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5, S22 HERE 'tennis swing'S XFE & vk, A AxEHAE S AHY A de SYs AR
X 'tennis swing'E EEsl AAHE 5 ATt

Ao} F-(190) = AAIF HY e 54 A& A (100)2] AAAR 52& Aofstar, A JAAEHF(110), HAEYXE
QA] o] MEEF(130), AH2E 21X 2FFF(150) 2 HA Slx®lx AAHE(170) 7Fe] Alo] 35 = H o
H 355 #9E 4 9.

T 2x B odtge] wrE AAZ HYL B3 HE S Adgsle £ATo|th

T 28 Fxshd, AAL v B2 AE AX(100)= A JFEE(110)5 8 vy Zgde] IJAHE <

_10_
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Y & v (A 5210). AARE HH e T2 HE AR (100)= AYRE Q1A o] HER(130)E &3l ©]
AR oldt EEe e A4 Qe =, JdmddE JAE A= Al 0AD (Online Action
Detection) RHe] &3 AZdd= I 7F(Qa)el =9 3 dadd IAHE d9= A2 0D 2o =95

gehol, @) Alzke] o2t FHS T ATH(EA 5230,

TR, AARE e A HE A (100)= AYARE 1A 23515008 §&f o) AlZke] o4k &9 3 |
A AR ot EHE V2R &Y HlYe ZedEd dste] AHXE Q1A OFES IS ¢ AT (@A
5250). AARE HIH e &2 HE A (100)= A Jdads AEF-(170)0E &8 3l Hve Za sl w3
NS AEsk] A JI2RAE AT 5 v (DA 5270).

ojst, & 3 x| 95 Fxsto] L el whE AARE viv e w2 HE el el Ho s it
4

A7+ A 8% A 3H(TAL, Temporal Action Localization)® ©|w]=] (image domain)oA] 244 &-A (object
detection)®} FAFE = 9dom . 7}3} S5 (reinforcement learning)S 83k WS fdste] thokst WAE

o] A rx]of gkt

ol w2 AAZF ¥ e 55 AE HHS AIZFY BEA 153 (TAG, Temporal Actionness Grouping) X}
#Hd 4 drt. of7]elA, BEAd (Actionness) 'Objectness'el W-&-=+= /MEo2A 5 7Fsdd sk 7]
A Z Z(confidence threshold)el dFd 4 Avk. 2y, 2 2o A9 d5A 15 (actionness
grouping) Ml #f ZH|dol HIsHA] @il galEolof ahn, o9 Ty TAGE HA HTIE #&3ta P o
A3} (action fragmentation)S F3&}7] 213k ¥9A] AleH(primitive proposal) &2l ZEFFolu T8 AAZE 3
NMS 53 Zo] AAE ArE<e] TA g (post-processing) & Z&3 4 Ur}.

MN e rPE

B odbgo] #3F On-TAL 243 FASE 232 FHsts =289 vre old FPdEe] &4 = Ur). o= &
o], =gl 3% X (0AD, Online Action Detection) Z =z}¢l &% /A ‘% 2] (ODAS, Online Detection of
Action Start)7} o]el d|de 4= AT},

0AD(Online Action Detection)® Z#HI™ =

BAIZ17] SlE oreFsk W Ee] AbEASH, oTlE 7] WAFE HAE Tbe
&3k o] x3td 4 9tk 0AD+ 7 2 ]O]Oﬂ & 22 S H9=(dense class score)E A|F3}7] uf
F7F AgE 93 £& F7F Zd(intermediate representation) & HFE ¢ UARE, AAMA EA(real-

world problem)ell 2% #&st7lol= 24 SAZE AT = Aot

ek 4 9lrh. 0ADe]
a7 a7 g8 s

19 ox
iy off
o o

=2, i o9

i

ke ol ODAS(Online Detection of Action Start)s 7Fsdh ] 52 AZFS BX3ls S HEE 3,
3|5 A2 oS (sparse start point prediction)S AASto 2 ZAS HU} HAEKo7 tts S it}

|

W oa  o)ldel 2gk¢l vt e Ay FPYEL F2 Y FF HE(frame-level information)el] ZHE
I Qtl, o9 W E, On-TALS A AFE u]Ad EAo] A wj¥e 4 gt By EFR3I on=Z = ol
= (

=]
AT 5 Ak, wH, A4 Axwls} A AFH (action start point) & 2% R

J

U— T

st 4= = BdS DAS TAE Aoz AT 4= o, o]i= On-TALO|] ODASH.T} A$] 4=52
2kl dgers ong = Qo
AF H]T) Q. (untr immed video)= = ()= Lo|x n7h e oA Ol ~E] AEL

o3
¥ = (WUmlm=1 = {(Sms€m)Cm)Im=1 oz M4 2= gtk oJ7|olA, Yr= s Zgelo]w

=
2 e, 7z pHA A QAEA l‘bmiﬂ A2 T oldlA(start frame index), & Zdld <ldl~(end

frame index) % = #olE(class label)oltt. Hgh, Yre oapel =7 sl A SRz AT 5

=9 A|ZHA Ao A W (temporal proposal generation method)Eol whal, A&dE ke =
A B4 (visual feature) f2 W= 4 931 35 AlL(action proposal) &2 =&l A
E dAEL dld 5 Aldzel diE] AdE = o, sl At S A% =
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[0077]

[0078]

[0080]

[0081]

[0082]

[0083]

[0084]

SZA A3 yF A EHelojof 3, F, ZEe RE EXS 3] dF Aok AR oAgRE 2A

gt 4= dth. B A2 @9 (granularity)s On-TALAIA S 4= v, =, k7F #A&45 ¢ A3 24

S stox ¢ A3 A3 =EE ¢ e wha | k7 F5E o9 HilE F3ele] o RAEs A3 =

=9 & Jdu

Eodbgo] whE On-TALY HF 53+ NS 28 347 glo] 27kl XA ¥ (online-generated) 2z} A <~
lpE =] IIUE X o] == 1 2=

H2e 75 A8l & 5= Ad 5 2

On-TALS N Ql~Elx~ 7o) FEo] gitta 7FAstd 0AD ZHUYAE FAste] 248 + U, =, d&4

T
ol ke ZHAEL A=Y Eoll o8] 9A (= Hkxo] A e d Al (raw frame sequence) {xT}TZIEH

[T/k]
Al B2 Al (feature sequence) Uede=s o] & 4 vk, ZF A7k GA tollA 0AD Bd M ¥A {5 4

_ _ . a. (0 < a, < 1
o2 Ag3tx P54 5 (actionness score) e ( ¢ )

o = a;
of EFH] em T lel sMRa %A few 0d Stk

lacla, > threshold} o gqam oy Qrnissd 44" + Ao,

<=3k (naive) OAD 732 0AD =2 Mol thall AFel %] RNN o}7] 814 (stateful RNN architecture)E AF-&3}o]
THY AE~E(frame context)E Al ¢ = Hhd 04@0] AA AYAE (decision context)E Wrgd &=
Sk, ol uwEl, = 69 dugE loA AYseE HEAE QA dqFA 1EFH(CAG, Context—Aware

Actionness Grouping)< On-TALE &} Z23}7] Y3+ MZ T AL A (framework)ol] T 4= c}.
= 58 Fx3d, E Uy wE CAGIAE MEE TA sdsts AYUAE 2% oo HdE(context—aware
agent) ~ 7} H8d = v}, AYXZE QX do|HEE= F Y W|EE(F, 4o/t EF nol dqFA tirid
G B 23 d7E qd dA Zyde] 2 &FE(class probability) pE YHOZ ARSI o)Ak &9 (
€ {0,1}& w3g 4 9}, g Bde AA Ax'lxE A7 98] 0AD 7 (0AD extension)ol| A9} o]

{acla, > threshold}g . gqge gy {delde = o g0 aggregaters + 9ot

Az““

CAGell A, ol eAlel o] A2 A Zedelre] A4S 9l nefd 4 glow, ofd ue} )Oﬂ w3 s
ol Haald 4 vk, ook & WHRS FASHA, EF A% gF WS ARgstel @Al AEl(q., @, pE

#u}, BC 5w (BC-trained) °l9]

)
Vo 29 4l 97 wla & slem, o9 wae 9% HAGC, Behavioral Cloning)ol 28 4 Atk =2
5] = ] o~
gejzel AAe ART F Yo w, F g

2T L , ¥4 22} (compounding error)® OIst g oo = BX
9] Ae](out-of-distribution)”7} FAet= A HE3 FF5S AAHL 4 gk, o]y dHo=z <l BC g%
B oolHET B Urge] mE WHo]l 22 AEs gt AS WElE 4 Q).

A71e] W (recurrency)S EAH3 7] e, siE A= w232 A4 34 (MDP, Markov Decision Proces

Sy o . St {qa; 9% POY vy 2
s)ow BN 5 Arh. At WA (timestep) tolA, e} St Wai dar Plig o) g 4 9. o7

¢ ¢
A, T = [a ... adelm 99 = [do,....dolold. 24 dE o4 A% FiH(discrete decision
Xprs_13-

space) {01}l EAE 5 e}, oJ7lelA d, = 1&  FEDE L g myo5e Yebd 4 9w, a8 o
2 Aol A (background) ZHIES YERE 4 o, MDPe] A3 S8 (transition dynamics) A7 o
Al ttloll A do]HETF & & = aw 2 pwdl FWS7] wFol &EHY § ok, &, RA2 wgo] Ay
hAl = el gis] oA REAoRET Alojdk = Qlrt.

743l &< (RL, Reinforcement Learning)< 7429 ZFZtA<l X F(immediate reward)e] obd 2 HA
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[0089]

[0090]

[0091]

[0092]
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[0094]

[0095]

[0097]
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(cumulative reward)& HWslst= o] Hipol7] wiEe Zo] MDP A4 3lollA AGHES & & Q). =,
RLS =do] MDPO] 3 93t et o5& & JL=F gto] B F& FAl(limitation) & HAE
ATt

g E Etskar, MDPell gk FA S BAo] FolRlAE oAs] EAR EAE ¢ vk, = 73 o, ¥ Gy
2 Zd @9 0AD Asol ¥ W AF At des BASA ¥E 7 AUrt.

o] BAIE ddst= & 7Hx WHe Awdk WA $4(sophisticated reward function)E H&3t= AY 5 3
o dE 5o, A5 SutE ZAd i8] BAsE A sl G (fragmentation) HE S HAE F
Aok, a2HY, sld B e 2 A MIHE(long action segment)E0 HEdH B (excessive reward)
= FoF ¢ Jdar, A4 H(action tick)Eol tisiAE o AL FostA &S 4 ATk, wEbA, RLS CAG
el A83st7] feliAe AAs 2 ol gk A A (exhaustive search)o] B4H A = Q).

v 8+ (IL, Imitation Learning)olA ¢l Ex:= Fo]x dE7} A= (expert trajectory)—c—oﬂ & Ao

E 5, ofumgr B4 A& (reward signal)E AMEE F glon, EAE Foj it H3H(AH,
g5, 5 AEHET AHEste] F2 A (good policy)el FQIAE AAsto{of Fht. E"“4 st A=
WpPe] Ak oshg FREler sy wiEel, WS IL WHMES Fo4X ARt ARERFEH BY A5
R(state,action)< &Y 4 Ay}

SQILS 3] e A2 BAS AT ¢ Aok, 71840 A#S vig 19 = k. 54 SFEE AR
7M. BEWele Aolm2 HE7F HBh(expert transition)S F2 A3 (good transition) o2 ¥ o]of o,
=, AE7F AEe] BAS 12 AgEa do|dES A B 002 dyrojol sttt oy s AF{EL #E
dlo] ¥ (replay buffer)ol AF=E 4= 9Jo™, soft-Q learningo] 2= w A" 4= v}, QILS HiH

85 (adversarial traning)< @&3ste e WHEc o A AgS YeERd 5 glrh. E=9, SQILS B
¢ R(state, action)& F43t7] 98] M=o WEHAE AE3sHA &L Q 485 A4 2ABIERE 1A 3

“Al(reward function approximation)E ¥33}+= thE HHET ] delvg G874 (parameter efficient)d

F qn

2 S5 A AolH A e aTeA LORAE WP T2 F28 $857) W, B Rl ¥
@ 7)ol BASS fEd & otk wed, ARAE A4 @A IFB(COS 9 g Yol w9
%, 5% sallel 489 & v,

Hell = E-8kaL, SQILS CAGl A4 A &3k A5 29X
)} o

s
o dxE A4 Axw A g w

wEkA, e ARSE = DN

FAFSE SQILS] hard-Q ¥ (variant)o] H8< 4 At ] DANF]
A3t Aol -5 A el A B 4018 2eE o HAE7E A3E (expert transitions)
B AdA3 BHA -0.18 2= o] E HEE(agent transitions)S AFESIE A = Adrk. FAAHoE, Q U
EHA Qols, )& T2 482 13 Zo] Z4ald 4 .
[43H2] 1]

6 <6— UV9(52 (Dexpertr +01) + &2 (Dagent' _01))

where 6° (D,r) £

% Z (Qg(s,, d,) — (r+y1naXQs(st+1. ¢+1)))’

| dryy
(st.de,se41)ED

o}7)olA, D obg] HAH(subscript)old 7HAe AEER FAE wY WA (minibatch)olxz Vot T 242 g
o1& (discount factor)®} 8hs5E(learning rate)olth. o]d}, sl WHE SQILAA 'soft' HFAH(prefix)E
Wl 713} 7ol Q-Imitation Learning(QIL)o|2} 3+c}.
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A g dabe 23R o]Fojd 4 9low, o] 0AD EE Ml, M2 E AYXAE Q12 do|HdE Y7} ME=
stEES oud £ Q. 459 A WAl GdACAM =, 9t dd golo] LSIM UWEY A (one layer LSTM
network) ¢} 270¢] F71A <l FC #oloE2 FAH oA 0AD 24 M3} ¢}

=

la
22 0D 2d ME wA QJIER
D

¥ &4 (cross entropy loss)& ol&ste] StEAld 4 vk 11 ¥, S RS ARgte] B
t]Q 5o 3t a(actionness) @ p(class probability) A|@=E0] 2&E 5 9l s
mu} g (imitation learning)S <8 AE7} v)o]Eln]|o] 2 (expert database)’} & 83} o] &= 4= glr}.

shgol F oulAl WO, LeakyRelU $43 §5E 2 T J)e] FC dlololEn F4H AYAE 914 o]

HE Y% EAI717] A3 MDP A (% 9 FE)AA QIL(AA7] 8k Dol A" 4 oo, At +F/
(proposal classification)& 93], SHAA TSM &F7](classifier) C7F AFEE = 33, BEF7IZFEH &

A G5 mAPE A o 218 A5 (confident score)® HFE 4 9l

==
e
i)
oF
o
k=)

o7l =, F 7FA B dlo]EAl, = THUMOS14 % Activitynetl.3S 53 = 5 .
THOMOS 143 207]2] 44 Ze)x9} 4137H4 FAF B (untrimmed video)ES T8 5 lon, FHF vy
LEL 200709 st58 W]t (training video)E¥} 21370¢] HAE-E H|T] 2 (test video)E 2 #Hd
golEAloE vt 157] o] ANAd QAEAEo] EshdE 4= r). Activitynetl.3S 19,99471¢] HH
HOER FA4E & o, FHEF HYeEL 2:1:19 HE&R 58, A58 4 HEES ﬁoi Rd
= ). THUMOS149F &), Activitynetl.39] v EL vy 1.571¢ A <A~ 9
W, ol 2EFW AAA ofe] dH JAAHAES FASI= Aol F8 Hxl AS 1 T tolgA

of Y HFw dele el obd g oJvF % 9

rulo

Y EA(frame feature) & 93, 6702 d&5H ZHdE(k = 6)2 KineticsollA g5d 2-2EH
TSN(two-stream TSN)o| ¥d=#€d 4 Jom 1 &2Hol T Aok, Activitynetl.3el disll, 7} v|jtjee] &
A A= A8 BIPH(linear interpolation)S Eaf Zo] 1000& AxAE 4= AU},

18y, THUMOS149 4 ODAS A %5S H7Ish wo]= t}E O0DAS FA &9 FA43 nus: WAs7] 98 EFES
AYABHEEE Activityneto] AFEE F

W% H(mAP, mean Average Precision)©] AREZ = THUMOS14¢] 7% {0.3, 0.4, 0.5,

TAL MIE¥ (metric)e] A5, ¥ 2o uj& wdy & o xzel TAL 24 3he] 4% HnE 9 Hd A
= ) 1=
0.6, 0.7} AT, Acticitynetl.39] A$ {0.5, 0.75, 0.95} H3lA th&F tI0UES 2zt mAPEo] AMRE &+

%

ODAS A5S H7Ist] &, £QE d¥ Hi AU (p-AP, point-level average precision)E& FAE 4 3l
I, RE A ZY 2B Y3 p-APS H st pmAPE A 5 ok Z AR gz e, ZAE A F
HEL AF% HF(confidence score)dll we} W A<>(descending order) o2 HHE 4= 93, 1o we} AP
7} 249 5 9l 24 AA AFHe dd A Fearh Asketar A E91E(ground truth point) ZHE 9
N7 A (temporal distance)”} L EA (offset)B Tt ZH& AGowk 24 kA (true positive) 08 F}EH

.S, =938 At YO E(ground truth point)ol] thal] % o]=(duplicate prediction)< 3]&% %

A=
% AD XEzle] ujny} A dsHH]| %% T %l‘ﬂr. Y ~E O]X] o o]
E(context-aware agent) & =S 5218 (post-process)dtal Fa3 BH AXHAES A=
AL 5 U,
ShE, 2 oo wE o W 9
S3 vjud

2}l (baseline)
a) 0

&4 (effectiveness)S Y537 Hal] £ dgo] w2 Wy thfst w o]

%
AD-Grouping: F@2 wloludg] 0AD Zdle] AyE IFFse] A A2|AES AT = ok, dAHS
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]

71 %k (constant threshold)S 7} By} 5d3 4= ),

b) OAD-Grouping w/ Hindsight Threshold: R #2 Z} Z#izo] dia] A= o& 7Ets st 7H 52
S APE AT = At Y Ed2 HEA(test set)S ARSI 7 S awit) 7P Aol £ 7
S 27 Y8l ([0.3:0.05:0.7D) 04 2= FAM(grid search)S F33}7] W&ol 'hindsight threshold
model'2 F&E + A}, 3T HAoNA mAP= 7} Y29 7P =& APE st AEE Y. dd B
42 mAPE AXNE W Fgx HE MR UE Hi AT JIEHs AFESh] wie Bug V)i 2F
(sophisticated threshold tuning)2] “J3H(upper bound)o.& ZF+2E ATt

¢)_OAD-Grouping_w/_Temporal Smoothing: H}olz] 0AD Edle] ZHo] A A% ZE (temporal smoothing
filter)& F7H¥ o2 A& ¢ vk, FAAS=®, k A7]9] F4+ HH (average filter)7} 482 4 Adrt. o]
of W}k, k € {3, 5, 7, 9, 11, 13to] ¥ tpFet 7|7t 282 & low, ARA o= k = 57t 7P 50l
£ 3 A7) EEE & vk, olge WAE F3 A ¥ 3 At (action tick and fragmentation)E

o A% 98% F k.

»

2

vl

=

& ARkl AEl(ans ais p)olld 2A d=e) HA

-
. CAG-BCi= CAGQIL¥ =237 45 2 &3 A4S ARSshARE g shss A% dad
A

jgs g5 5+ 9

o MR Aol = .

e) CAGRL: Rde = 73} Zo] 42 BA AA(ZdY & 0ADBEA)Z FHE oo]dEd sidd 4= ddt
TS, BEle CAG-QILT vl7FA 2 DN duE]lFS AFgste 78 85 38 & v

% 10 =x3hd, THUMOS14 dlelgjAlel A & whgof w2 W<l CAG-QILY ad7f WEs] ZA|Ho 9y,
7} 718 (additional trick)S ztE= OAD 253 RAELS AAAQ On-TAL A A4 A&l & ik, =, A
T A 7]1%7%k(hindsight threshold) & Zi= REEL HAE AMS A3l FHAeol Fyad 7|&3HS AElsfor
ki, AZFA A~ (temporal smoothing)S AFE3dlE RASLS egieloz Aygd ¢ g7 WEd & Jr}t. o
TokAl &2 0AD 1w REEI 2 AbelE Holx A CAGQILe] On-TALS A st H4dd 59 7HAa
AeS vekd & vk, =3, = 119 A= CAGQILe] Activitynetl.3 59| th& oy AloMx 2 434
< ekl 4 g

On-TALell that & WA ZAJo A, FU F slollA vlul 7h5et W Ee] EAsHA] & ¢ Avh. kA,
T 12014 EYo] BT T3 L9 offline TAL HES ol &3t & #d mE Wige] vug £33t
k. B o] wpE W H39 offline Al d@lE IAISHTAL) WHE Abolole= oAs] s Zol7t
EASAITE, =g A 2k TFot B gl w2 Wwel e o] v 2H oA (one-stage) 3T}

- B
S = pu.
T AT & 12004, A [39] MR & dHe] mE wWHH(CAG-QIL) who] NMS$F #2

&2 (post processing)E FE3HEA] &S 4 Urt.

2d¢] A (robustness) S ASsl7] ¢, THMOS14ol A 2z 2elo thaf 3719 F7F AAES 3T 5+ 9
t}. 7t Al%(each trial)olA, 0AD =2 M1, M2l thel M= ©& 7}F5x7F AL8d 5 k. 0AD =ele] o
7V AE AHESHH HIT B HE AME o H op AR2VF EEpE ¢ 9lon, CAG 5ol tisl Aeld dlol
H7E Add & vk, BEE AlEE o] AERI(0AD-153 EH) Aol dolatr] wEel &S wo] et
9] mAP H 1] zolE SAFo RN Hlo|zelRT dugF NS 5T ¢ JdH(E 13 #Fx). 9
A= CAG-QILe] Ho]zzgfel Rt ojufe} 73} o] A8F CAGET A o 2 455 Holl A+
yebd 5= Qlar, olek & CAGBCE AHA SR o Y2 AHss Hola des yed 5+ v

% 145 zsd, CAGQILS &yl AAdHoz EAlE o] dt). 0AD 2&°3 (0AD-Grouping) ¥ CAGQILS T
5k 0AD 2 M1S FF3t7] wio ddoz U3 o AFAE ¥ 5 drk. CAGQILE o AlA27} ¥
=

=
gHoz AXNEE 49 AdA HAEAE(decision context)S E-83te] olAd whH 3} FA(action fragmentation
e}

—

issue) & A3Ho= A3 4 S},

AAAD AE Aol w2, CAGRLe] TAL H5& A9 &A71A Fethe AMdo] E&d &+ . &, =
A D (frame-wise) OAD HAFE % 704 od3d ZAAT A ddste] dAdeyE Fo3tA] &5 5 Urt. 3l
9 82 CAG-RLo] THUMOS14 EAE Alo|Al 0AD ZE33 Hlo] 22}l (4841) Kt} Aot W3 (5641)E 7AaA7]X

et AR 398 4

AsE 0AD 22 E(light-weighted OAD models)3 HAYXRE <1x] o o] d E (context-aware agent) Hitoll,
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o] mE PEe AN wgel e & gon eddom dugd & Avk. =@, Fao 9T Ay
(bottleneck) e 6709] FHE EelQlEel el 126ms7h 205 8 55 ALODA AH$E)NA BT 5
Sith. Agel A A Folzmebele 29.4 fps Aalh F olv.

Bl A o] BAE (by-product )2 A A]ZHH (action start point)S A48}

- 2
T = O R —
A A& 4 7] WEel, dso] dAsE FA] A AFHe WA FYAE AXEeE AL EEE e
M shA e 2e}el B (Online Detection of Action Start, ODAS) Ztdel tist WjEzg o2 XN#H A As

itk Zielth, ¥ owgel we ¥R Adbs G4 Fm Ago dA7l¥um HA AM s
K 3

PN
T o
mel, A% v B odge] mE mdd B3AE ool ATY 4 At oF WA

= 155 sk, dA 0DASe] Al Edly} 2 drge] wE B (CAGQIL)& Hlash Aaprh mAjEo] vk,
o] w2 Bdlo] 0DAS S SFEIEE 59| Fg5FA Sl Bt e Alnlt)h StartNet[13]%
O Adeel H xs g v 5, & 2 wE BE2 A3 AR gAE 9

AR oz  E dwdgd wE AA ¥yl 54 HdE W2 AlEA dogd =89 A13H @3F =43 (0n-
TAL, Online Temporal Action Localization)o] thal sjAd& o= Q X 8<5(Q Imitation Learning, QIL) X
JdUdYgas %3 AUAE ox %A 15 (Context-Aware Actionness Grouping, CAG), & CAGQILS X3+

= Pt
g = Q.

T 168 ZxeA, AAL v 58 AZ A (100)E Z2AAI(1610), W= (1630), Alexl g&=Hn

a
ZZAA(1610)= B @] Ao e

£l A A HY L w2 HE ZRAAS APE 5 9, o A
oM aFAAY AAdE = wWEe(1630)E ded 4 glen, wEL(1630)°] U= T v e vy
HiLe] ko) E7|st ARk 2S5 dvh. ZEAA1610)= AAIRE Y e 2 HE AR (100) 9] 2
Anke Aol 4= 9lar, wEe](1630), AHEAR AEHE-(1650) H HIEA JEHH(1670)9F dr1Hoez 14
o] o5 2t Holy EES Aold 4 k. TEAA(1610)+= AAIZE vte B2 HE FA(100) 9]

HU % T2 #AE: 24X (100)e] Za3k bolg Huks AFsl=d AHeHE =
RAM(Random Access Memory)¥} #& 3wk wirglg F3y F7)92AxS 238 4= 9ok, w3k, wWx2a](1630)
= Ar|Fom dA49 ZEAA(1610)0] ol AP oayn 2 dd

Pahis WHEL AL AL & A

g GEAT(16500S A8 S S A% B L ASAA 5 g FEs] A% 8L
EIgetn, A Bol, €A A=, B4 23y, Y us wE 298 FA% 2L oHHE ZFse QY
A 9 RUY EE HA 230 ge odHE TPt FHIANE TTE 5 Aok I AN, A
A QEEFA6G0S F HES B ST AFY P AT 5 A, 29 A, 4AD e
4 4% FA00E SAHA ANRA £98 5 A,

HESHZ YEHF(1670)2 HESNAE &3 AH8A &@2(1710) % A457] g 4 $F& AFsta, odF
£, LAN(Local Area Network), MAN(Metropolitan Area Network), WAN(Wide Area Network) = VAN(Value
Added Network) ¢ &S 3 odfHE 2T = Art. &£, UMEYT Y&EF(1670)= delHe F4

AEL A3 ViFi, BFR2 5o A BA 5ol 46 oldel BH B4 )5S ATHES 7ED 5 9

172 B oddge wE AAZE YL 4 AE Al2HS AHche EHolt

AAZE YL w2 HE A2E(1700) ARSAR SE(1710), AARE RlH e $2 AE AA(100) B odlo]EH)
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[0133]

[0134]

[0135]

[0136]

[0137]

[0139]

[0141]
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o] (1730) 5 ¥ 4 ).

AR BRATI0E AgA Sla s T AR AT £ Aok ¥ dye] AAdelA] AgAE 3
ool AR olsiE 4 slev, B4 ASAEE skt oldel A TG g =g,
AgA BT AN MHe F2 A% AXHA7000 PR kel A=A AN wHe B4
3% FA00H SN FAHE BRY IAA AT £ A4 AT 2o, 48R LTWOE YA
WElS B4 BF FAMD AAHG] B4 AT AEE, LE% £t ARz T S em,

5 sl Bgd trlelnEE FEY 4 Atk w3, A wﬂewm
08 AT A 4§ 2P EE o TeAA(EE A, app) S

ON
ﬂ
~~
—
)
S
N

b’
NE
ol
o

>
>
L
=
o

HT—%L% :]:gg}.‘— 7417:\:/1 = Ig
2 a 0)& AREAF @ (1710) 7
B2~ Wifi, LTE 53 & T4 YEYa=R 94249 £ g, MEYaES Z A4 %“e‘
By

[e}

%, AN Hde B4 AE FN00E wE FAL £Rs] fetel SYE 9% AZ(E 1
MEA)I ddsle] FARES FEN & Aok AF Eol, AN ]
N :

=
&), SNS AJ=dl, SEhe= AlAH

fl:
doleMlol (1730 AAZE ML B2 AF FX (1009 B4 wgeld Bad vk gus =
AggAel AR 4 Atk oE Fol, deleuola(1730)t WY e e AnE A4 & Axn, S
olElst Ao i ANE ARG + gdon, weAl o WHA @, AL NP $4 FE FA0
07} B weel e AA7 MHe B4 A% Pue A AN G FHE £4 = 43E A

58 AYT & Uk,

w3, = 17004, wlolElMle] (17300 AN MEle FA AE FA (10009 FUYA FHEA mAHe] )
ou}, WHEA] ofe] WA @, = AFFARA AL wHe B4 AF FA100)] E£FH o T
4 % glge 2Rl

AN E B oue] A AN S Fxstel ABSIAT, AY /1% Lokl SuE FAAE A9 5
5 He] Wslel ZAE ¥ uwe] A L JGom e wolh e el WelM B wEe vt 4
9 oARA Qe oldT + 9e Aol

Fso H1y

1000 AAF HY e 52 HE
110: 95 QQ=ZEE 130: AHAE 21X] oo]HER
150: AYAE Q1A IF3H 1700 G 1A8ls AR

190: Ao
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=9
Ed]
100
oA olans S

HYAE X ofojHER

— 110

— 130

— 150

— 170

— 190

1
g
[\

HIEle = ol o =2 d

[~— S210

l

™~ S230

™~ S250

~— S270

EH3

Streaming video

Ll

)

34:15 34:17 34:19 B4:21 3423} time fiow
Current input frame
"Action instance - ______ '
Play-by-play text i___ detected! __» ;
Temporal location Action E
| |
34.17~34.23 Baseball Pitch .-
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Er4

| Ground Trth [ 0 JofoJofo]Jo|ofo]ofo]

| @ sequence [0.34]0.41]0.53]0.45[0.41]0.33]0.44[0.51]0.43[0.36]

| oAD-Grouping [0 [0 | 1 [ofoJo]o] 1 [ofo]
(a)
| Ground Truth [ 0 | o [REESISEERIENEN RIS BN B

| @ sequence ]0.45]0.51]0.55]0.62[0.52]0.49]0.55[0.57]0.60[0.56]

| oAD-Grouping [o o[ 1 i [1 o[ [r]1]1]

(b)

* qﬂ:[....:l]

v
» qu:[....0.51,0.65]
> p:[0.32012,056]

Action Start Detected!
start_time = 4

[, 0,1 ]
qa: [ 1 - antexb
ware, =
| Feature_ OAD mode! My CRPRTPUEIR SN K1) J Pomdae>d;1 = 1
y Encoder E (a5 I8 i [049019 0.32] |
- b

* ‘M:[----ﬂrl-:l

Wr Feature [GH el D> q,:[..,051,0.65,0.52,0.34] (LR
ncooer 9

r=1011,12 ‘Action End Detected!

end_time = 10
Y is retrieved.

\

x-l 40 =
T=456 =789
Detected instance
Classifier C Y = (4,10, "Tennis Swing")
¢ = "Tennis Swing" j

_19_
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EH6

Algorithm 1: Context-Aware Actionness Grouping
(CAG) at Inference Stage

Component:
Feature Encoder E
OAD model for actionness output M.
OAD model for class probability output Ma,
Context-Aware Agent T,
Classifier C,
Input: Video Stream {z,}7_,
Outpul: Action instance set ¥
U ¢
dprev + 0
qa.initialize()
Ga-initialize()
fort « 1to [T/k] do
fe +— E(@r(e-1):ke)
oy — Mi(fi)
Pt + Ma(ft)
Ga-dequene()
Ga-enquene(ay)
d T{Q'-r-. qd\Pf}
ifd, ., =0andd =1 then
| s+ k(t—1)+1
elseifd, ., =1 and d = 0 then
e+ kit—1)+1
¢ 4= C(2s:e)
Y (s,e,0)
U Tuy
q4-dequeue()
qa-enqueune(d)

Aprew  d
end
EH7
Time stamp  T=1 2 3 4 5 6 ¥

8

9

10

Reward -0.1 +0.1 +0.1 401 401 +0.1  +0.1  +0.1 -0.1 +0.1
e || [ 1 [ | ||
Reward +0.1 +0.1 +0.1 -0.1 +0.1 +0.1 -0.1 +0.1 +0.1 +0.1

Case #2 | | | | I I

_20_
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EHS8
Ground Truth time
d sequence | ] | 1 | 1 [ 1 [ |
@sequence | 03 | o5 | 07 | o5 | 02 |
| |
P sequence | |
| |

'

state d r next_state

“[o.]o.Jo3[o[o[o]E 1] [B][83] o. Jo.3]o.5[0[ o]0 [0 4 0:2[0:4]
ciour_ [0 03[05 o[ o 0A02[o ISR 3]05 o7 Jo o] oa[oxlo]
tUP'esj [03]o5]0.7[0]0]1[02]04[07] @] 0-5]0.7[0.5[0[1]1 [05] 0104
.[05]o.7[os]o[1]1[05[0a]04] [ 8] 0.7 [o.5]02[1]1]1[0E]0:2[02]

1
(g
©

Context-Aware

AgentY

[Step 2]
The agent yields

a decision, d = 1

Environment

Observation @ t=4
1

t

qa I 0 1 1
Qa 0.3 0.5 0.7
. 0.7 0.4 0.2
Pe 0.2 0.2 0.1
0.1 0.4 0.7

l[Siep 3] Enqueue d =1
Observation @ t=5

t 1 2 =] 4 5

[Step 1]

Ga 0 | 1 i 1
Ga 03 0.5 07 0.5
0.7 0.4 0.2 0.5
Pr 0.2 0.2 0.1 0.1
0.1 04 0.7 0.4

[Step 4]
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EHI0
Method 0.3 04 0.5 0.6 0.7
OAD-Grouping 333 280 220 168 104
w/ Hindsight Threshold ~ 35.9  30.3 245 186 2.1
w/ Temporal Smoothing ~ 38.3 324 249 182 10.7
CAG-BC 6.4 4.8 33 2:2 1.5
CAG-RL 328 27.0 222 168 108
CAG-QIL w/o py 43.0 349 272 196 124
CAG-QIL 447 37.6 298 219 145
EH]1I
Method 0.5 075 0.9
OAD-Grouping 28.1 157 33
CAG-BC 9.5 74 34
CAG-RL 214 113 22
CAG-QIL 305 185 4.1
EH]I2
Method 03 04 05 06 07
S-CNN [30] 363 287 19.0 103 53
CDC [25] 40.1 294 233 13.1 79
SST [5] 412 31.5 200 109 47
Two- SSN [42] 519 41.0 29.8 - -
Stage BSN [20] 535 450 369 284 200
TAL-Net [7] 53.2 485 428 338 208
Offline G-TAD [37] 545 476 402 308 234
G-TAD+P-GCN [37] 664 0604 516 376 229
End-to-End learning [39] 36.0 264 17.1 - -
Ofié- SMS [40] 365 278 178 - -
Stage SSAD [19] 43.0 350 246 - -
£ §S-TAD [4] 457 - 292 - 96
GTAN [21] 578 472 388 - -
Online CAG-QIL 447 376 298 219 145
EHI3
Method 0.3 0.4 0.5 0.6 0.7
Avg SD Avg SD Avg SD Avg SD Avg SD
CAG-RL 0.4 1.5 0.1 1.3 -01 08 00 08 00 08
CAG-BC 252 54 216 38 -17.2 27 -13.1 19 -86 1.0
CAG-QIL 126 1.1 97 06 75 07 52 12 35 15
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SIHSal
14

Feornpowerdamnial

& A .
T Q:
> 619/ 11:10
Ground
Truth
OAD
<. i1
& 0 B [ § B il DS
EHI5
Offsets (second) H 1 ‘ 2 | 3 | 4 | 5 | 6 | 7 [ 8 ‘ 9 | 10
Shou et al. [2Y] 3.1 4.3 4.7 54 5.8 6.1 6.5 7.2 7.6 8.2
ClsNet-only [13] || 13.9 | 21.6 | 258 | 289 | 31.1 | 325 | 33.5 | 343 | 348 | 352
StartNet-CE[13] || 174 | 254 | 29.8 | 33.0 | 346 | 363 | 372 | 37.7 | 38.6 | 388
StartNet-PG [13] || 19.5 | 27.2 | 30.8 | 33.9 | 365 | 37.5 | 38.3 | 38.8 | 39.5 | 39.8
CAG-QIL (Ours) || 20.3 | 31.2 | 37.2 | 41.4 | 44.2 | 46.0 | 47.3 | 48.1 | 489 | 49.8
EHI6
100
4 o
| dzm= v
Z2MM 1610
— L8R E R 1650
BUS
o2 2| ~— 1630
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