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< (Weakly supervised learning)
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a2 CAM (Class Activation Map)©]
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image-level & ¥ ¥ o]

(classifying)
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= I

A (feature) ®lA (tensor)
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2 E A4 A (Do Z2AA(10)E, CAMZE tE 44& wol Ha
(video-level) HHE ’\]%{}(Spatio—temporal) dygo=z ?Zﬂé}(i—t— A A
getrh, 2 dwe] o Ao wmE s Q1A A (1) ZEAA(10)E 2
22X YEYA(Multitask Transformer Network)E 7|WFo.z X afgic}, o] @E]EH/\EL Eaﬂ/\iui
(Multitask Transformer Network)+: WA EWNA¥v W EA(Action Transformer Network)”} H]EL‘?_
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I Y EQ I (Transformer Network): ™R Z W EY AT (Memory Network)e 7+% % QKV (Query, Key, Value)
A4E& &8st 1459 Ao Ayt 7Festes S A3 EY Fxolt).

CAMe] B¢ &A% 727t Convolution Filter - GAP - FC ¢ F#x=, w2} GAP-FCe] %7}

ARgEofof drh. mebA QeAgE T2 Al AlFde] gan, o= 3

B =2 A4S sk offn. e *359] image(video)-level ¥/ A= HFH o= sujofof

dAeo] A5t o AA e el glok. shAINE QKV Ao - e Fr2e] oyl A}

om, olgd F& AANAY AFee F& Aes EFdAUM, HZ wol ARSI Qlvk. Eg, CANS
(5 o =4 O}oﬂﬂ GAP a3 =F

F-lﬂi i)
-

1—‘:1m
> 2 X

o X |o

&3t image(video)-level
Az

o

0150
mm
o

1

E o xe Ll

o, 1o

o El>
i)
Lo,
ol
o 1
©,
)
i)
=
_\9
E
jg
HHN'
o,

T 25 FzsH, B dde] o AAdd wE dgF < AX(1) Z2AA10)E Fa J4 5F FEF
(100), ZAA] 214 B4 FZ1(200), AQPr AAH-(300), CCM SAHE-(400), MTx QAHE-(500), EAZ EHH-
(600)= E3t3ic}

2 oityo] o Arjoo] wE F A4 FAX (D)o LA (10)NA AFEEE AFANAYE +X2E 7] = 304

K
fr
X
>
-
2
rir

0,
of{
",
o
o

A7IA, 7] A2 FAE BT
o|t}.

AQPr AAAFE-(300)= A1 AQPr GAHR-(300a) 9 A2 AQPr AAFF-(300b)E E3Fsktl. A1 AQPr AAHE-(300a)E ©f
gl "E-’F(Attentwn Function)& ©]&3t AMS Fdsted AT JH9 7] Al 54 dAE 7] A4 A7)
o Al 54 HEHIZ FE3it).

47 QABaA ke A% gush S AR 4 delE e G5 2



[0050]

[0051]

[0052]

[0053]

[0054]

[0055]

[0056]

[0057]

[0058]

[0059]

[0060]

[0061]

A2 AQPr AAFR(300b)E ol 3<4=(Attention Function)E o] 83 AAS Fasle] A3zt o A7 A2
EX "HAME 7] A4 =279 A2 B4 dWH2 FE3).

CCM AAHR-(400) & 371 A1 B4 ¥E Ex= A7) A2 5% 9o A Hgs 33 dite]l 7ts3ates S8~
M3l ALS s,

=

Tx AAE(500)% 471 AL 5 Weish 2o 9 AU F9E ) A2
| gste 54 FE5) A% dues sas

4 eEE FEU

2

MTx SAAFE-(500)E #11 MTx A2 Wix] A3 MIx GAHE-S £3ste] A1 EANAEY AA YA A3 EFAEH

hyA
- -
WeEe] Qg FPstel #2474 54 WeE

AMS FFstal, SAF EFF600)E 7] A E
8 AJDEZ ol (fully-connected layer)E o835t Fa9t P5& FFHITH
T 32 Eodgo] o A w2 5 A2 A L el dF AAY F2E YERH Aol

2 o] o Arjoo] mE g A AX (1) ZZAHA(10)oA AlEEH = JAFAAY Fx22 HEH2T E
WAEH YEQIT(Multitask Transformer Network):E QKV A4S AFE3FaL glow | o] QRVAAS &-&dle]
8 @ video-level?] Fa 2 5 HHZ SIESARE, A3E Aot Tl AT 99 F ofrd st

Zellvls 9 deAdES AHERT. ORI ME gE 27k
= = P olgb sp=dl, ZH7tel task?l FAet T
o, Gt AF A7 FHARJ] JAeAETE AHEsks A B o F2 s 7dE

AR A

F U

2 el o Arjde w2 g A4 FX (1) ZEAA (10X AHEEE HEEH~T ERAAEH HEYA
(Multitask Transformer Network)E X 3o Yl ulel o] u] Al 59749 4 2 segmentE =
o2 W T segment’} oJH FA o} HFFAAE FHoZ WEer. dHA segment] A$-, ¥ A T
A AAE Sl JEo R /\P“Q“ﬂ 45, 989 7HEsE s wE At /\P% g Ft=Ee] wEEe] A
w ol 5% HoFo] 323 #|9], = 6.4fps o AR 32709 RGB oW |7} P o SolrkAl k. waEkA, =
39 Multitask Transformer Networkt 3 522 segment”7} oj® Ao} 33 S U =RE 807 Y
H, JA ¥ A FGGNAME bx PSR Faet dFol FJIAE YERE

Multitask Transformer Network? 3dt&5e § oA Uwrdo=m Al83li= Stochastic Gradient Descent
(SGD) W2ls wel Mgsm, Agxor E we] Aes Holr] 93] shFel ARgE dolE Al CoVieW
2019 dataset©] A%+ Ho] HFEA ST, CoViell 2019 dataset2 W] AA TGFA 52 HALZ HFA
(scene), 3 (action), =gl )T 5F%g segment’} I FFAoNA dAmy} FQ3IAo] hI H:
(importance score) ©|=A 3717} A FHojd= dlolgAolt}t. CoViel 2019 wlo]EjAlol A 3o v] AA =5
B oA eaE A= sh] = 49F 2t

= 391 JANTANEY 25 AA8] ¥Ry vgd 2ok, 1A, i 1A 54 FE25(100) 9 A4 12 54
FZ5(200)0 4 Places3659 ImageNet datasetoll Z+ZF <54 Places365 2D CNN, ImageNet 2D CNN& A}-&3}o]
segmentd] ZTH YUY EAS vk, o] w AFESIE 2D (NS ResNet18S AFR3}H | o]& (o] X 1{H] XRGB
Ad)ow HXWX3 F71¢] RGB (3xd) oln|A& Yggow Wi Feow H/32XW/32X512 A7]¢ 54 A&
Z90 2 s AFAEE (2D CNN) ofth. # o)X= segment (A|ZFH o] X3zo] X L H] XRGBAI ) 2= 32X
224X224%3% Yo7 Yol 32X7TX7X5129] =78 EAS ztzte] 2D CNNellA] =& Wlt),

o714 Places365 2D CNN&= &4 <12] dlo]EAlQl Places3659] ShrEo] loermg  AHAx #AH 54
3L, ImageNet 2D CNN2 Za] <12] dlo]EjAlel ImageNetol] &5 FHojleorz A #d EAHS
ImageNet 2D CNN&] A%, $-glv FFH oz FF& <12g Aold P& 212 doJgfAlo] sk&xw 2D CNNo| ofd
St
|

FEaluict,
C
SRR

A 212 dolE| Mol <53k o]f+=, 2D (NN 2-Dimensional CNNO.Z g o2 Fodito] ol o]

mpo] olu A A dolHAe Agalel stEl, ouAx FAR AF A4 delgAel EAGA o},
W A4 A FAG AA Q4 dolE el sHEE 2D OWS Abgshedth, T, 2D ONE mlE ThE o)
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[0062]

[0063]

[0064]

[0065]

[0066]

[0067]

[0068]

[0069]

[0070]

ElA] Sretol AHEE o, CoViel 2019 lolelAlel & 1500709] ] A BG4 ATl | o 7=
S shaald MEd Ae Fol delEE ABA AU (overfitting BAZL LS ATo| WA e
%] dlolEE A|F3F= Places365 (¢F 800%F & ©]m]=]), ImageNet (¢F 120%F % o]w]A])el 2D (NN W] 3

Gfo] lubAel (general®) 54E F2aAW 4 QA sach.

>

I %, = 39 yeRd upe} o] 2D (NNe.2 FE4W 54 (Convolution feature) A1 AQPr A4F5-(300a) <}t A
2 AQPr AAAFE-(300b)E &3+ AQPr (Attentional Query Processor)el]l §JE o2 Eoj7Far, MIx AAAH-(500)
£ Fd3k= MIx (Multitask Transformer units) £ Y#Ho 2% ARGHTH. 2D (NNo&E FEF¥ 32X7X7X512

512
Xenw € R 00 ey ), agproldel 814 13} 2o AaH

SIEMEIESE

84 1

Mipw=0 (lnstanceNurm(W‘“"‘"”“””XU,_W))

Yuttentfon — Mt-‘t erhw
rhwzthWMHiw
Yattention € RSIZ B O'(Z) = = .. ] ] WAtwm:ion
o714, o] AQPre] &¥ojaL, 1+e = sigmoid function®]il

= &%+ weight (trainable parameter)o]"’ InstanceNorm< Instance Normalization®.2 o] GA] &5 =
weight& ¥33 A3k (normalization) W2 & sholvh. webr, AQPr& 7AW 32X7X7X5129 =17]9|
AlEZ G99 54 "ATt 512 719 54 B“Hi FZEw, o] B4 WS & 39 (M AAF-(400)0E T4
3= CCM (class conversion matrix) oA FZ® 57 #HE7F A4 NIx] query Yo = AL&H T},
w39 causl A5, dge X ERT oo YUERT o wy wge A9 (= 5904 aprel &
EE} H%HX]‘: FE2 n=512 °|¥, YmX] "MIx—>concat—>"¥ {a|A|= HE-2 n=256°|c}.) ol 35S W,
A4S 8k2] 29F o] 2l ET).

84 2

YCCM — ReLU(WCCMXCCM + bCCM)

ReLU(z) = max(0, z CCM p CCM )
714 @ (©.2) + ReLU function®] iz, Wb = 315 ¥ = weight o] o).

83 MIxe] dabe 817 &= 59 o] o]Fo] Zt},

5 3oA AME e o 7|77t AuEE s yehde, 34 e "sae o 7)&7)7F dvhEA] ¢
= XS YRt &, Faet %59 53 (FR) FH7F douE B2 A CAMlA 718718 duslFA] &
ocwvw Nx & 747 Rolo] gudE FA(task)dl F4 EE d@Fo deant 58 &4 ¥, =, & 39
A QE UFHE A" MxES oo gis AedS HAE R, oz e BAE NMxES ds gk A

242 =7 A,

%= 39 Multitask Transformer Networkell thaf -
s

E

< S, dellA 7k A dxel, CCMOHH 7o}
gzl g AR FH7F dojub, AQPre AlF A E slvte]l 54 WEHZ FAFE (feature
aggregation) 9gS &}H | NMIx:E &l7] & 5HoAe A3l o] memory (2D CNNO.Z F3% EX H“Eﬂ = 1
a2 = 9Y9S query EA T matrix multiplication (A &37F 99 o2 Z+Zb inner product AAAte = 3y
) Axks T gola, o AlFZE 99l dldEte 5SS FEAUY] Y8 ¥ ] matrix multiplication
AALS =3 %'H‘*ﬂr Z . WA matrix multiplication®ZE BIA 3t A3 9L Folge=
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[0071]

[0072]

[0073]

[0074]

[0075]

[0076]

[0077]

[0078]

[0079]

[0080]

[0081]

[0082]

[0083]

[0084]

==0dl 10-2357000

on

;1

Aolal, FHA matrix multiplication® 1 AlFIF 99 F|dste 5EHL FEAUWe 95 ¢
H9] Layer Norm, FC 5 & dwrzel MLP (multi-layer perceptron)® Z& &2 featureZ }Oﬂ
embedding 3t 9L 3},

12
L=

b

HAHA Matrix MultiplicationolA FA/3E A2y #AHAF 2zt 3= AHRI 97 EA (Query, 1x512,
Query Embedding$! FCE AXW 1x128)¢F 7 & wfjHo] HE= AF7HASFS (Memory 32x7x7x512, Key
EmbeddingS AAW, 32x7x7x128) oA 23z} Matrix Multiplication® 3l 32x7x7x19] 54 & FEd|Uo]
A|FE ggor Fa/gso] EAY FES dojullar FHA Matrix Multiplicationd| A& Al&7kE S 32x7x7
Jd #gste Fa/ds EFS FEFU7] A Ao FEFH 32x7x7x1 I Value Embeddings F3 F&39
32x7x7x128%} Matrix Multiplication& &3l 1x128 Z7|9] 54 S FE|Art.

= Query(1x512, FCE 7AW 1x128)E oldd FZ=8 (MTx9 dHo = Sojrte) F4a/qEd tst 4oy,
Key Embedding(32x7x7x128)°l4 F&%+= 542 Queryst WA S sH71918] F&3t= A3 5o, Value
Embedding(32x7x7x128) A F&H+E= &

T 4 B 3] o AAde g s Q1 A = o
Multitask Transformer Network®] 852 §H ol =)
(SGD) #AS wat Jgsm, A¥gHor 2 4w A& Hol7] Y3l shgol ARgH dlolE A& CoVieW
2019 dataseto] AF&ETh. CoVieW 2019 dataset H] Al FGdANA 5% ASE Hi(scene), A&
(action), Z2#]aL 3 5252 segment’} L G oA dvl} T34 s H< (importance score) ©]
27 37071 2" FHolgl: dHlolgAlolth. CoVieW 2019 Hlo]EAlolA &tel v AAl FAGAF oo gz o
Al = 49 A},

4 WS Fatel Aeesa

MTx A4H-(500)¢] HEIE|A~F EWNAEH FU2, F7 JH5(510), #HE JHF(520), HolL she] &g
ANE = #o]o](fully-connected layer)(530)S ¥ &+3hc}.

MTx A4b(500)=, A2 AHFGIOE 7] Al 54 NHE d9ar, 47 459 A1 5% Ee) vy 4
e A2 7 A wE Ed AYEHE SH@S A4

TR, e 4R (52002 fdHE Adud Zed 9ES AEFA HEdS S AT SHEs A4

o] AYEE SAg A7) ARTH 54z A4
99§ e AT 4] AU o

]

5014 g YEFE(51005 F3eE A (Query) & = 39 Mx E529 A E0Jo& Y=o, Memory
Mix E59 9 & oldolA Eoes ¥¥oltt. FC= fully connected layerE WERYM, 1xIx1 Conve
1x1x1 Convolution & YWEIW ™, Layer Norme Layer Normalization &=, LollA 2133+ InstanceNorm¥} H]<
SHAl, S5EE weightE ¥¢H3F A3} (normalization) W] T dhubolt}. Softmaxt softmax functions U}
Eldth. Dropout 38 E (overfitting) TS €+34517] 98] AME= AT},

e

®

B I T I
hya

] B =

AFEE B2 eyt WAl ARl FEE 5 dAME ALES AYS et & 59 NTx ok
2 ZEEE W Q2% AT, o] A7|E Ze 54 HEIF FFo] "),

o] 7] Z 3o YeRt wmle} o] 2709 MIxolld FE=F E5Ao] "concat"S AXA Hed, o=

R128

concatenation?] EU==Z, F 719 A7) eIl 9@d] A4 E o] 7|7} @& YERAT

33 B ERF600)E 7] = 304 2/ A NMIxE & 3W ZA FEE 54 9EIL ﬁ%@ii Gl
1}e] FC (fully connected layer)e] @#o = Eo7MAl Ha1, o]& &3l %
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[0085]

[0086]

[0087]

[0088]

[0089]

[0090]

[0091]

[0092]

[0093]

[0094]

==0dl 10-2357000

omn

A7) &= 39 Multitask Transformer Networki: 522 segment (F3A4 Z3)o FAie &
6]—1:%1— tq] Eoﬂ)\L 5_7}_1:1].3}94 :5]]\:1— 2]-_/,594_ 53594 xéy_g_]— .Tég_i g]jl
X 59 3PAE FEA] o= AFZE dH9S Holol =R Atgo] AHE FX

3 T AEF o] Hr. H]r‘j/]r/ﬂ O] o7 ﬂ*‘ﬁoﬂ/ﬂ FEHE
o

O offt

—
L2 o o g2 o o

=

2

X

ol

pou)
o
ﬂ
3
il
Ho
.?L
gﬂ
),
Zi
PE
il
_‘
A
&2
3
(o
2
fr
(o]

A gdS 98, sAFA FEH= EF HAMAE , query’} FCE& AAH FZF% Query
Embedding &% WHZ , memory’} 1x1x1 ConvE& AXH FE% Key Embedding 574 dAE

K € RTHWXIZS
o2 T | £34 33 o] AR (TE time, HE height, W& widtho® 2o A

B3k T=32, H=7, W=7°] AF&H}H)
74 3

Y = softmax(KQ)

o714 softmaxt softmax functiono]™, &3 ®©lA YO AA 3to] 1o] HEZE 3}, welA, A7t 94
RTHW
o2 747y Agk(scalar) & st ZHA HH, ol AlFIF 99 A EE dFo] UEiYE AL

= YA "
SHAIRE o] TXHXW=32X7X7 = 2D (NNell4 &8 =712, & ojmxo] xol()ek vnl(W)e] nla) 1/32 Hj

Y e RTHWXl _
71olt}. uwlEhA o] = bilinear interpolation WAoo & Eole} Ynu|E 328 E8+ 3,

a

B oolmx] A7|2 YA visualizationS 18] gho]l W& 3t bl Fho] w2 XL WMoz Y3}
sl7] = 73 e AYE A8 $ ).

upxuto 2 - B oo A &arxl 3k MIxolA SoftmaxZdyE HHE =
QTS Y4B F7)¢ 32(A7F) x224(3=0]) x224(4H]) ¢ AVE BT

o

32(AIZH) X 7(30]) X7(HH]) wirte] 5

L
=
= 92 bilinear interpolation W2lS

CNNe] =UR|E 1/2 A7]|& E9°]%& poolings 5W AFE-8}7] Wil input image®] UM Rt} 1/324] A7|E
Zte BEAS FE5HA "ok wEbA] B EEdA ARgstE 539 32xTx7ulthe] FaEE ARRMYEgoRE ¢
EHX ga, F3F ko 2nk 1/324) hEE Av|olvt. Ao R = A7) WskyE §l7] Wit S| frame
Q1 224x224 SPFNANE Bk, 7xX7 5] 7} dgbubrhs 224x2249] imageoll A 32x329] A& WS
HAr}, o= ®B7] ZFA visualization 8}7] I8 7x7 EAL 224x2240 2 7]9-A ¥i=d|, interpolation W
Ae 22X AAH §lo] 7X7 A7|9 EAS 224x2240 2T 7]9-7]nk b HUTE, A= #YW A=

(e} =g
1= T
shs el CAMoN A AF&3F W49l bilinear ineterpolation ]S xj&slc},
T 62 2 el o AAod w2 5 A A 2 W] AQPr A4t FEE ek Aot
A7l = 394 ykdxo]l 20 (Nez FE% EF  (Convolution feature)< AQPr (Attentional Query
Processor)ell Y& o2 Eoj7tar, MTx (Multitask Transformer units) 59 Yo 2% AREHETE. 2D CNNo.=

512
Xt,h,w ER

) 32X7xTX512¢] =7)e) §4& o= ek w, AprolAlel A7) 84 13 2ol A

=
Rkl

o

AQPr& AA™ 32X7X7x5129] A7]e] Alezt dele] 54 "A7E 512 AV]e] 54 WHE FEHY, o] 54
MEje A7) = 39 CCM (class conversion matrix) oA &9 54 W7l HalxdA MxS query 4o
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