3634

E-mail: jig@aircas.ac.cn EPEI%%H???E

Website: www.cjig.cn JOURNAL OF IMAGE AND GRAPHICS
Tel: 010-58887035 O EESRERFRRINTE

REESES TP391 XERFRIRAED: A XEHS: 1006-8961(2025)11-3634-17

WX B AKX :Zhang LD, LiW, Wei DY, MaC W, Li Z Y and Shen G. 2025. Key frame extraction method for video 3D reconstruction based on
mutual check weighted optical flow. Journal of Image and Graphics, 30(11):3634-3650 ik J}, 2552, BUASA, Dhilifh, Z5Beri, k. 2025, %
T EACHS A I A = 2k OGRS vk . T IR DB 24, 30(11) :3634-3650) [ DOI: 10. 11834/jig. 250009 ]

ETERE MR = 4T X EDEREN T %

Kk, FTREAE L, HEME, FRE S, AR

1. P EPBER KA BRI R, JLat 1000945 2. ERERE R i S S 05 TR, JLat 100049

M E: BE IR AT WU E 5 SRS E R AR T AR G R Ml A I A T 2R
L 1) AR AT T 5 R A LA JAR IS 50 B R 2 ) B 2 T A O A (R AT it PR e KA R T 4R
T A AT A L BRI R R RO O R, R AR SR — A T B B AL I Y = 4
HA SR IO . iR 1 R AL A B R SCE I X A A v 1) RS AT 3 5L TAr 26 SR L R SIFT
(scale invariant feature transform ) 5325 A6 I (G 47 AE A5 RN 3R 7 , 9745 & FLANN (fast library for approximate nearest
neighbors ) V& i Fl 42 7 3% LK (Lucas-Kanade ) YU 575 , Jli HE AR SBT3 2575 Ak, $i RS e 330 92 ) A 00 g 20y F) R AL
ST TR R B, 1 2 AR SR ITSER DE C s X 5 J i L i T3 S T4 S A 51 % PR 2R e B 30 7y 58 DG B 5%, 78
AT I R R ST IR, 7 2 (8 SR SRS S IR, B3 T ) 5 3 375 63 Bl AT R AR LB, e 28 S BRI B o412
W SR SR IS S 2 AR 4 AN R) 7 5800 AR SCHL 1 S A5 G G BT IR ik R TR 1L, G4 i
DR SRR IR T A AR AR R 50530 3 AR L S MR o o e AR P 25 S R B 2 R 5 SO T 43 S0 A T X L B
Ja #EAT = AR ST I PP A SR IOOR . SEa0 A AR W], AR ARk T UK RIS B AR S 10% ZeA , Horp
R AFLBL B IURR i B /D T A S s AR T L B, TR 5 AR SC BT LUK A6 — M s A TR oK s e
HREH o S K B T 4 LB B 23 0 100% . 100% .97, 46% F196. 54% , i T HABSE H: . &6 AR T IRIE
IO it 1) = 24 i g SC BT IR 12 R A A AT A RS o, 7 7% DG B IOT A 06 542 v R 08 it D RS 88 RS s 1, 1
WRIE LR RN A SR

SRR WU ; SR s GRS s BRSSO G s =2 i

Key frame extraction method for video 3D reconstruction based on
mutual check weighted optical flow
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Abstract: Objective Nowadays, navigation and positioning technology has become an indispensable part of people’s daily
life, and the satellite positioning system has been successfully built and widely used. However, in the environment where

buildings are dense or satellites are blocked indoors, satellite positioning is inaccurate due to signal interference. There-
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fore, visual navigation and positioning technology has been developed to overcome this difficulty. This technology deter-
mines the position and attitude of the camera in 3D space through image processing and computer vision technology. It is an
important means to solve the navigation and positioning problem in the satellite navigation rejection scene. Usually, visual
matching navigation requires the pre-construction of 3D point cloud information of the scene. The acquisition of 3D point
cloud models can be mainly divided into three types: manual model construction by mathematical modeling software, map-
ping by professional instruments, and crowdsourcing mapping by consumer terminals. These models are time consuming
and laborious in constructing large-scale feature point cloud databases. Meanwhile, visual modeling of video stream data
based on consumer terminals has advantages such as low cost, convenient data update, and wide spatial coverage. How-
ever, due to the large number of video frames and image redundancy, the 3D model reconstruction calculation cost is high,
the cumulative error is large, and even the reconstruction failure is caused. Thus, this study proposes a 3D reconstruction
key frame extraction method based on mutual check weighted optical flow. Method First, the image scene is pre-
classified. In the process of video shooting, the camera passes through multiple scenes, and the video frame changes in dif-
ferent scenes. The pixel changes of the straight road are mainly distributed at the edge of the image. At the same time, the
pixels of the entire image have changed at the turning point, such that the video needs to be pre-classified. The system
receives the self-collected video stream data. Then, it combines the gyroscope data obtained by the mobile terminal to
divide the scene into two types: straight road and turning road, which provides a basis for subsequent targeted optical flow
aggregation adjustment and adjacent frame similarity calculation. Then, cross-check adjacent frame matching is con-
ducted, followed by the use of the Scale Invariant Feature Transform algorithm to detect feature points and their descriptors
in the previous frame image. The matching points in the second frame are calculated by fast library for approximate nearest
neighbors matching and pyramid Lucas-Kanade (LK) optical flow method, and the feature points successfully matched by
both methods are detected. The incorrect matching points are eliminated by calculating the 2D Euclidian distance. Strong
matching point pairs are obtained to capture the dynamic changes between frames, which ensures the accuracy and effec-
tiveness of the subsequent optical flow calculation. Finally, the total optical flow field is aggregated, and the similarity of
adjacent frames is calculated. Considering the differences in the video frames of the straight road and the turning road, the
contribution of matching feature points of adjacent frames also varies in the similarity calculation. Therefore, optical flow
aggregation needs to be conducted by weighting. After detecting the vanishing point of the image and taking it as the cen-
ter, different weights are assigned to the strong matching point pairs near the vanishing point according to the scene classifi-
cation. Next, the aggregate information of the total optical flow field of adjacent frames is weighted to obtain the optical flow
changes between frames. Then, the images with significant motion changes are judged as key frames according to the set
threshold, and the key frames of video stream are finally extracted. Result In the experiment, the self-developed video
acquisition app of the research group in the consumer terminal is used to conduct data self-acquisition of the target environ-
ment. In different scenes with different lighting and ground feature distribution, four groups of data are obtained using dif-
ferent traveling routes and speeds, and each group records the scene video information and gyroscope data synchronously.
The proposed algorithm is compared with the traditional key frame extraction algorithm, and different algorithms are used to
screen video key frames and count the number of extracted key frames. The structural similarity index is used to calculate
the number of highly similar frames in key frames. High-similarity frames are the images with high visual similarity between
the two frames in the extracted video key frames. A greater number of high-similarity frames correspond to higher redun-
dancy in the extracted key frames. Then, the results of key frame extraction in the straight line and turning road are com-
pared with the those for the original video frame, respectively. The proportion of the number of key frames extracted in the
original video frame is calculated in different scenes to evaluate the scene adaptability of the algorithm. Finally, the key
frames extracted by the algorithm are used for 3D model reconstruction experiment, and the road map is drawn with global
navigation satellite system (GNSS) data to evaluate the integrity of the reconstructed model. Experimental results show that
the proposed algorithm can reduce the total number of video frames to approximately 10%, and the minimum can reach
4.56%. Meanwhile, the proportion of high-similarity frames in key frames is less than 3%, and the minimum is 1. 91%,
which is significantly less than in other algorithms. In addition, the number of key frames extracted by the algorithm in this

study is much larger than that in the straight road. This result is better than those of other algorithms and meets the
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expected demand for the number of images in different scenes under the application of 3D reconstruction. The integrity per-

centages of the final model reconstruction are 100%, 100%, 97. 46%, and 96. 54% on the four groups of data. Therefore,

it is obviously better than other algorithms. Conclusion This study proposes a key frame extraction method for 3D recon-

struction based on mutual check weighted optical flow. This method can effectively reduce the number of video frames and

improve the quality of key frame screening in diversified scenes. At the same time, the extracted key frames can improve

the matching accuracy and stability of adjacent frames and enhance the robustness of 3D reconstruction.

Key words: video streaming; key frame; image similarity; mutual check weighted optical flow; three-dimensional recon-

struction
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1 79;3 +y°
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T RAERFRIRAN
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ENGNSL S

2)REAF ORI SE (o 4 85 10725 40 4 R R4
O 2R 5 HC AR AT 9 J2 087 37 B P 9
24, LI PO B 8 A A AT LU 45 A AR
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R PR KCHE AT (8 2 0L LA SRR SR B £
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D' FD
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R o FEREE TR B A R X REAE e B
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T2, WA B T 4B 8 X6 7 AR AT 5 Ry D S R 2
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Ded

TR A SR 6 i — it R D 7 m A
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n, (ny, < m) A A5, H FLANN 35 3R B DT g 50 2%
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2.2.3 @I LKL

G LK Bk s R PR R A BN, R4
FUG IR R R A BRI LK 28 5 7 A S Al
it e 453 LK (pyramid Lucas-Kanade ) 52 3 1 1
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3R AR RN S 2 DA TG BRI R 4 Hh b B
Yy B A PR DA TS . G LK
FABRINE

DS EHR T BURE TR R R 1
VER TR EIR)Z (55 0)2) ¥ BT R A
PRV LRGS0 B A O 1R —2F MR
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2) TR R EMEOE I . X T A N AR A
8 LKOG IR IEA TR A o ARBETE ¢ 221, )2 ]
(G LT (v y ) HYIRE SRR 1 v, ) BT
22 AT )5 R JE (R 5 B0 1 () = (i +
Ax,y + Ay, + Ac), BEFTZ8 W R IFIF 4 E B 3o 0,
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A
z F F
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dx Ot Jdy ot ot ' !
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FOGTE 8 — 3, B /b ek ks OR g o F 12
iz ahd" = [u” vp],/ﬁxqjﬁ1%?}§(x,y)ﬁﬁ—
TR R BE A T (s y ) A 17 0 I AR A 38030 Tl P 4
A Y DG E 5% 22 FOAE R 1 dre /B B 2K pR AR, B
)]

d(d)= S S (Pla) - Flatatey + o)
$=u ey =],

(16)

3)EACHEHOCHAL . B G FIREAEA HET

GRS BRI AR L T —2F SR 4i i Fr )2 i -

GG WU T AT RS, B R e I
K2 JRIREME) 5 F 2 G S Esn (E h

d'=d' +d". (17)

A, dl ETRATIR T, 7, e sk 2 . HaL(17)

PSR RE, T Fe /M A % R BSOR ik 22 3R

ikh

w tw, b,
min z z (IF(x,y)—]F(x+d£;x+dimy+
x:uf—w,y:uf‘—w)

i, +dl)) (18)

B TR Fr AR o et i d =0 07",

R 2 B BT B B 22 (8 4, W HE R (8 4 4 i 3

T2 R ' = 2d", K5 T LR
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)55 2 DB PR ) B i
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HICHE Eny (ny = m )i, 0 4 515 LK L SRR
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2.2.4 HREHIALICH
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R VCRCRAAE A5, 76 J5 — Wit &% b, F1H FLANN PEC
B RE n, (n, < m)ANVERLE K
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FH 4 738 LKOG AR R E 0, (n, = m) A
FRIE S, 30N
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i 7 55 1 R A, 48 R PR A O 2R e Py DG i
B MPE R MPYY TSR IR B A TR 2 i
Ak, 15 B L 7 0 5 DC B s X o A I SRR A0 42
B P %, SR FH SIFT + FLANN B9k 45245 1K
St A DU L BB AN E] 8 (a) (b) fiT 7w , BE B HIE N
150, B A58 I 1 58 DG e sSAGH I 332 5 R an P61 8 ()
7No A%} SIFT + FLANN VU g 25 5 | 4 78 LK Ot
TRVCALZE S B HG VUFL S AT X e, ik 1
Fiew, BT LAUE A SCH L RE 8 3 47 42 7 DE I O
R
2.3 1EEBMIARMLE FI B A
FRYERTSCTIA , H T W0 A T4 08 B e 25
BB AR AR 25 5 TR I ot i) DG JC AR 6T A
RUBE TR DT Rk LA BT AR o B X — Rl 8, A% S
&t — kR S MR RLRE 0 51 5 3%, i 9 s, 5 A
X ST 25 1 ST IR Ok L AE 2k
T B S PG A A T g AR R/ PRI DA

(a) SIFT + FLANN DGt 45 5

(b) & FH LK STl sy

(c) HRVCHC TR I,

K8 AT ILHIICECAS
Fig. 8 Matching results of different algorithms

((a) SIFT + FLANN matching result; (b) pyramid LK optical flow matching result; (¢) strong match detection result)
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Table 1 Comparison of adjacent frame matching results

of different algorithms

SPCECED  IER AL

ik Xif 75t Xif /5%t %
SIFT + FLANN L 1586 1027 64.75
G LKL EE VLY 4352 2618  60.16
A3 986 827  83.87

TE IR R R A 5 B A4 2R

T 5 130 HR s, o 56 DE PE ARSI X 2 i H0r 20 A T
R AR TE ey, by T 88 0 g 1 A /e84, DR ik
Xof BT A i DE P ARFAIE 16 SR P42 3 A WAL o

2.3.1  JHR Ak

1 UG R 26 B 8 S E e LIRSl E 3 2k
SR SR AT R

DFEBEMGR LB . B 58, 1 R ih R e 45l IR
JE MG 2R FH o A% sR B A T B RO i b 3. 4K
J&i A# F Canny 38 F E4 7 30 Z K60 A1 Sobel 58 ¥ 17—
AR TG I () 5 B RN ) 145 B A
Ik AR AR 100 5 530 Bk A i1 A% 3R AL 5 3 2k R IX
ST GARF T AR SO iR B AR EE S R
255 F1 1405 5 J5 , PR BA 3R 205 3R D S A E 1
S9N GARZR TR S5 AR L R il 2 2 B
10 JE 7R T JE 4G S A Canny 1 ZRAG N 45 5

v

FRE
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Holfs
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HRETE > SRR
Jeitisgl
AREUAHLIEE
)23 AIRAL

y

YRk

SRV FRAL

B9 FHAR MR H] )

Fig. 9  Similarity discrimination of adjacent frame

(a) JRARIEIG
K10 ShZAein g R
Fig. 10 Edge detection result ((a) original image;

(b) Canny 1124645 S 140

(b) Canny edge detection result graph)
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50, /N B E R 2518 K

2) LBt ik, M b scrbR i B 4 BT LLA
Hh 7 A S S Al by ) A 2R SR P 2R A
JEAP AT R OR S5 2ot MR 2R A5, PR I TR ZE AT 5
Bro Wik, & BARL BN v, = may,, + ¢, H BT

PG B 2% AN 4R BE B RER m, IR e 4y
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(a) EERARLL BT (b) LRBUS UL RIE
K11 RBod i
Fig. 11  Line filter comparison diagram
((a) Hough transform line segment detection diagram

(b)line segment filtering result )

K12 EGIERSITE

Fig. 12 Image vanishing point calculation

FRFICU IR 18 T7 10 MR/ AN [R]85 DG
i is Bl AR R ; 2L O MBI e i o ATRLE 2 A
FLERIE BEAL 1R 2R A B R B0 , L Bh
R AR T BE AL, B WG ) 1 7 22 2 AL, 25 R AE A
HRAE ) AR A7 [ A2 3

(a) BB RO (b) HEE B
F13 bz ST i

Fig. 13 Visualization of optical flow field motion

((a) change of optical flow on straight road; (b) change of

optical flow on turning road )
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R T ST Sy T o P A5, A 4R A L A AR T
o 5 B 45 3] — 2 e A R MR OCBE TR 5 o
DL BB B T — > e %80 HL AT AR A DG B ot i B
T, W J5 S b 3 S5 ER S A T ORS M AN vE R AR
SCFE OB MR B R A R A 14 R

weight =

2

(24)

sim =

3 X% I

3.1 ZWIMEREIERIE
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Fig. 14 Key frame extraction flow chart
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ALt

Fig. 15 Partial video frame

K 15

FNA SCHVE (S 54328 + 6 + FRE EL AL ) 2
Frafe—2EXF b o GEit PSR AR i 32 R 1) G B ot
i, SRS 18 25 44 AR ALY 48 28 (structure similarity
index measure , SSIM) T3 BUR Z ] 19 A SE AR BLEE , 52
T AR B0 RE PETG TER, o v ARRLRE oty 42 JB i ok
FIRY AL AT DK S it 79 W P15 22 T L v P RS AR 1)
PS i UN e e YNTIE P P S VIS SN
3R T UL I RO 25 R 1.

®2 MMEESH
Table 2 Video data parameter

PR SR AR ] i /min SR/ B K /m

it 1 2024.11.19 10:28:51 6.62 11017 425

ol 2 2024.11.19 10:58:42 6.42 10 687 381

a3 2024.11.09 16:38:39 6.19 10 325 459

il 4 2024.04.10 16:28:26 17.91 29797 862

*3 XEDURENERITLE
Table 3 Comparison of key frame extraction results
. $RIOC TR /T e RE AL TR e/t R [E] /min

e i1 BdE2 B3 BdE4 Bl BdE2 BdE3 fdiE4 BdE1 B2 BdlE3 HdiE4
F ] ] B >R A 736 716 690 1988 92 37 29 31 1.86 181 175 5.04
B H 7 1230 848 1375 1239 127 102 134 97 21.64 19.86 17.29  53.88
iz gh 1408 960 1634 1852 173 89 91 279 2856 2541 2257  62.96
Gstisrds + Ot 1097 869 1412 1682 106 62 69 156 3674 32.67 27.83  76.92
AL 876 725 1143 1359 19 15 32 26 49.65 4753 4648  137.49

T IO PSR 7R 25 8 e A2 2R

FEANR 5, A 25 A F = 4 )
KRB A AR . AL T 95BN, &
BEAEWE T R AT 0T R i AR i
MM B BA (bundle adjustment) JE AL AR F1 2
R 2% s L5 Ak iy T3 5 AR, MR i ot
/LA BB W S MRRAE A5 VCIC , 365 ok P R DS e i 12
B PRVRRAE RS S B AR A 2l v T A 1 10 Rk
TOUBI 4R BB H R 1) SC B W A T 218 B AT 2D, [
e 2 T it 2 — e o % B TR LA AR 7 B
F1%) S B W SRR A7 0 A, 20 i) G A B
g A B TSR A A [ 37 5 v SCH T o B AR
AT ET 3 A 0 BRI B2 Bl 25 3 g A B2 JBC S DR 1Y)
K o K /AU T T £k A T I A R AT i
), IR B3 9 3 s 11 38 I M A T P4 e T2

RNFLAPTR.

MG EE ST DA AR AT AR A SO
20 T R e R AR T DG A A R A T R A
iR S ) i e MR 3wy T 1 N
T KB B IO T THIAEAE 9 3 AFR R 2 AR
R USRS R, AR SCBR 1 AR TR DG B it 55 A X
B Hetl i RSB AR E) 10% 24, el m] LA
IKF] 4. 56%; [A]F 5GBS AR DL ikl 7 A7
3% LR SeAfiRAF] 1. 91%, B @A T HAB R 35 9F H.
AR SR SR I S SR T e 2 T B Ak ) B b
KT HLIE AN 5 b AT A RO B

Ptz sk 5 s mia 2 + LAk n 4
Bl kAt b, S 3 i B T s 4y, BE
7 355 AR ALK O i 1 250 R v R L o, [) B 8
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Table 4 Comparison of key frame extraction results between straight road and turning road
Bl 1 ol 2
ik HERIH % HAE HEIE R AE
Eﬁ;j:“ P A% Eﬁgﬁb PRI 5% Eﬁﬁ PR 5 /% Eﬁ?jﬁb B 5 %
P 1] i o R A 638  6.68 98 6.68 611  6.67 105 6.68
S uNEwaE] 1044  10.93 186 12.68 632 6.90 216 13.74
iz 8l 9550 1201 1258 1467 207 1411 9155 796  8.69 1572 164 1043
YW 26 + )i 786 8.3 311 21.20 562 6.14 307 19.53
AL 552 578 324 22.09 356 3.89 369  23.47
HHh 3 Kol 4
i HERH LEaOREL s HEIE R LEaOREL
SR miee SR R e el IR SIS e R G
i ] ] B SR A 553 6.68% 137 6.69% 1348 6.67% 640  6.68%
B H 7l 1013 12.24% 362 17.68% 645  3.19% 594 6.20%
IS B 8277 1276 1542% 2048 358 17.48% 20209 1149 5.69% 9588 703  7.33%
st iiorde + b 873 10.55% 539 26.32% 801  3.96% 881  9.19%
AL 665  8.03% 478  23.34% 571  2.83% 788 8.22%

T L P SRR 5 8 R A2 2R

OCBHEMITAE 3 25 T8 B AL 1 o LE, Sk T e i e
AR s B T SR 2 + IR B A SR (Y5t
4328 + LUt + FRAE B AR5 ) 10 B B gl SRk 1T %)
Fb , J5 8 i 36 TG IR RN SIFT 43FAF s A 4 56 DT S
VA, S — 20 A OB | = AR AL BE i8S L) B AT
Yy N S HE T A e L A5 20 T Ok BB R B
6 DG B 138 it [1] Y 0 25 5, BB A AT A5 3 ERAH <08 o
ARV T , I LA o it R AE R RE 3350 00 MR P

S S N R 1 2 SRl B e ] Y A
PGiEs i, [R) B 7 P4 T iz 3l AR i e 5 T I
T8 Y4 EG U, A T ORI RFAE A DT E AR
PR Ul ) SR A e T,
TEAN A s vhont GRS 1 P oK
3.3 ETFxBNMRN=#FEIHNIIE

SIS 43 51| SR AR SCARE: Ik [A] [R] B SR A £ B
2 Dtz sh PRI g 5y R R U R T
PATT O T O 6 , 7E 3 i 3 SM (structure from
motion) — 4k FE AT By foff AR UAY OC B it 1 A 7 A5
R = A A SR IO . T A AR P n] R R

RIS I O, B BT T2 B EAT BA DAL IT I
N EE P 91 1) d5e OGRS B, i 8 5 4 L L
SRRt 22 LB, 27 BT 1) ) FH S v 5 (1
2 RN SRR &5 R B MR G K 5 AR 1
TR0, PR3 e ) R 226018 — 8 B WA T 47 (%) o
AR . AR EE ORI FHE 2 il S
FHLI GNSS Hi 4 22 il s 26 1, T LA A7 ik s 2k i A 7
S, -5 5 A — R R T H MR Ok
1438 %K AR AR (1 SE B B, e T s R R 5 BT
7 3 1428 SR AEBE 1Y GINSS I A A 22 il 14 i 2k
Pl R AR TR i P 16 s

H 26 5 25 ] DL, ol I 4 BB vk A a3 i
i, B AR A R ) R B | LR B 71, 79% , (H 2
TR S 4 i TUAT 15, 73% , 1 W 1G9 B ) S S o
FEAERE R W TUAR BB R AR O, 5 350 2 o R R
R 5 €0 L IR U R A B 4 dE v R e A
JEIRE] 63. 56% ., (A& WA T TT DL Y, B8R e D)k
A2 — S T B R (EUR BRSO3 B A3 I, PR
TR TR A5 L A 2 25 A A A A 25 W 2RI 0, P AE % 25
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Table S Comparison of key frame utilization and model integrity in 3D reconstruction

i ARG &% A 52 5 1% AL ] /min

T BdE1 BdiE2 BdE3 BdlE4 BdE1 BdE2 BdE3 BdiE4 Bl BdE2  BdEs HdiEd
P [ i) s SR 29.62 5223 36.81 63.18 2876 4872 4125 4257 498 1716 257 146.87
i, H 5 & 7846 100.00 4436 6675 8857 99.52 2336 63.56 497.98 243.05 52435 231.15
iz sh 5370 87.81 7179 26.67 3057 6759 1573 22.69 66334 271.07 841.85 289.40
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