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Tracking and Interpretation of Moving Object
in MPEG-2 Compressed Domain

Su-Jeong Mun'- Woon-Young Ryu'- Joon-Cheol Kim''- Joonwhoan Lee'"!

ABSTRACT

This paper proposes a method to trace and interpret a moving object based on the information which can be directly obtained from MPEG-2
compressed video stream without decoding process. In the proposed method, the motion flow is constructed from the motion vectors included
in compressed video. We calculate the amount of pan, tilt, and zoom associated with camera operations using generalized Hough transform. The
local object motion can be extracted from the motion flow after the compensation with the parameters related to the global camera motion.
Initially, a moving object to be traced is designated by user via bounding box. After then automatic tracking is performed based on the
accumulated motion flows according to the area contributions. Also, in order to reduce the cumulative tracking error, the object area is reshaped
in the first I-frame of a GOP by matching the DCT coefficients. The proposed method can improve the computation speed because the
information can be directly obtained from the MPEG-2 compressed video, but the object boundary is limited by macro-blocks rather than pixels.
Also, the proposed method is proper for approximate object tracking rather than accurate tracing of an object because of limited information
available in the compressed video data.

FI9ic : g&HICI2(Compressed Video), AH &3 (Object Tracking), SIP8HE Hough B & (Generalized Hough Transfer), 25 ¢4
E{(Motion Vector), 3¢ #&$(Motion Flow)

.M & o] doJelE MPEGH Z& #ioz ¢F3he
A o]t}
gAdg Hhes o4& EFL txd $4ITdxE i

2% MPEG-29 %2 AE&d 23& %& AAANY

Aol B

AFE S wdd Jdeule] gdoz dHErndo Fdx
o Hyol §%3 Fidgu ot olE FHzd= 94

33359, ZAAEE, FEF HYVOD), FEF w2
(NOD), HAd HF Al=d § Tg¥o] T Ut
Iy ol 2L TIY Mul2E #AHE d9FE T4
AZsAY AFs7] fMe Tl 7RE FU® ¢

6

rir

:fl

o

AREANY A9 o ITRC ARRlel oisf $¥Hoz AATjolg.
4 92 ANENATY A7
o e A3 us

2 A2ge e d4PE By 5h

512003 78 49, AASE 20084 129 59

33-4-*’-
i oX o o2l
o Job Sk

Ha
.

F53 442 MPEG-4, ¥TlL HeolHe A3 & HAg
59 MPEG-7 T2o2 =] gt da 4E3i5o] 7}
A HHAoR Al43lE MPEG dx& MPEG-209 2
49 ¥HUEs MPEG-29 A% & |4 4771 29
A AAAYE F53 ¥2Qd MPEG4 2 &30l 744
9] F¥AHdescriptor)& 223 MPEG-7 SolAe 7
A g FHE B =29 HYd 28R gEd,
ERAME ol Zo] HHIEO Al4EHu e MP



28 ZEM2SS=2X B M11-B HM1=(2004.2)

EG2Z 5% dlojgd E3dE HARE afHOR olf
gho}, A4 9 9} AE dlolE o] e e F45
T 80l AAY F4 2 Mg chFaux 3t ol
EHE 9JalA 7[EL] YHEdNME ¢EE $94 doly
& H3g @ F AFL 9904 HysAed ohekd A
BE YL zRE 948 + s §54 dxe yHddl
A5 28, Y33 dAHCA ZAHE {43 AM
% 49 ARY 559 Az} AR 59 7HI}Z T4
A + Ao 93 S Wyxsm ok

ol wHE FHE $lste]l FFHIgolM Y 43l
kel vk HBE o] &stata} A3k i=dl, S-F Chang
%< DCT(Discrete Cosine Transform) @ojollA A7& 2
Aals oy WHS AgtelscHl] =3 V. Koblas MPEG
o] 29 WEE ol&dd AFHAGNM FHY HFRS-
MEde ggsldon2], A Yonevama®} Y. Nakajimat: ¢
FAdelA FHole HAE Aelstn sty e, Favall
& 4A FHe A% HEE o] & F U&S B
[3,8,9].

e WAe] A dEet AAe] AAutez FA o]
v AAE 245 2L giveke] gAY = AS gl
Zte] A AAe] 29 HWEst EAsn, 9 MP-
EGY &#9q #er Hadt 288 S7H4717] 98 A4t
917wl iR A9 §HQ FERSE AFSE
e o 7k4 2A3E 72 ok F249 EAls oz
2 BE d99 £33 HAgaty 249 E2$E AN
i RT3 5 did Iz dddes FESE
AE3t moe HEE o83t AAToR HAY F 9
o}, mg dzkel ZAIHS Ag hviete] FA o] AYH
e whate] A o] FHYS FRFH AL o] &3
g Avlet 2dE Aosta Rase devgE gyt
3}¥l Hough W&E o] &3t 7ivel A9& FAH3a,
o] & o|&3te] AA el FAYE FHY + Uk

B =R oly§ HE nejste] 39 A2 Y
AR 490 E2SolA Fhvele] F2YE BT F
Zz &5 3 TR A9 YL Adsixn, oF
o]t} Abgte] o w2 Hel® uhed uhayle A
AE GOP @92 FHsh= We Alokslsich. Aot
el A= 3 GOP W9 B, 5= P Zgdel e Ag 7)
e ¥ Y ERZLE o831, MEL GOPY 1 =
deloll M= 3 eate] FHE 9y 98 DCTATES ol
g8l FHMAS ALY} A E=F FHEE= AA9] &
Z9le] kg 229 HAA o] sME5eES AYE T
& YFshxch & =79 AgE LHLS Favall 59 W
B} fAbshOl, Aol SAY BAE S=alg Foll A
FH o] Fa=7] wiol Fielete] AU} FHEA A
Ae] F4o] 7Hg3sttt

B =8 o3 Howye AAAE 53538 gl

MPEG-4& W-€7]4 vit]e Mu|2d] Bod §43 4u
5 =g 7]¥kl MPEG-1 %+ MPEG-2 Ht} @o| ¥§
st 7] wiiel frelsich e, gy e B &4
7} sheistAl sl AE A k7] wiiol ¥ (rectangular) g4
o] AL VOPE =9 v gog FAs o), i,

FRAAE @84 RHAHoR o]fEH3 9 MPEG-2&
ez 10, 11].

B =#e] 220 A MPEG-2 HU L ~EFOo R2RE
A9 AYL FE3E YL 7leden, 33
Aoz MNA9 FAud disy AWEAn, 43M =
THE Aag 2 A ATl A =gk vhA e R
5FolME § =8 A& 2 el disiA =3k

2. HH|e| XY =&

oA Ate A FHAnAEFLS ¢HE MPEG-
2 HH e @A: ARE 533}t AAQe] AF waz
£5%2 498 #E¥h (29 D2 MPEG-2 H|H & =
EdolA Ao &2 F24E FE}= AHE HoF
I Ak YA o %ol AA Y FHYE FEE=
4 MPEG-2 Ht]e 2EJN 23y E29& 54
shal, #4¥ 49 F29F AT W vot AHE
ol g3l H&sain, vt TA-E HAst FojAr,

Construction Smoothing
of Motion (Vector
Flow Median)

Analysis of Camera
Operation

Extraction of
Object Motions

(38 1) A SHe =2

21 2AEQ 23Y E299 34

MPEG H|t]2.9] 3¢ #WE: FHEES =0]7] 94
AHEE7] wjZel o]E HEEC] &AFlRA K3, U4
o2 7 H(homogenous)F o= 2 HEEo] B
sk FlelEl Ee AAe] AL #F wrdstA R
o EF RE 2R E50] £39 HEHE e AL
obdch ufiEoll &3 HE SRS AU $4¢ E2
& A7) faAe 94 2 Zyde] 45 el o
B E== 219 wWee A u Moz Audst
,ildE WEES deHYso e UL HEss)
£39lo] HeEA g BEo] 73 HAARE 3
87k #go] Hasicl
(29 2)e Wa2E 5999 &3 R &2
E29 o9 geAg HoFa gk agdM N =e

2!

rlr R



9Je Fx ZY(reference frame)S FHSHH N+1, N+2
Zde] FE ZHYS F2de HAF Fe 3FY M
HE 7Hdoe 7H4% 29 &3 Zde A N+ Zgde
o] FAY FEF+= FAQY WEH(AHM)Y wodlgo R
39 WEe ge A= A = Uk a#u, N+
ZgdelA N+2 Zefgoge gAY E29E 33Y ¥
HEREH 24 dojdl £ gln F 2239 He9 & °l
83 el gich

N+2 frame
N frame
I row?
N+1 frame

(28 2) 3= 2=C9|el 22 E29 oF

A 299 d3g 98 zadlel Aol wel 2
ele el thgel 45F7 24,5l

(a) I(t) + P(t+n) == P(t) + P(t+n)

(b) B(t) + B(t+1)

(c) B(t) + I(t+1) 5= B(t) + Plt+l) (1
(d) I(t) + Blt+1) == Plt) Blt+D)

4 (1-aolMel 395 (19 Dol BHE vhsh 2k (2
W39 3 A e U A3 249 WEe
e 239 F2S2 M 4 At FA9E guisn,
F oA A9 B 42 T Ale] B Zdge] 4Hq¥
A%z £ WEel 2718 AAY ZAY412 hra
Wee ve Bdsh: 490,

Ri B1 Ri+1 Ri Ri+1
(32 3) &= =zl 2xY BT 7%

(:1%1 4= A (1-be] 392 49 WHe] FHdl o
(4% <9, (94 <3, (938, 933
75—:—-01] 7t &3 HEe Aold o LAY E24E T
A% F Aok a2, (28 99 viA g £#3€ (21,
orah)el A Sl A9 FESE Y + 2k
4 (1-c)9] #ASe]i= B Zaolo] #Zs Zejole] &
o MEE 2 18 flo]l ad2 49 F292 7HEe
dow, 4 (1-d)e] Aol B el &3 249
B wrdiddke 239 WMy /1y o}‘flt’r.

Ri+y Frame

(22 4) B ZHAZIe| 2N B2 5

3 4 (DA A &9 E25E A= A3
oA ZA¢ e o AR wet i dan &5
& ol Fshd Fx zyge] viaz E57 dutzyeon o
AatA gt oY@ Aol FE Tl JHE @el
AAE (2d 59 az £50] #lF 41 e 9%
el A F2FE Zeda 7St

Flow

MV

L

230l WE9} of Wwatol 29| E220| TA

(:F‘-I 5

~—

22 2HY EZTe 27 A st

169 PHo F4Y Az Esadsl g3 ¥2

rir e

°1|"ﬁ‘°]'-1-’ K53t 37 ““-u:"ﬂ *l L
¥3ala glon, 39 ZE9U Ao
2552 THY 5 ol

ol# gt AT FE&& AAs, ¥4y FR9 A
o5z @& AR BES HiHE] 98 (19 6)3} e
3x3x3 A71¢] A=LE ol &3t A|FFHRL Htt F
Hag Fastgrh OIEM} Wik PEeje] Az= A FH
9 EZde BU4S BESHUA BRI FE He9
3¢ E2298 Y & 5 AUt

I
T >
A

|
'S
2 S

N+2_th frame

\ 4

"

N+1_th frame

(32! 6) #El ojC|Qtol 2/ AlS2 ZEE



30 HEA2IEB=EX B M11-B H13=(2004.2)

(29 6)2 e e 3% E2$d dgss 9
HAR2A dde WE s dF 9= W 3 E2%
ez fEedet AZle FE HAF g WEHd &
o, o]z g FM3 WH(aggregate ordering)HAE o] &
g e AR #AE(order statistics) L WE2
Ed5S BES AR B9 Fe5E aHoR A
AY + gloy, EAY E2971 AoHA Y2 [ B, P &
el wizz BE50 dair AlFdHoR AFTF &3
d E24E5EH BUE SAYSELE ANE F
23 7io2} S=te| =4
Fhdele] A A-2 o]92l(affine) EAF HU>F3(per-
spective-projection) =¥ 5-& o]&3te A4S & 4 3l
of ey ol d HE dEAHEA 7 4+ gl g
Zte] @A E AHEHok stER B =EdAe= Mg @
=3 #-"9E-F(pan-tilt-zoom) 9L A& 6, 71.

o]g]gt Rwllo]A RMilaneses< Z# o] i kel dx,

Ay T3] fEA ARst g, ol &8 H A s(least-
meansquare) ¥ g]5E HHEAH o7 AMEdle] Qe of
¥ GES Taad. oy B =Rl Agazie] W
o] 875 vEEAHQ AL Hstx, B3 4 &
299 o3g Zo|iax Hough WL o|&&le] 7lue}
3 AL Aoste viAdsE Feac

% Ax, dye AA 2R EZ29] 50% ool &2 Y
HE 7INWA 1 F 60%c]de] & a2Fez F3E o,
a2 aFe de vdgtes gEHE £29 WHAES
4x, Ay2 A} =3 Fo| FAFRE FHo=Z 7}
A AL 2o o = ARV E F9 #, 4F
o2 o= AR Z7E 29 @e 71 21 FAR
Hel AzlZ4 Hough & Aolstx 714 ©L #X&
s o778 2 Folskdr

i

(a) o144 vz REE

>

...... ] |—

(b) Az FgelAe vids EXE
(J&8 7) ¥ 2E 39| s EX5

(z2d D@ ezt A, 9, & S2o] B4 o
Al wif¥ige] EEEolg EF (¥ Tbe AALY

ol A g o] EEeolt)

Ftolel E2He Aelsr|d x, ye miAwFE wf Ze
gduick At sHolxn, AL sivigt YL FAY
T Ak E=E g Albsbr| 9 FAEs o
S AAshed 4% 8<lo] Hed FAHdHE Folanat
z} zy ottt 7t2et ARRger A EEZ59 yvo
xA#el gle vzZ2 BS54 75AE Fo, FHsd
FTAHARE b WS FHskoh (™ 8)2 gdi(zoom-
in)7} A% o z jaz BEE5e Y WE9 A9}
7hsE w8k, 7 g2l wAHE F4e x HAFEE F
= 299 delth aFeA FA el HeHA ¥ vz
2 BE9 x AREL 19 39 71532 #5o #(col-
umn) B3] Fsum)dti olE F F Hde §FE =
&(column)& 2o} dF dlaR &5 F39 FI4E x B
o] FAREE HAsE F FHY yHAEE o9 BY

atA Add

Weight

1

”””””” 0.125

'''' 1 os
.......................... e

] 033

0.33

o PR | S N N S y
PP 05

0.16 Max : 2.943 125

(0% 8) B2 SHUAE F x Y& Fék= o

24 7ozt SE2 wiHE 8y F&

MPEG-2 H|tj2¢] &3¢ e bzt F23 249
Aol EAso] Yetdeh F Fivete] el 9 ¥
Zglol xEafg) d Fofol il vpebdbd AA e FA
< FHEHA F99 dehdo mEy A HHRYH
TAE 2AY EESY AFE L HAE AR Qe
o, Ao &Ade FH}7] A= A ’éﬂl’\i & 7t
vizte] FHPL ol 83t B ojof At F W3} HE
A AS AAE A AP EF] ““4 9E9| 7}
vlgk F&el siFEE Ax, dy @l ¥ WHE 7HHA
do. 2z FAY E290M dAx dEd HFs=
Fhellgt T2t o RAYES AAY F Aok =T Fo
iz E59 23U FEAAH &3 == 44
FH= 37127l et FH] E2] {E
Fhlet F2E AARE 5% FHol= A4 &4
F3% F A (2d 9= 9, HES Fo| A=
FEdA Fieer F&e] % &3 %E—?E BAgata,
F4Y E2971 Qe FE F FHA3e) € F de A
Y 7Hs40 d&= E5E BAFa

r o B M1 oX
T me 2 oA o



(32 9) MR Fo| A2 Jjolet SAS BAT Fo
FHOAL 23

3. Mt HH F=H €12 F

A Aol FHE AA9 FAY EZSE o £ Al
# MAFH HHe F GOPHSR o]Feojztt. GOP ¢
# FAE MPEG-2 HtQ ZEgdA M &3
FH3l7] g 49 5 e AR ZdgedMe &
E & w2z 8549499 DCT A+ #E% B =& P
ZglelM e vjaz EE @99 A9 E&2$ otk

Ak FA wyldA FA o A= Hzx9 GOPel
A vhgg ubzo) s 2|4 €h MPEG-2 oM 4% &
AQ E2$-9 DCT AFE2 vag £ 92 A4t
7] @&l ulgy urii= 7]EQ H|FEF FoolMe )
A4 g2 f2g S5 afZ Ao

I Zg)e] DCTASF ARUHE o &ato] FHJTIH A

& 1 ZegYde whd 7tx GOPE +Alshe =y +
HEE AU A EE GOPAlA dlF AAE Folof
t} gk GOP7F 1579 Zejgder pAgEchd 15719 =
g Arkal & Fo H2E 1 Zefdel ] A#ME Folo}
3t7] wiol A AQle] wE Agol= #E A
g Wz} Holxa gl AaEE Alzke] Aojxn),

Algtel Wo A A AA= d455E B, P ZdE
oA AA FAY FRSE ol &3 FHE s A
28 GOPel AF 1 ZdellA ©Ae mjzix|e] Fz
AnE o] &3le] FHYLE AlFddc) Aoty 33 gz
Z9 MexE (23 1003 2l

Object
Designation
with Box
I-Frame Motion ":’* rww
Coefficients
a B- or P- Frame
Updated
Object
Region
I-Frame

(28 10) HH =5 2m2|Ee| He

31 HHI|M T E o|EE FHE SHY 9 HAFH
A AN FAY $49) BReE uaz 2S vy
old xajglel @ waz Hsol WA ZaelolA st

MPEG-2 &= HAQ0IM SHOI

BRI FH L HA 3

rr

olFHNETIE BEEETE webq 7)o ojd vjaz
rEo] FA oo A&HE= e AYEA 0¥l
AAE7HE dobl7] flaiM e 58 ner7t gasin.
=EAAME B EE P ZYYdH BF 71948 o83}
Z2719 1 Zefgde viaz B350 ojud FAYE 74
olFat=7tE FA4sch

(28 1D BF7|ded g F4¢ E2FE FH38
v e BoFa ol 2709 AAE AAdle] @ u=
2 B30 3 F2F A3 s ZdelA AL
dolwmrti 7hAskal Weld o8 gg Zefigle] gk e
2 0 vjaR E55% FHE veidd o] A %
719 i3z 85L& T A5d ZdYS ANEA ¢
vke] H9] F5E 7HAA 2 A7t THE 4749 w2
2 2559 349 E25E THE WA g =AY
Pt 7] WA dF + Adh adHAAE o ZaliYd
oA S9€ wja2z E5°] u ZAYAA 479 w2z &
Foll 4AA deids A4S Bl Fa Q.

<! 8 e oe e

Mv," | MV, MV, ?

Mv,' | vy

ty t
(a8 ) o S5 S22 A
Yoz rHE 3¢ FEFE

AMV+ A, MV, + A;MV;+ A MV,
A+A+A;+ A,

S_MV=S_MV+
(2)

o} o] PR o7]A S MVE FA3E 4UL &
&, MVI~MV4E 958 Zged FHd vaz
BEo £39 EEFE EIdH, Al~Ad= FHE Y&
o] Wye g

FHo] AYHAA WEH 7|9E¥Z 4 A7 &3
F&2%9 A4 E gho] 8 Blaol4fo|H FHe vjam ¥
= A7 @ ol AXA dE HuE /HHE ¢ndd.
At WHlolAE o] A 1 Fe vjaz EE A4
o] ddow TFFYCHIL = 12 FHA o4 SAAL A
= A9 a2z BEdA A7 34 ol WAy &
Holng 37 viaR 852 e G AAs
oly gt whalo g FHo] Ao F GOPZ} AW A=
&1 ZlelA FHE AAe d9E THeZ F1 99
B8 AAWYL 3 E24E o8 B B P T
ol Aol F#a4g Hejstd oI 2t



@ HEND|ES=2X 8 M-8R H12(2004.2)

Tracking by Motion Flow in B- or P- frame
For each succeeding B~ or P-frame
For each macro block occupied by object boundary in the
previous frame
Calculate accumulated motion flow S_MV
If S MV <8
Select the same macro block
Continue S_MV
I8 <= S MV <= 12
Expand a macro block for object
Continue S_MV and Start S_MV for expanded MB
If S MV >12
Replace the new macro block
Stop S_MV and Start S_MV for replaced MB
End for
End for
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