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& 7ML loH, HA HlEE BER ot Olﬂlxl/ < A= AT Z o2 J|didr}, oj¢f #dst
HtQ Fosle g 2 £F4S a8l gl o] MPEGOﬂH% Helds 239 #A vl #Hs)
o|Z|gt Al H] Ao tgt QA 7|& 0] AlZHE] o] VCM (Video Coding for Machines) £ 7]<] o
H53t AT RE FEe ks delie A2 A g =& F8istaL Qi & 7]l Ae dA7kA] 9
T Aol 9e Fok A4S Hol ok VOMe) EE8 85l A B eku G BE8 A
2RO FE Aol Ulg H20 Gl Ane w4 o] vistel ke
A HA dae|Ee] A 4F B A Alolof #
Aol thgt Aok AHAESG SA o thg 371 A5 1. VCM EZ3 M9
wahglc}, ol 2ld A2 HEL AT g Ao v
3 Ag &S A Aiste T HA Bl Alx MPEG VCM &34 A ofstaL gl VEM e &
Machine
Analysis
Reconstructed
Video Bitstream Video
————————5  VCM encoder » VCM decoder
I_ - }:ur;a; - -;
Consumption |
e F]
(@)
Machine
Analysis
VM VCM decoder 1
encoder .
. Bit N Reconstructgd
Video Feature Feature stream Feature RVldeo[ Video
= Extraction [T] Encoding Decoding  [”] Szﬁ?j‘r
SN J——
| Human |
I Consumption |
| [ —— 4
(b)
VCM VCM decoder
encoder Reconstructed
Video Neural Feature Inverse Feature Neural
—> Network M Conversion Conversion Network
Task (part 1) Task (part 2)
! Bit 1
Video stream Video
Encoding Decoding
©

<Jgl 1> VCM 29/ of
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3} 99l v 2ol

“MPEG-VCM aims to define a bitstream from
encoding video, descriptors or features extracted
from video that is efticient in terms of bitrate and

performance of a machine task after decoding.”

7] B3} 9l ollA A o] wpet o] VCM =4 ¢]
A S8 v 4F-E FYshr]od 23 video,
descriptor @ feature9} 22 thoFst Jef7t € 5 9)
. ol thefst st 29 2o whE VOM 7x
o] o= (2 H 1) oA 9} 2t

VCMe th3l Use cases2 (2 2) o] YehY 9=
dEHor di 7HAE AXskaL ] AEA e
w1 | o] gho] AHg-E3E Hek(Surveillance) 2 A
2, 2ntE AJE, A5 d At ol 253 2

2, A% M 52 s et
2. Q7

20229 102 71& MPEG EZ3} 3|90 =24

VCM S7ARHIIE & 177124, 25 whEA] whE3)
of 3h= 9% QFAFEH(‘shall)o] 167} & T R-E-L 244
gt} VOM 8 7ARHE S W gshd (E 1) oA 9k 2ot

(E D ellA B uke} o] veMe] 177 874k}
< 3A VCM Zxke] tfgk QAR Track 19 3%
8l Feature codingol|5t 24-=& QAR Track 2
o 33h= Video codingol5t 45 2 7AR} 9
Feature/video coding 5o A45E QAo =
TEEH, 7} Q7 AR}o] ojt ]| B HEAE HAIE
o git}.

3.4

oIr
()]

7t X|=

VOME $13 %5 37 Alge 7t 72 BARI 2
% A8 R3] A ol Fol=lo] 9Tk VCM F53)
719] % 7L H8l AHgske s Wt ABE
A(FrAb g Elofe oA o] Ztzte] WAl vl A5 ut
gk Aelzict, @A A v JFER AR EE A
AFE 33 2}, AA 72 (Object Detection) ]
s F71E $leiM 543 W99 ToU (Intersection

over Union)Ztoll thall A S| AP (Average

2

Yy

Intelligent
Trans-
portation

Surveillance Smart City.

Intelligent
industry

Consumer
Electronics

Intelligent

Content Multi-task

<2l 2> V\CME| Use cases
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<# 1> VCM Requirements

1 VCM shall support video coding for machine task consumption purposes.

2 | VCM shall support feature coding. (Feature coding)

vision tasks. (Video/Feature coding)

VCM shall support a coding efficiency improvement for at least 30% BD-rate over the VVC standard on machine

VCM shall support a broad spectrum of encoding rates.

VCM shall support various degrees of delay configuration. (Video coding)

VCM shall be agnostic to machine task types. (Video/Feature coding)

VCM shall provide description of the meaning or the recommended way of using the decoded data. (Feature coding)

4
5
6 | VCM shall be agnostic to network models. (Video/Feature coding)
7
8
9

VCM should support the use and inclusion of information such as descriptors in its bitstream. (Feature/Video coding)

10 | Asingle VCM bitstream shall support any number of instances of machine tasks. (Video/Feature coding)

11 | VCM shall support at least the following colour formats; monochrome, RGB, and YUV (YCbCr). (Video coding)

12 | VCM shall support at least the following input bit depths: 8-bit and 10-bit. (Video coding)

13
of usage.

VCM shall allow for feasible implementation within the constraints of the available technology at the expected time

14 | VCM shall support rectangular picture format up to 7680x4320 pixels (8K).

15 | VCM shall support fixed and variable rational frame rates for video inputs.

16 | VCM shall support any input source from video or image.

17 | VCM shall support privacy and security.

Precision)E H3lo] AlAFeE mAP (mean AP)E A}
St}

TP(Tyop)
TP(Tioy) + FP(Troy)

Precision(Ty,y) =

o1 loUe T Rl AH2HE (R A2
29 9 A2H) Aole] ARshe w22 el gt

Area of Overla
IoU = f P

Area of Union

VCM 7357 el 0,558 0.95744] 0.05 742 2] v
TIoUZtell sl dojzl APZL(AP@I0.5:.095DE2] &
g = ARSIt BA 9] AR £ T As
7t A x| Aol A AE 459t 5 U mAPE

AHg-giet, ohut AR HZ ol A7 23HE wkA
02 JoUE ARXHITHA, AA| 3] 3¢, A9 =
ol whet o] 3l g WAL o]l WE 7] Y99 F
BAE o 83ho] Atgl 0
T Wt ARE 8 99 =S
(Jaccard Index score)$} A A
ZA3= Fscoreg 3t ek J&F means AHS-3HH2I
Eoda} M 24 ole] A% Wy} AFEE MOTA
(MOT Accuracy)& AH8-3HH2], t A frameol| A GT
£ Ground Truth 23 & w] MOTAE t}&3} Zo| A

&4 9o,

i)
offt
of

2,
)

2

Y.(FN, + FP, + IDSW,)

MOTA=1-
2 GTe
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o]7]A] FN2 False Negative o|2], FP= False
Positive of| 2], IDSW (equivalently an identity switch)
dlgl= 7 il EAZE AAE 490l FLsHA e
A ¢k ol g Uehdth, MOTAE 24| <] IDE 9.9
AV A28 AR 2 25 JAe ol tiE olEE
oA, Aesi #4449 Zdd el EA4 9 A
E9] RAFEE AXIEE 12tH I}

stojB = HHs o] Algto] B 32 HrtE
Aalirle= 71 vt e F5stelx] AHS-E PSNR 2
SSIMZL= of-g-ghtt. Tt 7129 viH Q. F33} 7
o A& T2 shd 7kl 3¢, VOMelA AHgst
A et T HY e B3t BEstel| QlojA] Alxk
A= H7hE el FEEst FYPARIE Hrhd g
=

% gk,

4,

FEl

E3h 7

0z
o0&

Af

20199 79 FRIH L 3] 9] oA 7|AI7} A2 7]9E 4
T2 79T o vl vde Aed FAEA 9
FA i3t 7zl o
gk =971 Al&HE 0], 2019 999l Video coding for
machines (VCM)& o] 5] A 2¢ H]T| @ 7535} 4]
ofl that =22 $J8l MPEG VCM AhG (adhoc group)
7k 3. 2021 49 3)9folx= VeM #E5}
71&¢l th 3t CfE (Call-for-Evidence)[41E 7183} o] o]
|2 F55te QlojX 7k AS st on, o]E ut
go g 2022d9] 490 Image/Video Coding E g
tfgk CfP (Call-for-Proposal)[5]7} @7k E]o] 10 0] o]
ol ek 71 AtS st olct. 3k 2022:d 78l =

Holel & ghaahe ME2E

Applications
; 19.7 9 VCM

Image/Video

I

L 2
uoissiLusuel)
¥

Tracking ...)

veM Inference j
. (Detection, - ),
Decoder Segmentation, &

AhG Setup(19.10)

‘201

= Security and Privacy Issues in Deep Learning and Al
= Computation offloading for mobile edge computing

= Machine-oriented or Video coding

Collection of Data,
Technologies,

Track 1: Feature Coding Track 2: Image & Video Coding 211 ¢ CfE on VM

‘21.7 ¢ CfE Response

l : Preprocessing (ROI ...) |
| Feature Extraction | ________ r ______ 224 ¢ CfP on Track 2
l | Video Encoder (VVC, E2E ...) |
| Transform / Conversion / Packing | l ‘22.7 ¢ CfE on Track 1
l | Video Decoder |
Track 1
| Feature Encoder | ________ i ________ o CfE Response
l ! Postprocessing | % Track 2
| PRI T e r _______ 1 CfP Response

<18 8> BES} HEME
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Feature Coding E# ol th3} CIE[6}S ¥7bs}aL, 109
ol 7]« “3 74e X33t o %‘*ﬂ’ﬂ 7} Track® 7
PAre & 8 7]&ol tisf EAle

Il. VCM Image and Video
Coding Track

2 AoAE MPEG VCM 1% F wix Ed]
Edlo] ojalA] AR,
Image and Video Coding E&2 (19 4) 9} o] 4
4 EE L G Wobd] GHHE ME2EYDS A

Ha=

3L, o2 Al g2l vt Qs e Feel HlY)
B

Image and Video Coding

0% BAH ¥, BUH GHL ol g3te] WAl wA
EEEBREIEMEE B EBEE DR ERE
@

Image and Video Coding E&9] 79 2021\ 4
Y4 Call-for-Evidence (CfE)o|| th3t 712 z18)35}9

o, 2022 10¥9] Call for Proposals (CfP)e]l o
&Yatdrt. CiPollA 9] H7h= Object
Detection, Instance Segmentation, Object Tracking
A A RS oz A5e wmstgon, 7t o)
ol gk dolEiAle 53t 2] AafA] 23],

Image and Video Coding Edo| Aetd 7]&L
A AXYE 7es &
based Approach)¥} End-to-End @& Y EH T 1
How 7 9k

2 Ak e

P74 A (ROI-

Compression
Method

Encoding

Bitstream

Input
Video - VCN-I » VCN.I

Decoding

Machine
# Vision - Decision
Recon. Network

Video

<72l 4> Image and Video Track®| Pipeline

<I 2> Key tasks and Target Dataset for VCM Track2 CfP

Target Tasks Object Detection Instance Segmentation Object Tracking

Network Faster-RCNN Mask R-CNN JDE-1088
Image FLIB, TVD, TVD,
Dataset Openimages v6 Openimages v6
Video SFU-HW TVD
Performance Metric mAP/Bpp mAP/Bpp MOTA/Bpp
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Pre -Analysis
(Object Detection

Input

Video Network)

Image Preprocessing
(BG, Texture, etc)

Simplified
Video

Video
Encoding

o Ht]e §53lE o|gsto] g5t WA,
Altst o™, ETRIZ A ol = w4l v S o] &
sho] Aozl Ao gt &t} Descriptort 214

AR AL o] L3he] ThE WAl H]A Bl AZ0l AF =
Ao Agste 711000l tisf Aratsict. gejupul
o} ZZA Y 3ol A& Yolov7 7]4ke] AR A% W E
AAE ol g3t EAlY] AAE FE3}1L, oS Hig L
T AR, BN 0T HHE FoA MESS YEE
Aerst o, Florida Atlantic st} OP

Solutionsl| A= #|Al H] A& o] &3te] A7} E3He

HJ/‘][ll

Input Video

Object detection

2
FG/BG
separation |-~ BG

—% %

Enc.

S

Enc.

$ @

Dec. Dec.

Conventional Codecs

¥

Machine
Vision
Network

Decision

3 High QP
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fletHlE| Host E5} S8

ROI 997He Buj#] &1 ROIY| tis) A& o2
Bitrate2 Fofsh= W= AQHE AT}, EricssonolA]
T HA H S o] gste] EAZE E3E dHE &
o] o] gt ARE 7129 VVC Encoderd]
sto] 7b od o] 3HAIAHQP, Quality Parameter
ZAsto] §3531 a8 Fole HHl3kE At
o ETRISH A== 2] A S50 met M2 o

2 45 A2 FFato] A%ae AL AL

K

=
T )

2

Frame sample‘i’}% o|-g-gt B] e #3538} 7]1&S A

SHATHIGL o] WL Hxabr|oN 7] Zdde

< o8 EF

Aol thsll 71e= Akt AnH17, 18],

2. E2d HESIT 7]t ot

qQed 7l deR

g uye Hl%@ﬂ"&&%ﬂ”ﬁﬂ "Jur e

T3] d7HaL

Lmera[l

el Held vIEHAE o

Q

[¢)

CMeA & 9 U EYIE o] ¢
A HAYEYAY ofe] TF4E 2ol

EZ7} Al H Al o Felg

RERE A= e A AR

R+ AmseLmse + jwietecr Lderecl

0]:],

Z3r0] AR & ol A= Key frame Encoder (MIKEnc)

9} Key frame Decoder (MIKDec)2 #4348

SERE

Compression Network

Bitrate R
A

. rene b

Encoder—> Q —> AE

Hyper -Prior

Codec

Input
Video

0

— AD —— Decoder

Machine
. . Machine
ision Performance
Network
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DL-based

Learning-based Codec

Intra-stream

decoded
intra-frame

v
Frame mixed stream

. —»
Mixer .

T DLintra-stream +

vvcinterstream
vvcintra-stream

Intraframe
Input Frame
video Splitter
Inter frame
wC

+ interstream

<2l 8> Nokial| Hybrid Codec 72

7| 558} 7]€(1912 AQtet it of Hh el A
33}7]¢l MIKEnce 94+ =27] 24 9 A3l 4
Pal= AA IEYZ Prep, o] gt EHL F
Z31= NN-FE 2 t}A] EAS 9t&5}= NN-FC 55
FAE o B35 35l7]¢] MIKDecE 542 23 35}8}
T NN-FR, SHE 278 o] & A7dshs
NN-IR, Z2]aL 7o) 27 24 9 Atsts Fdohs
FA 2 VIEY AR 748k it Tencent9} §-3hd 3o
A Variable-rate Intra Coding@} Scale space flow
Coding[22]& |43t End-to-end Learning based
Solutiong #|¢tstTH20]. Intra Coding NetworkS-
AalA 71&9] Cheng2020 with attention Eg[21]¢]
27hatele) =
Flo}o A& Intra-frame codingoll= Y& 7]4ke] ¢
% B33 7|%S o]g3}laL, Inter-frame codingoE
VWC 29E o]§ohs sto|Hel= Jelo 53} 7|
= AlFak aArH23]124].

Track2e9l] T3} Call for Proposals (CfP) ¢l gt %7}
A= CfP test report 412} CfP response reporto]]
A& E o] JTH251(20]. Al AR UAE F3l 7 4
W AT (B33 2o gFEEs VW dH A

Hla A3, AA AE QoA 39%, AA] £ 5ol

714 bitrate A ¢S $J3F Scalingnet2

46 dt&1ojcjo] H283 12

<H 3> CfP Best Performances

Task Dataset BD-rate change

Object tracking TVD (videos) -57%
Instance Openlmages -51%
segmentation TVD -57%
Openlmages -47%
FLIR -53%

Object detection
TVD -65%
SFU (videos) -36%

A 45%, A 24 dFellA 57%e] s Aol gle
Ao R Uit (3 3) ¢ A= 70 5ol digh &
AL Aol tisf vebd Aoz e Aed A, o
Ao Aapret S U Ao ey
(I¥ e AE 71eE olgstd s B4
3 o2 HojFEr}, CfP response H7} AHE ulgto
B3 A2 93] VCME (2™ 10y 3} o] &
2012 vlgo g gl AE RYl(Test model) 2

2d
s 9t} B 2d 9] %9to] ®7]H Inner codec

(encoder, decoder)i= AVC, HEVC, VVC 5 7]&2]
UEEEEE P E RO S 2

733t 7led ¥
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Conventional

Original

VCM Encoder VCM Decoder
Inner Inner ring
Encoder Decoder
Input Output
Video f::m Video
—

Additional Information
Decoder Model Selection;

Rol Metadata;

Spatial Resampling Information;
Temporal Resampling Information;

<J2 10> VCM E& 28 =0t

lIl. VCM Feature Coding Track €= lvd

MPEG VCM Track1ol|A+= 2022\d 7€ CfE[6]S &
B Ao|AlE= MPEG VCM 1% 3 Wz E#0l 3tk Tracklo|XE CEE 98t D4 A2 A

Feature Coding E@el| tis|A] AHEc} Feature A7} A Bo] Mejs|gl o] Me oz M A

Coding EAE (19 11)3 o] @4 T vltez  Fo| AuHgch, Fhfshs} ETRIE Wejn]= f‘éEHBl
Al

BB 1449 A WA WESY 2 ol o] A3 7} 7lRe] 4L QJeio} A%

£ Feature Map¥} Ho|HE J&uto} H 53}t 7] 3}

a4%

Al 4| E 9] = (MSFF: Multi-scale feature fusion)
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— Machine ot Machine
fi Feature A
" mp{  vision " (eI m)| Vision
Video Encoding Decoding Features
Network #1 Bitstream Network #2
v
\
\
NN Features
<18 11> Feature coding Track9 Pipeline
; Align & concat. SEblock
GAR ( Fc }{ Fc ] S SSFC encoder ) =
— p
Ps (256. /32, Wi32) ooling 5 A E E g
P, @256, w6, wite) otz L& @ ENAE 4 SPE[ i
i (1024,1/32, w/32) (1024,0/32,w/32) @560 ) | ©w32,w32) |8 =
P3(256. /8. WiS) pooling -3 MSFF 2
f (56, 032.w32) s g
P2 (256. /4, wi4) (3x3,256, padding=1, stride=1) £’ ; ol F a =
/4 pooling ) A Il i
Ps’ W 256,032, w/32) = = § -
3

(256 W64, w/64) nnmlerpohhvn(x.

Py’ s
minterpolation (x.

Py’

conv f3x3, 256, padding=1, stride=1)

conv_J(3x3,286. padding=1, stride=1)

(256,32, w/32)

mnterpolation (x2) iy (€, W32,w32)

L
SSFC decoder

(256,1/16,w/16)
mn interpolation (x2)

/ : feature map (C,H,W)
:conv.layer (kernel size,num of kernels)

256, /8, w/8)

n interpolation (x2)|

(3x3, 25, ig=1, stride=1)
(256,14, w/4) eMSFR (top-down)

<38l 12> MSFC 7[8H VCM Feature codec &[27]

Zo4X HolHE S0l
Single-stream feature
EEEEEEIEE EERER
° 2 BA(MSFR: Multi-scale feature
reconstruction)dl= B4 AlEF EA 4=(MSFC:
Multi-scale feature compression) Zd|JJIE 7]t
she gtolZekel 7202718 Adetgint. VWC 293t
9] Q%L $13l, SSFC Rushrlox E=E 54
7, A3t F VVC R 55}7]9] el st

ke A7gol glom, VWC 5353879 28-S X
A¢A}, A7 S 71A SSFC H3sts

m[o

uo

r5£
i

2

w7

07

+
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2z
Y3 5 == ot

3Ulsly} ETRIE MSFC ZH|9¢l= 7ub
2 MSFFF Z¥5e 548 85 SAU=E JE

3Fo] MSFC-transformed-featuresE FAste] VVC
2uoks FYshe W8l Aetlrt. MSFC-
transformed-features VVC £-3.8}7] o] A] A}-g-5}+= H]

£ et 440z Hesol s Hn, 2
58 4o AR A5 dEde PHow &
42 B9 Canonol A MSFCEYE ¢loj7l &
42 PCAZ olg3te] AUL Foll 54L W%
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: Feature Learning-based Feature Feature
—_ . p
Vidco/image Extractor Conversion Encoding
Bitstream
Machine Learning-based Feature Feature
Performance . . .
Analysis Conversion (Inverse) Decoding

<72/ 13> Learning-based feature /= 7% Za&2/9/3

BD-rate over BD-rate over

BD-Rate over

BD-Rate over BD-Rate over | BD-Rate over

Video Feature Image Feature Image Feature
m60761 -87.44% -97.58% -79.21% -95.56% -81.11% -94.15%
m60788 63.69% -74.43% -47.46% -89.48% -54.51% -85.06%
m60799 -80.18% -97.09% -93.04% -98.60% -94.46% -98.34%
r;%%%%?;/ 218.93% -33.01% -19.35% -83.38%
m60821 -77.40% -95.84% -78.11% -95.84% -70.39% -91.14%
m60925 -64.94% -92.17% -69.08% -92.30%

rlr

AR AjkstAon, F-EHdd ETRIE F
53} diidol He 54 tiajA PCA 7S ARS8t
o] 7] A (basis) 9} Hd-& Abdlell T-3ko] 2dof A}-g-3}
= 2o wigh 7]vke] 54 qk5 71<(301% Al’tet ol
o}, Tencent®} Wuhan th8te]A= Learning-based
Feature Conversion 252 AHgsle] 1531 58S
A EHE W2S Aleksl¢tH31], Feature Encoding/
Decoding®. 2 olu|A|of|A] Aozl 54 H3538 A
Cheng2020 7]4ke] AFA7FE 7|k B35 V| EY A
(2118 AHE-8FQlaL, HIT QoA Hojl 57 F53} A
WC #5375 AHg-sgict.

CfE ARt A= (& 4) ¢ 2rH32]. 7]&9] VVC

33}7]1&2 o]l WE Feature anchor tH] A 3=

AeA 97.58%, AA A 98.60%, A HEl

41 98.34%9] A5 i o] e AR VEsiT 3,

VVC anchor 0| 2 A =2 o|A] 87 44%, Z4A| &

SHof|A] 93.04%, A HZolA 94.46%2] A% 7iA o
Ae Ao = eyttt

V. Z2

ogt
I

o
217y

MPEG VCM& 2d7te] 3|95 714 Image and
Video Coding E&9] 79 CfP 7]& At 7=
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vpx o n Feature Coding E#9] 739
%%%ga%qliéﬂﬁ%
VVC #3815 o] &3t
Tt} 9o 2 Feature Coding E .,] 73 fp )
o 7l g H7k A g 271 wlolHA %°ﬂ o
d =25 AA 2023 49 CfPE WAL 202349

g slelolq 1% Aleke wolN BESE A
o7 o]t

Image and Video Coding EZ9] 79 B FA
AL 93 gl AER D (Test model)& WHEIL | AE
2l Yol Fo FuelFe ML BrhE 9 49 A
Z}H(CE: Core Experiment)& %

10 71, BAlel CE7} vhs ol

> CE 1: Rol based coding methods : #4199 9<&
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