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Abstract: Livestreaming video platforms have become an important medium for digital content dissemination, social
interaction, and commercial activities. This is largely due to their large number of streamers, massive content supply, and ex-
tremely high daily active user base. However, the real-time and unpredictable nature of livestreaming content poses serious
challenges for online content supervision and regulation. Video scene graphs provide a structured representation for video
understanding. They describe objects, attributes, and behavioral relationships within videos. By constructing a semantic net-
work of “object-relation-action” in the spatiotemporal domain, video scene graphs enable structured modeling of video con-
tent. In recent years, vision-language models (VLMs) have shown strong capabilities in cross-modal semantic understanding
and complex scene reasoning. These advantages provide new technical support for livestreaming video scene graph genera-
tion. Although VLMs can significantly improve semantic parsing accuracy in complex livestreaming scenarios, they still
face an important challenge. Specifically, it is difficult to effectively capture the feature distribution patterns of livestream-
ing videos. Convex optimization plays an important role in training VLMs. It helps guide the model to converge toward a
global optimal solution. Based on this observation, this paper proposes a VLM-based convex optimization for scene graph
generation (VCO-SGG). The method constructs a VLM-based approximately convex optimization framework that con-
strains the geometric structure of the feature space for object semantics and their relationships, reducing feature distribution

discrepancies and mitigating convergence oscillations during VLM training. A dynamic prototypical memory module is in-
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troduced, employing a parametric memory mechanism to strengthen the memory of key semantic elements’ continuity and
correlations across video frames. Furthermore, a feature association and relation filtering strategy is proposed to identify and
filter redundant object indices online, which are generated in the scene graph due to dynamic changes, thereby enabling dy-
namic generation and updating the scene graph. Experimental results demonstrate that our method achieves improvements
of R@10 and mR@ 10 reaching 55.41% and 34.82%, on the self-built livestreaming video dataset BIUT-LGSD, respective-
ly. In the publicly available datasets Mini Charades and Mini Action Genome datasets, R@10 and mR@ 10 are further im-
proved to 48.19%/28.02% and 43.42%/26.02%, respectively, and the inference speed is 22.36 FPS. Overall, the results dem-
onstrate greater competitiveness than other methods, indicating its capability to handle the task of generating scene graphs
for livestreaming videos.

Keywords: livestreaming video; scene graph generation; vision-language models; convex optimization; dynamic pro-
totype memory; feature association and relation filtering strategy
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Figure 1 ~ Examples of livestreaming videos
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Figure 2 The overall structure of proposed scene graph generation model
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Figure 3 The process of VLM convex optimization
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14. end for
15. end for
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Figure 5 The process of dynamic prototype memory
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3.1 XWEE
3.1.1 HiE&E

R 55 IE BT £ VCO-SGG J5 i 7 B #% #1755 B AR
P A RO AT R A SO B A A T — A LR
AT 22 BJUT-LSGD o [RIE, A il ik 77 2 i 32 Ak 1k
A, 28 IR AS2N TT E 4 4 19 0KS 87 BUAS Mini Charades 5
Mini Action Genom AT 5256 | A a7 A AS 78 16 /2 45 X L
J7 R E TR I R BT PETE T SRR, A5 5 E S A
RERWT,

BJUT-LSGD U4 45 - f 45 126 A~ I 24045 A1 40 4~
W32 H0 A, A S PR S 20~30 T, 43 FE R 1280 X
720, haEEG I LA, X I R BOPE VEAT AU A e R B
BY PR B AR N B BCEE 5 . B 0 R B AR
J& 22 503 Y1l 2 A0 A5 A1 161 I3 1048, B A o3 B R g —
J# %%k 600 x 384,
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1224 AR AR AT , A5 B A AL 5 10~20 T, i 4339 5%
244 500 x 300, FH 4 EEARE T AR IR
7B RE B2 6] 238 B 3

Mini Action Genome BU¥E £E : £ & 3 884 Il 4
AT T 538 AN R W AT, A B A 5 10~20 Mot , it 3 3 %
244 500 x 300, % HOHE [FRE G R R i 2 ]
P R HME LR,

3.1.2 iFrigtr

5256 % FH Recall (R@10/R@20/R@50) . median Re-
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Horp, mR@k 278 76 WU A9 AT &4 56 &, BR IS IE 1 A
[l ) LA 56 28 1) HP A B LB
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Horp TP FN 267 BB TE A 50 Sy 1 28 1 43 26 i FEA
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g R, BBAS IE 0 A ] B9 BB OC R A rh AL B L], 3
MedRecall = M (Recall) (35)
Horr s MR BOh A8
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1, T s B R A 275 PR fE -

F —measure =2 x Prec¥s¥on X Recall (36)
Precision + Recall

3.1.3 ZHET

S250 7 5 7 Ubuntu20.04 #: fF %2 4t , NVIDIA3090
GPU M , N A7 24 GB, S HUHE 22 i Ff] Python3.8 il Py-
Torch 1.9.1 5 CUDA11.4 1 cuDNN8.4.1, AdamW 1 £k
IR EATOEAL o O T BRUE S Y 4, S v
07 ¥ B LB AR [A) BE T 4T« R 4F batch size 1%
B8, R 107 IGREA 1258, T RUET
$& 75 15 (A SO AN e R e IR T G T R 24 R AR AR
[V RCT B S SN S RPN O TR S o I R AN
(Prototype-based Embedding Network , PENet) " | 73 £
a2 2 g5k ( Group Collaborative Learning, GCL) ™),
S EE i F T M #§ (Dual-Biased Predictor, DBiased-
P2 XAy IR A 22 3 M 4% (Dual-branch Hybrid
Learning network , DHL) "' I 55 bR 2548 1F 5 U1l 45 5 ik
(Nolsy label CorrEction and Sample Training strategy,
NICEST)''" | G 4 45 i1 4 b B ot 4k &% 2 0 4y i
(Groupwise query SPEciAlization and Quality-aware
multi-assignment , SpeaQ )" | T 43 K] W 2% 114 37 5+
B A= jY 77 % (Graph Generation using Bipartite Graph
Network , DG-BGN )""*" | B i B i o i 14 231 25 47 S5t 141 2
% 75 1 (One-stage End-to-end Dynamic scene graph gen-
eration, OED) " | [ & R [ Il 44 1) 37 5% &1 26 i 1%
(adaptive Self-Training framework for fine-grained Scene
Graph Generation, ST-SGG)"' . A Sc L4+ 1 7 41 5¢
B, 6 5 5 A F2 07 VA RORT EE 37 5 TR A A A
TR T3 TR R 3 AT A [ R AR 4 B
BB Y52 0 Rl AIE 5, LA 4 T Ul B AR J7 125 0] ) 2% L
R 5 TR A LR A AT R S
3.2 EHMFRAENMERILE
3.2.1 fEEXLE

N T BT 5 VCO-SGG 1 1 17 MR A 7 5 18] AE i
195 BBk, B e e A Y BJUT-LSGD %l 4
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R@10,R@20 Fll R@50 48 tr I ¥ W15 f AR 45 2, 43 3l
K3 T 55.41% . 68.11% F1 76.85% , 8 ¥k Ak 77 ¥ (OED
5 ST-SGG) 71 0.29% .0.5% 5 1.04% ., MAM, A7 1%
£ mR@10 . mR@20 1 mR@50 .11 F OED #l DG-BGN,
A3 9 3k B 34.82% ,42.43% F149.39% . X — It £ E
3235 FAS SCHI AR VIM (8 FL 2248, A H ST-SGG
OED . DG-BGN %5 2R FH f) JE 7 VLM ZE 44, e 08 T fa g
T4 22 4 Jmy Fre A L AT BE I ) b AT T G2 (i) A G IR

KFR . LA, AN LN F@10 . F@20 fil F@
50 43 9 K 40.91% . 47.76% I 54.18%, =5 T NICEST
(36.82% .42.06% .47.34%) . X j& 1 T NICEST % H £
MLy s (1] -7 [R) AR I B2 B il SR e, o DAl B 37 5
KEETC R M G s VR B A v 38 2o
AU AZ AL ] ] O B it b 7S T R BSOS B IR AR
B BaRZE IR ATy Bk R 08 A7 R ) B L b
JURXM G T, W 2T 3 5 2B BT &

®1 EAFHIREBIUT-LGSD LAERE LR HLfi:%
Table 1  Performance comparison on the BJUT-LGSD dataset unit:%
. R 1

R@10 R@20 R@50 mR@10 mR@20 mR@50 F@10 F@20 F@50
PENet!" 46.70 55.49 65.00 24.23 32.42 39.94 34.93 40.08 43.82
GeL™ 46.91 55.85 65.56 24.79 33.06 39.82 35.03 40.22 43.85
DBiased-P?"! 47.05 58.14 66.23 27.07 35.39 40.62 35.68 41.02 44.57
pHLM 49.94 58.66 68.05 27.62 34.13 40.68 35.98 42.33 44.63
NICEST!" 52.63 62.24 70.54 28.38 36.83 43.15 36.82 42.06 47.34
SpeaQ'"”! 53.19 64.03 73.54 30.21 38.05 45.36 38.04 44.05 49.76
DG-BGN!' 54.77 65.68 74.34 33.12 41.38 47.36 39.66 46.03 51.95
OED™ 55.12 67.32 7491 33.78 41.25 48.10 39.90 46.59 52.77
ST-SGG"! 55.10 67.61 75.81 34.46 42.30 48.52 40.46 47.26 53.23
VCO-SGG(FrZJ5 i) 55.41 68.11 76.85 34.82 42.43 49.39 40.91 47.76 54.18

LA A, FRIZ AR AL

1E Mini Charades ZU45 5 T Hogh SR an sk 2 Jir
™o AT ETE R@10, R@20 Fil R@50 | 43 5l 5k 3] T
48.19% . 56.67% F 66.55% , ¥ F Hifth 75 3% , Bk AR
) ST-SGG &5 H 0.71% . 0.78% 1 0.54% . 3% [7] FE 15 25
TR LA 2R A ke AR e W SR o TR AR T
21 mR@10 . mR@20 Fl mR@50 5 br L L5 1 e 5 1
(28.02% . 35.81% . 42.64%) , # kb ¥k fIt Jr % (OED 5
DG-BGN) & /0 1 0.73% . 0.69% F10.22% ., %Ak
TR 5] AW R CAZ A H 50 T 37 5
JCER M RAEGE ) M2 A . #E F@10, F@20 fl F@
50 &, ATy ik ik 3] 34.48% . 40.79% 1 46.78% , W& A T
ST-SGG (34.12% . 40.68% F146.54% ) . /A [f] T ST-SGG
SR I B A RRAEI0E A T 20, AR O 9 3l o RRAE I A 5 ¢
FR 0 WA B T ICAR R T IRE B T X 52 8%
I B0 A R AR ) R ]

2% 3 78 T Mini Action Genome X3 45 I 119 52 16
g5 8 K5 ¥ {E R@10, R@20 1 R@50 | 43 %] i
43.42% . 53.12% F1 63.06% , 3 W A 1) ST-SGG 2 TF
0.45% .0.43% F10.79% , Fi AR B T ™ pE AL 3 F 19 A
# . 7E mR@10, mR@20 Al mR@50 |-, 7 J5 1 7R B 1%
fe P45 J (26.02% . 33.81% F11 40.88% ) , A H OED Al
ST-SGG & /D & i 0.95% .0.47% F10.69% , ik — 3 46 UF
TR R CAZ AT He e R HE R AE 5 2k AR T B/ -

AN, A )5 B 5 F@10 . F@20 F1 F@50 43 5l Ky 34.44% .
40.14% F1 44.74% , ¥ . T ST-SGG (34.07% . 39.47% .
44.61%) . ST-SGG TEFFAiF B A 1 F2 A [ 2 20 1Y
x9SR FEAE AT X G2, T AR Ty ¥ 3 1o Re LU ALl i 158
TUAA I, TR T 4 A2 fb PR Rk .
3.2.2 ESWH

T TR T B L s A R AR S
5t I R T N [R) 07 ¥k A6 45 A SR 4 i R Rb mT
PLHRAT 1 7 55038 B I 2L (Giga Floating Point Opera-
tions Per Second, GFLOPs) . 2 ${ & (Parameter) Fll1 53 b
MWi%L (Frame Per Second, FPS) %} k. AN& 6 fii7s , A )7 s
) GFLOPs Fl1 Parameter 73 3A 3| T 42.74 x 10°F163.37
10°, A1 EC K B AT 19 ST-SGG F&AR T 3.9x 10°A11 114.2 %
10% X f& K o8 ST-SGG 75 115 A 4~ 28 51 % 1) &
15 B AR 7 15 09 VLM (™ 15 £k HE 28 R 45 288 1) 5 15
B L S 10 o7 TIN5 = 019  S
BR A T5 15 9 GFLOPs Al Parameter A0 Eb %0 K 5z = A9
NICEST /& T 6.81 x 10°F122.54 x 10°, {H & i R@10.,
mR@10 Fl F@10 1 2 485 T 2.78%.2.95% 11 4.09%-
ISR NICEST 3% ] KNN 7 358 TUAYRRE , 1% )5 e A e
FENEOCHR AT AR 52 2% 52, SR KINN U LA Bl B 455 728
A0 B i 0 S 1B, BRI T 3 AR R TR . A
M5 BT 7 VA AERS B -5 T TS T 54 1 P-4
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£2 EATFEHEE Mini Charades £ HIHERE L3 Hfii:%
Table 2 Performance Comparison on the Mini Charades Dataset unit:%
ik KL T
R@10 R@20 R@50 mR@10 mR@20 mR@50 F@10 F@20 F@50
PENet'"! 36.38 47.37 56.32 18.22 26.67 34.21 25.01 31.73 37.66
cer™ 38.04 48.84 56.89 19.06 27.32 34.89 25.51 32.31 38.28
DBiased-P?" 40.06 50.81 58.46 19.12 27.51 34.94 25.52 32.22 38.33
DHL! 40.46 48.71 60.59 22.61 30.03 37.07 28.10 34.76 40.67
NICEST" 43.82 54.57 63.17 25.07 33.37 38.96 30.28 37.06 42.75
SpeaQ!"” 43.85 5473 63.86 26.02 34.36 40.68 31.87 38.72 44.63
DG-BGN'™®! 45.43 56.18 64.35 26.54 34.80 41.32 32.89 39.59 45.33
OED™ 45.93 56.37 65.12 26.84 33.44 41.67 33.71 40.40 45.72
ST-SGG"! 47.48 55.89 66.01 27.29 35.12 42.42 34.12 40.68 46.54
VCO-SGG(FT 2 J77%) 48.19 56.67 66.55 28.02 35.81 42.64 34.48 40.79 46.78
TE L AAREAL, FRILAZRRAL.
£3 AREFETE Mini Action Genome B HEBE L1 7%
Table 3 Performance Comparison on the Mini Action Genome Dataset unit:%
Jitk L
R@10 R@20 R@50 mR@10 mR@20 mR@50 F@10 F@20 F@50
PENet™ 30.84 41.83 51.63 17.81 25.97 32.28 19.16 25.86 36.18
Ger™ 32.39 43.22 51.83 18.55 26.96 34.43 23.41 30.09 31.95
DBiased-P?"! 32.89 43.08 52.57 20.08 26.75 33.23 24.16 30.89 36.80
DHL!M 35.63 46.16 52.71 21.11 27.66 33.27 24.77 31.68 37.85
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Figure 12 Loss curve for the convex optimization method
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