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Abstract

As artificial intelligence advances, machines are increasingly processing visual data. Therefore, it has become increasingly
important to utilize image data optimized for machine perception rather than for human vision. To address this trend, MPEG is
currently researching and standardizing FCM, a technology aimed at efficiently compressing and processing feature maps. This
study focuses on improving the QA-RBICR technique, a specific component of FCM. We propose modifications to the inactive
channel restoration algorithm used in QA-RBICR and introduce four new EICR methods. Among these, the Mean interpolate
method achieved BD-rate improvements of 0.72% and 3.28% for Class C and Class D on the SFU dataset, respectively, and a
BD-rate improvement of 0.97% on the HiEve-1080p dataset.
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Anchor Remote Anchor Remote Anchor Remote Anchor Remote
Inference Inference Inference Inference
Class A/B 3.37% -49.59% 3.33% -47.49% 1.10% -49.84% 0.70% -50.37%
Class C -1.34% -86.19% -0.51% -86.13% -1.23% -86.18% -0.72% -86.05%
Class D -4.67% -88.84% -2.37% -88.57% -0.51% -88.37% -3.28% -88.69%

= € Class A/B
% 0.70%= F3HA
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¥ 3. SFU YA Anchor®} EICRS| mAP
Table 3. mAP of Anchor and EICR in SFU dataset

Dataset QP BPP/kbps (Arr?gi)r) (Dun[;ﬁc'jate) (IntgljgoFl,ate) (Meanmli')atﬁ)licate) (Mean mtAerpoloate)
4 1188.087 64.811 64.639 64.575 64.800 64.703
Traffic 13 489.018 63.799 63.798 63.744 63.795 63.795
16 348.836 61.810 61.367 61.601 61.649 61.646
19 240.109 59.844 59.674 59.941 59.958 60.122
13 266.554 77.904 77.941 77.973 77.904 77.904
Kimono 17 147.404 79.306 79.105 79.203 79.195 79.195
19 109.777 76.315 75.854 76.373 76.315 76.759
21 80.553 74.647 73.960 73.942 74.580 74.638
16 265.344 59.351 60.010 59.569 59.923 60.034
ParkScene 19 171.805 58.746 58.710 58.401 58.665 58.719
21 125.289 56.929 57.219 57.137 56.882 57.031
24 70.935 53.410 53.528 53.597 53.424 53.415
22 267.023 65.779 65.597 65.711 65.842 65.700
Cactus 24 163.208 65.902 65.519 65.706 65.766 65.870
26 109.786 66.654 66.198 66.365 66.355 66.467
28 70.928 64.462 64.753 64.975 64.567 64.372
14 830.977 52.426 52.427 52.514 52.386 52.361
BasketballDrive 16 625.002 51.627 51.537 51.497 51.498 51.623
19 378.111 49.585 49.384 49.563 49.509 49.455
21 260.887 47.970 48.098 48.100 48.027 48.044
4 1714.125 60.025 60.003 59.983 60.116 60.140
BQTerrace 13 490.910 55.865 55.901 55.890 55.918 55.898
16 316.138 51.985 51.726 51.935 51.965 52.022
19 197.559 45.350 45.219 45.464 45.314 45.318
7 2144.470 50.852 50.715 50.739 50.873 50.868
BasketballDrill 15 828.511 49.801 49.770 49.779 49.806 49.734
20 341.089 46.942 46.878 46.691 46.972 46.913
23 183.229 42.947 42.909 42.665 42.762 42.851
10 2257.660 70.775 70.899 70.978 70.845 70.825
BQMall 14 1358.039 69.901 69.968 69.934 69.977 70.037
22 311.967 62.617 62.760 62.686 62.630 62.650
25 154.393 56.396 56.482 56.607 56.569 56.723
10 1120.000 87.620 87.692 87.796 87.662 87.642
PartyScene 15 541.064 84.972 85.015 85.122 84.984 85.019
18 320.845 81.057 81.290 81.220 81.189 81.281
22 146.849 75.024 74.799 74.558 74.857 75.079
22 268.830 53.311 53.252 53.159 53.570 53.349
RaceHorsesC 23 209.871 53.626 53.919 53.692 54.086 53.844
28 61.263 51.469 51.321 51.117 51.309 51.253
3 32.699 48.566 48.855 48.990 48.795 48.723
13 1771.332 36.616 36.688 36.718 36.651 36.773
BasketballPass 20 609.328 34.816 35.157 35.214 35.038 35.034
23 327.740 31.294 31.674 31.525 31.484 31.696
26 160.219 29.052 28.802 28.830 28.842 28.926
18 507.687 36.066 36.229 36.088 36.139 36.247
BQSquare 20 349.213 35.704 36.181 36.222 35.598 35.809
23 191.527 32.682 32.771 32471 32.581 32.792
26 100.223 27.186 27.326 27.259 27.221 27.139
9 1565.769 83.715 83.761 83.772 83.783 83.738
BlowingBubbles 18 391.889 82.180 82.203 82.235 81.940 82.140
21 218.049 81.067 81.082 81.236 80.987 80.942
23 142.012 79.088 78.854 79.025 78.889 78.966
21 298.641 50.617 51.019 50.579 50.890 50.615
RaceHorsesD 23 187.019 50.278 50.617 50.642 50.678 50.556
28 54.761 48.141 48.208 47.938 47.986 47.832
3 29.258 44.680 44.910 45.257 44.672 45.345
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¥ 4. SFU GAE Anchore} EICR2| mAP 10|
Table 4. mAP differences of Anchor and EICR in SFU dataset

Dataset QP mAP mAP differences in mAP differences in mAP differences in mAP differences in
(Anchor) Duplicate Interpolate Mean Duplicate Mean Interpoloate
4 64.811 -0.172 -0.236 -0.011 -0.108
Traffic 13 63.799 -0.002 -0.056 -0.005 -0.004
16 61.810 -0.443 -0.209 -0.161 -0.164
19 59.844 -0.170 0.096 0.114 0.277
13 77.904 0.038 0.069 0.000 0.000
Kimono 17 79.306 -0.201 -0.103 -0.111 -0.111
19 76.315 -0.461 0.058 0.000 0.444
21 74.647 -0.687 -0.705 -0.067 -0.009
16 59.351 0.659 0.218 0.572 0.683
ParkScene 19 58.746 -0.036 -0.345 -0.081 -0.027
21 56.929 0.290 0.208 -0.047 0.102
24 53.410 0.118 0.187 0.014 0.005
22 65.779 -0.182 -0.068 0.063 -0.079
Cacius 24 65.902 -0.383 -0.196 -0.136 -0.032
26 66.654 -0.456 -0.288 -0.299 -0.187
28 64.462 0.291 0.513 0.105 -0.090
14 52.426 0.002 0.089 -0.040 -0.065
BasketballDrive 16 51.627 -0.090 -0.130 -0.129 -0.004
19 49.585 -0.201 -0.023 -0.077 -0.130
21 47.970 0.129 0.131 0.058 0.075
4 60.025 -0.022 -0.042 0.091 0.115
BQTerrace 13 55.865 0.036 0.025 0.053 0.033
16 51.985 -0.259 -0.050 -0.020 0.037
19 45.350 -0.131 0.114 -0.036 -0.033
7 50.852 -0.136 -0.112 0.021 0.016
BasketballDrill 15 49.801 -0.031 -0.022 0.006 -0.067
20 46.942 -0.064 -0.251 0.030 -0.029
23 42.947 -0.038 -0.282 -0.185 -0.096
10 70.775 0.124 0.202 0.069 0.049
BQMall 14 69.901 0.066 0.033 0.076 0.136
22 62.617 0.144 0.070 0.013 0.033
25 56.396 0.086 0.211 0.173 0.327
10 87.620 0.071 0.176 0.042 0.022
PartyScene 15 84.972 0.043 0.150 0.012 0.047
18 81.057 0.232 0.163 0.132 0.224
22 75.024 -0.226 -0.466 -0.168 0.054
22 53.311 -0.059 -0.152 0.259 0.038
RaceHorsesC 23 53.626 0.292 0.066 0.460 0.218
28 51.469 -0.148 -0.352 -0.160 -0.215
31 48.566 0.290 0.425 0.230 0.158
13 36.616 0.073 0.103 0.035 0.157
BasketballPass 20 34.816 0.341 0.398 0.222 0.219
23 31.294 0.380 0.231 0.190 0.402
26 29.052 -0.250 -0.222 -0.209 -0.126
18 36.066 0.162 0.021 0.072 0.181
BQSquare 20 35.704 0.478 0.519 -0.106 0.105
23 32.682 0.089 -0.211 -0.102 0.109
26 27.186 0.140 0.073 0.035 -0.047
9 83.715 0.046 0.057 0.068 0.023
BlowingBubbles 18 82.180 0.023 0.055 -0.240 -0.040
21 81.067 0.015 0.169 -0.080 -0.126
23 79.088 -0.234 -0.063 -0.199 -0.122
21 50.617 0.402 -0.038 0.273 -0.003
RaceHorsesD 23 50.278 0.339 0.364 0.399 0.277
28 48.141 0.068 -0.202 -0.155 -0.309
31 44.680 0.230 0.577 -0.008 0.666




]Eu] g 291: MPEG FCMOHH 9 EJJero] H]y}ﬂg} A9 iol

I ek A 387

(Dongmin Lee et al.: Research on Effective Restoration Method for Inactive Channel in MPEG FCM)

52

Uehe AS g0 4 itk

SFU tlolgAlo| A i mtt 5 HEH|E tiH]
mAP®] H S st A= 3 59 2
interpolate ®2]ol| 4] BD-rate?l| A d5°] Gsld A3 g
Class A % Class BS] mAP B¢ 3to] &
Atk
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Table 5. mAP comparison between EICR and QA-RBICR

Duplicate Interpolate Mgan Mean
Duplicate | Interpoloate
Class A -0.314% -0.162% -0.025% +0.0003%
Class B -0.127% -0.028% -0.007% +0.060%
Class C +0.066% -0.014% +0.102% +0.093%
Class D +0.294% +0.234% +0.025% +0.175%
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Table 6. Correlation coefficients for each variable for mAP difference

Resolution Target QP Active

Correlation

coefficient | 01216

-0.0744 0.039491 -0.05198

NAe GEFs FBAFE 248 Holth
Mean Interpolatedl| Al  AAAFE
Resolution(3l/% =)} Target(8A] A 7)ol A <]
71 T2 HE(QP, Active A'd ol vlsl =
[e)

o &, AT 21 GRS A4 s B d
GFEgS PAE BEF Erhe Aol

ol& HIEFC E Class A/BolA 9 %5 Este dlolHAl
o 57 wwol 2Ty Aaldth Class A/B9] 735
vz SAE7E 2560x1600, 1920x1080°.2, S|AE7t

832x480, 416x240°] Class C, Class DHE.T} Z3jATo|H,
53] Class A% Class B, C, D9] ¢ &4 24 47<1 9.84
o] ¢k 10811 1000]2h= ©A AA] 5 7HAAL Atk o]
3t 549 Wil Class A/B, 53] Class A%lA] EICR®] %5
syt stk F535H%th
F7H 2%, SFU Hlo|HAl o] €] €] vlo]EAlel| A 8] A5
H7}3}3L AL HiEve-1080p | ©]EJAlol A EICR ¥4 &2
55 243k & 72 HiEve-1080pol 4 <] EICR "4
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Z7}A 2 Mean Interpolate W20l A A% SAFS WA
F AUtk & 8, F 9 717} EICR 4153 Anchorol A1€]
MOTAE 713 39, EICR Y4549 MOTASH
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HiEve-1080p°l 4,  Duplicate 2}
Duplicate®] 7% A%5°] 2131511 21} Mean Interpolate=
ne A AT S BT AU AT B A

rop u ox FUIO

Interpolate, Mean

£ 293 47 873914 HiEve-720p, TVD B0l E1A0] A
o AY A%E wEE B Q7l6l, A4 220 @
Ase QisEAE et

H 7. HiEve-1080p H|O|E{AlOflM2] EICRZH Anchor 3 Remote Inference Af0|2| BD-rate H|il
Table 7. BD-rate comparison between EICR and Anchor and Remote Inference in HiEve-1080p dataset

Duplicate Interpolate Mean Duplicate Mean Interpolate
vs Vs Vs Vs Vs Vs vs Vs
Anchor Remote Anchor Remote Anchor Remote Anchor Remote
Inference Inference Inference Inference
HiEve-1080p 2.00% -93.18% 211% -93.20% 0.54% -93.25% -0.97% -93.34%
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8. HiEve-1080p Y¥AHE Anchor?t EICRS| MOTA
Table 8. MOTA of Anchor and EICR in HiEve-1080p dataset

MOTA MOTA MOTA MOTA MOTA
Dataset ap BPP/kbps (Anchor) (Duplicate) (Interpolate) (Mean Duplicate) | (Mean Interpoloate)
12 313.825 61.98 61.67 61.48 61.64 61.63
20 91.295 58.28 58.14 57.97 58.53 58.51
HIEVE-13
23 53.476 54.59 54.73 54.67 55.01 55.06
26 32.171 47.32 47.64 47.72 47.60 47.69
12 1263.605 21.02 21.12 21.01 20.84 20.97
20 390.447 20.49 20.34 20.51 20.38 20.42
HIEVE-16
23 194.027 18.77 18.58 18.65 18.56 18.68
26 85.637 14.45 14.53 14.50 14.53 14.47

I 9. HiEve-1080p P4 Anchoret EICRS| MOTA A0|
Table 9. MOTA differences of Anchor and EICR methods in HiEve-1080p dataset

Dataset QP MOTA MOTA differences in MOTA differences in MOTA differences in MOTA differences in
(Anchor) Duplicate Interpolate Mean Duplicate Mean Interpoloate
4 61.97556 -0.310 -0.496 -0.333 -0.344
13 58.27942 -0.140 -0.310 0.250 0.235
HIEVE-13
16 54.58707 0.144 0.087 0.427 0.469
19 47.31964 0.325 0.397 0.284 0.367
13 21.02408 0.099 -0.015 -0.187 -0.051
17 20.48809 -0.147 0.024 -0.105 -0.072
HIEVE-16
19 18.77032 -0.193 -0.123 -0.209 -0.094
21 14.44732 0.081 0.057 0.079 0.024
V.4 E o] e A7t EAEA o, Class C2F Class DOtz 4]
= 7427} 0.72%, 3.28%2] BD-rate 342 Atk = 72+ Z

B A= FCTM-v6.1oﬂ 242 7]%2l QA-RBICR P 2ol A mAPS] HFS v WS W= Class A, B, C,

o tall, 71 713 e WHoR may Ade Y DelA 22} 0.0003%, 0.06%, 0.093%, 0.175%] mAP %
&to] BD-rate, mAP 52| 4 %% etz aksich. ®HA 3 FAS AJth HiEve-1080p HI©JEIAlo] A= Mean
o HAFo = A e AES ol &l v Ade & Interpolate ¥2]¢] 0.97%<] BD-rate 332 L& F A3
Qe 71E PEEFE BEl, AQL AR A WA

ofrf ojw Aol &4 A E= v AEolU=Al T AN G RE B E] tha) Class AdA 7] )
st JRE vigo g HEA AdS 5Ysks EICRS Al =

s S TojdlA] £t o] & A9 sHA o]t
A S FE387] YajAl EICRANA T 2 &=
o]
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£ =2 EICRY ] 7FA] w2121 Duplicate, Interpolate, AR 9] 47} Brp= Ho| 9 o2 WMFERT oL 1)
Mean duplicate, Mean interpolate®l|] ™3l 7]< Anchor ¥ A= ALt 2] ZAFE o) 9o, o2 nigro g A
Remote Inference<}e] %5 Hlal dd= HPsislom, T Ol A9 e ATE 2ot Atk B,
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