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= —k'(x)
x, J 1
i=1 h
~ —X (2.14)
< X — X,
%ﬁu
B
(2.15)

“Nﬁilﬂ”lﬁ‘u@”ﬂﬂu’ﬂﬂmuﬂ’]ﬁ‘ﬁlﬂﬁl’mLﬂ’]meLﬂﬂﬁ‘Luﬂ S ﬂ

qmﬂﬁmmw’nwmaﬂ

a

uanandsaitsnuansALuualy [9] Inaluannngsieil



14

dndayailludnandn (finite set) S AW n 15 TwilinRgpapeu X uay

K iflumefivanuuiuusunifesdunnanszaes A -ball lu X 9]

q

K(x)= {1’ ||x||VS & (2.16)
sy
@:15?):]& NN x ,i/j-;’

(2.17)

shift) Aedsanglu (7]
1T Taelunisiaeus
FATTAEL AN

Ye9idndayaiiy R TEIN - Tala VgL Qe TSI F R P

aNNALARS (computer vision) A8NN3
Qmﬂqmﬂ@ﬁi U re density distribution)

TLELYN Bh% G JY]‘W?N LL@"’VI@’W’]EUiN
AN

e liAniToynniergan (8
7 i

m‘vaml'w p(i) WAL q L‘]J‘LLEIQLL‘VIE ium’ma‘ﬁﬁ N ansuinefmauinaziily

BUHINUNINGIN T

[10] ¢ %mmmmua@@ﬂ dlvergenoetype measure) ?“’m’mmiﬂi”@’m p AL ‘“tm

QRTRINIUNNIINYG Y

414 Chi-square Wy
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funuANTNNENNINIZANfleRnEasIuIA N ER \/p(l),...,p(N)]r

LAY [W/q(l),...,q(N)]l

(2.19)

(2.20)
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q wu'f?@”mm Bradski ﬂ‘ﬂ@”huu‘ﬁ%l[ﬂ mamaﬂ?aumauamimmm TIN AN ATIANLIF NS

= 1 N
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fetiupuarasAeatn1Ingzans [9] u h Aa



22

(3.1)

mel x Lﬂmmmﬂmq‘lwmmq h LAY M) x ABLNABFIUTNH d1IN1TAUNINANYRY

wi1sig h Tésan m(x) udariandss @ lfdym(x) aviding x AdAININIzANEIgIgn

ufe M) aaullviasdae 34 1 )Au pul@andugnmunisldaaudy

(gradient climbing) _T¥a=ldl@ans Wiazgldn  (convergence)
é‘m o

Z
2D
>
=
=
Lo
¥ |
‘ )

LANA [11] %QWQ@W

e

A7l h W lnarue ay

a

(3.2)

L oAa oo
#AYNUAUN LN R ALY

g = o :J/
UIN MNU m(x)- x INNELAEIINL f'(X) LANE WU

o‘d

\fY .
VNWEIF’]QWNQWNH?V\IL‘W”VL ULA] --—1(\ A1 : U Wﬂ@ﬂ@ﬁ@ﬂﬂﬂ\?ﬁﬁﬂﬁuﬂ’]ﬁ‘

mmwﬂfnmmuuul{uﬂ S ATIALTRAL niuasndrAyuan  vinlidnasanng

ﬂ’lTﬂm gvel mm@ﬂmma NNIRARINAY
Il i
duAaninsnsganannianeniy  (feature distribution) 2@emn JldnsnszaneaAay

%%WM WEANS ™

mur;mu‘luma*mmmm%mma

AN AP INEAR

%
A - A

Nunddaulunnaseuuwtih uunguanANRINARNNAIeE 19T AR

2. szuuaza¥wdalaunsy  andlunseuniiisng  davgnudaaiiu

o 14] = d’l 1 @ a
ADIANTBITUSUBN wWhunne segalaunsuitazidunisnssatamanutiiaziiuresdraaiivung
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3. szuvavilasieyadresinaasiie]  eglumisngliiduenlulEnd

ADUANHIUE (feature space) AMNULMNANRALUBIA LN TuNsaLmENENg s m(x)

4. mq@mungmma rule) TA8IM99R91 |m(x)x| < ANAINUA YFe
RNUIUTALNITATUIUDNAN f

/l umauUn 6

3/
5. 1A ) ’lxﬂﬂﬂﬁl ﬁmmumuw 3095

Tuaanatinefana
ARIzUL RGB 11379 3 Tg8rH 3 Tacd 0 Uaziipn 8 Inluwsiazded

v 1
2 lunstl RGB ayid i1 AT AUNRY TaeHatindNn
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sanfufiazlidsn97256 fndnda’ g visn 16. \i‘ Tunsdedayaninuesseuy
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i %1 azlfdunsan &1 S
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%

1w Teeviali
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o
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3.8 (N) waAIA WA A
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LAZUN IMLNL&M@H@U?N (first moment) % Ei N X BASLNU Y mu

st ,

m%; faunsdaasiivune
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—c, (d+2)(1 1
k) [0 @00 < (529)
0, otherwise
1}1/'\‘1‘?: 81 K(x) L‘ﬂum ; UAllAa (Epanechnikov kernel) WLLAN
wist991 (multivariance) t N, ;N fiua K lag & :[0,00) > R azls
K(x) = k(| e e
(3.24)
Nl
(3.25)
(3.26)

(3.27)

A
(o -

—
M C luduilsz@nsuaanaalad (normalized Mfﬂment

ﬂuET”J“VI“ETW“%'W i
qwmi‘rﬁiﬁiﬁ% ’3 YA

Vi (x) =
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VfK (X) hd+2

(3.30)

j$$f)
i
wm&mﬁ® @ﬂmmmmu

_X m —

, :=1 \
o \ (3.31)
Tungfinads g ATV (X) =0 a1ngaunig 3.32
azls = \

X, ‘ " s

0= N (3.32)
n Xin [ .—
o L s S
9

) L)
L i i J (3.33)

I L= J]]l

cvmd 5 G«NLﬂumLmumwmmim‘ﬂqﬂmmumLLuu’Lummm

“AUBINUNINEING

FIATAT N Bhattacharyya

9 Wl AYRIIAMOAn AR

lanzsveIzing Bhattacharyya fIRANSAARNMAAL

d(y)=1-p[p(y).q).0<d(y) <1 (3.34)
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1

ik( X; ’
i=1

(3.37)

)

ﬂL‘ﬁ@VIﬂﬂuﬂ@N@’&llﬂ"ﬁ@ﬂ

U

Tuwlsnilaqriulneie
\ i o A, W, \\\‘ 9 i~y
Tt sinanig m guefaN g Ll sntlaariu s laeld U g, k(x) WwenfuLLILRNans

] = [ ' . 5 1 o 1 o
iunne wsieaiugabuTian g hFifaidssasianie m‘tmmmwmﬂumﬂﬂUm

(3.38)

(3.39)
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1
1 o

Tusuilaqiiuiiunnglsnaeullogaumis y lunisdunidimuneiu
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v ¢
MARUIN V. Tassaaldsunsuuuvesa DSP

Khkhkxkkhhkrkkkhhrxkhrrxkkhkhrxkkx DPART ] Frrrkkkhhrkkhhrrkhrrkhhhrkhrx

main program (File name: RLT Mark Target8 6l.c)

*%%% initialized C6713Cpt part ****

InitSystem() hardware dependent
\ / initialization
CSL_init () \ / "CSL library(TI's timer -

others library)

e

-——"

Init C6713cpws Nodbxnfoﬁww4 chipset
- A — I
GetNodeID (. i
sbiCauseBusReset \ W bus reset to get self

AllocateAddress atewaddresses on IEEE.1394
her nodes access
ses allocate

range for incoming
“ions (from PC)

itial CCR value for acting
11 DCAM (Pixelink camera
capabilities)

Allocate Address Range.

sbiCausijRes

S —

Al

aflandle
| |
Hlejille = GetCam(0) get cameﬂnly 'l' on bus for

now)

ELU ﬂl'JMWEIﬂ TNINS.

program that use ED
parameters as varlables

mmmmﬂm'm HTA Y

**x*% initial for all process ***x*

Load Camer

pActCamera
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Init Before MainProcess() initial all module and all
configuration before main loop
processing

>InitUserAdjustableParam () user adjustable parameter
>Init MultiRes () init multires (finding motion

vector) part

!l

>DMA PaRAM InitMul init DMA parameters for

\ ! multires
>EDMA_reg_I& : ﬁgister initialization
— a ‘ — = —

>ClearSAW = wmemory nap

>MultiR e pointers for

>Multi fiF AW N yuffer.to frame
% \

>Tnit Fie - \ , X (map

>Tnit FPGA Modile (4. — Py ' Sel, for) FPGA module
* Kk kK ini

>Open_ PLL Timer () —— ' input/output frame sync
- approx.)

>ClearAl1GH

Il

>sbiIsoListee( L) set IEEE1394 port

AU INANINYINT..

1.) reset streaming port w

dre e

RIAINTAINNIANEIAY

set to ' ||
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3.) isochronous interrupt
setup (preparation only)

4.) set up FIFO fill level for
almost full condition

>Set Converter InputChann i Input Composite 1 Input S-Video

’////4, -

—
i s— —
>Enable_W VwCOnverter

>Enable Streami 3 ) C ort

>Set Converter V

>Set Conver

that will be ref
rst time

g multiresolution image
18y, input : interleaved
> 'LO', output
iresolution L1,L2 and L3
buffers

>ImgMultiResol
t1
Y

>Bu1ldMulthesImgI- Lane build multires blocks L1,L2
; d L3 from N-8-line block

FindMotionVﬁF or(..)

1) MOT N VECTOR PART

ﬂﬁﬂlﬁﬂﬂﬂiﬂﬂ’lﬂi

search only

>Find 1v MaxCorrPoint (. [LE‘AZ] : get chosen blu

qmmmm NN TIVEOIRE

from candidate block
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>Find 1v MaxCorrPoint (..) [LEVEL 0]
"currFrameBuff ERAM" is ref
frame in YUV4:2:2 interleave
version "lastFrameBuff ERAM"
is srch frame in YUV4:2:2
interleave version

>SubPlxelMaxCorrP01n spe01al interpolate for
bplxel max correlation point

*k Zmon ‘* .a

GetCompensat

* K k&

GetInterpolat
[51[5]"' 2D filter

Get SDI Ori

5) are cancelled 6) is
srget tracking

Define Rect(..

Meanshi ft:xin
¢ -
t zil LB, J

just define rectangular - not
auto tracking now

fra generate target

new window

>HistGen(;; a e.zastogram for target
“L odel, i 1|'al frame only!
>MeanSh1ftW1‘dﬁarch( Usearch new window location
>MeanShiftLoop (. mean shift calculation

qmmnmummma d
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control: output dx,dy for
camera control via rs-232

diff center ver = (..) locate center window from
center of frame

diff center hor = (..)

————— Output * i
### function to send i ’/y
### function t ¢ nd fr

ser@yboard #i#
| S
### go to m #4#

AULINENTNEYINT
RIAINTUNRINEIAY
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Real Time Target Tracking for Moving Camera Running on DSP Platform

Pravit Chinprasertsuk', Suvit Nakpeerayuth® and Somchai Jitapunkul®
Digital Signal Processing Research Laboratory, Department of Electrical Engineering, Chulalongkorn University
Bangkok, 10330, Thailand.
pravitlc@yahoo.com', Suvit. N@chula.ac.th?, Somchai.J@chula.ac.th®
Abstract considered, RGB, YCbCr [5] and HSV. RGB is mostly
Real time camera target trackmg on fn 111 monitor display system. But RGB is

, since processing must be done in all three

: Cb r and HSV have a separate channel for
best choice compares to other processing platform S e are Y and V and can be ignored. YCbCr is
its compactness, low power require ! streamlng and available at the digital
processmg power. Mean shift algm—mﬂpie Vrdeo—mpn;-ﬂut any conversion required, YCbCr
- T W};after some researches, the results

target tracking traces the feature in j . sl -that ¢ tains less detail than HS space.
Tracing the target feature trail provid i illustrate the image of YCbCr and HSV
size and orientation changes, in \
two mean shift algorithms were imple i at etail appeared in HSV than YCbCr
and kernel-based, on DSP video i ima
time tracking. The results sho

DSP is much lower then desktop
based is more robust then conventi

es of normalized ||[CbCr|| and
2 are Gpy, = 0.0009 and O =

: | Gy = 28.44 . Examinations
Keywords:  target tracking / mean i Were pe ne -bit scale uniform quantization. The

¢ devel or target tracking. One used CbCr another
c d“s;r\ J' @ S ‘ d \ ults again have confirmed that the
hicle ( ﬂ!,-q I f 1catlon S was much robust in tracking than
and many other types of drone provide val le datay Sifice” \
these systems operate in mechanical noisy, mente:g - -
engine vibration, atmosphere turbulen€e nois€;«eonirol - [
noise, etc, the camera should be properly stabilized-and
controlled. A system that provides stability and control of
moving camera is called stabilized glmb
capability is also an importantipart.
helps operator track the target; espe
high zoom ratio or in noisy «e Ay video
tracking algorithms have boens
The purpose of this article is th
time video target tracking using gltal srgnal proce
board. Therefore, the algorithm mwist be simple but robust
Mean shift was chosen, due to its si 1c1t and robustness,
as expressed in [1] Orlgmally, as developed

by Fugunaka [
probability den51 1st b 1o
implemented two

G.Bradski using co tlonal mean sh1ft [1] another is
kernel-based trackln ean shift [3,4] introduced by

Comaniciu et al. Both al orlthms were implemented
o ﬂ Em u I I
ololspve'elec 0

o track the target in real t1me we consider only
color or more specific chrominance of the target and
background. This will save processing time and also reduce Figure 2 YCbCr color space image with fixed Y value
the effect of intensity varying. Therefore, color space must,
carefully, be selected. There are varieties of color space in

image and video processing. But three of them were 3, Target tracking using conventional mean shift

1. Introduction

- -
1 HSV color space image with fixed V value
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Let Z; be a member of finite set in window of size

. . . . 2 2 h
h embedded in n-dimension Euclidean space and has PDF - |X -Xx, ,r==,I(x)eU
Az) that can be differentiated [1]. Mean location in h is [6] w(x) = 2
0,0therwise
>, L f(Z) (6)
m(z) = : (1) 3. Gaussian, provide extra high weight at the window
Zz,eh f(Z,) center. It is suitable for long-narrow object such as, ship,

z is the center location of window h. Mean shift lane, etc. ,
vector is m(z) — z. Set window center location to m(; |x=xo
repeat the process, finally, m(z) will reach the , X) —e 207 , o’ o« h, I(x)eU

distribution. It can be seen that m(z) alway,

hill of the distribution and always reach the pe 0 otherwise
zero gradient. This guarantee convergen
characteristic of mean shift. To proof this;leth==0"then, ——ﬂ* ™)
/ , alized factor and x is the center location.
) % can be expressed as

/'@
f(@)

f(z) can be positive or negative and
direction of f(z), means that the
climb up. Set m(z)->z and re
[f(z) will always be zero or on top of di

m(z)—z~

(X;)B(I(X,)) ®)

(€))

of conventional mean shift
from reading color values of
. For the sake of clarity, window
e used. Start at the first frame, the
to feature space as

S (I(x, ¥)) (10)

ed probability from histogram which was
d,to color of the target. If target is all red, the red
have value of 1 while other colors will have
qual to 0. Then compute zeroth-moment and first-
“from pixels in window.

3.1 Histogram generation a
In initial frame, hue (H)

1 N
= LBAX,)
B(x) = {1, Ix)=beU

0,otherwise

f» is the histogram. I is colon, vector 6T frie: Y (x, ) (11)
divided by 16 (H/16) and saturatiof

= [H/16, S/16]7 . U is 2-D DO etor oS —;
processing, bin size of 16xd64wa i F(x,

. Ly ») (12)
operator places the window over=the targ e
are some parts of background|1 t within the windo Al
Especially, high aspect ratio o g-narrow shape target M E— yF(x,y) (13)

that most pixels in the window ar ackground In such

x 1 1
case, the background colors beco dmajority and the ly window width and N=LxW. The
tracklng will trac
ARV T
weight functions were gho (14)

y=M, /M, (15)
The tracking willybe processed until a ceu criteria or

FRARNN I NFINETRE™

1. Flat weight, this weight function is used as reference. ‘

2. Para oid, for the objects that have low aspect ratio 1. Error threshold

such as car, house, etc. The weight is mostly on the window |xk — X 1| < err and | Ve = Vi 1| <err (16)
l(;ente(ri and gradually reduces to zero at the window Where k is the iteration. Error threshold of 4 pixels were
oundary.

applied.
2. Iteration count, by limit iteration counts to a certain
number.
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The mean location X,y will then be used as the
center of new window. Z Xwg
4. Kernel-based target tracking mean shift Vi = ", 2 @D
D. Comaniciu et al. [3,4] proposed a real-time ZW' g Yo~ X;
tracking of non-rigid objects based on mean shift algorithm. ' h
The mean shift is employed to search for target candidate - -
that is most similar to the target model, using metric base Where g(X) is the gradient of kernel profile
on Bhattacharya coefficient similarity function. )JIf g(x)=—k'(x), such as Epanechnikov kernel
4.1 Target model /g
After target was selected, the col

J(d+2)=[x), [x]<1

histogram of m bins is generated in initi arget - (22)
. .
object model can be presented by — mm—— “otherwise
mpliﬁed 0
n c X, .
q,=C Zk
i=1 h
(23)

Where { l}i:l...n are the normali
window center at 0. k(x) is kernel profi
convex and monotonic decreasing,
Kronechker delta function, C is ¢ target model {Au }u:L"m
which satisfies Zu: q,=1,b(x)is e, compute {ﬁu(yo)}uzr..m and

of a pixel to feature bin number in i 4l \ ' — —
number. ALl 2 BLRLY ), NP.(Y0)a,
42T did il e f 29
.2 Target candidate A q
Let {X;}i=1. n are the normalize uet..m 804 pIP(Y1)-4]
candidate, center aty in current frame. T

can be presented by e p[P(Y,), d]
date 1)-4]-
A & - A ,""" J \ 7/ < err or max iteration then stop, wait for new
Pu(y) = C 2 H [~ ol O - "

i=1

Where n;, is the number of p}k | th ndow, 5. Implementation '4 sdts

Ch is the normalized coef
p =1 | on two pf orms. One on desktop computer
U=l ¥ with Pentium 2.4GHz CPU the image size was 640x480
The similarity of P(y) and_ can be measured pixels, 25 fps for evaluation and testing. Another, on DSP
vide rocessmg board us1ng Texas Instruments

by Bhattacharya coefficient p[p(y),q] chip Tunning at
which can be pres ylor pu ate 50 fields per
as [4] 7 li

able 1 illustrates tracklng 1me per iteration of
conventional tracking. Table 2 compares processing time

ack;r;g applications were developed

p[p(y) z% pu (y O)Qu Zw k Y- between two shlft algor1thms on DS form The%
er o
e 1 1se
re llu a e terat index
qu S b(x ) u] (20) of arrplane shown on ﬁgure . Figure 4a window that
]3 0) tracked airplane was small and caused the high number of
u

iterations during start frames. After window size
. . . . . adjustment the number of iterations had dropped (frame
Where y, is the estimated location of target in previous 500 to 700). During frame index 955 to 958, there was
frame. f)(yo) is the feature histogram of target candidate mechanical surge caused blurred (figure 4b) and jumped

center at y, in current frame. The mean shift equation is target (figure 4c). Figure 5 proves that mean shift tracking
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is also robust to partial occlusion. It can be seen that mean
shift tracking is robust against object orientation varying
and deformation from mechanical noise and partial
occlusion. The above results were achieved by both
algorithms.

For weighted histogram in the conventional mean
shift, the paraboloid is best suit for low aspect ratio object
e.g. car, house etc. Where Gauss is best for long-narro
object e.g. ship, airplane. For kernel-based, Epanechn q
kernel profile is suitable for any type of target sh:

Comparing between these two a
kernel-based is more robust than conventiona

' @)

, / 5 Partial occlusion
and conclusions

Shlft in video target tracking, traces the

the target, which is converted from target

Windows size (pixel)* 30x30
Color space** YCbCr HSVlyeber | HSV | colWactmg target from the background.
Processing time (ms) 0.68 1.08 76 || Tthize and orientation will not much
Table 1 Average processing tim\!ﬁ SP “a_f acking r ss. Target displacement per frame
board Neffe stness. The displacement of target
*Actual window sizes are 60x60 and 1 res g ‘dep f, frame rate, zoom ratio and
SEVCHCr i he defautimputcoor space o ey g 3 he higher the displacement the [ower
Window size (pixel)* 3030 i Ko s weakness. Image noise also
Processing time of conventional 1. 8 rmance.
tracking (ms) = i ween two mean shift algorithms,
Procgssing time of kernel-based .61 § 2= the mg is much robust than
tracking (ms) - —— o L nali,Due 'to the inherit pattern search, even the
;l“able 2 Comparing processing time ofboth algo S W0 ter oo S essing time.
HSY color space. _Ef,‘"‘é e major weakness of mean shift trail tracking,
" a N '.{(G} : | environm§nt, if.two objects have
1 - T ar colors, . ce .of trqckmg to jump frqm the 1Tea1
12 yr o to lar " object is high. Combining object
2 10 [ B i tatio , trajectory estimation, etc. to mean shift
'-% 8 ' ik oty ing'algorithm should improve this weakness.
2 6 e
47 T3] es
5’ ol {,‘—} < ki, "Real Time Face and Object Tracking as
0 500 a Perceptual User Interface"”, Proc.
F&,—ﬁgr ﬂ‘@)lications of Comp., pp. 214-
Figure 3 Iterations per frame & o L&Juction to Statistical Pattern
= , Academic Press, Boston, 1990.
maniciu and P. Meer. "Real-Time Tracking of
Non-Rigid Obj using Mean Shift.", Computer
V1s10n and Pattern Recognition pp. 142-149, 2000.
[4] omamclu V. Ramesh, P. Meer, "Kernel-based
Pattern Analysis
1ge ce, p 56 75, 2003.
5] d Ya-Qin Zhang,
"Vldeo Processmg and Communlcatlons , Prentice-
(a) Frame index 10 (b) Frame index 955 Hall, 2002.

Y. Chengy"Mean Shift, Mode ing, and

NI ui e Al

Processing Second Edition", Prentice-Hall Inc., 2002.
[8] D. Comaniciu, Peter Meer, "Mean Shift Analys1s and
Applications", Department of Electrical and Computer
Engineering, Rutgers University.
(¢) Frame index 958 [9] G.R. Bradski and Adrian Kaechler, "Learning
Figure 4 Tracking an airplane OpenCV", O’Reilly Media Inc., 2008
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