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Abstract  Massive and increasing volume of user-generated videos has brought a major challenge
to efficient video query and further applications, such as visualization, time and space analysis. It
is important to retrieve a video set that can depict comprehensive spatial-temporal information of
the target object. Generally user-generated videos often record the same geographic objects in
different directions, and consequently they have redundancy and complementary in space and

time. However, current spatial-temporal video retrieval methods only focused on querying the
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videos according to location, trajectory or/and field of view. In this paper a new spatial-temporal
video retrieval method was proposed. It aims to answer “what is a better video set to describe the
spatial and temporal information for a geographic object, and how to acquire this video set.” In
this paper the better video set is called optimum video set. Firstly perception of the relationship
between the video and the target object including the sensing direction and sensing dimension is
analyzed. Secondly, the sensing intensity of a geographic object, cell sensing intensity and multi-
direction sensing intensity are put forward to quantify the level of videos to record target object’s
spatial and temporal information. Videos involved into cell sensing intensity are the candidate
ones for the optimum video set. And the optimum video set is defined as videos which have the
highest sensing intensity in corresponding cells. The characteristic of the optimum video set is
also discussed. Then the method for computing multi-direction sensing intensity and the best
subset of videos is proposed. Finally, the experiments verified the proposed method. Experiment
results with two aggregated video sets showed that our method has the following advantages
compared with the normal spatial-temporal video retrieval method: (1) It can measure the level of
videos to record target object’s spatial and temporal information in the same direction, and
effectively select the best video in current direction. Redundant videos are removed, so our method
can obtain a smaller video set rather than normal one. (2) The video subset obtained by our
method are retained from all directions. It offers comprehensive time and space information of
target, which is equivalent to the normal retrieval method. (3) The consuming time of our method
and the normal one are much less than 1 second, even though ours is a little longer. The difference
of efficiency is related to the target object. (4) When the video data set is determined, the retrieval
time and amount of results depend on the direction sampling granularity, retrieval time sampling
granularity and retrieval object sampling granularity. The more number of sampling directions, the
more time sampling interval and the more retrieval objects lead to the longer retrieval time and
more video volume. However, excessive sampling granularity will only increase consuming time
and do not get more effective video subset. (5) Our method facilitates quantitative statistics and
comparison from the view of video or retrieval object, which is convenient for video sort and
progressive transmission on line. (6) Our method is extensible, it can be easily extended to
three-dimensional terrain with or without contain obstacles.

Keywords  video retrieval; spatial-temporal retrieval; optimum video subset; sensing intensity;
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55 RE AR BORAE B 4 B A R B A R A B
BT AR FRAE N ABC S5 1 S 0 A 4. A 3C
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TR R A Dy )b A B TC R 5 R e ) B A
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ALA A HFR X R0 31~ 4R an =X () Bram i
DEHRAT 5~ B H1 22 11 I 2 SR 5 88 gk A 1T 45 Sy 22 1)
N s S 8 B A S b LR OT R AR S 5 Sk
getVideoltem (%) F /R B » MM G ZE , U (%) IR
M IC I A HABAT 5 78 IR 30 (8).

OptVideoSet =

U (getVideoltem(l,,
4.1.2 K¢ E

(1) AH 2 [6] F) P A

g B 2 T e T 2 [ 7 2 i LA
G HAT 9 B[] 2. LA A% S 2 Dy A 1) A SR AN T
PLATREAN [7) — My B G S e i) H AR 0 G 4077 B Ay
TUAR A L AD. FATTIN 28 S8R 58 B2 58 0 2% T AL A %
TG B Z M TCA PR A 7R — M T N R U
iR B i R AR AR (A B =2 18] 144 [+ o) TO AR A S
LR 5 25 o] B 2 SR 5 J3E D) A 3 U {5 B 22 1]
A8 ELAME AR AS [R] A SR T R R R B A5 A T Tl
A AN ) Y A B e s H B R gt a3 £5 B

(2) F A1 4R BORG 20 1

2 [o] I 5 JRH R B A I ) 25 [B) R0 5 1] = A4S 2

D) (D

(x€L[0s1,s Ny XNy XNy —1]

JE o S iy P e w0 i ok I A 3R R
THEA Y. X B[R] L 25 [R] A ] DAGE >4 i ROEE #4719 43
) SR W D T AL R FIORG B T TR 22 ] B S TR
FE W5 A DA 4 1 B . — B3 IR BE
FE » 25 [1) s 25 R 5 B ) (B M — X6 0L ) e DA A AR
R E
(3) LA/ AT 4 1) AT 4t Ak
PRSI /AR AL DL B TT R R et e/ NTT L B
THAS TR 4 B CRL 4G B[] L 25 8] L 5 1)) b () 2R 6 JE A 58
JESE A AT H B K e/ ME P BE S UL AT
B WAL/ A B . O BN B — A, R S
FRAGAS [) B (8] B AN [6] H FR s F0AS [ 260 5 1) | Y
JRRHT 5 3 5 LR L 0T B AR A4 ] R4S B — A
JCER S B RGNS B IR W HE TR s 5y Ah B R —
TR ] Bz /25 8] A5 /08 ), ] D3R A5 A 5 1
AT 5.
4.2 HERMMFERZKRERZE
AR 4R 117 S 22 [ Bsf 233 J% R e O L - 4 1Y
FE S TTE G R AR LA EB 43 (1) R 43 8% 0 B G
(2) SRR AN 5T 1Y 5 0 R R B L R RS 2 ) g
5N R B s (3) ARHUR A A F 2 OptVideoSer.
Hor g m s amsas 1 R,
Bkl EMAEUMFERNSRER TV,
cellset} =SPVR_Optimum Subset(O, T,V , Paras).
A O KRR G T KR 1BV <
WS 52 4 s Paras < HRE 250 4035 I [A]RL % | 25
()R B |y R 2K
B Vo B T4 B 5 cellser<— 25 [ I 25 JRI 5
LSS
1. cells=divide(O,T,Paras); //2 4 AN G 30,
AR A0 & 3Cd) iy i 25 1) BT
2. cellset= ; //cellset FIUHAL R 2
3. FOR cell IN cells DO
4. [cell,videolD, perception] = computeCell (cell V) ;
//ARE R (5) F0C6) T B G I 2 JB ) it J3F
5. add [cellset scell svideol D, perception]; / /¥ 2700t
25 BT 5 BE A 22 1) ) 235 B R 5
6. END FOR
7. OptVideoSer=get Videos(cellset) ; / | 3B AT T4
8. RETURN {OptVideoSet,cellset) ;
KT HITER LA BT .
(DEAZSEOMT.O FLRKREIS LI
F 0 B AR X g CELAE VD s ] LU s B Y
HARRT G, B ANTRTE T i 1k 0 G 7046 2R 0[] B
— FLAFAE 11132 3l H An HAE 5L — R B 20 1 30 A8
— ¥R S W AALE T Fonf g HAbra ] B
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(2) i ALV TR IR A B SC
A5 T AT A A0 A B Ay A L A — AR
A ST Z AR AL 04 N S0 2 B0 L A B TR 2RO
YR AR LR A 1 2 5 A AT P X S SO M A

(3) ¥ NS HL Paras 7R i I 25 K 2% 9 il FE
W RE AL I [DREEE P, 25 (DR BE P, DL R Ay Bk JEE
Py R R 28 iR Sy 224 S LT,

(4) MR A 3. 2.3 719 XF B J0 I 25 JEOH 5 3 Y
SCS T AR AN BT Y B S SR 5 B B L2 ) I A8
SR 58

(5) 7E 25 1) 16 25 S 9 2 4R 5 AR U AN AN
FATTX W AR 1D K 5 52 1D I U A B
ARSI ID B4 MR I B MR 5 V7 b 32 JBORT
NS T U AL T4 OptVideoSer.
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(14 B 22 JER R B A B (] 255 () R0 7 o) B AR B LAY o o
AR L BT AT DAAAR | 23 [ %) G2 o G i v & k47
FE I

A 5 U e A% U 8 B 43 B 4 3 [] R 42 1 SRR R 5
JETH B L 5 0 I s SR B B TG R 22 1) SRR R B
HHELHTE IR ZE AR E N OCframeNum) , H
SrameNuwm 375 B0 5 v A0 A5 i i) %5 3 5 LT I A8
SRR A A I ) B 2= R O(cellFrameNum) ,
Horp cellFrameNum 3 71 24 B 570 P A 45 T 1) 54
L, —IE O T cellFrameNum & /NF frameNum ;
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25 A AN 7 [l il R RL E B 1 o 7R SRR 1B AT I A A
AL AR B — > i DL 22 o R 58 B 11 B (1) A2 4%
J& R OCcellFrameNum). & b ik, AR J5 i i) i )
BN O frameNum).

5 XBEHH
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KRBE KRNI projaj H T8 k.
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PR LA Je 7% By AR AA . FL s (8] o3 A an ] 4 #1185 Fros
v [ A W A AR S bR 2R S T e A0
ERMLIE bR 2R » 8% sl 00 18] Bl 4R 5 3, T b )
Sk O M ETRRAR % 35 6l O )R B B 2R OR e
B 3 e B AR AL Y L. TR A SE B RO YR AR R
FEBRE D A /N DL FE 65 5 KF O [l ) R 2 £
RE e A 3R on 5 E A Oy e A, ' 8 iE A
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[ [ 52 ALAT
@ rest
® A
K5 Sk 2
£1 XRAMAHEEEEED
id FAHLZE B type ZE x 4% y % h/m JiEd Tilt/ (D FF pan/ (D #fH focal/mm
1 13236627. 8530 3777029. 9250 1.7 80 0 5
2 13236604. 9070 3777039. 4467 1.7 90 30 5
3 13236650.4907 3777063.5100 1.7 90 250 5
4 13236637. 5070 3777020. 4467 1.7 90 340 5
5 13236 667. 5070 3777030. 4467 1.7 90 300 5
6 13236669. 1070 3777094. 5467 1.7 60 250 5
7 LR 13236 573. 9070 3777026. 4467 15.0 50 75 5
8 13236561. 1070 3777059. 5467 15.0 60 70 5
9 13236672. 1070 3777062. 5467 15.0 60 280 5
10 13236 616. 1070 3777 046. 5467 1.7 90 340 5
11 13236 625. 1070 3777 046. 5467 1.7 90 340 5
12 13236 555. 1070 3777169. 5467 5.7 80 150 9.6
13 13236600. 1070 3777182. 5467 5.7 80 180 9.6
14 13236 600. 1070 3777080. 5467 1.7 80 [180~135] 5
15 13236 622. 1070 3777080. 5467 1.7 80 [198~182] 5
16 — 13236 660. 1070 3777040. 5467 1.7 80 [320~347] 5
17 : 13236 640. 0877 3777025. 5467 1.7 80 [0~81] 5
18 13236600. 1070 3777040. 5467 1.7 80 [0—81] 5
19 13236 620. 0107 3777050. 5467 1.7 80 [20~101] 5
[13236620.0107, [3777020. 5467,
2 1.7 20~101
0 13236620.09737] 3777065 5467] 80 [20~101] 0
[13236580. 0107,
21 777 . 5467 1.7 180~234
13236643. 09737] ST77090. 546 80 [180~234] g
[13236630. 0107, [3777080. 5467,
2 ) 13236589. 5107 3777062. 5467 L7 80 [180~144] g
3. B3 [13236630. 0107
23 13236589, 5107] 3777030. 5467 1.7 80 [0~54] 5
i [3777080. 5467,
24 13236 585. 0107 5777026, 5467] 1.7 80 [70~106] 5
[3777080.5467.
25 13236 655. 0107 3777062, 2467] 1.7 80 270 5
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FRBE: mALUP TSI =R

2013

F2 ZHAMHMETEEEED

id FHLZE A type 7 x 2 E y E B h/m fie#% Tilt/ () SE-#% pan/ (%) 6 focal/mm
1 13236692. 6274 3776850. 8055 1.6 79 52 4
2 13236695. 8556 3776848. 8343 1.6 77 40 4
3 13236699. 0839 3776850. 2798 1.6 77 19 4
4 13236703. 3140 3776850.0170 1.6 78 0 4
5 13236703. 7593 3776850. 8055 1.6 82 3 4
6 13236706. 3197 3776851. 7254 1.6 76 340 4
7 13236709.9932 3776852. 6452 1.6 77 325 4
8 13236714. 4460 3776857.3761 1.6 77 302 4
9 13236717.2290 3776858. 5589 1.6 78 308 4
10 13236712. 3309 3776864. 6039 1.6 80 290 4
11 13236709. 8819 3776867.1007 1.6 79 283 4
12 13236709. 4366 3776868.6777 1.6 80 276 4
13 13236708. 2121 3776870.5175 1.6 75 245 4
14 13236707. 5442 3776873.2772 1.6 77 247 4
15 13236707. 0989 3776875.5112 1.6 75 229 4
16 13236704. 2046 3776879. 3222 1.6 76 114 4
17 13236701. 8669 3776879. 5851 1.6 75 36 4
18 13236697. 7481 3776878. 6652 1.6 76 46 4
19 13236694. 9651 3776877.3510 1.6 75 184 4
20 13236689. 9557 3776875. 6426 1.6 76 146 4
21 13236685. 9482 3776873.8028 1.6 74 132 4
22 13236684. 6124 3776859.6102 1.6 77 86 4
23 13236687. 0614 3776853.1709 1.6 77 71 4
24 13236694. 5198 3776835.6929 1.6 80 41 4
25 1. B 13236702. 4235 3776838.3212 1.6 79 7 4
26 : 13236707. 6555 3776840.4238 1.6 82 13 4
27 13236712. 4422 3776841.7379 1.6 79 358 4
28 13236700. 4197 3776827.1511 1.6 83 19 4
29 13236708. 6574 3776830. 8306 1.6 77 11 4
30 13236714. 4460 3776832.8018 1.6 79 256 4
31 13236719. 6780 3776834.1160 1.6 79 346 4
32 13236701. 9782 3776818. 8720 1.6 80 17 4
33 13236710. 5498 3776822.4202 1.6 77 11 4
34 13236715. 8931 3776823.9971 1.6 79 359 4
35 13236703. 3140 3776812.3014 1.6 80 17 4
36 13236 708. 8800 3776814.0097 1.6 78 26 4
37 13236713. 7781 3776816.1123 1.6 82 16 4
38 13236720.9025 3776818. 2150 1.6 83 19 4
39 13236687.5067 3776843.4463 1.6 81 69 4
40 13236678. 8237 3776851. 9882 1.6 76 78 4
41 13236680. 7162 3776836.4814 1.6 81 67 4
42 13236679. 8256 3776838. 7154 1.6 81 70 4
43 13236679. 3803 3776873.0144 1.6 76 113 4
44 13236669. 3616 3776869. 4662 1.6 76 114 4
45 13236721. 3478 3776856.4562 1.6 80 307 4
46 13236724. 7987 3776855.1421 1.6 78 304 4
47 13236727. 6930 3776851. 8568 1.6 80 319 4
48 13236726.3572 3776861.0557 1.6 79 285 4
49 13236719. 5667 3776870.1233 1.6 79 274 4
50 13236707. 0989 3776884.7102 1.6 74 243 4
51 13236693. 6292 3776848.7028 1.6 80 [47~101] 4
52 13236696. 0783 3776847.6515 1.6 85 [28~60] 4
53 13236707. 4328 3776851. 4625 1.6 80 [338~21] 4
54 13236707. 8781 3776854. 3536 1.6 80 [290~320] 4
55 2. ekt 13236704. 5385 3776877. 4824 1.6 82 [222~263] 4
56 : 13236705. 0951 3776880.2421 1.6 80 [215~260] 4
57 13236696. 8575 3776877.8767 1.6 80 [193~233] 4
58 13236688. 1746 3776874.1971 1.6 82 [124~150] 4
59 13236674. 1483 3776870. 2547 1.6 80 [115~153] 4
60 13236706. 8762 3776882.4762 1.6 83 [222~265] 4
13236678. 7124, 3776841.2123,

61 [13 236706.8762] [3 776850. 2798 1.6 8 [25~340] 4
13236718. 1195, 3776853.1709.,

62 s ) [13236711.2177] [3776872.2259] 1.6 80 [320~260] 4
13236705. 6517, 3776880.7678,

63 [13 236689.1765] [3 776874.5913] 1.6 80 [210~170] 4
13236680. 9388, 3776871.0432,

64 [13236685. 3916 ] [3776856.7191] 1.6 80 [110~90] 4
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Background

With the popularity of low-cost video capture devices
and location devices, spatial video, geo-tagged video, geo-
referenced video or GeoVideo, which record space and spatial
data such as location and orientation, is easily captured,
shared and consumed. A new technological trend is to use
geographic information, such as the location and field of view
of video frames and the trajectory of videos, for video retrieval
(Han et al. , 2015).

Navarrete and Blat (2002) employed location metadata
to index and query the videos. Liu et al. (2009) implemented
an automatic video annotation and querying system using a
rich set of sensor information. Lewis et al. (2011) proposed
video retrieval methods based on a viewpoint database which
establishes the spatial links between videos and maps. Kim et al.
(2012, 2014) proposed an improved R-tree called GeoTree,
which uses MBTR (Minimum Bounding Tilted Rectangle) to
represent an area of moving scenes in the index. Ma et al.
(2014) proposed a novel three-level grid-based index structure
and introduced a number of related query types, including
typical spatial queries and ones based on bounded radius and
viewing direction restriction. Lu et al. (2016) proposed a
class of new R-tree-based index structures that effectively
harness FOVs’ camera locations, orientations and view-
distances for both filtering and optimization. Deng et al.
(2010, 2012) proposed a video retrieval system for event
analysis. Han et al. (2015) shed light on the service based
geo-tagged video retrieval. They defined commonly used
video retrieval methods using geographic information, and
developed the video retrieval web services with a representational
state transfer ( REST) interface. Research groups from

University of Southern California and National University

georeferenced video search. Multimedia Systems, 2010, 16(2) ;
105-125

[26] Fu Y. Zhou J, Deng L. Surveillance of a 2D plane area with
3D deployed cameras. Sensors, 2014, 14(2) . 1988-2011

LIU Xue-Jun, Ph. D., professor. His main research
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SUN Kai-Xin, M. S. His main research interest is video
GIS.

WANG Zi-Ran, M. S., associate professor. His main
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of Singapore implemented the online system MediaQ and

GeoVid for GeoVideo collection, share, retrieval and
management. In summary, the previous emphasis was put on
using the geographic information to query video efficiently
and accurately.

Generally user-generated videos often record the same
geographic objects in different directions, and consequently
they have redundancy and complementary. In this paper we
proposed a new spatial-temporal video retrieval method. The
main target of our method is to estimate the abilities of video
and video set to depict a certain spatial object in a certain time
arrange, and then utilize them to retrieval a subset of videos
from simple retrieval method using geographic information.
Consequently, the method can obtain less video volume, but
spatial-temporal information in the videos is equivalent to the
ones from previous retrieval methods. On one hand the
proposed method reduces the redundancy. On the other
hand, it obtains the complementary.
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