R g bty SO0 s 0000t A tebe sl
40

20

0 12 24 36 48 60 72 84 96 108120132144156168180
TIME

B 11 551 # it CPU FF ik 43 ]

37



4-4 52 & R 5

e

+

# 3% Viola’s method ¥ OpenTLD =% 38 vt # % > Viola’s
method & ¥ 2 2 F & @@ * B Liomp ik s ki
OpenTLD ¥ % & #& * - 3 frame 1% 5 #& ﬂ\i&? IR e

= 7 ¥4 Viola’s method AZ#4f Pk § > R g | 5 R A =

RS Rt

Il

o4 3% 17 » SR RS CPU R ¥ 5 o
Viola’s method & p: e FPS # i ~ & * 0 CPU F iR ® -
OpenTLD ¢ # i { #7395 & - FPS @?]5: ELFFT RS > @

% CPUFREXD % -

# 3 Viola’s method # OpenTLD ‘* fix %

Viola’s method OpenTLD
Learning Method Adaboost Sem];s;lri:\;ised
PE R PR 52.22% 86.11%
FPS (Average) 6.105+0.471 11.2340.818
T35 CPU & * 170.329% 98.1438%
Resize image CPU 96.11% 54.2%

38



$71%

T
-y
3

PEEAERT ATARL L TR CERW A # O Adp

R PR LS RIS e - R L B PR D B HD B

BAGPenP R A7 URES 2V Pl hE 0 AR R
EHEP 1% o Viola’s method 44 F S P ¥ e i g %> 2 4
@R % OpenCV + 7 i > 2 3| OpenTLD k4t 15 { Pecn™ 2k (7
o FERE B T AP A B R R

& F % 0 Viola’s method eat BE8 7 & F L 3% B8 B 2 Uk
AREFR e AREFFEHERR TR IR T g
WAE 5 CPU Fih o 2 % FHCE S 287538 ¢ L h I8
WP T E R R e w B OREER A A TH R FPS R

22> OpenTLD A% £ B #cB I AU R » ¥ 2 & - 3%
frame % 3 #& 2‘\,7&? VLB g B B RV R A BT R
CPU i * e ik » 1ot FPS i 114 fifeid - 4 225 f #75 3' t

B A BE AR IR ot B (2 AR T 0 (e R 4o 4k A 2 15 FPS

39



BRI o B e R R 4§ B R R AR T

Rl
(4;‘;

EEROTEREY L BB R S aI Rk & o T
¢ * Viola’s method f£ T i B p &> L f BT L REARRE > FR
BARET R FEEAEN oM G ARk A DR T
OpenTLD ¥ % & — 3 frame ﬁ‘&? TORE (TR B P o e BF T 3E B
PR, ZRIE3 S0 EHEDP RS R 2 E Thp 037

d oo

40



4 2

[1] F. Smach, M. Atri, J. Mitéran, and M. Abid,
"Design of a Neural Networks Classifier for Face Detection," in
World Academy of Science, Engineering and Technology, 2005,
pp. 274-277.

[2] K. Nam-Chul, J. Ick-Hoon, K. Jong-Dae, and K.
Jae-Kyoon, "Real-Time Automatic Target Tracking Based on
Spatio-Temporal Gradient Method with Generalized Least
Square Estimation," in Acoustics, Speech, and Signal
Processing, 1988. ICASSP-88., 1988 International Conference
on, 1988, pp. 1088-1091 vol.2.

[3] Y. Hori, K. Shimizu, Y. Nakamura, and T. Kuroda,
"A Real-Time Multi Face Detection Technique Using
Positive-Negative  Lines-of-Face Template," in Pattern
Recognition, 2004. ICPR 2004. Proceedings of the 17th
International Conference on, 2004, pp. 765-768 Vol.1.

[4] P. A. Viola and M. J. Jones, "Rapid Object
Detection Using a Boosted Cascade of Simple Features," in
Computer Vision and Pattern Recognition, 2001, pp. 511-518.

[5] Z. Kalal, K. Mikolajczyk, and J. Matas,
"Tracking-Learning-Detection," in IEEE Trans Pattern Anal
Mach Intell, 2011.

[6] A. Khan, S. S. A. Ali, M. Omer, and K. Raza,
"Real-Time Automatic Target Detection and Tracking Using
Visual Feedback," in Intelligent and Advanced Systems (ICIAS),
2014 5th International Conference on, 2014, pp. 1-5.

41



[7] "Http://Opencv.Org/."
(8] C. P. Papageorgiou, M. Oren, and T. Poggio, "A

General Framework for Object Detection," in Proceedings of
the Sixth International Conference on Computer Vision, 1998, p.
555.

[9] G. Swaminathan, V. Venkoparao, and S. Bedros,
"Multiple Appearance Models for Face Tracking in Surveillance
Videos," in Advanced Video and Signal Based Surveillance,
2007. AVSS 2007. IEEE Conference on, 2007, pp. 383-387.

[10] Y. Freund and R. E. Schapire, "A
Decision-Theoretic Generalization of on-Line Learning and an
Application to Boosting," in Proceedings of the Second
European Conference on Computational Learning Theory, 1995,
pp. 23-37.

[I1] A. K. Rainer Lienhart, Vadim Pisarevsky,
"Empirical Analysis of Detection Cascades of Boosted
Classifiers for Rapid Object Detection," in Lecture Notes in
Computer Science, 2002.

[12] Y. Zhiguo, Y. Fang, W. Jian, S. Yongjie, L. Chao,
and S. Mingxia, "Face Orientation Detection in Video Stream
Based on Harr-Like Feature and Lqv Classifier for Civil Video
Surveillance," in Smart and Sustainable City 2013 (ICSSC
2013), IET International Conference on, 2013, pp. 161-165.

[13] D. G. Lowe, "Distinctive Image Features from
Scale-Invariant Keypoints," in Int. J. Comput. Vision, 2004, pp.
91-110.

[14] X. Zhu, A. B. Goldberg, R. Brachman, and T.
Dietterich, "Introduction to Semi-Supervised Learning," in
Morgan and Claypool Publishers, 2009, p. 130.

42


http://opencv.org/

[15] J. Bilmes, "A Gentle Tutorial of the Em Algorithm
and Its Application to Parameter Estimation for Gaussian
Mixture and Hidden Markov Models," in International
Computer Science Institute, 1998.

[16] "Http:/Www.Arduino.Cc/."

[17] P. Gorur and B. Amrutur, "Skip Decision and
Reference Frame Selection for Low-Complexity H.264/Avc
Surveillance Video Coding," in Circuits and Systems for Video
Technology, IEEE Transactions on, 2014, pp. 1156-1169.

43


http://www.arduino.cc/

	中文摘要
	ABSTRACT
	目錄
	圖目錄
	表目錄
	第一章  簡介
	第二章　背景知識
	2-1 數位影像處理
	2-1-1 Bitmap
	2-1-2 Alpha Channel

	2-2 OpenCV
	2-3 Viola’s method
	2-3-1 Haar-like特徵
	2-3-2積分圖快速運算(Intergral Image)

	2-4 AdaBoost
	2-5 OpenTLD

	第三章 研究方法
	3-1 實驗實作
	3-2 FPS效能測試
	3-3對比度測試
	3-4 CPU資源使用測試

	第四章 研究結果
	4-1 FPS效能測試
	4-2對比度測試結果
	4-3 CPU資源消耗測試結果
	4-4綜合比較結果

	第五章 結論
	參考文獻

