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Abstract

In this paper, we propose a novel compression method for scalable Fisher vectors (SCFV) which is used as a global visual
feature description of individual video frames in MPEG CDVA standard. CDVA standard has adopted a temporal descriptor
redundancy removal technique that takes advantage of the correlation between global feature descriptors for adjacent keyframes.
However, due to the variable length property of SCFV, the temporal redundancy removal scheme often results in inferior
compression efficiency. It is even worse than the case when the SCFVs are not compressed at all. To enhance the compression
efficiency, we propose an asymmetric SCFV difference computation method and a SCFV reconstruction method. Experiments on
the FIVR dataset show that the proposed method significantly improves the compression efficiency compared to the original CDVA
Experimental Model implementation.

Keyword : Visual search, descriptor, Fisher vector, compression

Copyright © 2022 Korean Institute of Broadcast and Media Engineers. All rights reserved.
“This is an Open-Access article distributed under the terms of the Creative Commons BY-NC-ND (http://creativecommons.org/licenses/by-nc-nd/3.0) which
permits unrestricted non-commercial use, distribution, and reproduction in any medium, provided the original work is properly cited and not altered.”



296 W3R A27d A3, 202249 52 (JBE Vol.27, No.3, May 2022)

THE, <l
S B3 fARE A EAE KA 93e 2
UF-5 Ltk o9 T2 Ao Fg M E Qs
o] fAb AR5 HAHE] A AxEEo] B8, o] o
woll 9o A4 EAS FE3ke Wel Al 24
2GS FA doh AFHA AN EH S EE Bow,
VLAD, 34 ¥¥] (Fisher vector) 5] &3] &% 2oH,
2012 o] FEE | Y 7Ivke] U HA i Ee] 2
Ao BT il Az AR sk g A 7%

o] ] Yol MPEG> ZrkY $H4ol A1) o|w]A] 7]

g A E g 54 MeA FF 59 Compact
=
=

Descriptors for Visual Search (CDVS)E 7l 2tsle] 2015
o WEIAL, ololA BITIL Ao sl G 5 A=

A5 FZ38= Compact Descriptors for Video Analysis
(CDVA)E 2019d0] 2xstHti®). CDVAE T Q.9
AlZHA &

—"% -1 %‘g‘}‘o Xﬂ
A 7ol A4d et AP CDVAY A&H A7+

a) S ANEA1 A7 Y (Electronics and Telecommunications Research Institute)

b) AlZE it Q13-#]58 7 (Department of Artificial Intelligence, Sejong
University)

¢) AZEW L 2571438+ (Department of Intelligent Mechatronics
Engineering, Sejong University)

% Corresponding Author : F1F4*(Joonsoo Kim)

E-mail: joonsookim@etri.re.kr
Tel: +82-42-860-5778
ORCID:https://orcid.org/0000-0002-6470-0773

HE =TS JREN71997199] A Tob FaE A9 (No. 2020-0-
00011, 71715 919 G458 714, No. 2021-0-02067, ThE2 Ht] &
AAE 9% ZAY AFAAT e ).

% This work was supported by Institute for Information & communications
Technology Planning & Evaluation (IITP) grant funded by the Korea gov-
ernment(MSIT) under Grant 2020-0-00011 (Video Coding for Machine)
and Grant 2021-0-02067 (Next Generation Al for Multi-purpose Video
Search).

- Manuscript April 12, 2022; Revised May 13, 2022; Accepted May
13, 2022.

FEL AA 72 A9 FLT HES B2 e =AY
2 B4 A wiAlshs 71 ozke] Aol 3l
€ zddE e 98 5A FEAS AVse 7Hes
wrel & = SleH, 7h Aol g4 54 MeAtel el
ZH 9 7 TH AAE TR YA MeA 5 &
&) A7 Faste diol WS itk

w =wollAE 7hE Aol 4 5 MeAtel tiet 2a
4 2 FEE AAE T MR dE aeS Hske
WHE AlRkelth WA CDVA 71%9] 4 840 gk #
Ae Fl Zddd 2 5 A7 ZE0l ¥ s v
St Tk olojA 7hH Aol 4 54 Ml SA4=
AEE FEA A A ks Asta, Ak el AE
o mE Hert 45 28 s AHoR HASIH

II. CDVA 7|gt A

1. CDVA 7[dt G M & e

B HolME CDVA 7Ivt 94 A4 ZHA99=9t
CDVA A£AE FZ31E 4422 22 AHsEs 3
o} AMu| 27t o] FoR = e I 1A BdE

o

AL
7ol §27F CDVA %585 MEE 94 54 F

i
N
X,
fd
hass
<]
)
=
X
o)
[
Y
rir okl
N
rlr
@)
2
>
Au)
My
n)
by

>
2

} o

2
rir
)
Ak
o2
o
£
Ho
>~
=
rot
oL
o.

e
o
ol
rir
rO
e

(retrieval) 52+ =
AHEE H7Late]
matching) 52
A &} F-AaHA
FO ZHH A7t B4

2=~

1)
ACh
o2
o
ﬁ
i
£ o
!
rt
[
2,
ox
lo,
Ho

>~
>,

2

>

>

=)
o

N,

W ox
=

ot

of

el

~

o oX =2
PO

[ o> 1 oM

N
o ™
1o
o X
2
>
-
4

%
=
MorE
Lp
e
o By e o

ll
@)
2
>
>
i
)
fu
-
oX o

_|Im rlr
N,

H
MEZEYS sl AH Z02 FAg A

Hol $a REd met oY H2 AF FAS FUPh
W3R A FAsHs Aol A2 94 CDVA A&
Aok Al A2 Garel CDVA AEAe] fALE Aol 7)



2AF5 9 991: MPEG CDVA A9 574 M&A o5 Wy 297

(Joonsoo Kim et al.: Compression Method for MPEG CDVA Global Feature Descriptors)

O ~=) =] o
s T AL
3 =

A& Al G4 7 diolgHlol & JdE Aol 9] fAL
g Htete fAE o= dolHuol A JF HES &
Jste] FAAA HF AHE AlFdrh CDVA 252 9
o] ¥ Aot 7] wiimell MW FolA AMEEHE
A i, JAF S ES FA wet ol F e
), & 501 IEZ F8l des] Ay A 58 AN
FRY FE YA HA S RS 8 H2H ol '
drYEFS ALY T AUtk

olAl CDVA A&zt FAo] dial] Awst=s gtk
CDVA M&aE FA ek @749 A4 54 ZE = 7N
Wz e ot 54 AH] B0 FAHM, A
gdell et 54 JEE 75 wAd b 19 54 A&
A} (global feature descriptor), =4 &% A& A} (local fea-
ture descriptor), 12|32 § &3 AM&EA} (deep feature de-
scriptor) €] o2 AT Ao B 54 5 MeEAe

CDVAS] A 7§2¥ Compact Descriptors for Visual
Search (CDVS) %5 7|€9] WA& I 2 ne} AEEn
P10 prxoz FA EA AMER}E scale-invariant fea-
ture transform (SIFT) 532} fASF HE] 2A1Y 24 &
7 3% 7]} histogram of oriented Gaussian (HOG)2] %3t
& &8st AN, 34 5 AMeAe] X SA4E T
=

A MEE fopsle] A9 54 AeAE Attt o

N

%

— User —

Query video . .
Matching result Retrieval result
Report results Video A (shot 2) Rank | 0B video | score
Video B (Shot 1) 1 Ghvnelwie2 .99
Score: ©.89 2 | Dsveiqdg92 0.94
Match : True 3 weDFbasd21 0.88
4 | sdjhEwdass 0.85
< 5 [ oozt | o
[ Keyframe sampling ] < P
o ‘ Compute [ Rank DB ’
;i i similarit; videos
[ Visual feature extraction ] ¥
Initiate Initiate
[ Temporal segmentation ] . . Matching Retrieval
Transmit/Receive
A CDVA descriptor <
[ Encode shots ] |::> [ Decode shots ]
J - J

Herhs AT TS &8to] AEE Sl Nested

B, W5 EY QAL E
S ZHAIEH,

T W Aedhs B A% 2 A7E E

ATk A A 2, Bailer?t Huang 5 ZH7ko] #etet
A EA MEA 2 golZeRgle] A7HE NEAZES
Agste] HESH A A 288 F dee B
A3, Balestri G Wedh A7H A BAZ ] Tlsto] A
g B2ETR 7k 2y AEE FUHECR Fste
Hohs AP TH L o) o} e 7|52 BE 3
ghdE o] IR Zy el A Al A 4ol CDVA

52
N
k)
Hd
o9

(informative) A}t

of ta Zl Y &9 MeAE A4S ol

F94 AAE FASHE SRR T AADAE, o
£ 5ol Huang 5& A% Zagel Ao 54 4447
DY FF olgol FAES 7ML Aol A Ze 9]
AEAE A7 BT ol ZAYe) AEAE ABEIE A

/—{ Server }—\

T2l 1. CDVA 7|stelo] A SHA B o 2N 718 s
Fig 1. Schematic diagram of video matching and retrieval based on CDVA



298 WEFEEE=EA A27A A3E, 20229 59 (JBE Vol27, No.3, May 2022)

ofr
-
32
2

g %353} (propagative coding) WS
Bailer 53} Balestri 5= 717} H]ELCL% a9
o ZAste] &gk Ak (shot) 7HE "
STl AAke] e A LHOHH 71
TE OGO E FARRE A9 B AeEAE
o]l F-Ate] A= A
2 712 AlEstA Ak
shte] tiEghS A
Me2ks #H 78k
FEA EE FYse Ve B
+ Huang 53} Bailer 5
A Mgt g8l o= Ei} (predictive coding)
4= WA= Agksith CDVA #&0= Ak

>~
el

D e
2 ox o

= ﬂlrﬂ oX,

nﬂ
oo
(K ot
g’ (o3
z
o K

N

of

L

Fll‘ E, FUIO :{0
oL o 2

o &

M
ol

_C:L
rlr
on:
1>
o
v
2
rr % P

o

A
4,&

Keyframe sampling

@elo Meat FostE sty A9 54
& 54 At el 72tz FEA
I8t & 530}‘“ ohl’
Meat FostE
(normative) ¥ ] 3
1% 2+ CDVA Experimental Model (CXM)< 7|5
Z CDVA Meat A1E As Uehl s kelth k&
A A 1=z AEH, ZEd B9 5 FF, A

E)

N

7101]*1—‘:

Get video frame/resize

Detect ALP features

Color
histogram
change =KkfTh?

Skip frames

Determine medoid frame

l

Determine encoding order

}

[ Encode Fisher vectors

!

Encode local feature coordinates
and descriptors

!

Encode NIP descriptors

L S S D . —

[ Compute HoG descriptors
{PCA

[ Compute Fisher vector ]

Deep feature extraction
/Nested Invariance Pooling (NIP)

T -

Color
histogram

change >segTh?

|

Store color histogram
and Fisher vector

Fisher vector
change >verTh?

12! 2. CDVA Experimental Model0i| 7612 HAl EZ

M&x F& E2x1

Fig. 2. CDVA descriptor extraction procedure that is implemented in CDVA Experimental Model



AEF 9 9°: MPEG CDVA A9 54 AMex 45 W 299
(Joonsoo Kim et al.: Compression Method for MPEG CDVA Global Feature Descriptors)

719k F71AQ1 FERj o' FEE o vk FAHCE, F Aol ket 7|z dgte] XFHEE sl o] HHOZ,
G ZH S HK AL @A TzHdE AEY Akl AWA 7]z o] A S| AETH xpo] gAY
oy, M2 ZH o] A slaETdYe] A 7] Z Y 54 MeAt FAEE efste] 94 dAGE o de] Akt
A SI2ETR A ol A A ZIZE e R WA shE 739 A Al EEelles wAgh 59
AelstA] etk o] 2 WHOE MEl 7]z sl Al &she 7128 94 o frAEE 77
el =4 544 AES s =9, 2t 544 dis) wzol] ZH Q) FF AEAE ko] FEAo] EAlEH, oY
3R Meateol AEdY. 54 S AsAEe] X 3 M-S il Ak &) 53} G E oS BEElE
548 £ 7FeAIRE BES 7S g WE R QokEm, e AR AE5S T Hrh A T Fos) wAof
o] w &3t 7h¢-AleF Belle] 51270 FA1F (centroid)oll thE Al YA HE 1A A 5 MEAE 7FoE
e B BAcEE vE g sErHE &8ttt 9 5 92} (medoid) S Zol tF ZY Yo g A Hm, U
A AEeAE ook $hs] ¥ g B3l AEEE, H2] ZE s taiAE TRk ARl s dshe 4

270% 31 5§ I HubgA olFl Ak F35kE sk ojo 2 35}

Tl deste] 47he] SRS deth o] SRS o 7S AW 728l AERte] AR RS Al s
A 719} A0l el 242 29 Y3 Aol 2FE A= o]5LE olojAE Ao] dutHoltt Ty CXME
WS ARt FRshs A v Hw, Ao ® 512 B83le CDVA Aeats FE3 W 23 HEAEH
) 34 Aol ME7} AEHA Ak 350 AEAE T A A 54 AeAe] 27)17F 98 volHEt: 28]
2] Aelel AAgel 7tste] ks H=d, A9 | 54 o & 7397F A g g ol2g @ Ay 54 A
AEAe] A ol =EReE, S 54 Aere A1 A7 24" 2719 9A WE7E obd 7hE Ze]9] scal-
=g)zto g wadEA "ok able Fisher vector (SCFV)2h= el 711sl=dl, 2bA13 W
oA MM 77 BEE AE el A FE O S &2 v AelA dHEES dnh

GlobalFunction
Present

1
0]
1]
1]

512 bits
A

N

(1]
1]
0|
1]

AN

Scalable Fisher vector (SCFV)

32 bits 32 bits

)1\ Y 4 Al N

g, g
[ilofrfo]~[ofr]o] [ofofu]r]-[o]1]o]

g, =0 g =0
L e e

g g =0

yz o
Lofr[ro]~[1]ofo] [ofofofo]~[o]o]o]

g, =0 g,
[olofofo]~[ofofo] [ofof1]of~[of1]o]

g5]2 ' g512:0

" o
[ofoftfo]~[oJofo] [oftofr]~[ofo]1]

Binarized mean vectors Binarized variance vectors

2! 3. Scalable Fisher vectorE 7+d5k= GlobalFunctionPresent H|E{2} LA MEHIE{S| £
Fig. 3. Structure of Scalable Fisher vector including the GlobalFunctionPresent vector and the
Fisher subvectors



300 WeEeE=ER] A27d A3, 202249 52 (JBE Vol.27, No.3, May 2022)

2. 8o S8 M| g= 2y

O

)5

o},

P

o 54 Meate] FAH 4 3
g gFe] Al sl A9

Al A g vpel o] A 7]z el e MY 54
Meres 54 54 AedE 289 9A dEld, 34
HE = 512709 T4l Al t-3E & 322k it A BEHE
2% 32234 A MBEHE ¢ 52 P F 512 x 64
HES] A71& 7Hth 23y B2 790 I WHE

o115} gt o] Foll & 4 o AEHE 7 GHE 7} =
Hrh o] Ag &&3tH Zo] 322k W EES o8 W
Bl = 2l g E 7L obd NEEE S 7L FA 3l &)
Gote B JHERIA] g FE 512 HIES 7
E Hujo] AAA AF td voly &3 A =4
T 9o, o]yt Jid> CDVS 3EFd o|n] Hke = o]
AT CDVS #& 19 33 7o) 512 H[E ol
GlobalFunctionPresent #E{ 9} G E|7} opd A H¥E S
E Ao 54 MeAE FA4stal o, oeh 22 HolH
T4J& scalable Fisher vectorZ} ¥-23 9)th.

ok /Htrﬂs} vpe} 7ho] zF AFe] A Y Eﬂ A=
318 o, TYA] SCFVE o5 Merlz &83)+=
St st wetl, A o=t A ‘*H—r 7)==
AE9] SCFVE©°| A =Z fAlete] YA SCFV S F3.3t
)4 SCFVe] xHito] 5.3} o) SCFVELH &2 A71&

o o
Hy

ﬂ Jlm

-{11 4z
fotfol

7bA ok & Zlo|th. I3y AAZEE Zge 2z wigE
SCFVe| xHi-o] Y& SCFVEL & F7]2 7k H& 7
$-7} WA EA B st I8 4+ SCFVE 2HES Alqts)
= HgelA 2318 F53 i dlolele A7)t S7tst

= A5 F Utk F 7He SCFV 49 B7F AthaL
Sk, Z47ke] MEMEE [a) a ... asp]9k [by by .. bs] =
F7)8tE = k2 wetd =8¢ (XOR)AANS 88 F
MBEEE O 3 57HA] A7t s, 7 HE B
FUEQ] 7B, AF A EEET JUERQ] A5, BE A B
BT e Ag, G5 AEEEE BT GUETL ofY
FF A MR OE 73S, d85 G5 A BEEV B

FHE7} obd FAlOl ME S WE Q]
7459} oA Al o= XOR 94+ A3 U HE 4A
=3, U] Al 7EA] Aol GEEZE obd WEE AA
Ht}. o)Al SCFV B thAl SCFV A9} B] RS HA43}
2} e A5 7H48laL, SCFV 2HE3} SCFV B2 A4
Ql Aol H|waf k. SCFV *R2] Z7|7} SCFV BH.th

7o)tk R

Rl

Z7kehe 79 B2l AR UET el Heed), o
A AP 420 HBEWEE ZEO Z 23] HUE g3}
b e Ak oleig A9 AAZ v e 2

A, 2 ABUE Zgeld B oS 23535 o
5o FE Agol o3 a5 FelA FelAl Hu 23
H o% F38e 58 A2 HIEAEYS 7|7} SCFV
QEHET § A7 =

0 a, a3 0 0 A5 a5,
0 b, 0 b, by, 0 b, =a,,
(rare case)
s [ I - |
0 a,®b, a,®0 0Db, 0®b,,, a,, @0 0
|:| : zero Fisher subvector _ : non-zero Fisher subvector
T2l 4. SCFV A, B2l X2 MESH: HFOIM Ak HEle] 0|7t & SCFVEL S7t5h= Al

Fig. 4. Visualization of the case where the difference of two SCFV signatures A, B becomes larger than the original signature



(Joonsoo Kim et al.: Compression

=135

 Hote Mo S a4

x

EU e

1. H|CHAIA SCFV A&
El

ALt 2 MEAt RA

E o e R R

=
&7] 93, AMZ - SCFV A& A4t iy o9

4 S AP gl @k XOR AAtE Bl
SCFVe] 2HE& AlLte o, 713 2 2A17F B sl= Fi&
- FoskE FstEe 2y SCFVE A B E 7L o
g o] 3 TR Foll -&He ABHE = JHE7L ofd
Z3Foltt Atate W el AL o] ol ghate] AH
HE o] 223k (residual)s FHEIR A ols= A, +
A2 vt 2F2 B 7H (noncommutative) A E
Fdo] kst

asymDiff (4, B) = Concat[subDiff (a,,b, )]

=1,2,..,512

0 b,=0 (M
subDiff (a,,b,) = l .

a, @b, otherwise

VA A= [
2 3 AEHEE

. 2512]9}‘ B = [b1 bz b512]‘L1_; SCFV

& omsiy, | = XOR ke 9)n|g

GlobalFunctionPresent[i] =

Encoder
Medoia | i e
GlobalFunctionPresent () 1 0 1 1
Sub-vector 0 m, 0 m, ms
serve [ T [ W)
GlobalFunctionPresent 0 0 1 1 1
Sub-vector 0 0 g3 84 gs =m;
GlobalFunctionPresent () 0 1 1
Sub-vector 0 0 0 (‘D g3 m, @ g4 0

l:l : zero Fisher subvector

T2l 5. H|tHEA X2 AlLtol| 7|Eket SCRV TR, ME &

1
{bool(subDiff(ml.,gi) =0)

AEF 9] 991: MPEG CDVA A9 54 Aea 4% 4y 301
Method for MPEG CDVA Global Feature Descriptors)

o 918 2o RApE A olske 73-F, asymDiff(4, B)®]
AMBEE7 GEE7L He e & S5 AEEE F
dgk WEQl 799 5] A EHE7L GHH 7399 F
A7 EA A Hk ol 2 <lsf TRkt ZAfg e 2R
B SCFVE Alxdetat & uf B3 4jo] detA &&=t
ol & a1 43}7] 93 GlobalFunctionPresent W€l S &-8-3}
L5 gtk

GlobalFunctionPresent ¥ E] & %A dojA] A
o} 7+o] SCFVe] 7} A HulE 7} U ERIA &
HIES S B9, oo wet 7]E& CDVA &
GlobalFunctionPresent2] i-#14] HE7} 12 A7 = of
A WEA] -HA A BHEE GHE 7} ofTh Aty
Hol e flelA Aud B34S si4str] Sl
Z71 &l ghate] M EHEE7 JHE QA B-a)
B E ol t)-§-5+= GlobalFunctionPresent H| E&
FIEg gk FAACE, 19 59 H50 £
7Z+o] asymDiff(medoid, G)& At&gol o FY
59 -l A BEE 7 JUE 7} obd FAle] AR
730l st XOR dAF A7 g E ol e &5t
GlobalFunctionPresent®] j-HA BIES 12 A3}

o711 M mist giv 247 YA GO A A B E
£ omisith oo} 72 WA o7 Ak AEete A,

‘:L FE ol
ol r
o

T
z

FN
2

==
ox %0,
4o ofl o o o 2 rf

rir

P

oy fU o

o &

m\l

J

m, #0and g, #0

otherwise
Decoder
PR O IO 5 s

GlobalFunctionPresent 0 1 0 1 1

Sub-vector 0 m, 0 m, m;
GlobalFunctionPresent () 1 1 1 1

Sub-vector 0 0 d3 d4 0
GlobalFunctionPresent 0 0 1 1 1

Sub-vector 0 0 0P d3 m, ] d4 m;

- : non-zero Fisher subvector

2 SCFV 53 Wt

Fig. 5. lllustration of the SCFV residual computation and reconstruction method based on the proposed asymmetric difference



302 WEeE=ER] A27d A3%, 202249 52 (JBE Vol.27, No.3, May 2022)

asymDiff(medoid, ()= <UAY G 5L Global-
FunctionPresent ¥EH1 & 7}X|A| ®t}. 23202 22 A
b A MBEHE S ATt Q38| Frkeke §Adol
WA SEA] 90 ™ asymDiff(medoid, G)°] GOl B8 3|4
HIE] (sparse vector)oll 7F7he- A& 7HE 5] 7] 9
ol A Rosts B3 AR 4F ol5E 4& 3

A @tk &, CDVA 30 484 RS 93] v
o =2 o

i

XOR 4+ 714 SCFV & YA BEAL 9171
&, Bt 2 A4S TYste] A FE QlFZE s}

CDVA #Fg WEA X3 =& A7 stk

olAl 1% 59 Z3 o] YTzt FUAE Bt A
ZH- asymDiff(medoid, G)ZFH G& AAT 4 A &
o} HlUl Y AREe] iR A BEE7F GEE7} obd 9=
71&3 FYsA XOR 94 B3l GO A EHEE A
& 4 A, R GEER] A= F 7 Al dis)
ofgf o} o] A FYsrk:

i

_ {m,', GlobalFunctionPresentli] =1 @)
0 GlobalFunctionPresentli] =0

o] 7] A GlobalFunctionPresent= H|th3 x}&-ol o st
Aolty, o] ¢ e B HApF GE At U3 1
# 5ol 28 57HA ASERE A Eelo] 7hsstth

et A AN BREAE sl sk WHS AR
gk 71A] o B SAlsted], dE S0 mizk YHE L of
Y g7F GHEQl 7459 tiall GlobalFunctionPresent<]

FHA REE 1E AR 5 s Aolth v duby o
2 mS g7t B GUE7E obd FAlel FLT WEHd &
0] G5 A EHE Y JuEY SERT O kg o2
2 2] 3)% 2] GlobalFunctionPresentE A4 wj 12

4R WES A5 H 4L AeR i 5 gk

2 M3 H3H

Ao A At SCFV o4& W A5S S A
3 ] 9 Mea o5 AF A3E At Ao AR
¥ CDVA %F &ZEdol= CXM 6.5 Hzdo|m, AQte
d2Fe] TS 98] SCFV vt A2 AL F71H4
o2 Fgate QAT Fof vkdeditt. vy Sell= 1
# 59 EAE SCFV A WS T3, ol F3l
AlRbE SCFV &5 W] A& o 59 FaatA s
HO e A A3g A58 stk o5 A5 ¥k
93 HAE A2 v)t] Q. AA glo]EAM Q! Fine-Grained
Video Retrieval (FIVR) H©|EIM S &-&3}%0m, 4|4
S Z& FIVR 5Kl &3 50709 He] 445 AHEatlch
19200 73 6ol & = 3l A} 7o) Fzl JFES 3,
7] F 55 XoE et ARl At AsolH, F
T 61,025 Z Yotk U G 'Sk Wy of
v 7dat 2ol A GUdelH, th o] to st AY
AR Fdko] dojubs FEHQ e 2] AUtk
AYe CXM] 329 HEHE 4 (16K, ‘64K,

J2! 6. FIVR IO|E{Al0f EEHE 72| BAko oAl
Fig. 6. Examples of the query videos that are included in FIVR dataset
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Fig. 7. A histogram visualizing the degree of overlap for centroids that corresponds
to the non-zero subvectors when computing SCFV differences for the 50 test videos
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