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This supplementary document provides the following
additional materials and results to assist with the under-
standing of our HyTIP.
¢ Additional results on buffer size in Section Al;

* Results on long-sequence training under BT.709 color
space conversion in Section A2;

» Rate-distortion comparisons to state-of-the-arts in Sec-
tion A3;

¢ Network architecture in Section A4;

* Training details in Section A5;

» Configurations of HM 16.25 and VIM 17.0 in Sec-
tion A6;

Al. Additional Results on Buffer Size

Table Al and Table A2 provide additional results on the
buffer size configurations reported in Table 2 of the main
paper, using BT.601 and BT.709 color space conversions,
respectively. As shown, the conclusions are consistent
with those in the main paper, where the hybrid buffering
strategy demonstrates strong robustness and efficiency. It
achieves better performance than both the explicit and im-
plicit buffering strategies and exhibits greater resilience to
buffer size reduction compared to the implicit buffering
strategy. According to the results in Table Al and Ta-
ble A2, our final design buffers 1 explicit decoded flow map
and 0.125 full-resolution feature map (i.e., 2+0.125 full-
resolution feature maps) for motion coding, and 1 explicit
decoded frame and 2 full-resolution feature maps (i.e., 3+2
full-resolution feature maps) for inter-frame coding to bal-
ance coding performance and complexity.

A2. Results on Long-sequence Training under
BT.709 Color Space Conversion

Table A3 presents the results of the same study as Table 3
in the main paper, but employs BT.709 color space conver-

sion, following [5, 6], instead of BT.601 for the YUV420
to RGB444 conversion. As shown, the conclusions remain
consistent with those in the main paper, where training with
longer sequences generally improves all buffering strate-
gies. The explicit buffering strategy shows a smaller perfor-
mance gain due to its dual constraint on the output frame,
while the implicit and hybrid strategies, which propagate
implicit features without such constraints, are better able to
leverage long-sequence training.

A3. Rate-distortion Comparisons to State-of-
the-arts

Fig. Al and Fig. A2 present the rate-distortion compar-
isons between our method and state-of-the-art approaches
in terms of PSNR-RGB, using BT.601 and BT.709 for
color space conversion, respectively. Similarly, Fig. A3 and
Fig. A4 show the comparisons in terms of MS-SSIM-RGB
under BT.601 and BT.709 color space conversion, respec-
tively. The corresponding BD-rates using BT.709 as the
color space conversion are summarized in Table A4 and Ta-
ble AS.

Ad4. Network Architecture Details

Fig. AS, Fig. A6, and Fig. A7 provide the network archi-
tecture details in Fig. 2 of the main paper. The base mo-
tion and inter-frame codec are adapted from [6] while the
channel transform module in the inter-frame codec is from
[3] and the checkerboard context model in the inter-frame
codec is from [7] .

AS. Training Details

Table A6 summarizes our HyTIP training procedure,
adapted from [3]. The first six phases follow [3], using ex-
plicit temporal reference z;_; as the temporal reference in-



formation only in the inter-frame codec. Subsequently, the
implicit related module is incorporated for further training.

A6. Configurations of HM 16.25 and VTM 17.0

Following the recommendation from [5], we encode videos
in YUV444 format. We use the encoder_lowdelay_vtm.cfg
of VIM [2] with the following parameters:
—c {config file name}
~InputFile={input file name}
—InputBitDepth=8
—InputChromaFormat=444
—ChromaFormatIDC=444
—InternalBitDepth=10
—OutputBitDepth=8
—DecodingRefreshType=2
—FrameRate={frame rate}
—FrameSkip=0
—SourceWidth={width}
—SourceHeight={height}
—FramesToBeEncoded=96
—Level=4.1
—IntraPeriod=32
-QP={qp}
—BitstreamFile={bitstream file name}
—ReconFile={reconstruction file name}

Similarly, We use the encoder_lowdelay_-main_rext.cfg of

HM [2] with the following parameters:
—c {config file name}
~InputFile={input file name}
—InputBitDepth=8
—InputChromaFormat=444
—ChromaFormatIDC=444
—InternalBitDepth=10
—InternalBitDepthC=10
—OutputBitDepth=8
—OutputBitDepthC=8
—FrameRate={frame rate}
—FrameSkip=0
—SourceWidth={width}
—SourceHeight={height}
—FramesToBeEncoded=96
—Level=4.1
—IntraPeriod=32
-QP={qp}
-BitstreamFile={bitstream file name}
—ReconFile={reconstruction file name}
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Table Al. BD-rate (%) comparison of different buffering strategies with different buffer sizes, using BT.601 for color space conversion.
The anchor employs explicit buffering in both motion and inter-frame coding. The values in parentheses, as in Table 2, indicate the number
of full-resolution feature maps buffered for coding one input flow map or frame (explicit + implicit).

Motion ‘ Inter ‘ UVG MCL-JCV HEVC-B HEVC-C HEVC-D HEVC-E HEVC-RGB ‘ Average
Explicit (2+0) | Explicit (3+0) | 0 0 0 0 0 0 0] 0
Implicit (0+4) Explicit (3+0) -11.5 9.5 -12.6 -18.6 -12.6 -11.9 -8.8 -12.2
Implicit (0+2.1875) | Explicit (3+0) -1.0 -3.6 -8.7 -12.0 -8.4 -9.8 -1.2 -8.1
Implicit (0+2.125) Explicit (3+0) -6.5 -3.8 -6.2 -10.4 -6.7 -8.6 -3.0 -6.5
Implicit (0+2.0625) | Explicit (3+0) -4.0 2.8 -1.9 2.2 0.8 2.3 2.3 -1.3
Hybrid (2+4) Explicit (3+0) | -15.1 -13.2 -15.4 -23.8 -19.9 -15.8 -9.1 -16.0
Hybrid (2+0.1875) | Explicit (34+0) -13.6 -9.6 -14.8 -21.4 -18.0 -18.4 -13.1 -15.6
Hybrid (2+0.125) Explicit (3+0) -13.0 -11.2 -14.1 -19.1 -16.3 -18.1 -11.0 -14.7
Hybrid (2+0.0625) | Explicit (3+0) 9.1 -5.4 9.3 -13.9 -11.7 -13.4 -6.7 -9.9
Hybrid (2+0.125) Implicit (0+51) | -12.6 -15.5 -20.1 -30.2 -27.8 -20.6 -10.5 -19.6
Hybrid (2+0.125) Implicit (0+6) | -10.0 -12.6 -15.8 -24.5 -21.9 -13.0 -8.6 -15.2
Hybrid (2+0.125) Implicit (0+5) -9.2 -13.0 -14.9 -24.6 214 -14.6 1.4 -15.0
Hybrid (2+0.125) Implicit (0+4) -5.9 9.0 -13.5 -19.5 -17.6 -1.9 -4.3 -10.2
Hybrid (2+0.125) Hybrid (3+48) | -17.3 -16.3 -21.0 -30.3 -27.3 -25.7 -15.1 -21.9
Hybrid (2+0.125) Hybrid (3+3) -16.5 -15.7 -20.8 -29.1 -26.8 -23.3 -14.7 -21.0
Hybrid (2+0.125) Hybrid (3+2) -17.6 -15.9 -20.3 -29.1 -25.9 -26.6 -14.8 -21.5
Hybrid (2+0.125) Hybrid (3+1) -12.7 -10.4 -14.8 -23.6 -19.3 -18.9 9.1 -15.5

Table A2. BD-rate (%) comparison of different buffering strategies with different buffer sizes, using BT.709 for color space conversion.
The anchor employs explicit buffering in both motion and inter-frame coding. The values in parentheses, as in Table 2, indicate the number
of full-resolution feature maps buffered for coding one input flow map or frame (explicit + implicit).

Motion | Inter | UVG MCL-JCV HEVC-B HEVC-C HEVC-D HEVC-E HEVC-RGB | Average
Explicit (2+0) | Explicit (3+0) | 0 0 0 0 0 0 0| 0
Implicit (0+4) Explicit (3+0) | -10.0 -8.1 -10.5 -14.5 -9.0 -10.8 -8.8 -10.2
Implicit (0+2.1875) | Explicit (3+0) -6.5 -5.9 -8.0 -10.6 -6.0 9.4 -1.2 =17
Implicit (0+2.125) | Explicit (3+0) -5.5 -3.6 -5.8 9.3 -5.1 212 -3.0 -5.6
Implicit (0+2.0625) | Explicit (3+0) -3.7 -0.1 -1.6 2.2 1.1 -1.5 2.3 -1.5
Hybrid (2+4) Explicit (3+0) | -13.3 -11.5 -12.8 -19.1 -15.0 -14.4 9.1 -13.6
Hybrid (2+0.1875) | Explicit (3+0) -12.9 -11.4 -13.6 -18.3 -14.6 -17.0 -13.1 -14.4
Hybrid (2+0.125) Explicit (3+0) -12.2 -10.3 -12.4 -15.5 -12.2 -18.7 -11.0 -13.2
Hybrid (240.0625) | Explicit (3+0) -8.7 -6.7 -8.3 -10.7 -7.8 -13.6 -6.7 -8.9
Hybrid (2+0.125) Implicit (0+51) | -12.7 -14.0 -17.1 -26.2 -23.4 -18.9 -10.5 -17.5
Hybrid (240.125) Implicit (0+6) 94 -10.7 -13.0 -20.3 -17.6 -12.3 -8.6 -13.1
Hybrid (2+0.125) Implicit (0+5) -9.9 -12.0 -12.9 -21.2 -17.7 -14.1 -14 -13.6
Hybrid (2+0.125) Implicit (0+4) -6.9 -1.7 -11.3 -16.5 -14.8 -2.6 -4.3 9.2
Hybrid (240.125) Hybrid (3+48) | -17.7 -15.6 -18.8 -26.6 -24.0 -25.4 -15.1 -20.5
Hybrid (2+0.125) Hybrid (3+3) -16.6 -14.3 -18.6 -254 -23.3 -23.5 -14.7 -19.5
Hybrid (2+0.125) Hybrid (3+2) -17.5 -14.6 -18.3 -25.3 -22.8 -26.8 -14.8 -20.0
Hybrid (240.125) | Hybrid 3+1) | -13.0 92 132 -19.8 162 192 9.1 142

Table A3. BD-rate (%) comparison of longer sequence training impact on three buffering strategies for inter-frame coding, using BT.709
for color space conversion. The anchor is the variant employing explicit buffering in both motion and inter-frame coding. The values in
parentheses, as in Table 2, indicate the number of full-resolution feature maps buffered for coding one input flow map or frame (explicit +
implicit).

Motion | Inter | #Frame | UVG MCLJCV HEVCB HEVC-C HEVCD HEVC-E HEVCRGB | Average
. ) 5122 103 124 155 122 187 10| 132
Hybrid (2.125) ‘ Explicit 3) ‘ 10 | 185 452 145 176 140 199 132 -161
. . 50 99 120 129 212 177 14l 74| 136
Hybrid (2.125) ‘ Implicit (5) ‘ 10 | 206 204 -183 253 -193  -12.8 126 |  -185

-17.5 -14.6 -18.3 -25.3 -22.8 -26.8 -14.8 -20.0

. . 5
Hybrid (2.125) ‘ Hybrid (2) ‘ 10 ‘ 245 217 225 295 258 288 203 | 247




Table A4. BD-rate (%) comparison between our HyTIP and the state-of-the-art methods in terms of PSNR-RGB, using BT.709 for color
space conversion. The anchor is VITM 17.0. Negative BD-rates suggest bitrate savings.

| UVG MCL-JCV HEVC-B HEVC-C HEVC-D HEVC-E HEVC-RGB | Average

VTM [2] 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0
HM [1] 26.0 35.7 31.9 29.9 29.8 31.9 29.6 30.7
MaskCRT [3] 6.4 19.1 9.2 29.0 4.7 26.1 -7.2 12.5
DCVC-TCM [9] 35.0 39.3 34.1 62.5 25.5 70.4 19.2 40.9
DCVC-HEM [4] -6.2 -0.7 -0.4 194 -5.3 9.3 -14.2 0.3
DCVC-DC [5] -24.0 -18.4 -16.4 -11.6 -29.0 -25.4 -32.1 -22.4
DCVC-FM [6] -24.0 -15.0 -16.5 -14.9 -31.1 -32.0 -23.1 -22.4
HyTIP (Ours) -22.3 -9.7 -16.3 -6.8 -25.6 -13.9 -27.5 -17.4

Table AS. BD-rate (%) comparison between our HyTIP and the state-of-the-art methods in terms of MS-SSIM-RGB, using BT.709 for
color space conversion. The anchor is VTM 17.0. Negative BD-rates suggest bitrate savings.

| UVG MCL-JCV HEVC-B HEVC-C HEVC-D HEVC-E HEVC-RGB | Average

VTM [2] 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0
HM [1] 21.4 31.5 28.9 29.0 29.7 29.6 26.1 28.0
MaskCRT [3] -23.0 -30.8 -38.6 -29.0 -43.4 -31.9 -43.8 -34.4
DCVC-TCM [9] -9.5 -22.5 -26.5 -17.4 -33.8 -18.7 =277 -22.3
DCVC-HEM [4] | -28.8 -43.3 -47.7 -40.4 -52.8 -53.1 -46.3 -44.6
DCVC-DC [5] -36.4 -50.4 -55.7 -51.4 -61.2 -66.0 -56.4 -53.9

HyTIP (Ours) -38.9 -50.5 -56.4 -50.2 -59.5 -62.6 -58.5 -53.8
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Figure Al. Rate-distortion comparison with state-of-the-art methods in terms of PSNR-RGB, using BT.601 for color space conversion.
The values in parentheses represent BD-rates, with VIM 17.0 serving as the anchor.
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Figure A2. Rate-distortion comparison with state-of-the-art methods in terms of PSNR-RGB, using BT.709 for color space conversion.
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Figure A3. Rate-distortion comparison with state-of-the-art methods in terms of MS-SSIM-RGB, using BT.601 for color space conversion.
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Figure A4. Rate-distortion comparison with state-of-the-art methods in terms of MS-SSIM-RGB, using BT.709 for color space conversion.
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Table A6. Training procedure. MENet, TCM, FA (frame type adaptation), CTM, and gain units (s§™°, s£°°, s7°°°", 5™ in Fig. A5,
Fig. A7, and Fig. A6) represent the motion estimation network, the temporal context mining module in the inter-frame codec, the hierar-
chical quality structure [6], the channel transform module [3], and the variable-rate modules, respectively. EPA is the error propagation

aware training in [8]. Ref represents the characteristic of reference temporal information in the inter-frame codec.

Phase # Frames Training Modules Loss Ir Epoch
Motion Coding . Rmotion )

(Ref: Explicit) 3 Motion codec A x D(ay, warp(z1, ft)) le-4 8
Motion Compensation

(Ref: Explicit) 3 ™M A X D(z¢, xc) le-4 10
%g:fr:fé?gﬁ C(ijtc))dlng 2 Inter-frame codec and Mask Generator Ri + A X D(x¢,Z+) le4 2
Motion Compensation D(z¢,xc)+D(@e,E¢t)

(Ref: Explicit) 3 ™M Ry + A x =2 =202t Jed4 3
Inter-frame Coding 3 All modules except MENet, motion codec, Ry 4+ A X D(z4, xt) le-4 8
(Ref: Explicit) 5 and 3x3 Conv in Fig. 2 Ri + A X D(z¢, 24) le-4 5
Fine-tuning 3 All modules except MENet and 3x3 Conv Ry + A x D(xy, &) le4 6
(Ref: Explicit) 5 in Fig. 2 Ry + A X D(x¢,3+) le4 5
Feat Gi ti J—

(lggf?ﬁyb‘;?ga ton 3 3x3 Conv in Fig. 2 Ri + A x D(x, %) led 3
Motion Compensation D(xt,xe)+D(ws,d1)

(Ref: Hybrid) 3 TCM Ry + A x DleezeiD@nte) jeq 4
Inter-frame Coding 3 . Ry 4+ A X D(z, xt) le-4 8
(Ref: Hybrid) 5 All modules except MENet and motion codec Re+ A x D(ze. 20) led 4
Fine-tuning 3 Ri + A X D(x¢,24) le4 3
(Ref: Hybrid) 5 All modules except MENet Re+ A x D(z1.20) led 4
Fine-tuning with EPA 5 All modules except MENet Ry + X\ X D(xy, &) le-5 4
(Ref: Hybrid) 5 All modules Ry + A X D(x¢,3+) le-5 4
FA (Ref: Hybrid) 5 - Ri + A X D(x¢,34) led 1
FA with EPA (Ref: Hybrid) 5 [ rame Type Convlayers in Fig. A7 Ry + A x D(x1, %) le5 1
Fine-tuning with EPA 5 All modules except MENet Ry + A X D(xy, xt) le-5 1
(Ref: Hybrid) 5 All modules Ry + )\ x D(act, Zt) le-5 5
CTM R

(Ref: Hybrid) 5 CTM in Fig. A6 Ry 4+ A X D(zmy, &) le-4 1
Fine-tuning with EPA 5 All modules except MENet Ry + A X D(x¢,34) le-5 2
(Ref: Hybrid) 5 All modules Ry + A X D(x¢,34) le-5 7
Context Model Training 5 Context Model in Fig. A6 Ri + A X D(x¢, &) le-4 1
with EPA (Ref: Hybrid) 5 Context Model, hyperprior, and decoder in Fig. A6 R, + A x D(x¢, &¢) le-4 2
Inter-frame Coding 5 Inter-frame codec and Mask Generator Ry + A\ X D(xy, &) le4 3
with EPA (Ref: Hybrid) 5 All modules except MENet and motion codec Ry + A X D(x¢,34) le4 2
Fine-tuning with EPA 5 All modules except MENet Ry 4+ A X D(z, xt) le-5 3
(Ref: Hybrid) 5 All modules Ry 4+ A X D(zy, &) le-5 6
Variable-rate Training 5 Gain units in Fig. A5, Fig. A7, and Fig. A6 Ry + A X D(xy, xt) le-5 8
with EPA (Ref: Hybrid) 5 All modules Ri+ A x D(xt, Zt) le-5 20
Long-sequence Training 7 All modules Rt + A X D(xe, Z4) le-5 1
with EPA (Ref: Hybrid) 10 All modules Ry + A X D(x¢,Z+) le-6 50
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Figure AS. Network architecture detail of our motion codec.



Factorized

(17 °€ “p9 ‘v9)auo)y

JIpoduy
JoLig
Terodway,

(17 °€ ¥9 ‘v9)auo)y

(7 %9 ‘p9)gsAu

(T %9 ‘p9)gsA

(#9 ‘8TDMIGAUD A
A

uones333y
JoLig

Qstep

[PPOIAl IX33U0))
PI0QIINIIYD

(17 °€ ‘871 ‘96)Au0)

(TZ °€ ‘96 ‘T61)AUO)
(z61 ‘T6DMIFAUDA

<

(2 °€ ‘96 ‘8TDIXdAnS

(7€ 96 ‘96)Ixdans

761 ‘T6DAIFAU0DA

(871 ‘sTDMIAUODA

(TZ°€ b9 ‘19)AuU0)

(821 ‘8TDMIGAUDA

at 63

q0

3x HxW
Tt

mo T,

(1 °€ ‘8p ‘08)AuU0D

(8% ‘8p)1oun

(8% ‘8p)1oun
A

(I °¢ °¢ ‘gp)Auo)

mQo .
3xH

~
=)
)
|
%
N3
~
>
=
=3
&}

z
3x Hx W
z

: Element-wise Multiplication

© : Element-wise Substraction
(© : Channel-wise Concatenation

®

€ : Element-wise Addition

id Buffer

“Hybr

2x HxW
F

Figure A6. Network architecture detail of our inter-frame codec.
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Figure A7. Network architecture detail of our temporal context mining in our inter-frame codec.
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