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Research
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PAIR Lab Introduction

/MOST #1588

Ministry of Science and Technology

Apply Al technologies pervasively, into applications for life, work, and leisure

18 project teams, 100+ Pl and Co-PI, Over 300 publications per year

Autonomous drone/driving, 5G+Al+loT, Data fusion, Emotion detection, BCl, Home care, NLP/NLU,
Smart Robots, Imitation Learning, CV, Gesture, Compression, Smart Agriculture, FinTech, Game, etc.

Beat Tencent in
Win Rate 74%
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2017 Go
CGI vs. Facebook ELF OpenGo v2

ezLabel 2.2 (15x speed up compared to manual Matlab labeling

( Automatic ) Behavior Labeling 4 Segmentation )
Labeling Labeling
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| Robots, 3competitions in

| 2019, FIRA RoboWorld

' Cup, RoboCup,
nternational Intelligent

. RoboSports, total 17 Gold,
12 Silver, 4 Bronze

Discriminator
(DNN) dy (x)

Binary
coding

Decoder
(DNN) fo (x) (DNN) g4, (2)
[Deep Compression]

Learning-based image compression,
better than H.265

EzLabel - AUDI Innovation Award:
WeMo scooter prize and AUDI HQ Prize
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http://www.youtube.com/watch?v=F6IXd4fHrt8
http://www.youtube.com/watch?v=F6IXd4fHrt8

S‘A/I')R Core Technologies of Research Teams

4 Fintech, Al for Portfolio
Management, Trading
Strategy, Stock Picking,
Market Timing, Derivatives
pricing and Risk
Management, Robo-
Advisor

-

B S B Fintech

\_

weakness/bug detection
Al Bot for self-driving and

Gaming Applications, )
Improved Alpha Zero
technologies, DRL
Applications, Al Bot for

robots

J

/~ Autonomous drone, Object \
identification, Positioning,
Obstacle avoidance, Route
planning, non-GPS
navigation, 3D modeling,
Swarms, Smart Agriculture,
Image/Video compression,
Drone communications,
Radio map

\_

IREREEN N \- J
st o8 Robotics —
- . - . E I = e
Imitation learning, Precise — SERXEER and o ot
manipulation, Safety analysis ;égzgg _ Sensing et

of robot perceptions/motion,  sgexEmg

/Emotion detection by\
all means, (e.g., brain
wave). Applications
include BCI, emotional
therapy, psychological
intervention for
cardiovascular
disorder, etc.

Noise cancelling, translation,
mixed language inputs,
semantic understanding,
NLP parser, etc.

Artificial general intelligence, -sgasssmm-
Data fusion, AloT, Real-name

electronic fence, Smart retalil,

ITS, Gesture, AR, Air writing,
Blind assist, LBS,
Recommendations

18 projects (2020)
21 projects (2019)
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S‘A/I')R Core Technologies of Research Teams
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4 Gaming Applications, )
Improved Alpha Zero
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Al Bot for self-driving and

#%g robots )

(" Emotion detection by\
all means, (e.g., brain
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Drone communications, cardiovascular

\_ Radio map \_ disorder, etc. )

4 Fintech, Al for Portfolio
Management Tradlng
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pricing and RISK
Management, Robo-
\_ Advisor
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m Labs Organization & Projects
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AT Collaborative Robot + NLP/U and more

. . . . 2=
Not just collaborative, but also interactive with human .
O\

* Imitation learning, precise manipulation, safety analysis of robot perceptions/motion,
noise cancelling and mixed language inputs, semantic understanding, gesture, etc.
(%::fe?; (Dest:%s:;fera) Multi-modal Perception Imitation Learning &
¥ Automation Dynamic Object Tracking INBBITERE R/ N\ EE AT
F G 1007 = +HERM
© em Recopmiion| |Recienion & A TR E L HERWE
(Identity) (Command) o - N 55_\
- 2 & S target()#)
Demonstration . _’“ v pOSSGESSiOH ( BES )
Object o> 3 2 3 R oeld) Coandirastc §SZE(ZHE)
Decp jeot NG ] b/ a B 1118 (10075/A )
Learning Recognition : - 5 .
(Hand Posture) (Task-related ‘ ) [a]a] HE ( = i)
('. o “. Object) | ) 0 . time(BAX)
3 g | . BREIHE
AN o = TF 8)
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m Collaborative Robot — Technologies

z O 'e)
3‘ = &
-~ "n
Learning by demonstration Real-time multiplayer
: - and safe motion control motion recognition
Hand motion recognition

(single image and video)

Altera DE2i-150 |7 ka0 et

FPGA™Sow=
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~a1k - Autonomous Drone Applications

Autonomous drones for field services: agriculture, facility inspection,
communication hot spot, emergency, etc.

5+ teams working in autonomous drone technologies or applications
SLAM, Flight control/simulation, Environment sensing, Vision and video compression, Object
identification, positioning and counting, 3D route planning, DSM, Image stitching, etc.
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~a1k - Autonomous Drone — Technologies

Single/dual camera
obstacle detection

(c) MC-CNN

Route planning

Building point cloud gﬂilding DSM (spatial madeling)
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m Affective Computing, BCl, and Medical

Emotion detection by all means, (e.g., brain wave). Applications include
BCI, emotional therapy, psychological intervention for cardiovascular disorder

* By means of voice, EEG, ECG, PPG, applying Al to detect emotion at anywhere
* Bio-neuro-feedbacks were confirmed as an evidence-based clinical intervention
e Brain wave can also be applied as a novel man-machine interface

Brain Wave Computer Interface with Al i == e

Stroke rehabilitation
Post-stroke epilepsy

&
2
s

s} EEG Célgn FPGA | B b— Depression
AE250
Rowmutisignal | — " Brain wave ~
[ 1 | FPGA I o blood pressure Clinical
ECG | apsizes | FPGA | @ BTa i s al! SP3 blood sugar, care
- soter [ B CPU ol
| I I CNN
1 1
! * Preprocessing Al accelerator
1_ _ Featwesxiaction =1
I Cognition
MAX30102 . e Ao o
PPG FPGA | @ | Emotio wLawnsnd 84 08
ADXL335 « Multimodal - - g M- &
Physiological Signal ‘ “of
Detections i TR ! | K e
+ Emotion detection " = i Home Care
= ‘:" = i 2 “"
f Machine

Learning
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Elo Rating (1 1HE& %)

m DRL and Gaming

Improved Alpha Zero technologies, DRL Applications, Gaming Applications

2800

2600

2400

2200

2000

1
1800 ¢ 1718

1600

e Multi-labelled value network

* Population Based Training (PBT) for multi-agents
e Strength adjustment for MCTS-based programs

1. Detect a ‘ 2. Explain why ‘ 3. Explain the ‘ 4. Show the best move
bad move it is bad caused result and expected variation

* Automatic commentary of chess style
» Al Bot for weakness/bug detection
* Al Bot for self-driving and robots

2648)656¢10
2563 © ¢ | o
24922528 .
°
23752405
L]
2279 *
°
2149
L ]
2072050
19429 °
1879
1841 ®
L ]
L ]
L]
Input position
-1 -0.5 0 05 1 15 2
HN2E (2)

I'= & 4

, These Black stones were killed
by White F2 “osae”.

2. Reason

3. Result |

A7 “hane” was a bad
move. Itis far fromthe
important area.

" | 4. Best move il
+ variation i
F2 “magari”isthe | |—

/| best move. Black
stones will be alive.

Multi-labelled value network (ML-VN)

[V2:=0915
oL S

|:| V5 =0.910

Convolution Vy6.5 = 0.065
1 channel 41

50 feature planes  Convolution Layer
128 channel
5x5 kernel

Convolution
192 channel
3x3 kernel

5x5 kernel 256
% Fully Connection

|
X11 e
Layer |
: Convolution
1 1 channel
1 5x5 kernel
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o/fe
PAIR

Fintech + Al

Applying Al for Portfolio Management, Trading Strategy, Stock Picking,
Market Timing, Derivatives pricing and Risk Management.

* Smart-Al Index ETF; Stochastic Volatility Model; Market Calibration; Economic Scenario
Generator; Value at Risk; Expected Shortfall

Al Robo Advisor

* it 3P4 BFAIDNN-Robo (3-Stage Algorithm)
I: Picking Assets (Alpha, Beta, Skew, DNN)

* Stock Asset
» Fund . . . . o o .
u e II: Optimization (Modified Markowtiz MVS)
...y marketobservation lll: Auto-Rebalance (Static, Dynamic-Sigma or MDD)
1 | | Assetm |i
Asset Pool: Top 50 most valuable stocks of TW
. Test period: 2007.01.02~2019.12.31
Temporal | |&0) i o) Il6]
Rbmed S weightin e
! portfolio v Layer & g L MaxBeta MVSK_Dy+St MDD0.05 & 3k
___________ FC Layer J!‘r)f
I’ Derivatives FC Layer v
IL pricing SoftMax Iﬂ'f ’iﬂiﬁ # R1 R2 R3 _
7 " o R_mean 0.1882 | 02034 | 02858 | 0.0926
"::d‘"‘f";""“"‘“g"" T+ . ,N"J _ IRR 0.1714 | 0.1812 | 02540 0.0719
W\W R_sigma 0.1688 | 0.1928 | 02239 | 0.1959
__________ - MM/JW Sharpe R | 1.1151 | 1.0549 | 12763 | 0.4729
7 Risk _ Rebal N e | Sharpe IRR | 10154 | 09400 | 1.1341 0.3669
State | management { Reward  Action P ' MDD 10313 | 11772 | 16546 | 0.7070
| Turn over 64 72 83
Environment [, |

(Financial Market)

MaxBeta MVSK_Dy+St MDD0.05 & £ B £ %
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rark  Al+1oT + 5G

Data fusion, Real-name electronic fence, Smart retail, 5G V2X + Al,
Intelligent traffic system, 5G MEC + Drone, Radio map and people counting

5 senses

Intelligent
Robot

Bob,age33 pgmegw
w3500 steps

+ ezlLabel 2.2 (15x speed up compared to manual Matlab labeling)
‘

( Auomate ) Behavior Labeling {* segmentation
Labeling Labeling

Data Data

Management Analysis

o a0 0 @ @ 00 20 O N o @ ® W0 120 Mo

Intelligent Wireless Communications
for QoS Management

st !
: : 1
i
& €
all)) Network
AT

On-demand Communication
Network Services
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S{?« AR, Social map, LBS and Recommendation

Air Writing, Text Locating and Recognition,
Positioning, LBS, Recommendation

|dentified text areas
of interest

Recognized

texts
Identified text areas

of interest

Coordinate

““ comparison
/? Textline
i detection

" l
. EBATAEFR =
aracter ks -
aerecron 12 U [ A i

&wil‘ === .
: ]

Search result:
. AER e

&, Gps: 24955331, 1212175038
'

String: AG BB RIE Filter = 9
. B8 h T . i
. EISENRGE . BIWENEE — (radius<50m) — P
. BEAEX &
Calculate e o
azimuth :
. BEXEX Q
EEAFALE - PEBLOREPL
24.9552198,121.217281 sranmn °

9
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m Social Recommendation Technologies

Location Image and Comment Analysis Pattern-Based POl Recommendation
3 : (e.g., check-in data, user preference, behavior)

. |' : o
checkin sequence Loy o G
| pu Al R

l E hy L1 ]

: i

POI i i

e !

checkin
database

' embedding| " ' E@i) E} E()
POI pattern
minin .
g Dual Learning Model
— POl pattern : cr c? cr, E
set of POl | Loy v 0 |
R h hioq
patterns 4 P ! o
POI i i
embedding = :\\ E(pi) E(p$) E(pf) ]

Scene
Classification
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m LBS and Direction Guiding Technologies

Obstacle and road sign detection, Walking guidance (blind assistance)

G4 OFGs
[ NGl

i) "

1
1
1
-4
Return message:

V e )
> W B 1~4 BEETT cfr.!r?m
hAFTEAR 5~10 tHO AEF - 336

Sign detection “
dit4] *F

Word detection
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