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Multimodal Video Sparsification Algorithm

Based on Terminal Pose Perception
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Abstract: To address the issue that long first-person videos contain a lot of redundant information and traditional frame
sampling struggles to capture key semantic moments, this paper proposes a multimodal large-model-based
video sparsification and analysis method driven by terminal device pose awareness. The method makes full use of
synchronously collected data, including inertial measurement unit data, audio and visual content. It uses a multi-trigger
collaborative keyframe extraction mechanism,combining sudden pose changes,speech-based semantic triggers and visual
saliency to accurately capture important events. On top of that, the exiracted keyframes are organized into semantic
segments , which are linked with metadata such as pose statistics and speech transcriptions. These are then structured into
a " image sequence +text description" format suitable for large model input. The system performs lightweight video
thinning on the device side, while the cloud-based large model handles inference and analysis, enabling efficient
collaboration. Experimental results on a self-built industrial terminal block inspection dataset show that this method
outperforms baseline approaches in keyframe detection accuracy, semantic coverage, compression ratio, and real-time
performance. This study provides an efficient and deployable engineering solution for intelligent analysis of long-duration
first-person videos.

Key words: video sparsification, multimodal large mode,terminal pose perception, first-person video
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Fig. 1 Opverall framework of multimodal video thinning based on terminal pose awareness
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Table 4 Keyframe detection accuracy comparison
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Optimal Frame 0.673 0.654 0.663 0.636
Attention-DNN 0.846 0.701 0.767 0.742
LMSKE 0.861 0.812 0.836 0.824
TriPSS 0.803 0.868 0.834 0.857
AT 0.907 0.881 0.894 0.872

R4 WoR & RAE WA IATE 55 [ MHERE2E 5 I . 1545771 Entropy+MI 55 Optimal Frame %[
PEBERE AR 55 , U B (S8 A2 RRAE X DL FAE 55 — B0 A A0 A0 &2 20 i 19 S Bl AR L. IR 2] Oy vk
Attention-DNN LMSKE 1 TriPSS £ WiAgn &5 A $& 7} , 3R I 215 SURAE B RE 1 58, TriPSS Y Recall il
15 X 5 {H Precision TS, f77E—E 1Rk, R CIT MY Precision Recall \F1-score A1 X5 55 47
5114 0.907 ,0.881,0.894 F10.872, ¥4 Ee A, Uk W% J5 0 R T 17 SC S mtAs: I v iff e | 3ot 13 AR B,
e o, SR A R A
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Table 5 Thinning efficiency and redundant control comparison

VRS -4 O TR JE45 L JUAR LA
Entropy+MI 8 124.600 2.890:1 0.336
Optimal Frame 7 642.300 3.073:1 0.301
Attention-DNN 5 984.200 3.924:1 0.224
LMSKE 5 431.800 4.323:1 0.198
TriPSS 6 150.400 3.818:1 0.176
ARSIy 4 872.900 4.821:1 0.139

5 BN, ST IEAE IR ACR 5 TR TSy 1 25 5790 2. Entropy+MI Fl Optimal Frame {4 B 1735 5¢
SRR 22, 48 LU, X TUA S BAM I RE 1A IR, TREE 2 > I U R 0T 4 LMSKE Fi TriPSS & 24 #K
GFARR RE F7. AR SO BT Y SRR AR (4 872.900) , FE4i Loy 1:4.821, TUARMIEL B4 0.139, 35 £ F %
Fes v U2 R TE R B AR R Y (RN BE BE A RURAE TUAR , B PERE S 4

F 6 4y T AT S BN ) 5 SRR, R LI ®6 WHMES LML
ﬁ , zlgijfff E/‘J Tﬁ gl Hd— I‘Eﬂ ﬂ\] 19.684 ms/ frame , {‘[#»j /@;’; Hﬂ‘ ﬂ‘}ﬂ % Table 6 Computational efficienc‘y and real-time
K. MHEEZ T , Entropy+MI 5 Optimal Frame T AR T o . performance comparison

(=% T RO RS K7k, S5 67 4 IR gh e I PRI Cofne) SR
TSGR e I A TS SC 775 5 Attention-DNN B Hf B il OEpl‘n‘l y;r M;, jzz ;E
N 31.274 ms/frame , C L SCIS PRI FHE; i LMSKE 5 TriPSS N 31.274 it
FHEBRISH ] 43314 126.518 ms/frame 5 142.337 ms/frame , Jo7k LMSKE 126.518 1

T R SRR R . AR SO AR e SRR, TRER I TriPss 142.337 1
(T AT 19.684 SR

KT SESHERESILL

Table 7 Multi-modal triggering capability comparison

Jrik TR AR LA Ml K AR ST R
Entropy+MI 0.294 0.238 0.417
Optimal Frame 0.563 0.482 0.605
Attention-DNN 0.702 0.548 0.729
LMSKE 0.781 0.611 0.802
TriPSS 0.863 0.664 0.846
ES @ik 0.918 0.889 0.903

R T WOR S ITIETEE S A AR GBS R TR R 2 R i R FAATEW 22 R Entropy +
MI =T FEFR AR, Optimal Frame 43513551 0.563 .0.482 F110.605 , 4 F Entropy+MI , {H.% 5 fish % 2540
AL R R B m AR PR TR )y AR R I A, b TriPSS =I5 45533114 0.863,0.664 F
0.846. A3 H7 L4 ik 5] 0.918,0.889 1 0.903 , 318 T-XF Lt 5 i, #HEL T TriPSS, 43l #& 5 5.5.22.5 1 5.7
ANE G R A i K A AR T o B . B R SR I AR SO e ek S R R AR FH A
RS R BE R A R w R T, SR T 2B U R R SR A R

R RAIEAS AR S X g 1 DTk, B A R IS AL 5, 25 R AN SR 8 N, B A A BRI W E A,
Precision ,Recall \F1-score S ifi 3 7 FERUD$E T, UL WA [ BE 8 B R T8 iU 2 EAb. (U ML e B2
IF R LA A 3 i R AR BE S (HPEREABR ;51 IMU Ji , & TR bR I 8 2k 3% | i SR 285 B B T4 58
B B A8 AR 5 OGS A T IR, Rl TR LAY £ T W 1R (R S PR T B SRR LR AL
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Table 8 Ablation experiment results

TR A Precision Recall F1-score W E T
&R 0.765 0.798 0.781 0.736
HHE+IMU 0.823 0.862 0.842 0.804
e +iE 0.846 0.876 0.861 0.829
VL +IMU+IE 0.907 0.881 0.894 0.872

24 XWERDWH

1 7 Tl - HEC R B £ L RGNS LU LSS, AT LIS DUF 4598 AR Ge N 7 i A e b} 3 5t
T 5 5 ATUAR T 5 VR BE 2 ) D5 IR AETE SCRU PR RE UL AR G 7 2 (BT T3 AR A i s AT A
KA B 7R ERAERE ) b AT 35 (0 B A B AT 38 B TR, M LA il et 26 iy S B 00 38 20K 5 A L
ZF A SCER T B 2 BAS RS T AR OB 6 B TR S S M R Z (R U T AR AL Ak T
RS g 25 R KW IMU 5185 BES X R T OC W SCli R 1 BA W& VR .
3 45

BE XTI — LA AU TORAT 8.2 AL G 7 Ve LA S50 #5502 PR (0 XA, A SO
T L T L BB RS AR 5 T k. O RRLE IMU % RS SRR R T
2 fil & W ) ) SC BT LR, I 1 — 200 Wi I ) 22 185288 KA AR A 25 44 Ab i S Be 3R | DT SIE 300« 2 ity
MR AR 2= s 2 0 PR R AL B 78 2 Tl - HECR B 4 T A S g 25 SRR I AR S ik
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