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Abstract

The expansion of surveillance, industrial automation, and IoT applications has led to a significant increase in machine-analyzed
video traffic, exceeding that intended for human consumption. This shift requires split inference, which shares the computational
load between edge devices and cloud servers, making the transmission of intermediate features generated at the edge necessary.
However, conventional video coding technologies, designed to optimize human visual perception, are not well suited for
compressing non-visual data such as intermediate features. Moreover, in scenarios such as smart cities and autonomous driving,
where large volumes of data must be transmitted, directly sending original videos or uncompressed features leads to severe network
bandwidth consumption. Thus, there is a growing need for new coding technologies that can efficiently compress intermediate
features while preserving important information needed for machine analysis. In response, ISO/IEC JTC 1/SC 29 MPEG Video has
launched standardization efforts on Feature Coding for Machines (FCM), which aims to efficiently compress neural network
features optimized for machine vision applications. This paper introduces the FCM standardization progress, coding framework, and
evaluation conditions, and analyzes test model performance.

Keyword : Feature Coding, Machine Vision, Video Coding, Neural Network, MPEG Standard

Copyright © 2025 Korean Institute of Broadcast and Media Engineers. All rights reserved.
“This is an Open-Access article distributed under the terms of the Creative Commons BY-NC-ND (http://creativecommons.org/licenses/by-nc-nd/3.0) which
permits unrestricted non-commercial use, distribution, and reproduction in any medium, provided the original work is properly cited and not altered.”



332 WFErE=EA A309 A3, 20253 59 (JBE Vol.30, No.3, May 2025)

.M E

< " 7N v daeE
7l el wel, 71417}
AHEI7E S7E8kAL QleH,

=
=
9
gl

2ul YES, AA
o17ko] A|ZFA 914 A5}
ool uwte} w4l WA g
3 WEA o=y ik val wde 71A7) A
| 2T Eo] A nFS og-dte] GAe TAEHL ¢

q, 3%

~

A=}

]_
ok, 2vhE AE E Thobe 28 ool AUHQ 9
§ 32 319% 53, 7147 47 U8 4D AN

AF7E Z7ksHRA, Q17 ¢

o I

|
YL FAse 16T, A AF 42T
]_
S

re

FEE Hole Al 7|9 vid /\lia o] =YHIL 3itt

71E G HRs e Q17 Ay Ads A48
she Wke s s sh7] wEel, Z1AI7E &nlshs WY
L HlolH e 54& T3] g etk 71A &H] &
oM AA Gl A FAEG 24 R FE 2
83 e 540 et dge] v ot
T 71E s T F3s 2 olgd ZIAA 2
= WEA771 @AVE 9o, At or B4 T A
3t 3 dole A% Hlass 2H F Atk

a) S gty AZEY g A5 H|t)o] 82 Department of In-
telligent Media Engineering, Graduate School of Software Convergence,
Hanbat National University)

b) =25 A1 A U (Electronics  and  Telecommunications  Research
Institute)

¥ Corresponding Author : 3|3 (Haechul Choi)

E-mail: choihc@hanbat.ac.kr
Tel: +82-42-821-1149
ORCID: https://orcid.org/0000-0002-7594-0828

# This work was supported by Institute of Information & communi-
cations Technology Planning & Evaluation (IITP) grant funded by the
Korea government (MSIT) (No. 2020-0-00011, Video Coding for
Machine), and by Korea Research Institute for defense Technology
planning and advancement(KRIT) grant funded by the Korea govern-
ment(DAPA(Defense Acquisition Program Administration)) (KRIT-CT-
22-047, Space-Layer Intelligent Communication Network Laboratory,
2022)

+ Manuscript March 31, 2025; Revised April 30, 2025; Accepted April
30, 2025.

o] 9 HolHE &40 Asle 7
S7FtaL itk e tiqt i tﬂolag A7t

@
1o
1<)
= fo
X
o

g v

om,

we} ol2|d FA7F U AZsATL Yk wEtA, 714
g% 2 Hd AlAa"lo] BQ = sl H4

-
o)
pos

Me AE 2 AR a&s FA NI F de MER
F353} 7o) 8FHTh
olglgt 275 F=sk7] flsl, ISO/MEC JTC 1/SC 29
MPEG Videodl M= 71AIE 13 54 H 35 3KFeature
Coding for Machines, FCM) 33t Z2AEE F3
AT FCM2 717 sk 2 v &
A HolHE A3 et A ‘ﬂ%% Azshe
22 gth ol& wedt I 7ak ghSol ohd, 7]
482 ke 5"4:‘ AHEE FA3HHA dolg A7E 2
H AAgT} 2 =
MPEG FCM E’{—‘ Tkl 20 28 Alg 2 QAN
A3, v6.1 DEAE 7|50 7 A vpo|zalel Lz}
A% H7 S 208 3L FCM 32 AZEg ]9
s3 88 S 23] AR Q) 4SS Hrtely, &
F5sh 18y vkl tis) AulEh

(
ol
-

W F B ~ fo 7 R

o
POUN 1}

i g m
=51
,

3[0_1
X

-\ e

O:

ot
r—lm 3
_1}, f

Z1AZ7F A2 71 -2 S o wAl vl e
FABHA EA HolHE A8F07 4ET 4 e v
E2EY ¥y AES FRZ, 20199 7€ A1273
MPEG 3]¢JolA  7|AE <3k HHL F33KVideo
Coding for Machines, VCM)*oll th 3} =] 7} A1 25| 9 e,
FCM2 7|9 VCM ZZAEQ] AR ZH 94 4534
57 stFol & jlo] 3 =9EeH, o]F ¢4E vy
o wep Edo] FE|EHA dAJS FCMOE sl
VCM Adhoc Group(AhG)2 20193 10€ #1128 MPEG
3|9l A= OH, o] B|oellx] Bt A A QL AJH]

2 ARle, RRANY, 27] 9 P2 2 A 37w



§3)7 9 421 71AE AT 54 P53 2ES} FF 333

(Heeji Han et al.: Feature Coding for Machines: Emerging Standards and Trends)

So t@ =e)7h APHY 27) BAdE F WA,
A W, 19T AR E BE 7 solugE 1)
Qe A 74A sl zelelo] TE px2e) FUEH A

I A5S Hrrsr] 98l 2020 102 71E2ARR A A
(Call for Evidence, CfE)2| Z9QHS- ¥l i), 1o A,
2020 7974 €] BleJ M= CIE S 7ol tist 4%
B7ke 98 el 74 el Eesgon, A7
tolgAle] Foll met thekst of A FAdo] AtE AT
202114 10 oﬂ‘— oﬂ}\]—o x]x‘j] c1>:]l-__7}'_ ].__ XJJ_ 1301—/;40] }E:]'EH
Ho WA BFsph ARPel nek, veMe 54 %

X of

e

S 938he Track 13 94 452 B9t Track 22
$euo] 47 YO EFE Qs Ak
NAoRRE 22E 5 AVHOR NE G2 B
B AYES 2 Be) 5 YO PAHY, 0T P
e v 2AY 5408 ¥tk VCM Track 16014 2
719 ARG A7 72 olH T ts 2AYL 5=
Versatile Video Coding(VVC)2.E §t=53t7] 9138l, &9
54 9e shiel Y 54 2dd Yuz e, o2
AR £ VO AHHS P02 IA, 1
g 2AQ 54 A4 dols 2717 A8 G

2 A57t Bol, %ii} 2EE PN S oerst A4
Fal 9 F4 7ol I =AU dE B, TR
BAS 7o 7 3 349 S4 70 s E 5L gt
o4 st W So] AtE ). AR, A 54 o]
HE h&shs W 549 2717 oJ:38] w271 o
ol BAZQ 1738 13S A3 I a3 HeAs
AT = e 2A7EH Do Aol 20229 1€,
05 2Ad E4S dd ~AYE JHE §F8e= A
o 7R B4 E4 7)&llo] vl o], AA 54 715
EHAORE Zo|UME dF 45 AT F Adsol &
AHAE o] F A} 7EES tUs 2AY 54 AAE 4
A gFste v AAY 7k B 4 71ed), FEE 54
S AW BAE B g8t Y AW 7Rk 54
2 712 TR T HIoH, o F UFE

71& VVC Eﬂ/\g T
2o Hlal, FLgk <
A s HiHl HIE

e k= u} o7 2027):1 79 VCM 15< 574
45 71l Uet N2 A8 A0S el o, 2
3l 1049 3]o]oll A AQE 7)ol thgt F7H7F Z P =Tk o]
ANHE 71502 ZZAE WAL Feature Coding for
Video Coding for Machines(FCVCM)2.2 HAH A, £
A2l xFsE FHleh7] S8l 7]eAF_ A (Call for
Proposal, CfP) o] 2] #H7} whalof tgh B} Hw g =
o7t A ol Fol Atk 1 A}, CE SH 7IEE°] VVC
H] Hd) -98.01%°] #3538 &5 Il Q‘ﬂﬂi’i
on, o5 nlgro 2 2023 4¥ 7]1E At A M(Call for
Proposal, CfP)7} &&= itk 2023 102 MPEG 3] 9]
A 1A A e SF 7159 B7HF o] F
nom, A e HR 7EsS WMo E Fx A2
E 90191 Feature Compression Test Model(FCTM)!'2] A
A Wdo] /PRE ATt 71A S5 71Nk vt L 45 AE
A3 Q@ ZE4H ZHYWEC] CompressAl-Vision!'2o] 71
2Rl ZHECE AP EeH, o]

_‘% Eo .9_ 7]/\1:[13 14]0]

)
Aoz FCTMO] TEE A
vﬂ, FCVCM EZZHEE WG  2(Technical
Requirements)l| 4] WG 4(Video)= °] #Ho], FF3F
Aslgol wel Z2AE ¥4 w3 FCVCMelA FCM2.Z
W7 = Ak

o|% I oFE = F2 V& AT MAH st A
£2 07 HPHArh 2024 1€ 3o X = 7|E Hlo] =
2l RAET 3 E s Bole A2 5 F4 R
Qo] el om, 49 3o Y3 <t
(Committee Draft, CD) #7+S H]3}7] 918t Preliminary
Working Draft(PWD)2] 3 ®W#] wzlle] F7= it} o]
g 7)eE2 2 5% WS (Feature Conversion)
HA A TS EAE Fol7] % 7EEC] FE
o] F 1 Y 20253 1€l 7]E wo] 2]l By

o]g

_H
U?‘J

o st Mol Aol /1% HAsetk YA B
Wt @A ARelRon, MELEY P28 EUT
old N AHLS)S) HA FYHOR =,



334 WFErE=EA A30E A3, 20253 59 (JBE Vol.30, No.3, May 2025)

2019.07 2021.07 2022.07 2023.04 2024.04 2026.01 2027.04
VCM AhG Setup CfE Response CfE on VCM Track 1 CfP on FCVCM Preliminary WD DIS (Expected) IS (Expected)
on VCM 1 of FCM
2021.01 2021.10 2022.10 2023.10 2025.10 2026.07
CfE on VCM VCM Track Split CfE Response on CfP Response on FCVCM CD (Expected) FDIS (Expected)

Track1: Feature Coding VCM (Track 1)

Track2: Video Coding Renaming: FCVCM

_|E.| 1. FCM ﬁ_'_s‘,_|. =0 oI7(-| |:|I 01|A|- OIK-I
Fig. 1. Timeline of FCM Standardization Activities

T3, FCMO| 73t Il deix® =271 o] Fof
202513 10¥ CD ¥7bs} 20279 4€Y FHE AR
(International Standard, IS) &7+ EX 2 F2 dAo]
HE Atk FF 3 oolA = Ho] ekl X9 iR
AT 78 #A3) HLS AA|, 54 8 Vs
Ao & =7} o]Fold o Ho|tt

o (E 4> N2

OIH
tlo

b

N
OLO
010

MH|A 2 QA

0

~
1D

74

=

A7 FA B 2] BN, Azl A
4 AX3E G2 J)Fo ue) gae] A nE,
SPANE o) F HFYS WIT S5 AL
A 27A1ge] 407k F23th 20224 4974 7
Holg BAGNE MMz Aueles

Intelligent Transportation, Smart City, Intelligent Industry,

=
-

7]

Moyl

AN 2o

Surveillance,

HE 1. VCM Track 1 & &= H2 Al (H4yzHH

Table 1. Requirements for VCM Track 1 (Mandatory/Recommended)*

Renaming: FCM

WD 1 of FCM (Expected)

Intelligent Content, Consumer Electronics®| 4l 7FA 2
wHSATE Egh VCMS thge 717 7
17784 714 S7ANS A48ttt L7 e 94

[
U5 5 AE5S BF 2t HA VOM AR L&
7o 2 AAEAY. o] &, VCM Track 1914 O-F& &
A gFel digh 7|& SFANICR 1371/ "4 9 Abe
317k @A) A E AT, F 1S VCM Track 1

SO 1 999 248 9 eI, oIS il
& /1) g7l F28 I chrolfch FOMANE &
F83} 97 4% 09 #3S Teslok SUE, Bk Amst
A A S AL 5k o Bk 38
58} spolzelels 35 B7h A AHT )E Tk

Category gg:tlzge /I;rgs; Requirements
common VCM shall support video coding for a machine task consumption purposes.
feature coding VCM shall support feature coding.
common VCM shall support a broad spectrum of encoding rates.
common VCM shall support various degrees of delay configuration.
common VCM shall be agnostic to network models.
common VCM shall be agnostic to machine task types.
R:thauri];jeic:r{ts feature coding VCM shall provide description of the meaning or the recommended way of using the decoded data.
(shall) common A single VCM bitstream shall support any number of instances of machine tasks.
common VCM complexity shall allow for feasible implementation within the constraints of the available
technology at the expected time of usage.
common VCM shall support rectangular picture format up to 7680x4320 pixels (8K).
common VCM shall support fixed and variable rational frame rates for video inputs.
common VCM shall support any input source from video or image.
common VCM shall support privacy and security (Mandated by ISO).
Recommended
Requirements common VCM should support the use and inclusion of information such as descriptors in its bitstream.
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Table 2. Neural networks and split points for FCM

Task Neural Network Split Point
Object Detection and Instance Segmentation Faster/Mask R-CNN®! p-layer {p2, p3, p4, p5}

Object Tracking

JDE network?”

darknet 53
alternative 1

{d36, d61, d72}
{d105, d90, d75}
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Table 3. Configuration of FCM dataset, task, model, and evaluation metric

Dataset Task Network B|tra'Fe Pen‘ormg nee
metric metric
Openimages V6 Object Detection / Instance Faster R-CNN X101-FPN /
(5000 images) Segmentation Mask-CNN X101-FPN BPP mAP@O.5
SFU-HW Object Faster R-CNN X101-FPN kbps MAP@0.5-0.95
Detection
TVD Multi Object JDE-1088x608 (DN53) kbps MOTA
Tracking
HiEve Multi Object JDE-1088x608 (ALT1) kbps MOTA
Tracking
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Table 4. PP compliance criteria for task performance!®!

PP

PP1 and PP4

PP2 and PP3

range per

Task performance acceptance

PP

0,PPn,+Dn" < TRn
PPn=11,PPn,—Dn~ < TRn < PPn,+Dn”"
0, TRn < PPn,—Dn~

0,PP1,+ D" < TRn
PPn=1{1,PPi,— Di" < TRn < PPl,+D1*
0, TRn < PPi,— DA™

£ 5. ZOIEH J|2e| M5 97 Hel 458 sigt =2

Table 5. Target PP values and acceptance range boundaries

) PP1 PP2 PP3 PP4
Datasets unsplit PPI' D PP, ’ D; ID; PP& D; ID; PP4’ Df 1D,
Openlmages V6 . unsplit unsplit unsplit unsplit unsplit
(seq) 81.3279 | unsplit x 0.01 x 0.98 23 x0.95 23 x0.90 | x001/3
Openimages V6 . unsplit unsplit unsplit unsplit unsplit
(det) 792792 unsplit x 0.01 x 0.99 23 x0.98 23 x0.95 | x0.01/3
SFU Class AB 63.2177 unsplit unsplit unsplit unsplit unsplit
SFU Class C | 63.6324 unsplit N 0% ) Ny 0‘;5 23 o 82 23 0 go 0 05’ 3
SFU Class D 44.4142 ' ' ’ ’ '
VD 50.2327 unsplit unsplit unsplit unsplit unsplit
HiEve 1080p 33.9870 unsplit 2/3 2/3
.01 . . .92 .01
HiEve 720p | 38.7995 * 00 x 098 ¥0-95 X092 | x 00173
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