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Abstract: Recently, a new task named cross-modal video corpus moment retrieval (VCMR) has been proposed, which aims to retrieve a
small video segment corresponding to a query statement from an unsegmented video corpus. The key point of the existing cross-modal
video text retrieval work is the alignment and fusion of different modal features. However, simply performing cross-modal alignment and
fusion cannot ensure that semantically similar data from the same modal remain close under the joint feature space, and the semantics of
query statements are not considered. To solve the above problems, this study proposes a query-aware cross-modal dual contrastive learning
network for multi-modal video moment retrieval (QACLN), which achieves the unified semantic representation of different modal data by

combining cross-modal and intra-modal contrastive learning. First, the study proposes a query-aware cross-modal semantic fusion strategy,
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obtaining the query-aware multi-modal joint representation of the video by adaptively fusing multi-modal features such as visual modal
features and caption modality features of the video according to the aware query semantics. Then, a cross-modal and intra-modal dual
contrastive learning mechanism for video and text query is proposed to enhance the semantic alignment and fusion of different modalities,
which can improve the discriminability and semantic consistency of data representations of different modalities. Finally, the 1D
convolution boundary regression and cross-modal semantic similarity calculation are employed to perform moment localization and video
retrieval. Extensive experiments demonstrate that the proposed QACLN outperforms the benchmark methods.

Key words: cross-modal semantic fusion; cross-modal retrieval; video moment localization; contrastive learning
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<p=max(—°“i)eR"v (13)
([ H el 1]l

XTI IEREG] (g, vi) T, EFEPIXS SUREG (g1, v)) AT (qzvi) , BCBEPTA SR AALLEE 20000 @ A
K BUEEA K (hinge loss) THELMLSIRS RASHLIKH K R 2L, 40230 (14) s
1 1 1
LR = - Z [max (O,Aﬁgo' - <p) +max (O,Aﬁtp” - go)] (14)

57 FUG AL TR P T R0 3 P2 i R, A S U UG -45 BRI 4% (convolutional start-end detector, ConvSE) I
PIAS— YA BUIR AR R 7 ST 7 Bt 26 b F AR iy BURITT 9 i e R AUA %% FAR iy Bes B WIE A 7R R 2 )
eI, FF EEATTRIARCUEE i F BRI % 2 A T 1 10 200 B, SRR BRI 220 J B Rl A ) 10 2%
FLARRAE, AR STAE P 5 R 2 J AR S 2 S50 70 20 S e A8 SRR 220 L0073 250 S -

Sarjend = CONV1Dgarjend(Svideo-query) € R™ 5)
Svideo-query = ;cf -q (16)

LA, S ey FEHLETURIES 8 ) AR A £
ST J A AT B2 17 R T 5 7 60 R IC R D A R T 6 R e 22, 6 T 0 B ) LA



g HAR AR wrrnd oo e

GYH pr ST T R
(#.7) = argmaxPyun(@*) X Pena(a’) (17

P‘W = Pslarl(’ix) X Pend(’l:g) (18)
HA, Poanjend 7 Surarjena 2238 Softmax bR ECbRHELL 5 75 2 )RR BEAR B0 25, argmax () 415 (19 72 o7 K00 H S KA I
NSRS EIY, @ o FoRLhe M NEEREREL 0<P <P <n, -1 .
I 2 5 AR 5K bR RO
1
LML = E[f(Pslarlv Yslart) +f(Penda Yend)] (19)

Horr, f RIRTE R R, Yure T Yoo A2 1 F i€ [RAHIRAD.
g b, AT DA 3] QACLN AL A& 130 K pR 2L, A (20) Fis:
L= /l] x LVR + /ng LML + /13 x LVideoCL + /th LFrameCL + /15 x LVVCL (20)
HA GBS - L A AT 5B RE TR ZR A, B %58 SR B MARATIZR N L2 2] VideoCL
MEZS (M2 FrameCL FBLAS Y XT HL22 > VVCL FIRLE R4

3 IWERSHH

3.1 BIEESMHEITMNIERR

AR TVR S 45 06 1E A SR H 5 3 B M R, BT 5286 0 b, % B SR 605 109K AN AT i fl 218K A
WA, IX LRSI EE T 6 A A S AL s AR H p, R A S A 385 — MR % OC . WA b A & 3,
SERKE N 76.2 s, BHIEGIEIIE S 13.4 N EEL BL 1.5 s BSOS IR 4 8 A B, i T2 )3
AR AR W] B 5 ST B DG, BT AR 251 SCA I DT RC AN & — X — (1.

ARICHFLAR 3 A EE ARG ZAT 55 34T 7 SE 560 MUAERLE R 21K % (VEMR). SALAIIN ZIK R (SVMR)
MRS 2R (VR). MRS ITAE 545 /2 7 10 5 Recall@K, $5 BT topK 45 J2 Hh% 2 HY 1R FH 56 45 B 50M 122 o i (4 A
RERBHLE, HENRHRRAGENESE, WHE K €(1,10,100}. A VCMR F1 SVMR 1F5- % B 7 FiHmi IoU
I{E Recall@K, ToU = g . HUE W R 45 700 B B bR R B 28 28 15 e T B0 AL, JUIA T 45 SR 4 IE . i B
fHFAE L (ToU) R A B S Bir i BUI RS T
3.2 wtEAE

T BAEAR SCHEH 1 QACLN LR, K355 H B LR AR 75 10 5 LA MR, 28 SRR 04T S 36 f E. MCNP
PR FET R RN A SRR AE A B B A I 0 5 02 X 488, AT A JF L 2 4. CALPLZ S 1 AN H LA e e T 2 R
(VCMR) 1155 19 TAF. MEE™" 2= B S 4 ] b K HUASE A B AT 7 Fe B0 A 05 2 1) 1 . ExCLP1 4 [ A B A AT e
ZIR RAT S Wit 2 — Fh iR (0 BE RE 252 T. 22 5] J i, XML J T 2R 2 AT 55, (60 7 — R i 45

A AV 2 3] 7. HERO @I 43 2 7 1 i i A RO B« 400K JBE A 22 A 455 5. HAMMER B i 75 i S0 A
FIARAT 2 5] T GHAL B 5 A 25 58 T 2 3] SR B & U G RS 2R RIS 1) @ A S 8. FLAT J2 HAMMER ) — /M8 1k, X
WIZET FLAT 8% 7 4y 2 VR JipUs]. o, MCNP), cALP, MEE®Y, XML, ReLoCLNet'f1 HERO!"?J& T-
JG WIRG (075 5, FLAT®H HAMMER™ & T3 1B 8458 BB & 1 2% 2] 7 .
33 XWRE

18 FHl ResNet-1522, 13DPSREEEIA 1 2 K7L, £ 12 /2 RoBERTa R HUSUAKFAE. %8B 84 I 2R K
KL 4h 15 min. IR KEN B4 B« L A AW A 23BN TR R i 20 i e
RS AR AT 22 =) VideoCL #5285 (8] i FrameCL AR 25 P 6f EL 22 3] VVCL AR 2 %, 250 B 7255
3.4.4 WHEQN L.



PR F BB E 0 B B R D R 9

34 TWHERSHH
3.4.1 FEAIERENS LS 45 R 5 0

F1IRE T VCMR AR FAFEJNETE TVR Hdli 4R PRSI R 1) Recall FaARE. MIEER 1 S50 45 K]
PRI, QACLN 7E Recall@10 1 Recall@100 B 8hs_EALT P 2 #E 7. HERO /&7 KRB 5 (How-100M)
RS IIGRIK, FAT SRR I RE, SR, T ATSIA 2B T~ AR F & AR B & R Rl & 2 BESTAURHE. 5 HAMMER
F1 FLAT #tt, QACLN AP REAE Recall@10 A Recall@100 FH HE 43, X £ KA HAMMER Al FLAT ¥ £ ith ¢+
T IEREG 2 AV BE 35 B9V, 3R 2% FE T SRR B AL F . QACLN AN 56k T /M IE BB 2 7] B BE B, i 0K fke
# 2 1AIFE . 1T ReLoCLNet R % [8 T #5E7S [BI % b6 2% 21 732, T 200 1 DR KR [RIRLAS B (175 L — 20k, i QACLN
1) 14 BEN% 4 T ReLoCLNet.

%1 VCMR ESE FAFTT % Recall@k) FITEREELEL (%)

ik 10U=0.5 IoU=0.7

J K=1 K=10 K=100 K=1 K=10 K=100
XML — - — 2.62 9.05 22.47
HERO!" — - — 2.98 10.65 18.25
ReLoCLNet"” 7.42 20.01 43.34 3.74 13.21 31.02
FLAT® 8.45 21.14 30. 75 4.61 11.29 16.24
HAMMER™ 9.19 21.28 31.25 5.13 11.38 16.71
QACLN 7.46 21.75 44.23 3.97 13.35 31.83

22 T2 3 FH T AR VR AT SVMR AT4532 H4 () QACLN FAAE TVR Hdhde b 5 &I L 45 3. QACLN
IR T VR A5 LA Recall@K KT FE#EJ7i%. o138 25 Re Al B Lb 2 210k 38 S48 2 8] A e i 5
Z PR B, XML FIH HE QACNL SR . ReLoCLNet 7£ XML BRI (3Rl 5| AT HL2% 5], HERE 174
N4 R, 881, 5 QACLN AHLL, BT Z20E T B N ERE 1018 OREE, S8 REZ 2R %1, AT 3 v LK
I QACLN fiF SVMR TAT55 FIIFTH AL, X2 i T3 B B G R L Jeib . 15 %%, QACLN BRI
RIS T BRA VISR 7, ¥ ORISR DB (045 B RV A TE — T U2, (E15 15 2 R 08 B8 47 Hh 2% >) 2
Tl 2 ) FR DRI 5 L IR, QACTLN AR R A T XUATIE R AIHLR, 43 A SCAS A ATUREAE 3304798 32 3 I0A, 38
T ALY o} ST SR IR DR B AT B A M AT AR 20 R B fE QACLN BRALRH T B IR i i 2%, Reie 58
TP MK AATUEAT 22 R R 3R R 2 20, AT B8 4 MK RUATUREAIE 5 SCARRRAE JEAT X 5%

K2 VRAES TAFTERIMERE L (%) # 3 SVMR EL T AFEAEIERLE: (%)
VR, Recall@K

SVMR, Recall@1

Jrik

Jrik

K=1 K=10 K=100 10U=0.5 10U=0.7
MCN™ 0.05 0.66 3.59 MCN™ 13.08 5.06
CAL" 0.28 1.68 8.55 CAL®! 12.07 4.68
MEE"™" 7.56 29.88 73.07 ExCL™) 31.34 14.19
ReLoCLNet!*” 21.1 555 89.88 ReLoCLNet!*” 30.53 14.23
QACLN 21.19 57.18 90.49 QACLN 32.16 14.35

Bl 5 BIR T 24 ToU BME W& AN EMER, VCMR 1E551E Recall@] 1 Recall@10 PP 484 T HIAS[EME.
1%#% ReLoNet fE AR L %, ‘B 5 ReLoCLNet [¥45 #4AH 1L, {H ReLoNet K F XS Eb 32 S ML, BHIE 5 45 5] I,
QACLN & /2T ReLoNet. X 5t B $2 H 0 B4 55 25 0T 0k b 2 ST A A8 WA R 20046 22 AT 4% v e 26 S ] sl e i) 4 .
K 6 .78 T QACLN Fl ReLoNet 7F TVR 44 L7F K BURNFMERS VR AT RIS R, FFE, 24w BN 1-10 A [F
{ELRT, QACLN 15 id T B HE VL. 7 H, TESE A I FaAR T, B o BUEAOCET, AR M Re ot 38 5 .



10 RAFF AR SR g K o e il

—_
(o)}
W
[\S]

. —a. QACLN Sea —a. QACLN
145 ~ — m — ReLoNet 28 L g — m — ReLoNet
. “m -
12 % _ 24 o M
X o . S Nk S
Z 10 - =20 e
B b TN z e Ay
g gl ™ g 16 s R
4 i\ ~. 4 ~ \\
= 6f oo Sk = 12 v %
I = g o ~ ~
> e WY > "
4r SO 8 gt ‘\
=, %
2t B N 4 ~3
\'. -
O 1 1 1 1 1 1 1 1 ) O 1 1 1 1 1 1 1 1 )
0o 01 02 03 04 05 06 07 08 09 0o 01 02 03 04 05 06 07 08 09
Racall@1, ToU=u Racall@10, ToU=u

K5 IoU NARRMER, VCMR 7£ Recall@l 1 Recall@10 T (K1 RE > Hr

ReLoNet
QACLN

100

VR result (%)

0
QACLN
' ReLoNet

1

K6 VR AR Recall@K T HIHERE S HT

3.4.2  ERUI A AT e SE 45 SR 50 HT

WK 4, AL QACLN HER F G R AR WREAT T I0E. 7l LA F], QACLN ffs & MK izt % F HAMMER.
IR 1 A1, 7E Recall@100 547 T QACLN s & K5 5 HAMMER A1, /R4 HAMMER 7E 5 /™% (1) 5 &
(51 Recall@1, 1oU=0.5) L3505 47T QACLN, {H 24 H BB B 75 kr 26 3% % 5 [T bt HAMMER R 41 %, i T
HAMMER % F B E B LR A SCAR TR S Z 8 1915 5, BT a0 R A dig 77 7%, W S8 5
BRAR. B2, ARSCH ) QACLN A RYBECRIE TR 2R A, ARIE TR RFEE. BTN &, 321 11 QACLN 5 B A
TP BE.

%4 QACLN 5 HAMMER # & 3E N H

VRS JTE] (s) SEYIEIE] (ms)
HAMMER® 2378.67 218.33
QACLN 58.01 5.32

3.4.3  HEkSZE:

T BRAEASCHR ) QACLN HE Y oh AN AR IR 250, 54 th IR 11 3 AR TR 22 Ff QACLN wio inter,
QACLN w/o intra 1 QACLN w/o qcf #E47%F Lb 23 #7. QACLN w/o inter #787E QACLN Al b F5 b5 a) 0t be
£ S, QACLN w/o intra /8 7E QACLN F3EA [ 2 iR s py it bh &2 S ik, QACLN w/o qef 78 7E QACLN
(ALl F 2338 QCF k.

HH5E 5 AT %, 5 QACLN w/o inter #H b, QACLN HUAF T BE 47 A4 B, X 32 B2 (R AR (A6 Ll &2 =) AT Ak —
S5 AN IR B 1 15 SR — B BRAS (A1 Bl 2 S AL B A X B X 4 VideoCL 1 FrameCL. VideoCL 1



PR F BB E 0 B B R D R 1

R 7 5K L 453 2R SR K 58 55 IEREAR 2 (] AR AEALLEE, FEBEAR 5 SRR 2 1R) AR BL B, 3 5 I s AT ST A o 22 11 H v —
B, FE, B T BRSO RAT 55 45 AR T FrameCL & 76 X 2 MU 1 B ARI Z0AT=lE H AR %1, 43 5
IER L X 5 B bR %0 F 4G 5 45 R 5. FrameCL 3@ 58 47 b e 7 5 25 10 78 ) DG E AR A0 A BT 1k B 21, SR 35 B
FRAT 0 04 B A ZAT S5 BUS B IT B 45 5. 5 QACLN wio intra A EL, QACLN #K75 1 S A7 HMERE. [ 9 fii Ba AT
RS (15 5 20 T R AN H (R B0 V8 SCRE AL, AT 5 302 o B AR 2R B . RS Pk LG 30 1 H bR 2 Tl
T U [R]— A5 A AN [ERE 5] (R AR LA P S 2 o0 B 07 BRSSP 3R, AT R AT S A 35098 1 E MR 34, IR R
[E]— 525 B AR AU N B8 SRR B N 5 QACLN w/o qef AHEL, QACLN I g BEAT, 3 2% Al i 2 0 Jd e o
S SR 2 AR A Al G R R Bh B TR I e 200 s A7 ORISR M .

# 5 QACLN JHRlsEIR 45 5 (Recall@K)(%)
VCMR SVMR
T ToU=0.5 ToU=0.7 ToU=0.5 ToU=0.7

K=1 K=10 K=100 K=1 K=10 K=100 K=1 K=10 K=100 K=1 K=10 K=100

QACLN w/o inter 657 16.1  34.02 325 11.14 2609 2947 6174 8405 1371 4337 70.86
QACLN w/ointra  7.42 2001 4334 374 1321 31.02 3053 6243 8519 1423 4439 7113
QACLN w/o qcf  7.57 2129 4336 395 13.69 316 3078 6246 8587 1407 44.63 71.07
QACLN 7.64 2175 4423 397 1335 31.83 3216 6331 8657 1447 4503 7168

3.44  SEBUSRME S BT SLER

TEARSCHREE T A MRS E, DTG BB FRR % ] 5 R R0, FZEOCERBES M 2T (4,
) FREZS AT EL 22 3] (As) MISTERARE, BRI E A, =1, 4, =0.01. B B HURIE A5 A, M A5 (EUE
RS N L 3T (A5, ) FUBRES XS EEEE 3] (A5) MIDTIRFRE. B T 4 HS4E (1) {4 =0.01,4, = 0.01, 45 = 0.001};
(2) {4; =0.05,4, = 0.05,45 = 0.001} ; (3) {43 =0.03,4, =0.03,15 = 0.001} Al (4) {A; =0.03,4, =0.03,4, =0.01}. HE 6
Hp S IG 45 AT, SRR EBUME NS EA (3) B A3 B i g5 R, PRI AR SCTE BT o0 Hp 03 X S S 0. EA5E
B, UERAEBUE NS (4) B, BB R O PR, 1 IE BR RS (A% LG 2% 3] PO POt bl 2 ST TE RS IS
B RN ) R R R E TR,

®6 SHBURIEIHTIRE R (%)

. VCMR, Recall@10 SVMR, Recall@]1
24 ToU=0.5 @IoU:0.7 ToU=0.5 Q?OU:OJ VR, Recall@10
) 20.75 13.06 60.23 41.82 52.81
) 20.72 13.58 61.56 43.68 56.85
3) 21.75 13.35 63.31 45.03 57.15
@) 18.3 11.48 62.45 43.95 56.67
4 B 4

AT T — T 1) 22 RS LA 205 2 P 28 60 SRR R 5 S 25 WU EE 0 BE 22 2] I 4% (QACLLN), 5L 1 B AR AS XY
O Ll L, TR B P S AR TR X L 2 2 SR Sim AN (R B 25 Mol 1 18 SO 55 AR 7, 3R i A RS Hdia o
FRTRT S PR AT SC— B BeAh, B T — b 2 v SRR ) B RS T SCR & SN, I B 1 R S A P A
AN 7 R A A 5 2 S B R S SRAS ) 22 B AR IR 1 SR SR 4 SRR T4 H ) QACLN AE AL A
K AU 2 52 A S5 A B AT 55 v 2 LA T R R e K 2R T A I8
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