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JIZ UIO0IE A1 (2D)
e A Table 1. Comparison of Charades with other video datasets.

Actions Classes Labelled Total Origin Type Temporal
per video instances videos localization
Charades v1.0 6.8 157 67K 10K 267 Homes Daily Activities Yes
Charades
ActivityNet [3] 1.4 203 39K 28K  YouTube Human Activities Yes
UCF101 [§] 1 101 13K 13K YouTube Sports No
HMDB51 [7] 1 51 7K 7K YouTube/Movies Movies No
THUMOS’15 [5]  1-2 101 21K+ 24K  YouTube Sports Yes
Sports 1M [6] 1 487 1.1M 1.1M YouTube Sports No
MPII-Cooking [I4] 46 8 13K 273 30 In-house actors Cooking Yes
ADL [25] 22 32 436 20 20 Volunteers Ego-centric Yes
MPII-MD [I1] Captions Captions 68K 94 Movies Movies No

Holding a book
Sitting on sofa/couch
Sitting in a chair

Action Recognition Results

Someone is holding a paper/notebook e — Accuracy (mAP)
Sitting in a bed
Watching/Reading/Looking at a book 1 TeamKinetics o
Someone is standing up from somewhere
Putting their paper/notel mewt 2 DR/OBU 0.2974
Temporal Segmentation Results
Rank Team Accuracy (mAP)
" 1 TeamKinetics e
2 UMICH-VL 0.1803
https://www.youtube.com/watch?v=x9AhZLDkbyc /

o

http://vuchallenge.org/charades.html
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NTU RGB+D

| Datasets | Samples | Classes | Subjects | Views | Sensor | Modalities I Year I
MSR-Action3D [19] 567 20 10 1 N/A D+3DJoints 2010
CAD-60 [34] 60 12 4| - |Kinectvl RGB+D+3DlJoints [2011
RGBD-HuDaAct [23] 1189 13 300 1 |Kinectvl RGB+D 2011
MSRDailyActivity3D  [38] 320 16 10| 1 |Kinectvl RGB+D+3DlJoints | 2012
Actd? [6]] 6844 14 24| 4 |Kinectvl RGB+D 2012
CAD-120 [18] 120 10+10 4| - |Kinectvl RGB+D+3DJoints |2013
3D Action Pairs [25] 360 12 10 1 |Kinect vl RGB+D+3DJoints |2013
Multiview 3D Event [43] 3815 8 8 3 |Kinectvl RGB+D+3DlJoints |2013
Online RGB+D Action [46] 336 7 24 1 |Kinect vl RGB+D+3DlJoints |2014
Northwestern-UCLA  [40] 1475 10 10| 3 |Kinectvl RGB+D+3DlJoints |2014
UWA3D Multiview [28] ~900 30 10 1 |Kinect vl RGB+D+3DlJoints |2014
Office Activity [41] 1180 20 10| 3 [Kinect vl RGB+D 2014
UTD-MHAD (4] 861 27 8 1 Kinect v1+WIS | RGB+D+3DJoints+ID | 2015
UWA3D Multiview II  [26] 1075 30 10| 5 |Kinectvl RGB+D+3DJoints |2015

| NTU RGB+D | 56880 | 60 | 40 | 80 | Kinect v2 | RGB+D+IR+3D Joints | 2016 |

Table 1. Comparison between NTU RGB+D dataset and some of the other publicly available datasets for 3D action recognition. Our
dataset provides many more samples, action classes, human subjects, and camera views in comparison with other available datasets for
RGB+D action recogniton.

https://www.youtube.com/watch?v=GOPXKCEgloA&t=25s

Amir Shahroudy, Jun Liu, Tian-Tsong Ng, Gang Wang, "NTU RGB+D: A Large Scale Dataset for 3D Human Activity Analysis", IEEE Conference on Computer
Vision and Pattern Recognition (CVPR), 2016

\1-0,
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NTU RGB+D 120

Datasets #Videos #Classes #Subjects #Views Sensors Data Modalities Year
MSR-Action3D 567 20 10 1 N/A D+3DJoints 2010
CAD-60 60 12 4 - Kinect v1 RGB+D+3DJoints 2011
RGBD-HuDaAct 1,189 13 30 1 Kinect v1 RGB+D 2011
MSRDailyActivity3D [14 320 16 10 1 Kinect v1 RGB+D+3DJoints 2012
UT-Kinect 15 200 10 10 4 Kinect v1 RGB+D+3DJoints 2012
Act4? [16 6,844 14 24 4 Kinect v1 RGB+D 2012
CAD-120 [17 120 10+10 4 - Kinect v1 RGB+D+3DJoints 2013
3D Action Pairs 360 12 10 1 Kinect v1 RGB+D+3DJoints 2013
Multiview 3D Event  [19 3,815 8 8 3 Kinect v1 RGB+D+3DJoints 2013
Northwestern-UCLA  [20] 1,475 10 10 3 Kinect v1 RGB+D+3DJoints 2014
UWA3D Multiview ~900 30 10 1 Kinect v1 RGB+D+3DJoints 2014
Office Activity 22 1,180 20 10 3 Kinect v1 RGB+D 2014
UTD-MHAD 23] 861 27 8 1 Kinect vI+WIS RGB+D+3DJoints+ID 2015
UWA3D Multiview IT [24] 1,075 30 10 5 Kinect v1 RGB+D+3DJoints 2015
M2T [25] ~1,800 22 22 2 Kinect v1 RGB+D+3DJoints 2015
SYSU 3DHOI [26] 480 12 40 1 Kinect v1 RGB+D+3DJoints 2017
NTU RGB+D 120 114,480 120 106 155 Kinect v2 RGB+D+3D]Joints+IR

Jun Liu, Amir Shahroudy, Mauricio Perez, Gang Wang, Ling-Yu Duan, Alex C. Kot, "NTU RGB+D 120: A Large-Scale Benchmark for 3D Human Activity Understanding",
I[EEE Transactions on Pattern Analysis and Machine Intelligence (TPAMI), 2019. /
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Kinect v2

1.

2.
3.
4

RGB video (1920x1080)

Depth video (512x424) + Bodylndex
3D Skeletal Joint X 25% + TrackingState
2D Skeletal Joint ZHH 25%&

SFoM HGot (8 RGBDS ES A HOIE 4 (2019.11 S7H 0fI%H)

: RGB video + Depth video + Skeleton
: & 112,658 Ci|O[E Al
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o Living Room Editor (v2.45019.6950.7296)

Files

es | " Sort: SGPAC

Q&

B, avi
b,avi

M =H A X| I‘|x H= A0
€0 &) | Depth Image Size 512x424 - ‘ﬂ'—?‘{h—&ﬂ Lﬂ'&eniorActionTag ,ﬂ E-” Ol E-I é-l\l IO-I X'” % EHI = I y = e 1I 7 H

Color  Log Cuepu

?U
[0]00:00:00,000 - [279]00:00:13,950 “«(p)»
Sec 10 20 0 40 50 01:00 01:10
2.0
Sa/4H, ZIE 24 BN
Sa/H, EI2 24 TN
SN/LH, 24 FuH




27 =H = BH 45 S

1. Rename All Files 2. Make Joint CSV files
A0DS_P0S0_GOO02_CO01.avi AD08_P050_G002_C001.joints
ADDS_P0S0_GO0Z_CO0L.bin AD44_PO01_G002_C001.joints

ADOB_POS0_GO02_C001.body
A008_P050_G002_C001.joints
Al44_PO01_GO02_CO01.avi
AD44_PO01_GO02_CO01.bin
AD44_P0O01_G002_C001.body
A044_P0O01_G0O02_C001.joints

3. Convert Depth/BodyIndex to PNG 4. Confirm / Select Depthmap Png Folder
AQ008_P0O50_G002_C001.bin depthmap027.png ~
AD44_P001_G002_C001.bin depthmap028.png

depthmap029.png
depthmap030.png
depthmap031.png
depthmap032.png
depthmap033.png
depthmap034.png
depthmap035.png
depthmap036.png
depthmap037.png
depthmap038.png
depthmap039.png
depthmap040.png
depthmap041.png
depthmap042.png
depthmap043.png
depthmap044.png

depthmap045.png
E-” Ol E'I é-lkl %:-)I X‘” % depthmap046.png
depthmap047.png
depthmap048.png
depthmap049.png

‘ Y S )
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APT Testbed dataset 2| 42 2 97& 28 (1M/M 7|&)
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APT Testbed

HIOIEA! QI E=EE - OHIE HAEHIE 4|0l &

» Cross-subject evaluation only
- Training 70%, Test 30%
— Test datasets: P03, P06 ... P99 (32| Hi2&)

— Training datasets: Lt X| datasets
- 54 HE 1

. DX WS Yt 4O BSO| KO B

Protocol 1 L=, DHEX}
Protocol 2 =N A0l
Protocol 3 g¢l ‘a0l
Protocol 4 el A,




ETRI ¢ = 2l
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S
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Ok

o AZ QA8 Adaptive Activation Network 2 71'd
- Skeleton MEE A|B37HA difference frameE2 TS0 Al
- IO E{0fl SA| activation functionS MHste Z& 7H

- Activation NetworkS AF23l CIO|E{ 0 A HESZ 1A
- Video Z20|0f &2810| 2140] 7ts5¢t HER/S

- ©F 4808 71 Weight2| 7tH 2 HER3
- Activation functionO Taylor Expansione M &3l =2 AR =9 HERA #+4 N ? "
=)

M= X B
N [ H
- GlobalMaxPoolingS AH&df HIC|2 Z0|et &2+glo] St e ot

- E Q4 HBE: 86.4% (NTU daily action recognition DB 56,880 set 7|=
. - 48 UY E5E:78.1% (R BSE APT Testbed 178Xt DB 7| F)
< State-of-the-art 2}2| ds H|il >
S o 18 e
ﬁ % ﬁ Jr_ ﬁ # [P ' 1% PA-LSTM 70.3%
L I Al ST-LSTM+TG 69.2%
PR VA-LSTM 79.4%
< 1.8 E/ YA Trainable Activation 2 74 > s [‘_’l ['_’l [‘_ ’l Jﬂ1 [ |- Il [ | ST-GCN 815%
N | I A O i TS-CNN 83.2%
e ! I AR l s l"l I" "1 I" ’l HCN 86.5%
AN e T - " . a4 A I el SLnL-rFA 89.1%
Tfﬁ i-m]] LHT) [“'] 7 % Ours w/o Activation 82.6%
o x x Network(baseline)
< Trainable Activation & > < Trainable Activation2 Al&%t WFSQIA7| +XE > Ours 86.4% )
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DepthView

v Spotting

| Spotted data is recording...frame #128

5.5471697e-04 3.04688596e-05 1.2079267e-01 7.3407357e-11 3.9099626e-07
3.5889633e-10 1.8869692e-11 5.4066314e-11 6.5444777¢-07 1.9240609e-08
1.8006629e-06 4,6847163e-07 2.5530323e-05 9,1633453e-02 6.66834502e-08
3.5653789e-05 4.7275987e-02 2.9012686e-01 9.4851265¢-03 1.4275947e-04
1.0854748e-05 1.5456728e-03 3.0260939e-05 6.4548232e-07 8.1795520e-071]

19]
[0.04727599 0.09163946 0.12079267 O, 29012686 O 40388945]
'Egﬁfl’l "AUALSEIN T CAZEO TR el WOl
oress enter

’11“-6[’21“ OfF 2Lt F2HA2 . . .
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« Benchmarking
- Glimpse Clouds, CVPR, 2018
- (Hierarchical) Co-occurrence Feature Learning from Skeleton Data, IJCAI, 2018
- Recognizing Human Actions as the Evolution of Pose Estimation Maps, CVPR, 2018
- Cooperative Training of Deep Aggregation Networks, AAAI, 2018
- Deep Bilinear Learning for RGB-D Action Recognition, ECCV, 2018

Methods Score Dataset Input Note
Glimpse Clouds | 89.9 NTU RGB+D RGB https://github.com/fabienbaradel/glimpse clouds
HCN 91.1 NTU RGB+D Skeleton https://github.com/fandulu/Keras-for-Co-occurrence-Feature-

Learning-from-Skeleton-Data-for-Action-Recognition

S2+H3 84.21 (H1+H3) NTU RGB+D RGB+S https://github.com/nkliuyifang/Skeleton-based-Human-
95.26 (S2+H3) Action-Recognition

DDIf+VDIf+ 86 (cross-subj) NTU RGB+D RGB+D N/A

DDIb+VDIf 89 (cross-view)

Deep Bilinear 85 (cross-subj) NTU RGB+D RGB+D+S N/A
90 (cross-view) https://github.com/laughtervv/DepthAwareCNN



https://github.com/fabienbaradel/glimpse_clouds
https://github.com/fandulu/Keras-for-Co-occurrence-Feature-Learning-from-Skeleton-Data-for-Action-Recognition
https://github.com/nkliuyifang/Skeleton-based-Human-Action-Recognition
https://github.com/laughtervv/DepthAwareCNN
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Multimodal Human Action Recognition

Vision-based Human Action Recognition

Sensor-based Human Action Recognition

01.eating food 0 01. 0 01. 0

02 pouring water 0 02. 0 02. 0

03 taking medicine 0 03. 0 03. 0

04.drinking O 04. 0 04. 0

05.using refrigerator 0 05. 0 05. 0

06.trimming vegetable 0 06. 0 06. 0

07.peeling fruit 0 07. 0 07. 0

08.using gas stove 0 08. 0 08. 0

09.cutting vegetable 0 09. 0 09. 0

10.brushing teeth 0 10. 0 10. 0

11.washing hands 0 11. 0 11. 0

12.washing face 0 12. 0 12. 0

13.wiping face with towel 0 13. 0 13. 0

14 putting on cosmetics 0 14. 0 14. 0

15.putting on lipstick 0 15. 0 15. 0

16 brushing hair 0 16. 0 16. 0

17.using hair dryer 0 17. 0 17. 0

18.putting on clothes 0 18. 0 18. 0

19 taking off clothes 0 19. 0 19. 0

20 putting on/taking off shoes 0 20. 0 20. 0

21 putting on/taking off glasses 0 21. 0 21. 0

22 washing dishes 0 22. 0 22. 0

23 vacuuming 0 23. 0 23. 0

24 wiping floor 0 24. 0 24. 0

25.wiping dinning table 0 25. 0 25. 0

26 wiping furniture 0 26. 0 26. 0

27 Making the bed 0 27 0 27

28 washing clothes by hand 0 28. 0 28 0

29 hanging laundry 0 29. 0 29. 0

30.looking around for something 0 30. 0 30. 0

31.using remote control 0 31. 0 31. 0

32 reading book 0 32. 0 32. 0

33 reading newspaper 0 33. 0 33. 0

34 writing 0 34. 0 34. 0

35 talking on the phone 0 35. 0 35. 0

Human Pose 36 playing with smartphone 0 36. 0 36. 0

100% 37.using computer 0 37. 0 37. 0

" 38.smoking 0 38. 0 38. 0

wal| o ) 90% Ds_ta”d 39.clapping 0 39. 0 39. 0

[‘ L He . Ds't 40.rubbing face 0 40. 0 40. 0

4 |:| Lie 41 .doing freehand exercise 0 41. 0 41. 0

70% DCrouch 42 doing neck roll excercise 0 42. 0 42. 0

43 massaging shoulder oneself 0 43. 0 43. 0

Y 60% 44 nod a greeting 0 44. 0 44. 0

ag 45 talking to each other 0 45 0 45. 0
(3 B 50% :

s 46 handshaking 0 46. 0 46. 0

I 40% 25.00% 47 hugging each other 0 47. 0 47. 0

i t 48 fighting each other 0 48. 0 48. 0

J '\ 0% 49 waving hand 0 49 0 49. 0

ad 20% sckoning hand up and down(call a robot) O 50. 0 50. 0

51 pointing with finger 0 51. 0 51. 0

Rt - E 10% 25.00% 52.opening door and walking in 0 52. 0 52. 0

¢ s 53 lie on the floor(faling down) 0 53. 0 53. 0

= S 54 sitting up/standing up 0 54. 0 54. 0

hartDirector dvsatteng com 55.lying on the bed 0 55 80 55. 0
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HIOIE SIS #et =dl S dt (2/2)

HIOlE SHE Flet

oI-
ki

EELEL:

:
r

o HO|E| £=Zla} &2 FZ7|2Ql ETRIZ} & 2o
o T0{7| &2 HO|E| E2tu} 222 ot “IHAHE B S AAM "0 AHSID A% =

o A ZIHE HIO|E|Q} HAEEHES L& HIO|EE F=E51] S7H 2te

mo ro

g

HAEEHESMAUM T2 L& HIOlE 71 SA #&
- = A 2 HIO[H S M3AO| HME Al ETRIS] AFH S¢ e
28 é’m Ch ofl S cilolE
- 072 M8 E ERTids 22 2 o N
EULAD H+ =2« DA 253H 28 7| =8
- TO7|22 VHQIEE BEaolE, M3kt MS Al ETRIS| A Mgt LCHREE &3 [ O E
SAMeAE g s 2t 2e s/ ME (T@ASA » 1A 555 A= HO|H
SE 7|F &el) - DA uF AR HOH S
. ETRI= 201722 G105 5.9 =3} oot B
- = IbH 2d HIO[H= AN $&(20214) 0| 54 ¢l Qb J) CteEC  TED i'e§+ M2H H|olH
202630 T|7|2 X0z & Sn 23 A= + Jhued HolH (28,
< < < ds, 1A F=t A=E) S
C HOIME QEZ Ot BE BN M2 9= J|To| U
1) End User License Agreement

’Qo



- 7#6* %“8 E1IO|
MA z|=o| 2XE

—_

2 714 ot=8

HlojE A

Action Recognition
EXAE, 28X} i (1009)
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Action Recognition & Detection
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2D RGB video
3D depth image sequence

Skeleton data sequence

2D RGB video
3D depth image sequence

Skeleton data sequence

112,658 set
(% 6TB)
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