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Abstract A robust video hashing algorithm based on short-term spatial variations was proposed to detect near-dupli-
cate videos in the Internet. Feature extraction and feature quantization are key steps in this algorithm. In the feature ex-
traction phase,compared to the existing feature extraction methods based on temporal and spatial information fusion,
the innovation of the proposed algorithm is to make full use of short-time variations of local spatial information between
adjacent frames (referred to “short-term spatial variations”). In the proposed algorithm,inscribed spheres of the video
are constructed first,and then a series of spherical tori are obtained by partitioning the inscribed spheres with the center
of the sphere as the starting point to capture short-term changes in spatial information between adjacent frames. After
that, the decomposition coefficients by non-negative matrix factorization of spherical tori are used as the feature repre-
sentation of the video. In the feature quantization phase,to map the feature representation into binary hash sequences,
the optimized Manhattan hashing strategy is adopted which better reserves the neighborhood structure in the original
data space,and thus improves the accuracy of quantization. Experiments were carried out on a video dataset to evaluate
the performance of the proposed video hashing method. Experimental results show that the proposed algorithm has good
performance.

Keywords Video hashing, Spatio-temporal information, Nonnegative matrix factorization, Near-duplicate video detec-

tion, Manhattan hashing
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Fig.1 Schematic diagram of dividing video cube into ball ring
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Fig. 2 Framework of the proposed method

3.1 EFETHTHMNBERR

WA 41 I F Jo) 306 2 B0 B AL B 3 T o B 1 L3 I 25
15 B A SCR) AL PN 32 BR A SR 3k BUX 2 AR (A5 8, By %
mr,
3101 AF AR

FAH P9 L) ER B A0 44 1 © A6 AR T 4H /T 400 A0 T AT e
CERRE X R Ti SR S T 2 N = 7 i N | i = I ep A 7
BR IR0 4 18 o B R AT R B

RO R ORI D B K1 o 0 R VA S I /N
I 48 WA S R B N DD ER SR R HE N DD ER SR IR FR RN T 3
G o ANERER KRR ASBRER T BT A ST B A B i — i
G0 — 3 e BB A ST R AR B 4R o — e E s L a3
FR

(a) BR¥R 43 3]

(b) A 75 4]

B3 i E R A
Fig. 3 Structure diagram of spatio-temporal graph

WIS ITIRBI RN DX DX D, BRI BB 7. U,
TR Rk DERIGE R SEE Y, R U PR R ST R
SEREAH v R £ A LA BIER D SO ER O R AR

BRIRTT LA 3 R 10 2 48 DA AR 3 A50RT P B0 Bk o0 05 1 BE
BITEARE, r, RAANTERER W2 D/2, iREX (D Af
S NI BR AR AR AR YRR (O W I A BR IR RO R TR A,

_4
V= 3 @)
A=|V/n | (2)
B — BRI (E PR RRA/NERO B2 4% 7 ATl DR
3
A
= %, (3)

MR O BT I e BREOLT AT s

= /%ﬁ;&l 28

Hop 1<k<<n,

W pasy, ) TR v 1T 58 o 51 56 ~ WG 1A,
(s ye sz RN YIRS AL E . IR D B, =
ye=z,=D/2+0.5; W3R D EA 2. =y. ==z =(D+1)/2,
BEE p(ay, ) FH0 M (v sz WIEE d MR AR
W

d= /(x—2)+(y—y ) F (z—=z)° (5

FETHE W BT A 9248 DL R R AR R SR D BR 0 21
HE B JR W B R AR AT MR A AR A P SR
TE e M (L<<k<) Z[8), MZAR TR 0500 T4 £ A3k, I
RAFE (O M (DBIZBRESFEAU, T

Ui={p(z,y) [d<r} (6)

Ui={pxsys) |lr<d<r} (7

PN 2 M ERA AR R G B ZIRANITAERE
MBS AP i S, d, T H#E AT T T AR
FF 2 EAEFE S sk (8) B i

S=[S5,,S;,*.8S,] (8
3.1.2  3F R 4E M (NME)

PR v A A 37 7 (A A5 B0 0 B s TR R B S 2 v 0 R
h TR L MROCR L NMF %F S o £ R 4 a3

A 97 000 B o i e — b R IR 2 A B ik . SHTE—3E R
HEIE S= 1S, o AT LUK I 53 1% BCAE SUAE BE W € R
HER™ ", ik RANX S=WH ,Hh W 2, H & FHUHE
M, B2 BUAEFE S o kU BE A IS . R BUERE H R
S MAR BB AS SE RS H RoR A S R H ik




o2 1 T

158 . 45 + B T R 2 AR 1 ) 5 A AT e A B 1 87

F7 a8 s — DI — A L8 & B R ERR, i DY
P E S 4 2 R 10 3 (9) TR

Bi=(by +by s b, " (9
3.2 HEEWL

FAE B AL BOOS 75 i A 3 AR S A I AL IR . L%
A B L R B R B R g ) BV A B R B R B — S Y R R
Kong %5 AVHE B 2 05150 3 75 2 15 04 JEL B 7 — 8 R b 2R
BT X — R BRI, S A B R E LR GGRA
RES % 8D

D3 — 1 HEEL g5

2) BB O A B 7 I BB TR i B T 1 i s [ Y R
A HEAT e 4 Aok B A8 B SEROR R

A B MR B2 BT 20 DKL IR P A
B2 50 1 B

O FEF BUE XS LB T 428 I AL g DR kil #eR

LG BB R 2 Ay 2 WIEIEE B UK .

d (o) =Sy Cr =y (10)
Hovbd, FER B = B0 B0 1 3k B

o T A G L R T R 2SS I 3 e SR R AT
ahth . AR TSR B A TS (10D S B B0 -
B o RUh Tk AT S Y e M SR TR AR B 20 4R B
P T LS 4 5 23 5 i S BE S M R L i TR e
P21 1) 250 5 S B AL 43 B A 5 81 0h 288 301 4 5 00 B8 B G T Ak
B SN 22 ) B B L AR ORI G A Sk R AT Tk
HE B FR RS G R AT T Ok il AR SR B R 1Y
25 T Xt o7 1) 25 00 5 1) L e K B AT 1 2K = Il Y 2 1)
25 1 B B AN

R S A S EAR AR .

DARYE R R0 oo s A B C, 18 80 K
FEZE N0 o5 5

D C AR WIS oL 5 A BE S L I 3 1 o B B 0
KA A

30 33 1 A RO A5 1T S 0 5 43 AR R O R 0 4
S0 R R AE IR SRR G A S S X I 6 R

4 MBI 5 0 H & 78 i A 43 B B 26 B 46 5 10 P o
S5 AR B T AT ARG PO A R I TR IR G
1

SYFEM 1 & 3 IR O PRI RER RS 2. KK
Jefl, 205y i 78 A BB 2B 45k Ik

WU S Y 2 A A A R LR 1

&R0 R R 20 IS A B (Optimized Manhat-
tan Hashing, OMH)
A IR A EL g, B2 [RVRE AR B 4t 5 45 B 09 52 8508 FE I 25 4 BTrain F

MK 4E BTest
it BOHE Y i R KBTestB
1. k B{E 4 BTrain o ] i 647 3R 288 40 i 29 A28 51
2. MR R IS5 19 3 Y L a5 B K15 B 1
3. 3 F BE Xt BTest #ii s 474325

A P2 B G5 U A B v DU 0 4 5 HEAT Ak 5
5. ¥ BTest B 43 IS 45 55 4 1 9 0 4 %5 19 43 J 45 . KB Test;
6. ¥ KBTest H1 (9 £0Hs it b R o A0 — 3k /R KBTestB,

P25 3ok BR A 43 1 AR 7056 B 43 M RS0 5 1 2 ey 0 ey
B AR — R RS AT . R0 A
R, I 5% 30 L B B SR AT LU, TH B I ] A R R

PLg=3 M@ A2 0 AT LU — A 3 A f9 — ik il Bk
AR — AR AT LR Y B 0 A ok ROk . AL
yming 7 17 8 KBT = (001,110,010), KB = (011,010,001),
M KB, A 2L 001110010 3k 78 KB, Hl 011010001 3k
FR

d,(KB,,KB,)=d,, (001110010,011010001)

=d,(001,011)+d,(110,010) +
d,(010,001)
=24+4+1=7
B G AL e 5 16 B KB, M KB, Z B RS N 7,

4 KBWEHH

Sy B IE BT RSk A B8 L o S I R A A B R ek
REMEAT T B3R s 0F— 45 ML, SRy MR B AR St 488 A o s 7 3 A9
HEAE A BUR AR bR L5 TR 2 e G 75 B E AT T MR
Fo# . SeH P fE FH IR K 28 (Miss probability) H1 i % 2 (False
alarm probability) j ROC £k %R .

S i B B A LA B 1 02 L CC_WEB_VIDEO (vi-
reo. cs. cityu. edu. hk/webvideo) #1 OV (www. openvideo. org)
R P AR, R IUARIEAT 1181 A, FRATT R A AR G A 4
L R IR AR AT LA AR e S A B AR T . R RRAE R
LB B ARS8 F 945 ASWAIEAT I 25, AR 236 441
AT I, S8 E g 1 A,

*1 ERSHBE

Table 1  Experimental parameter setting
ida K RA HHBRE
a heE R E HEH 0,7 £ H 0.005
b LRSS Rk 10 % 10
c AL 5F i MR AL HALE 3 6 W
o g B FHEN 0,7 %K 0.005;
d . BHRBRKOR T H 3«3, BEBENKFAEM
H v
0.5
AR A 10 %105
Ho Az & A B FEHHMENA 0,7 £ K 0.005;
A E BN BHERME R T 3 x 3 R B AR EE
# 0.5
§ g g M E AR K 10105
A%~ B FHHMEA 0,07 £ K 0.005

4.1 AXEZSUFEEINERILE

B4 5 ST-OMH 15 Al 3 7 i 25 5 Bl 4 15 91
WU A R HEAT T LA B4y S 45 3 T BR PR 43 #1142 (Spherical
Torus-based video hashing, ST)M! | % T = 4k A9 B # 4% 7% 2%
3% (3D-Discrete Cosine Transform, 3D-DCT)M | 3 F gk &
[ Bk 18 T ¥ (Low-Rank Tensor Approximations, LR-
TAY AR5k HEAT T R M O A X b, SRR A R AR 4
B



88

i BN R

2018 4F

jug e S e e T R

"
B0t P
=

w[ = TSTOMH w2 [=-sTOMA] | 1= “Srowi] |
5T 5T ST AL M i
== LRTA <~LRTA e -~ LRTA
— 3D-DCT — DT [ —3IpBCT
1wt w? ow? o’ ' ww w?  w? ! wuf 1w w? ow? ! 1w
£ E & 2 EEF
Ca) Jin i WG 7 (b)Y fiks 5 (o) KL 2 # it
P uf B
|
b
» "
e ] o0}
= T
L e R P o
= 5T -+ 5T
== HTA | == LRTA
et +:2,% W S i i | | —aDDeT i
w wr ot ! ' e W owE i 1wt w? ot ot il
HEE HE% EL%
Cd) ¥ W 7+ A Ce) i &5+ 11 e 5+ B CE 1] o o]+ [ I

&l 4

ST-OMH 5 HAbF 7 1 ROC £k

Fig 4 ROC curves of ST-OMH and other video hashing algorithms

MR 4 A DU AR SO AE K 2 800GE R #IS T
BArmtee . R 4 (K 4 FE 4(e) 1, ST-OMH
ST WM& RMERL, FEAET. B 4b) ME 4 h A
TR 3 B et 7 BT X A — AN TN T R R R AR L TR
3G N T A R A R B e A (0 A5 R R P R A 4R
BRI T M RE A 22 AR 25 B 4 (o) = E T
7 o Z WS ARG (A 19 07 20 S AT — 28T, 350 TS T Hh g Jin
T AR Py A AT A AR LM . {2, ST-OMH 583 5% I v
T (B ok R7m AT 25 42 5 T R 3R 0 028, A el T A2 25 1
ot B B T B WA A 28 LA R 1 3 L
4.2 BMBMBEHEEUARBEFERERMBEFEENERIER

T 8AE OMH S83: (1 M B L oK 3% F 8 08 W0 0 A 1 5305
ST-MH 5 5&F 0 #F ) 2 0 0 s Ay 9 5075 ST-OMH #4771
L, S 45 B ROC fZE & 5 fron ., SEi g SRR, A

LU T T 2 W S A 9 4 ST-MH L i T g 3 14 S 0 151 0 7
Bk ST-OMH WyPEReA 7T R Rl 2 e’ 5 () A 5(e)
Hh, DR Ay At ) 2 AL I A R 2 B e T kAT T p Ak AR
ke YI(E SR IS5 15 B AY 2850 dn 5 T 4 b AR T TR A0 25 1)
WEABEFR L NTTAR & TR A MMEM . T ST REA Y
HE— ST v gl S i B — A8 A T A SRR B % R G R 5 (o)
Hh B M R — B, AHL AR SRR 43 1 o o, ST-OMH. 1 44 g
HSEA BT ST-MH., #F—# . % ST-OMH 1 ST-MH #47 &
LI SRk 2 g, ER 2 b, X RERE S & FEM
R, B0 A% Y IRR A 5 b 2 T IR A G DR A R . AR
2 AT LUAE L 7E AN R A B TR, AR SCHE 09 3k T it 1 =
A Ay Y331 ST-OMH 5 5 T & 0 il 0 A (19 55 1% ST-MH A
Fo R PERE A T AR T . R o S 06 5 S A b ok 22 kAT
Xof b 25 SRR B A SCHR T B ST-OMH v i M R &5 R T 4,

I PR nan:
=
% W 5 107
& e
= 3
= s ol i
! ; i ; - S
w* wd  a® i urt w? ot ! P 1wt w? okt g
BEH 1§ 2 BE®
Ca) Tl 4 e 7 (b) iz & (o) BB E 7 it
1! w
g 1! z iy
] "
w? H w# Jiil i
= =ST-OMH = «ST-OMH[:
~=SI"MH |- ~=ST-MH {—
15 w? o w? 10’ IR wt w? ! L
BER ERR ER®E
Cd) Jon ¥ W 75—+ A Ce) AR+ 1 M P+ BRY CO i i+ ]

&l 5
Fig. 5

ST-OMH 5 ST-MH i ROC Hhk
ROC curves of ST-OMH and ST-MH



o2 1 T

158 . 45 + B T R 2 AR 1 ) 5 A AT e A B 1

89

WG A B 1% ST-OMH., 32 57 1% 7T Bl 1T R 8L 400 304 00 L Wi A

# 2 OMH 8088 5 b
Table 2 Data analysis of OMH
% P H R E
Fg X Y X Y
ST-OMH 0.8941 0.05343 0.2713 0.1876
“ ST-MH 0. 8986 0.07148 0. 2856 0.2285
ST-OMH 0.8993 0.0080903 0.2654 0.03824
b ST-MH 0. 8868 0.01377 0.2978 0.04502
ST-OMH 0.9010 0.02623 0.2638 0.1256
¢ ST-MH 0. 8880 0.036787 0.2900 0.1492
d ST-OMH 0.9052 0.03233 0.2585 0.1489
ST-MH 0. 8994 0.05822 0.2868 0.2028
ST-OMH 0.9057 0.03267 0.2589 0.1493
¢ ST-MH 0.9121 0.05051 0. 2680 0.1882
ST-OMH 0.9066 0.04822 0.2575 0.1817
ST-MH 0.9029 0.06733 0.2771 0.2182
GERIE ORI TR T R A HE B A Y

PRAPAFE AT . A FRAE 4R BT T A SCE 6 R T AR A U0 B3R 2R
AR A I 2SR R B G TE — . 7ERRAE ARy T, R
v di A A PR RE B S A A B0 L O e A R ik

HEAT T RO 3 G 8 I 0T B 200 4 5 B AT T O AL T A b AR

BT IR s A AR SR AE A . S 2 SRR T, 5 BT L I
i Bk LA L I e T e A A SRS A L A SCRER O PR RE AT
TRFRTE . EARKA DI 6 2 — 25 7 KR 550 B35 e
X AR S AT I 5 X B 3 7 R AR 2 R A A S

ATt
5 % X
[1] TAN H K,NGO C W,HONG R, et al. Scalable detection of par-

[2]

(3]

[4]

(5]

[6]

(7]

tial near-duplicate videos by visual-temporal consistency[ C] //
Proceedings of the 17th ACM International Conference on Mul-
timedia. ACM,2009:145-154.

WU X,HAUPTMANN A G,NGO C W, Practical elimination of
near-duplicates from web video search[ C] // Proceedings of the
15th ACM International Conference on Multimedia. ACM,
2007.218-227.

CHERUBINI M, OLIVEIRA R D, OLIVER N. Understanding
near-duplicate videos:a user-centric approach[ C] // Proceedings
of the 17th ACM International Conference on Multimedia.
ACM,2009:35-44.

HUANG Z,SHEN H T,SHAO J,et al. Practical online near-
duplicate subsequence detection for continuous video streams
[J]. IEEE Transactions on Multimedia,2010,12(5) ;386-398.
SHEN H T,ZHOU X F,HUANG Z,et al. UQLIPS:a real-time
near-duplicate video clip detection system[ C] // Proceedings of
the 33rd International Conference on Very Large Data Bases.
VLDB Endowment,2007:1374-1377.

WU X,HAUPTMANN A G,NGO C W, Practical elimination of
near-duplicates from web video search[ C] // Proceedings of the
15th ACM International Conference on Multimedia. ACM,
2007.:218-227.

LIU J J,HUANG Z,CAI H Y, et al. Near-duplicate video re-
trieval[J]. ACM Computing Surveys,2013,45(4) ;1-23.

[8]

9]

[10]

[11]

[12]

[13]

[14]

[15]

[16]

[17]

[18]

[19]

[20]

[21]

KONG W H,LI W J,GUO M Y. Manhattan hashing for large-
scale image retrieval[ C]// Proceedings of the 35th International
ACM SIGIR Conference on Research and Development in Infor-
mation Retrieval. ACM,2012.:45-54.

LEE S,YOO C D. Robust video fingerprinting for content-based
video identification[ ] ]. IEEE Transactions on Circuits and Sys-
tems for Video Technology,2008,18(7):983-988.

ROOVER C D, VLEESCHOUWER C D, LEFeBVRE F.et al.
Robust video hashing based on radial projections of key frames
[J]. IEEE Transactions on Signal Processing, 2005, 53 (10):
4020-4037.

LEE S,YOO C D. Video fingerprinting based on centroids of
gradient orientations[ C] // 2006 IEEE International Conference
on Acoustics Speech and Signal Processing Proceedings. IEEE,
2006,2.11.

LEE S,YOO C D,KALKER T.Robust video fingerprinting
based on symmetric pairwise boosting[ ] ]. IEEE Transactions on
Circuits and Systems for Video Technology,2009,19(9):1379-
1388.

CHEN L,STENTIFORD F W M. Video sequence matching
based on temporal ordinal measurement[ J]. Pattern Recognition
Letters,2008,29(13) :1824-1831.

COSKUN B, SANKUR B, MEMON N. Spatio-temporal trans-
form based video hashing[J]. IEEE Transactions on Multimedia,
2006,8(6):1190-1208.

ESMAEILI M M, WARD R K. Robust video hashing based on
temporally informative representative images[ C] // Proceedings
of the 32nd International Conference on Coastal Engineering
Consumer Electronics (ICCE 2010). Shanghai,China,2010:179-
180.

ESMAEILI M M, FATOURECHI M, WARD R K. A robust
and fast video copy detection system using content-based finger-
printing[ J ]. IEEE Transactions on Information Forensics and
Security,2011,6(1):213-226.

LI M,MONGA V. Robust video hashing via multilinear sub-
space projections[ ] ]. IEEE Transactions on Image Processing,
2012,21(10) :4397-4409.

LI M, MONGA V. Twofold video hashing with automatic syn-
chronization[ J]. IEEE Transactions on Information Forensics
and Security,2015,10(8) :1727-1738.

SONG J K, YANG Y,.HUANG Z,et al. Effective multiple fea-
ture hashing for large-scale near-duplicate video retrieval[ ] ].
IEEE Transactions on Multimedia,2013,15(8):1997-2008.

LI W J,ZHOU Z H. Learning to hash for big data:current sta-
tus and future trends[J]. Chinese Science Bulletin,2015,60(5/6) :
485-490. (in Chinese)

FRE HEE KRR R A RS BaR LT R R,
2015,60(5/6) :485-490.

NIE X S,CHAI Y E, LIU J, et al. Spherical torus-based video
hashing for near-duplicate video detection[ ] ]. Science China In-

formation Sciences,2016,59(5) :1-3.



