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- Detecting the temporal span and class label of actions in untrimmed
videos.

E 61.8s Shotput 77.9s l
: 40.7s Shotput 60.0s i
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Temporal Action Detection (TAD) [SR08

Non-overlapping instances

* Single-label annotations
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' Groundtruths !
! 61.8s Shotput 77.9s :
: 40.7s Shotput 60.0s i
l 15.2s Shotput 32.0s !
\ 0.4s Shotput 12.4s !
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Mainstream approaches:
: Temporal Action cléss—agnostic Global Video predictions
video — Proposal —> action proposals — Classifier — (to t,,C)
Generator (ts, te)

Real-world scenario: different classes of actions often co-occur in videos!
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Annotated Actions: (gray if not active)

+ A more challenging TAD setup  someone i cooking someting

Turning on a light

+ Concurrent instances

+ Complex action relations

Groundtruths 39.0s Run 43.4s
34.6s BodyContact 35.4s
31.5s Jump 36.2s

24.0s Sit 39.0s time

———————————————————————————————————————————————————————————————————————


https://prior.allenai.org/projects/charades
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> Segment-based TAD methods either capture incomplete action segments or get
misclassified over good localization.

Groundtruths 39.0s Run 43.4s

34.6s BodyContact 35.4s _
time
31.5s Jump 36.2s —_—
24.0s Sit 39.0s
Predictions (39.0s, 43.8s, Walk)
(38.8s, 43.9s, Run)
S2 (32.2s, 36.3s, Sit)

S1(32.1s, 34.1s, Jump)

(25.7s, 32.4s, Run) e b e R |
(24.0s, 25.0s, Sit) ! Mistake S1 Mistake S2 Other Mistakes !

___________________________________________
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* We introduce Learnable Points to handle both boundary frames and semantic
keyframes of actions.

Grou ndtru"th~~ v s Global Points
Layer 4 1 y-
Layer 3 - B ee2(Ie - CoB © oo ce
Layer 9.0 ® 9198 3@ SO © ) = T ) e
Layer 1 o @ WEe °--® s 5 e °
Init - ®aone

00:00 00:02 00:04 00:06 00:08 00:10 00:12 00:14 00:16 00:18 00:20 00:22 00:24
Time
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Class Scores: T * C S )y
) : o
) : Multi-level :
Video .—»| Interactive FFN :
Encoder : Module o !
! sets: Ng x N !
Video features: TxD ! I l T :
I , Proposals: Ng X 2
1 i N\ !
Query Points: R e el ? Updated Query Points: —— Transform
Ng x Ns : Ng X Ng

Query Vectors: _| . MHSA Updated Query Vectors: : FEN
E Class: Ng x C

RGB frame sequence

——————————————————————————————————————————
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Method
Learnable Query Points

Groundtru’ch~ T Tt et R
~~~~~ S
. . . Layer 4 e I" °o @0 oes- ¢o" o ¢ s
e I|terative Point Refinement. ™% =SoZlto !
Layer 3 ES S€e1de <O © oo o
Layer 2 ® o3z a0 S0 O ° ° ] ° cec
Layer 1 o @ o °--® e s ] e
. F ------ -
Init 4 | © 9@BES !
00:00 00:02 00:04 00:06 00:08 00:10 00:12 00:14 00:16 00:18 00:20 00:22 00:24
________________________________________ Time
Class Scores: T * C .’ \|
| xL |
. : Multi-level !
Video | : Interactive ————=.FEN. —— :
Encoder : Module 1 ;
! Offsets: NMq x Ng I
Video features: TxD | ] :
1 ,  Proposals: Ng x 2
' v N o
Query Points: Tl o e o e o Updated Query Points: ——{ Transform
Nq X Ns [ | Nq X NS 1
. J . .
V. : —— Updated Query Vectors:
Querqu ethors : -“MHSA P %q ):'Y) » FFN
. \ 1 P J
~ 1 i Class: Nq x C
N :

RGB frame sequence

T v s e O DR CO er

__________________________________________
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* Learning Query Points with pseudo segments

. . N
* Point to segment transformation 7: P = {tj}jfl - § = (t°,t°)

e . e e m e e e e e Em e e e e e e e R e e R e e e e e e e e e e e e e e e

Class Scores: T *C

: X L :
, ; Multi-level | Regression Loss
Video . »| Interactive FFN !
Encoder : Module !
] Offsets: Ngq x Ng !
Video features: TxD | 1 :
. Proposals: Ngq x 2
s N ' - A
Query Points: - ------ - o mm o ? Updated Query Points: —»f Transform
Nq X Ns : Ng x Ns \\ -
uery Vectors: : _ Updated Query Vectors: | |,
ey e —{  MHSA Nq x D = FFIV|
\\ J J
I : Class: Ng x C

__________________________________________
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* Point-level local deformation
* Instance-level adaptive mixing

— e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e

Multi-level \

Video : :
" Interactive FFN
Encoder ! > Module |
! Offsets: Ng X Ng

Class Scores: T * C

Video features: T x D -\:l /| l

Proposals: Ng x 2

Query Points: ————— -~~~ -~~~ " il ? Updated Query Points: - Transform
Ng x Ns Ng X Ng
: Updated Query Vectors:
QueryN\qlithors 1. . MHSA P QNq ):')l') ) FEN
J

Class: Nq x C

\_____l____l______________/

——————————————————————————————————————————
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* Point-level local deformation: capture local temporal cue.
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Point-Level

Conv.

N points
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Linear JEasSaEaEaieiaaian B
. Query Vector: I -
' 1xD ) Residual
______ e connection
Linear | |inear |LN & RelLU
w/ params
Frame Mixing
|| Flatten &
D channels \ T ) Concat Linear
N . Linear LN & RelLU }
N . . Linear L
N N w/ params
N Channel Mixing
Instance-Level
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* Instance-level adaptive mixing: explore frame relations and channel dynamics

* Channel-wise and frame-wise dynamic convolution in parallel

Query Vector: = T g
: 1xD I Residua!
...... - connection

Linear> Linear |LN & ReLU

[
I
I
I
I
I
I
t = N w/ params | :
I
V| — ‘ Frame Mixing :
t 1
I
| 1
I
I
I
I
I
I
I
I

Conv.

Deformable

Flatten &
Linear

Y . Linear lnear |IN&RelUf

| w/ params

Query Points: Ng x 1

Channel Mixing

Point-Level
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* Quantitative comparison y
* Introduced detection-mAP from classic TAD for instance-wise detection _ _ _
evaluation. * Qualitative comparison
Table 1: Comparison with the state of the art on the MultiTHUMOS test set and Charades M Groundtruth Segment-based baseline B8 PDAN
test set, under detection-mAP (%) and segmentation-mAP(%). = Ours = msTeT
M
] Walk
Methods Modality !___l\/l_ulu_’lI‘HUMOS !_____(_leailrades r--—----! _________________ .
: Det-mAP : Seg-mAP : Det-mAP : Seg-mAP I Fall :
R-C3D [44] RGB | - 1 - ] - [ 176 i R - ——-1
Super-event [29] RGB I - 36.4 I - 18.6 oHuman
TGM [30] RGB | - | 372 -1 206 Eoorm===== B - e
TGM [30] RGB+OF | : 443 T 21.5 Penalty I
PDAN [9] RGB 117.3/17.1% | 40.2 I 85 | 23.7 ----.---F----,' ------------- T
Coarse-Fine [16] RGB : - I - P61 25.1 RuUn
MLAD [40] RGB 114.2/13.97 | 422 1 - ! 18.4 - , ,
MLAD [40] RGB+OF : - I 51.5 : - I 23.7 00:00 00:05 00:10 29:15 00:20 00:25  00:30
CTRN [7] RGB - I 44.0 - I 25.3 ime
CTRN [7] RGB+OF | - | 51.2 Fo- V278
AGT [27] RGB+OF ] I - - I 28.6 *  More precise temporal boundaries
MS-TCT [8] RGB i 16 2/16 0 : 43.1 19 : 254 * More instances detected at harder
Ours RGB |21 5/21 4* 39.8 : 11.1 : 21.0 categories

* indicates detection results excluding NoHuman class
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Grasping onto a doorknob 1 —(0 0s, 4.8s) = Groundtruth
predl: Grasping onto a doorknob- o ® : ET;;:’;:::S
Someone is sneezing - —(9 Ss, 15. 55)

pred2: Someone is sneezing B o ® e o °

Walking through a doorway _(1 9s, 8.1s)
red3: Walking through a doorway B o--—-ose B . ] ]

Opening a door 1 _(o 0s, 8.15) ° F h h | |
pred4: Opening a door 1 o----se-swse : e B o ; : ; ; O r Ig y Ove r a p pl n g

00:00 00:02 00:04 00:06 00:08 00:10 00:12 00:14 00:16 00:18 00:20 00:22

Local Points Hme ! Global Points grOUI’]dtrUthS, |OC3| query
points capture different frames
for different actions.

pred1
pred2
pred3

pred4
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Thanks for your attention!

Code is available at https://github.com/MCG-NJU/PointTAD
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https://github.com/MCG-NJU/PointTAD

