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Abstract

The video group of MPEG is standardizing video compression technologies for machine-based video recognition and analysis
under the name of VCM. At the 143rd meeting, a preliminary Working Draft (WD) was released, and discussions for progressing
to the Committee Draft (CD) stage will planned for the 150th meeting. This paper comprehensively reviews key issues related to
performance evaluation methods and machine-learning performance degradation raised throughout approximately two years of VCM
standardization. In particular, we deeply analyze performance degradation problems in machine tasks caused by video compression
and introduce various recently proposed complementary technologies aimed at mitigating these issues while maintaining or
enhancing machine-learning performance. Based on this analysis, we provide clear and practical insights regarding critical issues
and future directions to be considered in the VCM standardization process.
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I 1. SFU-HW HO[EAl 7
Table 1. SFU-HW dataset configuration

Class Sequence Total Frame Bit Frgmes Frames
frames rate depth skipped coded
A Traffic 150 30 8 117 33
B ParkScene 240 24 8 207 33
B BasketballDrive 500 50 8 403 97
B BQTerrace 600 60 8 471 129
C RaceHorsesC 300 30 8 235 65
(¢} BQMall 600 60 8 471 129
(¢} PartyScene 500 50 8 403 97
(¢} BasketballDrill 500 50 8 403 97
D RaceHorsesD 300 30 8 235 65
D BQSquare 600 60 8 471 129
D BlowingBubbles 500 50 8 403 97
D BasketballPass 500 50 8 403 97
(0} Kimono 240 24 8 207 33
(0} Cactus 500 50 8 403 97
H 2. TVD-video H|OJE{Al 1M
Table 2. TVD dataset configuration
Sequence Frame Frame Bit Fr.ames Frames
count rate depth skipped coded
TVD-01-1 3000 50 8 1500 500
TVD-01-2 3000 50 8 2000 500
TVD-01-3 3000 50 8 2500 500
TVD-02-1 636 50 10 0 636
TVD-03-1 2334 50 10 0 500
TVD-03-2 2334 50 10 500 500
TVD-03-3 2334 50 10 1000 500
¥ 3. Pandaset H|OJE{ T4
Table 3. Pandaset dataset configuration
Class Sequence ID Frame Frame Bit Fr?mes Frames
count rate depth skipped coded
A1 57, 58, 69, 70, 72, 73, 77 80 10 8 0 0
B1 3, 11, 16, 17, 21, 23, 27, 29, 30, 33, 35, 37, 39, 43, 53, 56, 97 80 10 8 0 0
C1 88, 89, 90, 95, 109, 112, 113, 115, 117, 119, 122, 124 80 10 8 0 0
A2 64, 65, 66, 67, 71, 78, 149 80 10 8 0 0
B2 1, 5, 13, 15, 19, 24, 28, 32, 34, 38, 40, 41, 42, 44, 46, 52, 54, 139 80 10 8 0 0
C2 80, 84, 94, 101, 102, 103, 105, 106, 110, 116, 123, 158 80 10 8 0 0

olux] g ol S ZE TVD-image Hl°1EIAP], Open-
Images v6 HoIEIA7, FLIR HolEAlflo] 9lt}. TVD-im-
age HOTEIALE 1920x1080 #1/4E2] & 16671 ou|A =
/d=]o] 919, Openlmages v6 FlOIEIALZ 2F 9007t <]
olu)x] Zel|A VCM H7HE 98] 5,000712] o= 7} A%
o] AHSEth FLIR Hlo]EI4lS 640x4802] 3007H 294
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olg]g HoJHAES &% § 7IAISs 455 %7k
9all, 2t dloleiAle] 7k GT(Ground Truth)ol] 2 g3+ 3
7b HEYAE Aoste AREsta Atk FAHLE,
SFU-HW dle|ElAl A &2o] st GTE &3,
2l A% 3 7h= Detectron29] Faster R-CNN X101-FPN?!
S AHEEte] HAl 5SStk TVD-video HlolEA
& AA FHo Wi GTE 7ML J°w, JDE-
1088x608!"" VIES|AE AMg-ste] A5 H7HE R8st
PandaSet Blo|EA ] 73-9- oJw]H & gk GT7t AlF
wo glow, 4% H7H= Detectron2®] Panoptic FPN
R-101-FPN 3x 2177 ARE-ghth o]m| =] dlo|gAe] 7
¢ EE AA g@xd dg GTE XSt Yo,
Detectron22] Faster R-CNN X101-FPNS A}-&-3ht},

VCM CTCOllM = Alte 71&E59] A45S H7istal v
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© 2 AZd ok Frk. VCMOIAM AHE-3l= t &
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1462} 3] eJoll A& Q1A RES} A SR 3 o577t
A7) A} 1402+ CfP(Call for Proposal)l'” ©HA ol 4=
RA(Random Access) Z =5+ =213 21} o] & WD(Work-
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LD, AT 24 o] Inner Codec Wl AT 485 =
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3. A5 I} AE B Ol

1432} 39744 VCM CTC EA & & Al 7149 A%
H7F Ax7F 71sEo] USlth A WA A EE BD-rate
(Bjontegaard Delta rate) "2, mA A% the] H|E Z4g
< UERZ] 98 AREEITE o] AEE VVC(Versatile
Video Coding)9} 22 71& A4 4= X FA AHEsl=
7t WS 7|Wo 2 s, PSNR(Peak Signal-to-Noise
Ratio) thAl Al 235 AXE #§ste] st wHolth
Sk WAl 453} kbps(kilobits per second)= 33 T
=7} B 4 (monotonic)dteE AAIAE 7HAE AL
ofum, Thef o]Fo] T o]z ¢ 0™ BD-rates AAHE
T glvke #4130l EAgt F WAl AE= Pareto-
mAP(mean Average Precision)/MOTA(Multi-Object Tracking
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SExto] 91O} Wt oF 5%FECIE 9]

% O O PA—
MOTA 7] 727} QIAth # 4= SFU-HWollA #Al A
5 Aolg HoFH, A oF 18%ERIES] AT A7t v
byt & SolME= TVD-videooﬂH Al REE 9R A=

gdol AAUAT, H oF 5%EJEL] MOTA % #art
AATH
F 4. SFU-HW MAl 45 Xfo| HIHZE £ off-on)(EH2l: %EIE(MAP))

Table 4. Machine performance difference result(all tools off-on) for
SFU-HW(Unit: %p(mAP))

Sequence SFU_RA ESFU_LDg SFU_Al
Traffic_2560x1600_30_val 2152 | -17.40 | -16.59
ParkScene_1920x1080_24 val 2567 | -18.78 : -29.99
Cactus_1920x1080_50_val -52.67 | -42.86 i -10.53
BasketballDrive_1920x1080_50 val| -15.79 : -15.37 : -24.72
BQTerrace_1920x1080_60_val 2228 1 -19.79 i -14.91
BasketballDrill_832x480_50_val | -18.34 : -16.78 : -15.92
BQMall_832x480_60_val -16.88 | -18.85 i -15.53
PartyScene_832x480_50_val -30.34 | -23.90 i -27.82
RaceHorses_832x480_30 val -10.72 -10.92 -12.43
BasketballPass_416x240_50_val | -7.68 : -826 : -4.95
BQSquare_416x240_60_val 1010 | -893 : -844
BlowingBubbles_416x240_50_val | -25.00 : -21.47 } -13.43
RaceHorses_416x240_30_val 776 i 742 i 513
avg. 2037 | -17.75 | -15.42

¥ 5. TVD-video M2l
(MOTA))

Table 5. Machine performance difference result(all tools off-on) for
TVD-video(Unit: %p(MOTA))

M5 0] ZIHZ2E E off-on)(HS: % Z2IE

Sequence TVD_RA TVD_LD TVD_AI
TVD-01_1 -2.01 -5.70 3.02
TVD-01_2 -1.03 -4.95 1.85
TVD-01_3 1.63 2.61 2.66
TVD-02_1 -0.98 -1.62 -2.38
TVD-03_1 -12.71 -16.13 -2.53
TVD-03_2 -4.38 -9.43 -1.19
TVD-03_3 -7.70 -10.70 3.68
avg. -6.14 -7.90 -1.71

ol A A% Adk WA B AeFA AR, %

Al A2 T3} o] AA| S8 Ropill M= Azke HAE
ZY T 754 Atk I8y dA BD-rateE A S &
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H7F A 87t FA gl
2= djdshs o oEwol Atk
o] & 7IF oo r AA At 7

% BD-rate TXVP FostEe 7le A" A 7 =27t
O] Fo A 3L YUAIRE, BE A|QE 71&el thell A&HA= &
o, 047&?5] 2@ o)y FA A Q] 7150] glo] AAAQ
WA= A S
olf g wAlS sfdsti, Ml e Adks WAEH
Aol BDrate /35 7HAS ERaH] 98 AlE F SR
A&7 o) 2 7o) AHTE QI o] 7] VOM-

o]
RS9| Rol 7|8k A1) sgoll M, A4 &4 & AA Y&
A

A28 v AL Mo 7 ATls WA LAl Els Al
A A% AsE Bgsr] ga) Aok ok

48 e v}%ﬂr A 23 B4 F, Rol 999 77]

B QAU 2L 730 S, 1T Rol

AT, o387 Rol% FAFO2H, 2L

ANEE F WA ARE ) EHY 5 A sl 44
ol

2 el N i £ Folw Bl AN Ay

Al %A(Threshold) 2

Source width X Source height

Threshold = 1000

Q)

Rol 872 3 949
£ Rol9] 712 2 A2 Zolo] &7 H| &g Fato] M2 &

o,
ofN
o>
X
X o
N
N
o
u
!
(=)
10,
=)
10,

Rol 492 Ak 34 &S 4 Qo145 o] A

Hu, AgAoz Ao 267k FHAHEE A Sl
o . Threshold
Roldilationratio = Original Rolarea (2)

a9 12 B 7y A4 OM% HoZr) IgdaE
ZME 57 e ool A2 Rol7l YAGETE 2o}
FH WA 71A EEEE ofuo) X}%ii $4E BES
AT 4 ek W, Z25 A= A Z31= Rol 2717t
w8 AX o] HLHA LUtk

o] 7MY &S AL o R A=3sl7] Y4, Al E2E Al
UL olA AA g2 9 AA F4 A¥e 536,
71 WA v 2ttt 2 =EolA AMEsE AA ¥4
A S(mAP)F A 2 AF(MOTA)E ol F55, w4l
A% tjH] H]E 7+48-9 BD-Ratex o] AS4E Aj5o)
st 202 g|Aeitt

E 62 SFU-HW HlolEAl S 883+ Al E2E A ©X
A8 AR, B 7Y 48 Ao v Ed | E WHalel 214
g4 A%5(mAP) W3S YEllith BE 8 2(Class)ol| 4]

E 6. SFU-HW Al_E2E Zix| EFX| H|EZ0|E ¥ mAP 32t
Table 6. Bitrate and mAP variation for object detection on SFU-HW
Al_E2E

Class bitrate variation mAP variation
Class A +20.18% +2.57%
Class B +10.71% +3.96%
Class C +0.40% +0.32%
Class D +2.44% +0.47%

(a) Original Rol

12l 1. Adaptive margin dilation 2 OflA|
Fig. 1. Example of Adaptive Margin Dilation

(b) Expand Rol
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Table 7. Performance comparison of object detection on SFU-HW
Al_E2E (Unit: BD-Rate(mAP))

SFU _AI_E2E(Object detection) BD-Rate(mAP)
Class A -0.83%
Class B -17.85%
Class C -1.00%
Class D +0.58%
Average -4.67%
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Table 9. Performance Comparison of Object Tracking on TVD Al_E2E
(Unit: BD-Rate(MOTA))

TVD_AI_E2E (Object tracking) BD-Rate(MOTA)
TVD-01_1 HHHHAH
TVD-01_2 THEHHHHHH
TVD-01_3 HHHHAHA
TVD-02_1 -44.44%
TVD-03_1 -1.24%
TVD-03_2 5.10%
TVD-03_3 8.42%
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Class bitrate variation MOTA variation
TVD-01_1 +16.34% +5.2%
TVD-01_2 +15.16% +6.3%
TVD-01_3 +13.61% +5%
TVD-02_1 +2.46% +7.5%
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Fig. 2. RD curves for TVD-01 1, TVD-01 2, and TVD-01 3 sequences
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