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9 A2 9 HRH B ZopllMe 2L Al el THAE @
AE =557 A oA e 28% A7 AFET Aok &l g
2t 7 Qg2 Aok At A9l 712 (Occlusion) 22 I8 =3ttt A
Aol AAel Aekgt Q14 B F2o] offitte Z2A1l Alefe Ad. o
of wha thAld g2 FLT FHES B9 AHCA TA BEFoRH,
g A dEere 97 oER ¥ 9 o] AEE IS & Aok ol
gt 542 ol B IS 33k AW olsiE A% dd Tem FET
A glew, ot 58 #oke] 7lHto] =i vt

Tl @30 tEAQl A2 E715E (Plenoptic) ©]n|2]¢F HE] 7h]

o} EL Wz oldols Fo) AR e 23
Fe 2 AFASHHO, H., 2021; Son, W., et al, 2016; Pereira, F., et al,

2018). olgA AAH ZxA Z 1 oJu]X|(focal plane image)e> 4 AH
2

(focal stack) FeH=2 FAE ™ (Chalfoun, J., et al, 2024), Zo] HH} %
AEE SAlol ZodRtt} olzjt B4 dubAQl T AR FFeE A7
olele TUA BAL 7Psol S0 Azl ol 27, A A 5 rjef

zd
SF Hololl Al AFEE|TL Qth(Scagliola, A., et al, 2020).
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7t olm|z| o] AAIE HolErh ZF AloA g5H A 7Y Ad 9
ForE 45 4 gl oA Az AHE Algeit olziet HE ziH|zt
olulz] Hlolg= Zlo] AR} AdtE F(Park, ], et al, 2024: Son, H., et
al, 2022), 379 AHFABD reconstruction)(Dai, A., et al, 2018), ZH] <l
31 ZH&598(Ouaknine, A
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AA F4 71e&2 dutdg oz VOT(Visual Object Tracking)(Javed, S., et
al. 2022; Li, B., et al, 2019; Song, Z., et al, 2022)2} MOT(Multiple
Object Tracking)(Manzoor, S., et al, 2022)2 FEHT, VOT= A& H]
He mQlofA A w1 me|fde] ARAE XAt AAE EEe] A

A%
3 glo] ZHel Wajolch, Wk, MOT: AHAle] Fol® Zefao B4 7]

5 S T
ol 8T At 2 =wolA= VOT 7]¥ke] dimzel FA71Ql
CSWinTT(Song, Z., et al, 2022)& Edx¥ o|nz] 7ol A ALdst
of, Abdel Aol ot AAE AHEAT AEe 4
@ =Y dofi BeAor FASE A = )

T3 A A Z1E o] A o= VOS(Video Object
Segmentation)(Caelles, S., et al. 2017)2 I&5%H H|TQ m oA A =y
dol AA QA E 7IHte = o]% mEQlEoA AA|S] BAE wiE o=
AdsH] &8sk Zleelth ol VOTSF 29 o4 ohejo] AladE]o]A
npAAE o|Este] Ao FAN BAE Bt AgsHA 2 4 At F

o= Al 37t ARE agror AFsty Fgst= STM(Space—Temporal
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Zo e tarAQl VOT 718t A F47]Q1 CSWinTT9] -z A
2 wHkA T3 VOS 718 = del39l HQTracke] +x& 9 Al1wl
3

gt olE "o 2 AFoA siEsfor & AIE A

A1A VOT 71 AR 38719 72 9 52 44

Dynamic
Template

Search sou
Region Initial
(h*" Frame) Template

¢ {: * Transformer
Image Preprocessing - Encoder ™
* Window X 6
Backbone » QK Vv partition |
(ResNet50) "| Embedding || Cyclic Shift Feedforward || Norm
MHA
Decoder
h'™ Frame QKV
Tracking Box head [ | Norm ||Feedforward MHA | Embeddi
Result mbedding

X6
\\ '.l

.

(29 2-1] CSWinTT A 4

(25 2-1]2 &2l VOT 7|4t AF 47| F shuiel CSWinTT7h
dutzQl 2D olu]z] FFNA FAT wf, gojo] phEH Ao AA| Q] vl
= A4 #HHE yepd Ogolth, CSWinTT= &£7]
T oA TemplateC 2 FoAX= F4 tiid AA| FHe}, olg Mo}y
$gt Search Regiono] ¥go=z LAH
Dynamic Template©2 2%}, Initial Template 3 T oA A}
BA7F A4S AA A AEE ZHter AAEH, Bhed HAas Add
7 x, yob e W&sk= YH[(width) ¥ E=oltheight= A<t
Dynamic Template2 F2 A4 ZH A T2 7JA 5= Template S =2,

o,
)

o}, Template2 Initial Template™}



Z7|°|= Initial Template?t FLsHA A o]¢ Z me|Yuiet oS5

&3 229 Confidence ScoreE AAFSHH, o] gro] 0.5 oldoldA 7
2 A dd Hd HAE A2 Dynamic Template =2 7JAIRITY
Confidence Scorex= F2% 49 ol AAZl &4 &S UeEUH, 0

jus)

1 Alol] ghe Zrth glol 1o /he4s s gl A4 AAE xR
@ ol we 2 oujad

phEaQlefAel F2 IS WA Search Region® A= (Image
Preprocessing) TAIZ A|ZE T o] HAA 7} 2R % Search Regiond %=
7] = dolA HAA2H Initial Template, 12|31 7§41 AJFef| HAA 2|7 4=
% Dynamic Template¥} @7 ResNet50(He, K., et al, 2016)2.2 /A% =
UIEQ|Z] d=Et, olgjqt Al 71| =l ¥WlE YEYIAE HA oA
(Feature Map)o2 FEHth. F&H DAY o] Transformer ZEZ
=, oA 79 dojoj2 FAH JIFTH(Encoder)@t HEH (Decoder)&
ZAHoz At CSWinTTo| JZdE 4 mAHH] tis] dudS &
St %, Multi-Scale Window Partition¥ Cyclic ShiftE -85t HE J=
g4 (Multi-Head Attention, ©]s} MHA)(Vaswani, A., et al, 2017)¢!
Window Partition Cyclic Shift MHAE 93ttt o] CSWinTTe &4
Wgor, ZF slEv Az 4E Ak A7|E ARESt] s AAYD ofdllAd
S A4S E3E Cyclic Shifts: H-ggdo=24 TAH Ax9 o4& o}
Heb opefer YAA oA o'l ALt 7HsSHA Rt o|# Al A E
oJ’ld Ai}t= FFN(Feed—Forward Network)Z} Normalizatione A tlZ
2 AgdHEch yFoE= Template?} Search Region 7F ofelld #AE zhet
slo], 2EAO0F RBox Headz AEY EA AHE AJASHY. Box Head=
tt5=2] Convolution #lo]o]&2 FAEH, o]5 53] HFHo=z p I QlofA]
o] AA vRed uA HARE AHESICH

el

9 o o

A 2A VOS A mAYYAY P& W 52 B4

1) HQTrack
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(18] 2-2]= JEAQ VOS T d939 HQTracke 52 S
oz 3741 VMOSe MR&Z FAHTH VMOSE &5 me|gofx
Igo] At A WA T Ao olwx|9} sy mkad &

il

&

FLEZL fgor FofAH, VMOSE JIFHE Tl Ao 4EE F=5T¢
ct. 5
g

i)
M
Q
rE

o]F DeAOTe] WY X% GPM(Gated Propagation Module) <&
J7] 9 7] wireo] ARttt o] &= WA mJRE EAZQ AW
floldlo] AlZHgick olnlAl7t QlEElm AT ojulxe] YnE ElL,
GPME o) meldeo] JRE A&HoR QeolEdi the oz 7
Al ARE Aottt o] S5 71 HlH oM Aol Gt A1
o|do] 7Fsstth. HiH= olzfet AHE 7|Htow A|1HlE oA
it olgA AAE upAzzE VMOSe 2802 Al-FHr.

HQTrack®] MR2 HQSAM RES& ARt [ 2-2]9] QEZ A
= 7 S%ol, VMOSAA Add AldiEeld ntAaE o& AuwsH 7
Agtth, FAAo R, VMOSoA &85 Aadeold npA=9] vy HfA
kil

==

o
l—l)*
)
>
u
i

2311, o]2 HQSAMO| 8 m=2nEg AMgste] T2 AUt A1
glold nfA3E AAsth o] VMOSF HQSAMO] &% untazm b
IoU(Intersection over Union)(Li, B., et al, 2019; Wu, Y., et al, 2013)&
Mg H, AL8ATE AREe] AAT AAke 2T A HQSAMS| £
<, 28] god VMOSe £ g ntAaz A=t o 1S
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@
° GPM
th o > x3
i T
Up & Proj scale 16x ol .
GPM Block scale 8x | g i
GPM x 1 19 Pred Mask
| Long-term Propagation | Block =)
T scale 4x |
| Short-term Propagation |
[ Up & Proj
X /

| Self-Propagation | --------------- ’

(2" 2-3] VMOS &%

E35 MREL VMOSOA &85 nfA3E AusH] tgtEon, B dois
HQSAMSO] &8& T vfAa=z ARt

2) VMOS

HQTrack®e] VMOS+E Internlmage-T(Wang, W., et al, 2023)& <131H
2 ARESH 7€ DeAOTE &t VOS Rdlojty, ®E A
Propagation 5% (Multi—Sacale Propagation features)= F3%olo] 43 ZHA|
AaRigeld e MASHATHL, J., et al, 2023). [1¥ 2-3]12 VMOS?]
52 A4S veRdch VMOSE 4%, 8%, 16X AAYO] Propagation E%
2 &8otr, ZF AAIYL linear projectiono|Ht AME (Upsampling)= &
of AHEoh FAHCR 8x AAUSY BEAL 16X AAYDS B4 7[He
2 linear projection®® WHIEM 4x EAL §XEHS AMEst] A
Ht}. Propagation 914k GPM &5 UWolA =, 16x AAL
GPM EE, 8x 2AALE 1719] GPM EEo=z A= Z+ EE
Long—term, Short—term, Self-Propagation Al 7}Z| ®Alog2 HutE|w =F
7] miReE gl AAY] ¢y wiste] -3tk A7] WEY = FHd
8E AlRtEH, 7Y edd HEHs sxpAor AAEHT o|FA dojxl
Propagation 542 FPN(Lin, T. Y., et al, 2017)FZ9] HIHE AX FHF
oA E oA St

VMOS®] Propagation 94F2 Transformer -5 7|5tC 2 s}, 5hte]
AadEolde 3 o 4719 GPM £55°] 2t Al 7FA] Propagation

=
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A4tE StER F 123]9] ofdllid ito] wEEAR oz AJYHct o]zt £xX
= A QY w3zt g & = At ZIHES AFSHARE, A ©f
4 HAYZO AE =2{dfict ES| Self-Attentione RE ES 4o A

sA2 Asiol sag AT gol nol Yl 06’)9] Az, B3 B

3) HQSAM
SR FWIAE VMOSTH s 7] AlIdEleld nhade] £
o] E5HA ke 4 Yk ol& Bk g, B AFelME (17 2-20°

AAE wReh 2ol MR @AolA HQSAME &8sttt Hi+ti dlolgAle
2 AR S48 HQSAMS Aggtezn z7] npa3s Huep) BAT 5

T:

At HQSAM-2 ViT-H(Dosovitskiy, A., et al, 2021) 7|§te] oJu]z] 1+
OE ARgotH, Zrest 3d82 vigo s uje AHgota HgAQl npAd H
AE 7FsSHAl ek 8y ol w2 Ao AESh A4t EEs SRSt
o, o]l A7 £LE Ao 4 A AATE S84 Afor g 4

A

A 3d gAH B4 AA =4 2 A=A A

AR G4 B B - D4 Adet vl golee) ot =
Fhstet, she] megl ule] ole} olmlA7h EAs)
Yol mE olmze] dis] &AHo Gaid sut 24 9
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Target object

t"Erame Camera 1. el
15tFrameN_ | . Camera 2 *. Camera k
1 i q el

Tracker
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“w|

’ Bbox
Tracker 2 Tracker k

Tracker j

(2% 2-4] D] Zheet olmlx] s)uk A2wE el A Ty

d2E oluz]= g Z|o] & 10189 TA ZFglog o]FolA
A Aol Ak webA 2D 7)4t
g T HolAE 1018]9] EHZA <]
Aoz 9], CSWinTTe} -2

wze] A 71 28 Az
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]
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2
)
v
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o
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N
X
=
2
o
>
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o{N
L
ok

o
Ay

= S7ltERE AAIZE A7t /\P‘”J =7Fs
&olA Hzer A5 Aotz A A

e 7helet oju|x] PN E FARE FAIZE AR 2 =RolAe
7|1E0] & FiegtollA ZFH olmz] Z|§F VOS 9291 HQTracks
k7N el Zietoll A EFE HE shelet ol o A AFAdste] AR
gtH(Yong, J., et al, 2025). AFRAF= AA k7S] 7HHlEt & 7)%E0] HE 7}
et ;5 Aestal, sig ZiHete] A me oA Ao vhed HAE AA
gt HQTracke of vhed vAg mgmes el 74 st o
& ntad ZEnES A, ol 7|Nte s HE Zi|et oln]z] g7
Azt Fieetel]l sl SH A MlidlE o] do] s H e [ 2-4]= o
o §1%]9] 7HH|EtE0] Y AAE FJ HE it o|n|R|o A o] A1
gold MAE AlZdAc=w HolErh 3t meele k7] on|xE A EH,
olo] wet A4ty dlojy A2 Zhuet ol B F7keith o= 7]

ol
-

N
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£ 9 Ahle Ju @4 elas) Aa 2 dole Ael Helt 348 3
bhe oujsiol, AmAoz A4 Axgel 49 S5 ASE 2AE & 9

7
o

AzdEeld Al 7 Fhlebs AR ohE gXd FAT AAE Fs)
oz uetds ERdes A|aMEolde Sedslel gtk olo] wet k7
o shuletel wisl GPME E¢ A 47 @ w7 ome] o=}
oloin|7] $l8) kHol ENAZ At 2t st SHHoR A
fawEelde Sagt. 1y oldd Trolak A7 Wt A 4l
L megolME 7 ERlA7t 5UE 420 A wEHow Sag ol
2 e A7 AR s e s eabo] ololdE HaeHA 4
ol
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A3 SN GANA A 22 2

=

Aol d malea

A 12 SEF ouAA o AA F3 ZH A2

1%t frame
Image » Image > Feature
"] Load Preprocessing Extraction
Target patch
Selected H focal planes for ~ —————-—-—, e 4 pemmme—————- N
multiple trackers in h + 1™ frame | : ! : 1 Backbone Transformer |
ll 1
[ 1 Lp| o !
| Image 1y Image ! > Feature > Matching | Output
o] Load |[! : Preprocessing 1 Extraction > Module ) Bbox
e W e '
- e |
1 Backbone 1
th L !
' frame Dynamic ! Image ) Feature )
Focal plane Sel. 1~ | Preprocessing Extraction [}
leem===——=t =)
--------------------
IWork 'Workz | IWork3 ) |Work,,,,.

CPU cluster

'

Thread Pool with ' [B R TTTTRE TTT TRy TTT TR TTTT RS TITTRETTITRETTTTRNN | B ettt ,

@@ ........... 000, (g G
T T ‘l-

(729 3-1] Algkele A4 24 ne9iae] 72 97 57 717

(29 3-1]2 At A4 4 zddae A4 +x2& deidd. 2
ZHAYIE 2 AP dAA W= AdEe aedor APsh] H

< A mE ol 24 EQd A2 g9E on|
stef, A mpojzekele A olw]A] 2E(mage Load), olm|A A

A FZ(Feature Extraction), "% X-&(Matching
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Module), 18]11 A3 &% (Output Bbox) o2 FAHT}, o8t REESS
712 CSWinTTe] gutAel Az 528 9x|stHA, AHE Z(thread pool)
W HE] AEY (multi-stream)(Segura, A., et al, 2019) #+X2E T ¢jsto] Zt
A GA 9 S HER kit AfE £2 o A AgE
(worker thread)E& ARl @ds Fil 8% Al o]l& AARESHs WAlCE,
e AT A mEE AAH QHSEE Gy os HiARIth Lot
7V ZF A AYEE 5HAQ GPU 2EH ojggro=zay oo x4 =
glele] oigt d4ks A glo] FAl AL & e He ST
(Kim, M., et al, 2023; Plancher, B., et al, 2018). o|&|$t == GPU =}t

Qo] Bg aee Irsieln, A4 F4 A e GuHor dEAR

TS ARReE ZHAdIE 54 xZE EYQ A97]|(Dynamic Focal
Plane Selector)E Z3HItH(Yong, Y., et al, 2024). o]= uff T dufct A
274 EYE BT M= di4l, ofd mee] 24 AnE Hter |
Az el Hast 24 Ed|Ql olu|z] HAE AA st A=ttt o]
A A" wAYES 2Zatt A4 Eolal, AAIRE 4 3P 9] Ae
& £ E PN

2) Alret AA F24 nddae] T2 U

8" omAle @Y AARE shute] Y dofl o] 22 E4
e Eedste 724 54& THAEER, 2 d7eAe 22 EEd 2e=
dis BHE U 4 U=F A A golziels "HEAYE Rie=
AASAT. (1™ 3-1]4 FAoe= S=#AQ 4 Bfas o3 HE AT
g g B A2 &5 UEH, ouA] =E, ojujx] AAH, 5 F
= WA EER A4E 72 A SAE EeRM onjx] 2EC} olm|A]
dAEE At HefAl "ded BdE ARgSHA ef= CPU 7|8 A2 &4
ol7] wWiwell, 2+ =2 E¥duitt M2 HE CPU 2 Ed] Lt 2da
getezn ¥E A2E Sdssid. o8 Sl 7] SAClA TAS=
A e ZHaspetv
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, B4 F&1 1y 2E TGAE ResNet50, Transformer®t 722 HE

Y RS ARgSHE H[E dite =z SAdE| o O]Ofﬂ GPUNA 3 ==
Zlo] @g&Aoltt, B dAoxE GPU 7149 a8 Zdskslr] ¢ CPU
(E2E)7} GPU(HrIo]A)o| #AY9 (kernel) FE|Z ﬂi‘i” —AELEEE AIs
v 4 ot HEAYY WA os FASHIH. 4 A EE AR AEH

M=o vErider AdS AL, o8 Fll GPU HFAA=

E “4F47P 7Fesizitt. ol#et AAE GPU wollA "aid ditel 2
1 BEsE R st A AL mes I P olHT A

ez Aehehs A ofefiet Zol FaRlit.
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Adaptive GPU Load Redistribution

t—2'"Frame
Kt o Work
¢ Global Global
Mask = P Proportion -9 Tra'\;ker -~ GPUS |  Tracker Queue,
St atching 73 a Kernel
1 f Calculator Migration [T P GPU
Launcher 1
Mask | Build T
|| Build up .
t—1thEy D T 1
rame M : Tracker
kth S 1 I oy | Work |4 ;
Mask * 1 Queue [
e ’ : Mapping
Mask ok, v x Work
o Queue, ;
HQSAM GPU Link _ GPU Link Kernel |
t‘"Frame Lin | Proportion _’Tra'\zl;::hh:;PU > Tracker Launcher GPUy
O6rg Calculator Migration
K €D Threshold
Imager — (Offline) Thready Streamy
15t
Image T
Tracker # GPU # cD Model Combinati Proportion
E " E 1 1 3.4 Linformer VMOS + Tiny HQSAM 0.11
P : Execute eery Frame 2 2-3 113 | Linformer VMOS + Org. HQSAM 033
---9 : Execute every A Frame T B T 7 f
=P : Launch to the EE queue k 452 8 Org. VMOS + Tiny HQSAM 0.15

(2% 3-2] Ast We| st ojmx ATH el H XAl Fa v

1) Agket He zidet o]m|z] A|1dlE o] Tl a X

Atz 2= HE e omx] gHFoA o] aaAdl A1
o= fls AAESGNCH, T8 HA= et 2 Al GAR o]Folith:
(1) CD Measure, (2) Build Up T, (3) Adaptive GPU Load Redistribution

(29 3-2]= A Aladgeld Alag”e]l AAAHQ T2 g e
ok ZF S Sol HE ZhEt ol A] golA IS it ST +
| € sidstal, GPU 7t Af Ats «3 Al 245t = A7 £
Ak of oA GPU Link(NVLinkD, NVLink Switch?)E &
S He FARE Bl A o] o]Fofxw, AA FI|(A FZDuirt A|AH
HReE Azs HEe SAE fste] AA] GPU A3 A7+ AHAE &
Ak (¥ 3-2]9] A4S W mE|Yuattt o]Foix]= GPU LinkE &% H
e ZAF S v JAe 48 F7I(A FDuin peEE AAH
W22l et wREYy AR S UEpdT oo 22 HAAE Fo AA Al

2

it

Hold gol FYHIM, £ medYat et GPU FHANE A8
g & UAuE AP fAYS Testel AASIAH.

1) NVIDIA, Nvlink high—speed gpu interconnect, online:
https://www.nvidia.com/en—us/products/workstations/nvlink—bridges/

2) NVIDIA, Nvidia nvlink and nvlink switch, online:
https://www.nvidia.com/en—us/data—center/nvlink/
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CD Measurets t—2"Ze|Qda}t ¢—1"me| oA ZF Aol d npad
b AAe] CDE AXtett Build up T ARACl Foj® AAIRL 67,
Onosars 0o, AAE CD & 71F02, 7t Edi7A7t (" meQlofA] AHg
S md 23S AAerh o714 2E ZFhol#t HQTracke] VMOSSE MR
°] HQSAM ZiZtof disf 92 ®Ay} Fget W F shuE Addst= A
ojujgitt. o|FA A4 H Rl xS HiF o= TE 43

233 GPU Fot A&vf 71H-2 v Zedutct GPU Link Proportion
Calculator®} Tracker—GPU MatchingS %3] GPU Linkz® 2% GPU 7t
A AIZF HAE EQ1 o] dgolA Bd xehd Aty A3 AXRE UE
WE Proportion S E-gslol, ZF EAe dis] "Z gl AP=
GPUZ} Aggdat. AzFst 2d(Linformer VMOS + Tiny HQSAM)-2 7}
22 Proportion 4, €8 2@ (Org. VMOS + Org. HQSAM)2 71
o Proportion @t Z=th ©]% GPU Link Tracker Migration TA A=
AL o EfAC dish AlrdEelde] Bttt 4HES GPU Links &
sf wme] HARStY], sid EdAZE AldE S 43T GPUS $1x]7t
At o]=g #AE Fall GPU Link® 4% GPU 7+ Aj A7+ A

T3k 9A F7Inttt Global Proportion Calculator®t Tracker—GPU
Matchingg 433 GPU Link= AZHA] ¢42 GPU b A3 A #®AE
Z9lt}. o]ojx]E= Global Tracker Migration @AM E A|AH HREZ|E 7
A= JAPZE o] FojZint. o2jet R A Eof AYd oo EAT
AlZLdE o] de 43 GPUS $1217F 24 H . o]% HAl GPU LinkE &
of Wz EAgo=4 GPU Link® AZ4% GPUTF A3 Al |AE E0]
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Propagation Propagation

Scaled Dot-Product Scaled Dot-Product
Attention Attention

Projection Projection
| Linear | | Linear | | Linear | u | Linear | | Linear | | Linear | u
Query Key Value U Query Key Value U

(a) (b)
[ 3-3] GPM Block®] o€l 7|9t Propagation 4t 7% (a) 712 Fx (b)

Linformer 7|5t low-rank projection®] &89 Fx

o2

% 9l

2) HQTrack W =4l A=st
d mgd93= HQTrackd F8& 74
249 VMOS2t HQSAM=S ZA=slst rds  ZIkghtt, VMOSl+=

Linformer Z|§F low-rank projections Z-§oto] HFdsE A8,

HQSAMolli= Tiny HQSAM<S A-&st3ith. T3, A9 2Ad& F45to]

A8 wdy} Ags; my 7 29z 99z sHor Adsis 4%

3 54 2d 2¢ A9 718 =dstrh o dobh, Aust e wt
1 o)

AAstA 24357 el Z=Hd 7+ FAF] A= (Schiitze, H., et al. 2008;
Wojke, N., et al, 2017)& &85} Linformer®] low-rank projection 2
ZAsto] ofglld A4te]l EAF HEE Aofdtth, FAR] AT =2 o
o LS o] ZARLE Aetetal A9 AR BibH o dEditt
2 FAR] FAETE W A, =2 2SS fAoto] AlawE ol gt

o
= T, T 1o
TE HESHHALE A3 AZbE 2 5 3

1—

2= o

)

7H VMOS®]| Linformer7]8t low—-rank projection matrix 2-&
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Encoder GPM Decoder

Exe. Time(Sec.) 0.022 0.2 0.001
Ratio 9.73% 89.65% 0.62%
[E 3-1] VMOS FE3E A A7t v]& &4

VMOSe] Z+ GPM EE2 7]&9 multi-head attention THAl,
single—head attention& AR&oto] A4t BEHRLE ZFolHAME AJ5& A
ozx g&H ofdlMd 7§t Propagation 7+X& ARSIt [ 3-3]9
()= ol GPM9] Propagation 94 25 YERATE Propagation 4t
ol <dId= EY" oux9 A AHHeE Ao’  UHIY (gating
embedding)o] 4=Hrt. o] dHFL2 BIAF ACIE T 0 E AA AP
™, scaled dot—product attention®] Zi}o] element-wise HAO = H-gx|o]f
Any ZFeE A% ofdld Axtoll= depth-wise 2D convolution©] 2§
—%_ o] 7lsotH, upX|e O 2 linear projections ol
fef, olele PR BEES AclsAE 3Us 24

o] Aol
[ 3-1]2 VMOS F4 248 A3 At 24 A9E AASH. A4
oF 89%7F GPM @Al 485w, o] § tifZ2 ofdd <

of 7|1ttt oli= & 122]€] Propagation ¥HgofA HHE2] 07 of
FeE7] wol, A A ARE F7He F8 9l F stuE 244
. et GPM W °1EW A ALt ag= =

ARl 45 o S AAR A4 EH
AL ﬁ%iii Aestz] 9t tiEAQl 7 F She
Linformer(Wang, S., et al, 2020)Z, self-attention®] /}H/‘éﬁ]-% attention
matrix7} 2AHOZ Jow-rank X5 7HIth= 0|23, Az o] 7|4t
Sto] AAE BEst Rdolty. o] Fx& querys JIHE FAISHE, keyet
value ¥ES A3 Foz A FIEH| ofdld A4t low-rank FE
2 AR ol2A J)Ee] ofdld AAteld O()e] BHLEE O %
oJHME de= BIRoR {AE —/F AtHWang, S., et al, 2020). E3F

[e)
=

RN o R o 2
(0]
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Linformer+= attention map®] EHZHLS 37| d[*]4]
gk AL B8-S Ao R AAAA 5 e o] Aok

[79 3-3]9] (b)= Linformer 7|8t low-rank projection®] 2-8%
Propagation 4t #H8& yebdlity, o] 9lo], Linformer 7]4¥te]
low—rank projection®] GPM W 127§¢] ofelld A4te]l 2-gHth. =44
FEE ot5 7Hee meErE = 27)3tEH, Z2F GPM E5uit dk=z 49
o] Z GPM &5 Ztof| projection matrixE F-75HA] &1l low-rank At
7b e 59 &5 WolMk: key®t valueol Hisi EIZO] projection
matrixs -8 OS2 M Propagation WA 12 EAAS HET £+ Q=

A st

ruO

) G822 Mask Refinerg 91¢F Tiny HQSAM #-&

HQSAM2 ©&jt 2719 Rd=z FAd5 o] glom, ARgE= ofm] <l
Fro] wet LR Heavy HQSAM-Z ViT-H 7]4te] ojm]z] 1FAHE
Ao, Large HQSAMYF Base HQSAM-2 Z+2F ViT-L 9 ViT-Be} &2
Hwd el JFH =2 didlste] AeksAzl Edort. Tiny HQSAM2
ViT-H 7]8te] QIFE2HE 24 FF(knowledge distillation)(Hinton, G.,
et al, 20158 E3) A 2FHE 5611, o]F g AT} TS
Eo|7] Yol mtA~a HIAHE vlA 24 (fine—tuning) e 25 ZH=th
7129 HQTrackollAl= Heavy HQSAME Agst o AQtol= HEl 7}
Hzt olm 2] A|l1Hg ol d T M= BFIHE Tiny HQSAM<S MR
2 ARt Tiny HQSAM2 H+ 1oU7F 91% oldoz2 fAEo] w2 Al
OdEold ASEE Aoz HASHH, = =
Heavy HQSAM ] F 73.46% DZ=o] A7 He] Zwo|AE 9zg
dee Yehdn Ho AR A Bl At 48 278 2)9] wholl A
o] Ut

nody WE AW Az

A VMOS®] GPM &% Y Propagation®] oJ&llA AAtof| Linformer
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»=0Org. VMOS + Org. HQSAM —s—Linformer VMOS + Org. HQSAM

Org. VMOS+ Tiny HQSAM Linformer VMOS + Tiny HQSAM
100 1

2 : e ——

% | o
85 A
80 - N
75 .
70 4 A
65
60

1oU(%)

0 5 10 50 100
Center Distance(Pixel)

[C1% 3-4] CDoll w& Hl 714 2 =399 [oU Hx

719ke]l  low-rank projections A-8ot1, HQSAME HZ3SH Tiny
HQSAMZ AAste] a&2¢ AadEelde 34T 5+ e 74

TASAT B ATt A% ndd 9 2dg

ojm, & <oA= o]
Distance, ©]s} CD)2 AoJgttt. dutxog C

el AAe] B4 AUS Ad@T Dot B eRoAL —2'e —1'm
el ATREOld kAT 7F 54 AS AMgste] AHe] g1 A&
£ molg

Ak 7 og o 714 BY 2gL 28dTh Org. HQSAME 7]
Z HQTrackol A AF&3sH= Heavy HQSAM-S UEbdT) (1) Org. VMOS +
Org. HQSAM, (2) Linformer VMOS + Org. HQSAM, (3) Org. VMOS
+ Tiny HQSAM, (4) Linformer VMOS + Tiny HQSAM.

(29 3-4]1& ZF o] 71#] rdo] 75 ol tiaf Al o]HS 4345}
F= w CDoll wet F+t loUe] Wels yehdn, A9 23, fifiZe] 2d
ZgolA CD kel 10 o4l ouAE9 IoUe dHidos W e 7HA
™
=

i
|El
£
oo,
L
S
i_g
ofN
oz
i)
=]
1o
Y
i)
0
o

=

2

]

, 59| Linformer VMOS + Tiny HQSAM Z3}tolA A5 Astrt 7F8 &+
HHch 9, Org. VMOS + Org. HQSAM %32 tffE9 CD g2
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wste] Org. VMOS + Org. HQSAM 2g2 ¢
QAAGY, W2 CD grol dAIgE min
22 o] Zof A mERL FFAl Aol 7h
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Aot FHAastely A £EE =9t thF GPU oA dAE 4
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I [oU —a—Execution Time

100 - - 30
- 25
95 - 3
. L 20 &
® r E
5’ L =
2 [ 15 &
90 - i ‘é
I Q
[ 10 &
85 5

2 4 6 8 10 12 14 16 18 max

Center Distance Threshold

[ 3-5] CD Y4AIgk Wste] mE Tiny/Org. HQSAM A® A] IoU % A3 AJZF

4 gonz, gA A4 Al Ael S5 AAT @ AThEClA Aol 5
A E WEA T E|ojo} gt
(27 3-51% Oupsn b WAL 0 loUsH 29T B A9 Az

o] WSS UEhdth. o714 xF 04064, HEFW™ maxe BE T Y
o] Tiny HQSAM=& Ad¥ste = gttt 492 VMOSE Org. VMOSE 11
Sl 0050/ 71F SR Org. HQSAM3 Tiny HQSAM % shts AT
S RS AAstdrt. AHACR, G000 AFAA 2 U7 FH
Haote Aoz vyt whbA A AR 34 dESHHAE loUE 2

=1
& 95% ol FAT & U VN OR Ohpeus 112 A5

rr
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Work Queueq

Work Queueg
s o o NED me] oo SE2y

Lin. VMOS + Org. HQSAM Lin. VMOS + Tiny HQSAM
Org. VMOS + Tiny HQSAM

Org. VMOS + Tiny HQSAM Work Queuey
A

Lin. VMOS + Tiny HQSAM Work Queuey Org. VMOS + Tiny HQSAM
[Org. VWOS + Tiny HQSAM]

|

(@) (b)

[Z7 3-8] GPU =g #uf T4 Hlw: (a) EFfA 4 #% &4, (b) Proportion 7]
g EdfA] 2

Model Combination Avg. Execution Time Proportion
Org. VMOS + Org. HQSAM 820ms 0.41
Linformer VMOS + Org. HOSAM 660ms 0.33
Org. VMOS + Tiny HQSAM 270ms 0.15
Linformer VMOS + Tiny HQSAM 210ms 0.11

—
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Al

Zre o3 ol & gk,

wAE eststr] 98l (2" 3-8]2] (b)ot Zo] i me|Qlutct 7}

GPUe &9 E&7S52 Proportion &eta Atste] GPURE o4 Ad Al
7t z}ol& FA7H}. Proportion g2 2z BEl x3to) ot AFolEH, &Y
Symbol Description

T Collection of trackers including their state information

k Number of trackers

Tracker Set of trackers, i.e., {7‘177'2, ...’Tk}

A Period of memory copy via the system memory

j Tracker index: jE{1,2, -k}

;i 3" trackers 7,& Tracker

p; Proportion value assigned to the jthtracker

gpu; GPU ID used by the " tracker

t Frame index

Frame, A list of k images in the t'"frame, ie., [imgljmgz S, Mgy

imy; Input image of the j'"tracker; img,; < Frame,

g Number of GPU groups

m, c GPU group index; m,cE{1,2,---,G }

gpu_link_set

Set of GPU groups, i.e., {G G, ~--,G }

G, m"GpU group in gpu_link_set, ie., {g}n,gil,---,g?n}

q Number of GPUs included in group G,

o, f GPU indices in group G, : 0,fE{1,2,-+-,q}

g, gﬁl GPU ID selected from G5 g, g{ne G,

LY oy Maximum number of migrations between gfn and g,’;

src ID of the source GPU(migration origin)

dst ID of the destination GPU(migration target)

P, Sum of proportion values of trackers assigned to the src¢ GPU
P, Sum of proportion values of trackers assigned to the dst GPU

Z,. Set of tracker indices assigned to the src GPU; [ . & {1,2,--,k}

N Set of indices corresponding to trackers for  migration;

o S < {1,2,--,k}

[ 3-3] 79
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Helstsct.

[1¥ 3-9]= A-83 GPU Hof A&d] 7IHe 4 4=
LT FEo|t}y, AdaptiveLoadDistributor &2 8o 2= o A (Build Up
TolA B4 T, GPU IFES] I gpu_link_set = {G, G, -, G; }, 18
W e Hd ol M mig,, 7t FolHh oY 7t GPU 1% G, =
{92 g0 & GPU Link2 92%" GPUES A m™ GPU 1FL <
ajgict,

A GPU Link2 AZAEZA 42 A2 o2 GPU 1§ 7+ A3 At
| agtstr] Qg 2 AT @A g tiste] digtity. A2 oE GPU
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GPUR 29| wRe] EA} o]fojXith, A|AH] HR2E A2 H&



Algorithm 1 adaptive GPU load redistribution

1: function ADAPTIVELOADDISTRIBUTOR(T, gpu_link _sef, migq-)
2 if t mod A = 0 then

3: form+—1ltoG—1do

4 forc<—m+1toGdo

5 (sre,dst, Py,.. Pyy) + GLOBALPROPCALC(T. G,,,. G,.)

6: S*, sre, dst +— MATCHTRACKERSTOGPUS(T, sre, dst, Pere. Pist, Migmaz )
7 GLOBALTRACKERMIGRATION(T, §*, sre, dst)

8: end for

9: end for

10: end if

11: for m < 1to G do

12: foro+~ ltog—1do

13: for f+— o0+ 1togdo

14: (sre, dst, Poe, Pag) +— GPULINKPROPCALC(T, 92,, 91
15: S*. sre, dst +— MATCHTRACKERSTOGPUS(T. sre. dst, Pyye. Paa, Migas)
16: GPULINKTRACKERMIGRATION(T, S*, src, dst)

17: end for

18: end for

19: end for

20: MAPTRACKERSTOWORKQUEUE(Tracker)

21: end function

(79 3-9] 539 GPU ot AR 71¥e] $2 Uehft SEac

e Aste #EE 4 Aok ol He AEst B dFelMde A =
dd F712 AlLg wRe] 7R A 49 =2
(2™ 3-9], =91 2). AAl dddolls AE 30=ZHde= A5 ol g
2 Aol 275k, olo Wit At A2 48 24 3)9 tholl 7]sE o

GlobalPropCale ¥4+ 4 GPU 18< ez ToF & 18 G,
GE Yd8oz ARgsitt o] e ZF IFolA shte]l GPUE A#sto
source. GPU®} destination GPUE ZAstl, ©]E<9 F Proportion & P,
ot P& wERRICH([Z™ 3-9], =kl 3~5). o]ojA MatchTrackersToGPUs
F47F TEH, mig,, A& 1#Hste] T GPU 7t Proportion Zpo]S 3]
Aokt 4 Qe AgY didel Edir JYUAE gAR 1 Ax dA

GPU 18 diFoz AAH RS AH srcold dst2 EArg Ed7

ool
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aa Hek §' Y sre, dst7b WEHCH(IE 3-9], 2 6). o]
Aoz st= GlobalTrackerMigration &= AAR sreollA dstZ2 Ol
g Edizise] ARE AaH HEE AA WEe] BARI ol% Ssig

E#AE] e ¢ ZedefA Aameeldo] =FE GPUS A dst=
JulolERIH([ 2™ 3-9], 21 7). ol& F3ll GPU Link®2 A=A k2 A
2 T2 GPU 15 7+ A A7t "HAE 243815t} GlobalPropCale &4t
MatchTrackersToGPUs &= 7—}7—.} 3% 24 59 7b [O9 3-10]7} 3% 2
4 59 op) [2™ 3-12]90A, balTrackerMigration @+ 3% 24 5)9]
2h) [T 3-13]o|A ZJAls] A o?l‘jr.

o] GPU LinkZ ¢1Z2%" GPU 1& 4olA GPU 7t Add A7+ ®HAE
ool Asl, gpu_link_set Wl G7He] GPU Tdis «£AH oz HAT
CHIZ® 3-9], 21 11~13). o] A2 dof Zydujet Y=, A
F7lole AR °E GPU I1F I+ w335 dtt F, olojA PHt
AHe, 15 W ZE GPU 4 (¢, g,)°l sl GPULinkPropCale &=¢

Fotch([1™ 3-9], el 14). o] g4= F 7o) GPU 15 e
GlobalPropCalc et g2, gL 15 Wl 9= F GPU| I3 E
#AA=9 Proportion && AAFILE ©]%, source GPU(src)@t destination
GPU(dst)E Z7gstaL, o]&59] & Proportion & P, P, 7 Hrehdt),
olof thet ARAISE W82 3% 24 59 b [OF 3-11]o4 Argiet.

o]%,  GPULinkPropCale &7t = oAy  FLsHA
MatchTrackersToGPUs §&7F SEE11, srcol| A dst2 BAME Ed|7 <ld
2 A S sre, dst7h WFEHETH(IE 3-9], 2l 195). o] #E YYo=
St= GPULinkTrackerMigration ?t4+= GPU LinkE &l srcollA dst=
e JARE efstd, Sig EdiAo| disi] Al1wigo]4o] 43E GPUS
AAE dst2 AJul]ERMH([LE 3-9], &<l 16). ©]& &dfl GPU Link= &
2 GPU 15 W A ARE =dtdo] S0l HFAH 22 AL Hiie
£ Ax= W= EAF @ GPU LinkE &9t w2 HAF o] BE ¢a
= MapTrackersToWorkQueue 3ollAl Zv k7] EfiA= AdEH
GPUof| A A|1HEo]lds =a8stA] Hoh( 1™ 3-9], 2kl 20).
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Algorithm 2 Global Proportion Caleulator

1: function GLOBALPROPCALC(T, G,,.. G.)
2 P_list,, +[0,0,---,0] € RIS

3: P_list. + [0.0,---,0] € R

4 for all g° € (7, do

1

T2+ 7; € Tracker | gpu; == g5, }

6: P ere’J';;l Py

7 P_list,|o] « P°

8: end for

0: for all g/ € G. do

10: T! + {7; € Tracker | gpu; == g/ }
1L Fi Erje‘!;f pj

12: P_list[f] + Pf

13: end for

14: aveg,, ‘(,’]TJ ZoE{]_w at P_.l'i“#m [O]
15: avg, ﬁ Zfe{l.--- a) P_“-‘!'fc[ﬂ

L6z if avg, > avg, then

17: idx_sre +— argmax,e(y,.. o P_list,,[o]

18: ide_dst « argmingeq .. g P_list.[f]

19: sre + g2 dst ¢ gltm-dt

20: P, .« P_list,|ide_src], Py, + P_list [idz _dst]
21: else

22; X _STC 4 Arg max ey .. g1 P_Hsfﬁ[_ﬂ

23: idr_dst ¢ argminge(y .. gy P_list,,[o]

24: STC 4 G- dst 4 gzt

25 Poe+ P _listidr_src], Pyg « P_list,[ide _dst]
26: end if

ar: return (sre. dst, Poe. Pig)

28: end function

(19 3-10] GlobalPropCalc

n&"

5ol AL vehf SEac

N

MapTrackersToWorkQueue @<=of thet ¥ 3% 24 5)¢ =) [Od
3-13]oll4 #pAIs] Arg it
H, FEIEH M HHERC] tF S FE2E 7HE=R A4t Hl§o]
71 B o ot ey debEl AAl AW 2= GPU Link 7i4=2}
GPU LinkZ 8% GPUS| Zat= #etHoleh(@oror 107] &2 207 ©
o

4
W), whebd Sashol I Wl WS Aol F NEE Feo] e
()

O

lo

§

7h Global Proportion Calculator

(1% 3-10]%= A2 o2 GPU 18 7ho] A A|7F |AE =0]7] ¢

o
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GlobalPropCalc &9 &2t A& yepdict = T & GPU &
G)& Ydgoz wdhop M2 oftE GPU 7+ Proportion ZfolE A3}
& Qe sre, dst GPUS AATI}

A7, Folzd TAlA jEHATL t—1"medollq AFEEE GPU, & Al
dgo]A 4380 "3 Long/Short—term memory®?} encoder feature o]
B7F 9123 GPU IDE gpu et Aostth 2 2% 6,3 G.o GPUd disl,
G, oA gpu;, == ¢ A5 T EA He=, GolA gpu;, == ¢gid 7
T g EdA Heks 247 FE9o(29 3-10], 2k41 4~5, 9~10). o=,
ZF A W EZAL] Proportion &= A5t GPUY Proportion &2 A
ol

stal, olE P_list, ¥ P_list,ol AZScH(IH 3-10], 2k 6~7, 11~12).

c

Q

sk

A,

e

gg\l

ol ?:40111 gAEE ZF OF WHE GPUSC didsls EdfAEY]

GPU Links 59 vire] BAS S35k, GPU 1§ WHel GPU ZH
A AZE WA FolEH, ol QI8 ZF GPUQ Proportion FA4E2 At
ofd GPU 1&9] ¥+t Proportion gkoll #=dsHAl Hrh. webs A= ofe
1% 7F B4t Proportion #f= H|WSIH, GPU LinkzZ 4Z2EZ &2 &
7F A A \AE meldt 4= Qlok o] 9l GPU Link=2 AA=A] 92
A= o8 IF G, G ZZte] s B+ Proportion 3= AAteeH( 1€
3-10], =91 14~15). ¥tk G 9] B+ Proportion®] G, Ht} AotH, G, ]
diAcw AY AlZto] I OFS oulstE=E G WA Proportione] 7}

7 GPUE sourceZ, GUWHFIA Proportiono] 7Fg 22 GPUE

c

riu

destination® 2 AEITH[IH 3-10], =1 16~20). ®H=, G B+
Proportion®] © & A$ GolA 7V & Proportion &= Z= GPUES
source®, G, °llA Proportion®] 7Fg 22 GPUE destination®.= Z|2ct
(238 3-10], 22l 21~26). o|F Z} sre9} dsto] Hisl %+ Proportion
W= 44 P, P,= AEW, o] Aiks o] TARl Tracker-GPU
Matchingol A AH8-H T

ol M= wE GPU ZI&F ZF AAl A4 Agte] =2 45| 71 A3
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AlZbel 21 GPUel sl AA=7] wiEol A= oE GPU IFolM 71
Proportion kel & GPUS} Proportion #to] 7F¢ 22 GPU 7+ Adg A7t
Ha7E HASEEE st AgFolt) ol#dt AL Ed GPU Linkz d37
97 g GPU 7] 7k BAS MG 4 9t 29 24 9 2%

ot.

e

1} GPU Link Proportion Calculator

Algorithm 3 GPU Link Proportion Calculator

: function GPULINKPROPCALC(T, ¢5,, g/,)
: Ty < {1 € Tracker | gpu; == g% }

1

2

3 P, + Zv—]—eTu pPj

4: T, < {7 € Tracker | gpu; == g}
5: Py 3 e, Di

6 if P, > P then

7

8

(sre,dst) « (g7, 95,)
(Psrc: Pdsi) = (PLH PL')

else
10: (sre,dst) < (g2, 92)
1L (Psrcv Pdst) — (P,_,, Pu)

12: end if
13: return (src,dst, Py, Pst)
14: end function

(19 3-11] GPULinkPropCalc &2

ol
1o
C
E
r
mE

FEFC

.

[18 3-11]2 Adaptive GPU Load Redistribution([ZZ# 3-9]) WollA]
25l GPULinkPropCalc 349 £E7E2 Uehdth o] g4 (g
AollA z+ kel EfAZE Aamlgolde] Hagh Auel o5 Jgoz
F4% T, GPU Link® 924" % GPU (¢, ¢ )5 gglog wrr}

AR, FoR ToNA gpu, == g¢o,018 g E@i#1] Proportion <
Hato] P& AL, gpu, == g/ oI T Eefi# 9] Proportion #<
Hste] pE AMGTH(Y 3-110, &< 2~5). °o|F A% PE vt
o & @& 7HAE GPUE sre, © #2348 7HA& GPUE dst2 At
(29 3-111, &1 6~7, 9~10). Z} srcet dstoll sl 2% Proportion #f
& 27+ P, o PR AFEE(E 3-110, 2 8, 11), o] it o|F

o

O‘
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Algorithm 4 Tracker-GPU Matching
. function MATCHTRACKERSTOGPUS(T, sre, dst, Pae, Pist, Migmaz )

1

2 Ige—{je{l,--- k} | gpu; == src}
3: Ouin  Pare = Byt
4
5

S* 0
for each S € {S C I, | 1 <|S| € migmas } do
6: Ts {15 €Tracker | j€ S}
i Ps 3, crs Pj
8: 6trmi — | sre PS') (Rlst + PS)I
9: if Ogrial < Omin then
10: Omin < Otrial
11: S*«+ S
19 if (Smiﬂ == () then
13: break
14: end if
15: end if
16: end for
17: return S*, src, dst

18: end function

A}
Al

[C19 3-12] Tracker-GPU Matching &<~9]

of
e

Uetlle sEiE

ARl Tracker—-GPU Matching®] 3oz ARgHTH((1d 3-11], 9l
13). A¥}4d o2 GPULinkPropCalc= GPU Link2 12" GPU A& (¢,

SN

)9] Proportion & HlWsSIY] GPU 7+ HaE #Astsh & e #d =

m
A WFS 2T o]E Ff Proportion @l © &, & At A Ao

71 GPUIA ¢ 22 GPUR Zigdo] A== it

o} Tracker—-GPU Matching

(1" 3-12]& &4 MatchTrackersToGPUsZ, Tracker—GPU Matching
H4E vepdch o] g ¢"ZHAoAl GlobalPropCale ¢
GPULinkPropCalc <=7} Al4FE Proportion HAE Zo|= WFo=z
o] GPU = AARM sfd 42 GPU 1& WiFe] A3 Al
¥R otye}, GPU Link= dZ2=7] 2 Mz v GPU I+ 3t
#@3ee FLsHA AEHh o] o Ao =L sre, dstol
Proportion %t P, ¢t P,,, 183 GPU It EA A A o]

% migy, 7t S AT,

ol polt o
aul -— 0 I“=Ll
> oflh Bu
L - 1=

B
R R
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, L= src GPUSE LT gpuoll sfiEsh= EASE ld2z o
Folx Hgolth([1d 3-12], 2l 2). sre®t dst7ke] Proportion H|AF 6 .
= P, - P,= AFolHA(2d 3-12], =<l 3). L, WA =717t 1 O]”
okl RE FEHY ST Uder FAES AP 1E 3-12], =
%l 5). ol= HA Aol digt & go= Qs LA 4 = A=t A
A& FASH| fgoltt. ol Fd EfiA ddA et sof disf, Sof &3 E
g Qdlrof sidots EHfAES Proportion @ Pgg A4total ([
3-121, 2k 6~7), S5 srcollA dstZ Ol FAIFHS W] oA Proportion H
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Algorithm 5 Tracker Migration, Tracker Work Queue Mapping
1: function GLOBALTRACKERMIGRATION(T, S*, sre, dst)
2 for each 7; € {7; € Tracker | j € S* } do
8: D2H(long/short-term memory, system memory, src)
4
5

H2D(long/short-term memory, dst, system memory)
D2H(Encoder features, system memory, src)

6: H2D(Encoder features, dst, system memory)
& gpu; +— dst > Update gpu; within T
8: end for

9: end function
10: function GPULINKTRACKERMIGRATION(T, S*, sre, dst)
11:  for each 7; € {7; € Tracker | j € S*} do

12: D2D(long/short-term memory, dst, src)

13: D2D(Encoder features, dst, sre)

14: gpuj + dst > Update gpu; within T
15: end for

16: end function
17: function MAPTRACKERSTOWORKQUEUE(T racker, Frame;)

18: for each 7; € Tracker do
19: img;  Framej)

20: INSERTQ(7;, drmg;)

21: end for

22: end function

(19 3-13] A2" W2 E AX+= EAE GPU LinkE E35} mna EApo] =zt
& Hebdie AladEo]lde] £EE HEE HEE $EIE

Memory)=2 A&t 1™ 3-13], 2kl 3, 5). ©]%F, H2D(Host—to—Device)
WA Foll Al HEge] AAE HolHE dst= oAl BARMH(IH
3-13], =1l 4, 6). WE2] BAPE &gRd sig EHY dstE gpu = A
stof, o= GPU 7t A3 ARt #|A} 249 g2 sid dUlolEd gpu, s
et o & ZsEc

B GPULinkTrackerMigration @< o ZH ]—1:} ast GPU 11
& WelAl GPU Link=Z 23 AZH srcs} dstE oz APHct. mratA,
Long/Short—term memory®} encoder feature t|°]E7} 57"601]/\1 dst2
D2D(Device—to—Device) & &l A3 HAMATH(ZH 3-13], 2kl 10~13).
o, AIdeol o] Bad Ause] fue) BAsl dRslE A=A
o gpu;g dst2 7YARIT. olF FIl gpus AHHCE JUo|Esto], s
A 2~"el GPU 34 o w7 Adaptive GPU Load Redistribution([ 1% 3-9])
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ABSTRACT

Framework for Multi-view Object Tracking and
Segmentation

Yong, Ji-Hyeon
Major in Applied Artificial Intelligence
Dept. of Applied Artificial Intelligence

The Graduate School

Hansung University

Single—camera—based video suffers from limited object recognition
and tracking performance in complex scenes due to restricted field of
view and occlusion. Multi—view video can mitigate these limitations, but
the increased number of images to process per frame leads to high
computational complexity and the need to handle massive data volumes
in real-time object tracking and segmentation. This paper proposes
efficient object tracking and segmentation frameworks for two
representative types of multi-view video: plenoptic imaging and
multi—camera imaging. First, in the plenoptic imaging setting, we
restructure existing 2D video—based object trackers to better align with
the characteristics of plenoptic images. In addition, we introduce an
image selection strategy that extracts only the essential focal plane images

from the numerous ones available in each frame, and we maximize

_59_



computational efficiency by parallelizing the deep learning—based feature
extraction module and preprocessing stages across a multi—core CPU and
GPU environment. Second, in the multi-camera imaging setting, we
propose an efficient segmentation framework that dynamically switches
between lightweight and original models, and uses Video Multi-Object
Segmenter with a low—rank projection matrix and a lightweight Mask
Refiner. Furthermore, cosine similarity between consecutive frames is used
to accurately determine the extent of motion or variation of target
objects. This information enables adaptive adjustment of the lightweight
level for the current frame, allowing fine—grained model selection. In a
multi—-GPU setting, the coexistence of lightweight and original models can
lead to execution time imbalance across GPUs, causing frame—level
latency. To mitigate this, the proposed framework optimally manages
inter—GPU data transfers at each frame by considering the hardware
connectivity of GPUs. As a result, the segmentation execution time per
frame is balanced across GPUs, minimizing the overall average per—frame
execution time. Experimental results demonstrate that the proposed
framework maintains the IloU drop within 2.86% due to lightweight
model usage, while achieving a 34.3% reduction in average per—frame

execution time,

(Keywords] Plenoptic, Thread pool, Multi-stream, Multi-view, low—rank

approximation, Adaptive GPU load redistribution
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