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Ant Financial Technology: Ultra large-scale financial-
grade computing promotes the development of global
inclusive finance

AR M THEfH S SRR

Hu Xi
HE

Chief Technical Architect of Ant Financial
I S A P R 22 A T

Abstract

Ant Financial is determined to provide

innovative technology-driven financial
services from the beginning. With the
emerging of cloud computing, big data,
artificial  intelligence and other new

technologies, Ant Financial has continuously
empowered our global partners with its own
technology and infrastructure capabilities,
especially its ultra-large-scale financial-grade
computing technology. Through empowerment
and cooperation, Ant Financial and its global
partners are working together to promote equal
access to financial services for the general
public. Access to financial services is crucial
to strengthen financial sectors and domestic
resource mobilization and can therefore make
social and

a significant contribution to

economic development.

Ant Financial VP and Alibaba Partner,
Mr. Hu Xi, shared technology infrastructure

development process and the current status of

400—000000D00000D0O00000

technology infrastructure at the Ant Financial
Tech Forum in New York in May. This article

summarizes Hu’s presentation at AFTF.
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Keywords: Inclusive Finance, Ultra -
large - scale computing, technical architecture,
risk management, financial decision making,

statistical analysis
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Abstract:

Multiple types of applications run in
cloud data centers and provide services to
different users through resource sharing. The
construction of cloud data centers has become
an important part of national information
infrastructure. However, as cloud computing
and its applications are widely adopted, their
infrastructure, architecture and management
face many new challenges. This work analyzes
their recent studies, and points out several key
challenges related to the application of cloud
computing technologies in other areas
including big data processing, Internet of
Things, smart healthcare, and Internet of
Vehicles. In addition, this article indicates
several research directions in order to realize
green, smart, and fast-responsive cloud data
centers. It is hoped that this article would offer
a certain theoretical significance and practical

value to meet ever-increasing needs to develop
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sustainable economy, society, science and

technology.
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Personal Archive Service System using Blockchain
Technology
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Abstract

This paper is to explore applications of
the blockchain technology to the concept
of “proof of X” such as proof of identity,
proof of property ownership, proof of specific

transaction, proof of college degree, proof of

medical records, proof of academic
achievements, etc. It describes a novel
approach of building a decentralized

transparent immutable secure personal archive
management and service system. Personal
archive is defined as a collection of various
artifacts that reflect personal portfolio as well
as personal unique identifications. Personal
portfolio is beyond of a statement of personal
achievement. It is an evidentiary document
qualitative  and

designed to provide

quantitative  chronically documents and
examples. Subjects can tag their information
with proof, that is, certified by trusted entities
or organizations like universities. Such proofs
are associated with confidentiality levels
exposed in the public domains. Personal
identifications include biometrics as well as
other multi-factors such as something the
or the

subject ‘“has”, the subject “knows”

goooOoozo70oooooooo

subject “acts”. Stack holders in a consortium
oriented blockchain network serve as verifiers
and /or miners that provide their trusted
services the delegated proof of stake. Such
personal archive based system can be
exploited to various applications including
professional network like Linkedin, instant
credit approval like alipay or live human from
social bots like internet social media. A
prototype simulation shows that such personal
portfolio management and service system is

feasible and immune to many ID attacks.
W
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Abstract:

The growing awareness about global
climate change has boosted the need to reduce
greenhouse gas emissions from legacy power
To their

requires much effort on management and

systems. improve sustainability
control regarding the power demand side. This
article focuses on investigating two different
customers with large power loads: data centers
and electric vehicles, both demanding
extremely high energy consumption. And thus,
their management is crucial for power systems'

sustainability.

The first thrust of this article is to make

computing systems more sustainable by
reducing their energy cost and emissions. We
look at one type of large-scale computing
system, cloud data centers, as an example to
address this thrust. The computing capacity
and scale of data centers are increasing to meet
the soaring demand for cloud applications and
services. A mega data center (such as those of

Google and Apple) can host thousands of

000,00 —000000000000

servers and require up to tens of megawatts of
electricity. The high power consumption
causes large energy cost for cloud providers
and negative impacts to the environment. Thus,
an energy-efficient, low-cost, and
environment-friendly data center operation is
key to the success of their applications and

services.

The second thrust of this article is to
leverage computing techniques to improve the
sustainability and efficiency of energy
systems. The second thrust of the article lies in
computing for sustainability, which is to
leverage computing techniques to improve the
sustainability and efficiency of energy
systems. The anticipated deep penetration of
(EVs) will

benefit the environment, but will have a heavy

electric vehicles significantly
load impact on the power grid, and thus
jeopardizes its stability and reliability. To
address this potential consequence, the article
makes progressive efforts on controlling and
managing EVs' charging demand to support
large-scale EV deployment.
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Connectionism and Symbolism in Artificial Intelligence
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Abstract

In 2016 march, AlphaGo defeated Lee
Sedol 9p in Google DeepMind Challenge
Match, which shocked the whole world.

people cheer for the development of artificial

Some
intelligence; some people worry about the
future of human kind; some people contempt
the brute force of machines; some people feel
depressed for the loss of superiority of
mankind. This article discusses the future

directions of the development of artificial

intelligence, especially the limitations of the
current approach and the potential for future;
compares the cognition of human brain neural
system and artificial neuron networks, in order
to obtain a fair, objective observation and

understanding of recent developments in Al.
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Artificial intelligence (AI) is one of the N
hottest R&D topics. Where is Al heading? In  #l4, AN L%

[ﬁ
He
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T AR AN TR 1
RE FC 3T AT ? TJXE

this article, the author attempts to first uncover 2E# XKW N L REZH A, RiIEAL

the AI technology, then present the status quo & REFIILIR, FF 1A N T2

RE B A U i 7

of Al, and finally discuss how to fhfb. EBEIRFENA, RAE¥ N TR

commercialize Al. The author firmly believes ARBATESSLHI = fiL, 4 &
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that turning Al into real products is the fi#, & N TR REHATRRMA 842

ultimate destination of the Al evolution.
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Human-Machine Perception and Assistive Technology
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Abstract

Human vision is truly delicate, and the
human brain is more amazing. But if either of
them has problems, daily lives are very
challenging. Assistive living requires emerging
technology, and integrative research needs
collaboration. For this end, funding support is
important, and user engagement is even more
critical. Further, the goals of research at higher
education are not only to inspire new ideas,
but also to train the next generation workforce,
to do good to society. Under the support of an
NSF program Emerging Frontier in Research
& Innovation (EFRI), in the topic area of Man,
Machine and Motor Control (M3C), human
and machine vision research has been carried
out at the City College of New York. This
article describes some of the results and
findings. It has been found that multimodal
perception is the key for assistive technology,
and integration of mobile and cloud computing
is the backbone. Both virtual reality and

goooOoozo70oooooooo

gaming can be more positive and beneficial,
and if we are not constrained by conventional
wisdom, substitute perception can be
developed and well accepted. One of our
objectives is for location-based services go
indoors, with multimodal sensing and deep
learning techniques. It also becomes evident
that to be

improved, to be both smart and accessible.

public transportation needs
Together with technology development and
application-driven implementations, the hope
is that the mystery of the human brain can be

further explored as well.
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Abstract

This
assistive device for the visually impaired. The
device is called Wearable Robotic Object
Manipulation Aid (W-ROMA). W-ROMA is a

hand-worn assistive device with 3D computer

paper presents a new robotic

vision and  human-robot  collaboration
functions. It analyzes RGB-D data from an
Intel Realsense F200 camera for Simultaneous
Localization and Mapping, as well as object
recognition. Based on the results, it computes
the misalignment between the hand and the
target object and determines the desired hand
movement for object alignment. By using a
tactile and a speech interfaces, W-ROMA
guides the user’s hand to approach the target
object while retaining the alignment and
eventually take a hold of the object. The
guidance provided by the tactile interface is
natural for the user to follow. W-ROMA may
be used to assist a visually impaired person in

grasping a small object (e.g., door/drawer

g 10— 0000000000 o0oboooooo

handle, toothpaste, medication bottle, soft-
drink bottle) for wayfinding or other purpose
in the daily life. Its application will contribute
to independent living of the visually impaired

and improve their quality of lives.

W
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and Mapping, Object Recognition, Robotic

Assistive Device
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Abstract

This article presents the development of a
robot-integrated smart home (RiSH) which can
be used for research in assistive technologies
for elderly care. The RiSH testbed consists of a
cloud

smart home environment, servers,

remote caregivers, and an experimental
infrastructure. The smart home environment
integrates a home service robot, a home sensor
network, a body sensor network, and a mobile

device. An open and layered architecture is

goooOoozo70oooooooo

proposed to guide the hardware and software
design and implementation for the RiSH. We
developed two low-level applications: 1)
human localization and tracking by fusing
wearable motion sensors and distributed
binary sensors; 2) human activity recognition
by combining distributed binary sensors and
sound signals. Utilizing these two low-level
applications, a high-level application is
realized that detects and responds to human
falls. Experimental results are provided to

validate and evaluate the testbed and the
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associated capabilities. This testbed can be
employed in developing assistive technologies

to the elderly who live independently at home
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Unambiguous and Accurate Text Extraction

In Natural Scenes
H IRy 5 T B ST RS ARSI e A7 T vk

Xuejian Rong, Yingli Tian"
RE 4, HER
The City College, The City University of New York, New York, NY 10031, USA;
2R TR I 22 e, AT, AZ9M 10031, EHE;
*Ik & A\, E-mail: ytian@ccny.cuny.edu

Abstract

Text instance as one category of self-
described

information for understanding and describing

objects  provides  valuable
cluttered scenes. In this paper, we explore the
task of unambiguous text localization and
retrieval, to accurately localize a specific
targeted text instance in a cluttered image
given a natural language description that
refers to it. To address this issue, first a novel
recurrent Dense Text Localization Network
(DTLN) is proposed to sequentially decode
the

representations of a cluttered scene image

intermediate convolutional
into a set of distinct text instance detections.
Our approach avoids repeated detections at
multiple scales of the same text instance by
recurrently memorizing previous detections,
and effectively tackles crowded text instances
in close proximity. Second, we propose a
Context Reasoning Text Retrieval (CRTR)

goooOoozo70oooooooo

model, which jointly encodes text instances
and their context information through a
recurrent network, and ranks localized text

bounding boxes by a scoring function of

context compatibility. Quantitative
evaluations on  standard scene  text
localization benchmarks and a newly
collected scene text retrieval dataset

demonstrate the effectiveness and advantages
of our models for both scene text localization

and retrieval.
WE

TR, BRIF T TRNSE
AR BIHORM 2 (1 RE . X ENE R
EhERNEW, KRS ESEEEN
bz —, HARI 5 % Arxt F R A Jm 82307,
Mg SN, EEARS, B AD)
2 RS N AR B AT BB o AU X
— U OB TR AT T LS VAL,
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Keywords: Scene Text Detection,

Deep Learning
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1 #tid

EER, BERERT S THEGE A
Rl 5 5 A & R T E L 5 SO 4 i
A IS TR AR . R E TR
B DL AR LRSS, W E 2003 4F
TF 46 1 B bR SC 7 A W 4 5% 38 (ICDAR
Robust Reading Competition) , £ ZIRJFiT
0N SO ST E AL, RIS T AN
IR . HIEAER, BE T 2 BAR TR
5% MR E, URBEMEIS®
REFHLER &I L, MIKERA
Ry REZ, 5775 CARIE
IR KI5, 2309, ERERTH
SCASS W 7 ) R A G ) ) AR, R
T2 RN, #HEEREREZ L,
Bl A EEF LSS BB R, B
B RGN AR E S ERAR G, W
MR AR ERER, FRANE
NEMENRG ARG,

H AR 50F B S0 R I R AN [R] 32
B EAR B SCF R . SO SR A —
RHKET, BRIGH—, FEMEH
KNG —,  PREAG P 22 5 R ) 22 L L3k 2
TNV 5 HE BT RS R, W
SN U L 16 2 7 475 IR 8 (Optical
Character Recognition, OCR) N4, 15
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ZANFEFE, BRI RN SO I E AL
T8 W AN IR 7 55 R S (6 B O I AF AR
ROLA, XSRS AR B AR N R
Ry, AT, WE LT SO BT AE I A
LA TN RSB S EE SN SE Sl
TR, UREEARTOLEALYY, ¥
RS R TR A4, # & 5
H, BEESEN, EREsS5MUMK
e P/ & P UM SE ) SR &R, 1KLY
R 2 H R S0 s e A7 5 R i i T
WRRMTI. BT E 05 BRI
— B RS HIREI E AL, X AT RCR
EARRGE T RSN, iRl B2 51 1
ROR, EREEMMERAICNRE . TF
KRWRE A2 TNEN RIS #EE, BEAET
V2 m ik RE SR E AL T, IR
R o A IR X S B E K TV, A
W55 BARE S ME, AR
B SO RE A € B2k, A
JE B TR K5 7 o

2 W R RSO I e AL 7T v S 5

2.1 3B AR I s AL T

AT A SR DL B ST A 5 6 7 VR AR
AL AR 1) ETESGRIEN T 2)
BT IR FE A W 8RR I 73 Ji & AT
BB AT EIE I (sliding window)
W77k 5 B T 3 8 B ( connected
components) HI777%, ARSI LLTT V2
[RIR B 15 K RIS

W& O S THEshE D mIrEE
RN 2 R E DAE BB i wT RE AL
BEHEATI S, B8 AT R A AL E SR



WARRFEFH AT 2. ik, B BURRIE
(1) 2023 5 A0 506 ST A D A & SRS 3 1 ok
EMEMAER . Bl mAT T Tk AR
MR AE AL G . 5 & —AE4FE (local binary
pattern, LBP *1) ,  RUBE AR ARHEAE il ik 25 e
& 7 ( scale-invariant feature transform,
SIFT 1), s SCAK MRS (FASText 1)
. BANEBIE DA EME R, 5Tk
W, B2 RETRRNAEEE A, H
F T THRFIE I P B 5 3 P A X LA

BT TR AR
W B, SO, A, B XK
1855 & PR R AT SR IS TF A5 BAH L i) 2 8
. Ja MG S8 g e BURFAE IR BEAT SCA /R
AKX 3. HAl O RAT 77
FLFEZE ) 5 AR ¥ (stroke width transform,
SWT 1 5 g K fa o ik XK
(maximally stable extremal regions, MSER !
320 Wifl. {2 SWT 5 MSER JiiE¥5tt
HE /B AR A R M 75 /SR 45 B ) R 3R B9
&, SCF RN REDE S 52 B .

BEEIA BT ETRES S 5HEMN
CRISAE I g Rl 12 11 Bl s i
2 W 4% (convolutional neural network)
kv B B e S N == 4| 2% € N B Y i
b, BERDOUARRHEFF AT K, XK
J7VEAE 22 A B I SCAS A il 2540 4R BUAS
TIRIFRIEE R REWM, X EKAR
W o AR T I SR B s R 5 i &, 9F AL
TiERm R FAR T, HZ2H HPE X
555G R

2.2 ATFEIRSE

H 2003 5 9l b S 7 Rl € A 58 38
(ICDAR Competition) AR, R 1)
SCAKS I A SR A A A iR, BERIF TN R
o U6 /R AL BT ER VR R PR RE . AR
O P HE 4£ B+ ICDAR (International
Conference on Document Analysis and
Recognition) 2013/2015 dataset 7, SVT
(Street View Text) dataset **), COCO-Text
dataset ° 5 SynthText (Synthetic Text)

dataset ''145, I EEHHEAE (1 G T HOE Ak 1

R 1 ILHE RSOR R R Seit Sl (BB

— k%= A A&
(B R /) (B R /)
ICDAR 2013 17 229/848 255/1095
ICDAR 2015 17 1,000/4,500 500/2,000
SVT ¥ 100/211 249/514
COCO-Text B 43,686/118,309 10,000/55,280
SynthText %! 800,000/~8,000,000 0
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Frzs, Horb SynthText Fdis fE00H S I 2R %L
o

3 SCFHIRE BRI E 5 To st A
R

3.1 BREHABIN

LR REDIER, BSCAN R Ctext
instance, U137 5t BRI FRF, IR FF
), AT DASR A B A i AR A H RAE F R
B, DUEE AR AR, T
GBI H R FROCAE R, £ 5t R
L ELAR G R e 2 AR AL, ol G 3 0
HEhn, ENICRER, B in L e # i,
LA SRR G, IR, K2 HIA

] -
,' white text at the top right EEEEEELEIEN >
]

H SR 3 55 SCAAS M 58 57 77 15 38 05 4 SUA X6
RAA B RUARE — M, FF 250 SOA R
RAET N DX T oA S 00 DA B R IR AR AIE
RIE ¥ Sy s P AR AE I T SUAR R By Bl s
T € A2 br%E (class label) o IX 7Bk
HH R 5 AR L HAD B AR R R
TURR B 2 (R0 3 5 I SR IA B SOA
XTI E BB S b M R T
NG, FF Haetg fEiE L Eis i E A E
(self-described) -

UL, X T B A =BG
AR, HETER K SCARSE T R LA
F AL BRI A5 ek, FRATT AT DLKE
M2 NALE (spatial) 550 (literal) 15

A:.- .
-~

larger text above a pile of oranges

Text Instance Retrieval with Natural Language

L5 B T B H RS F HR KSR E Ao, 2% M B B HE 2= A e HE )

K1

]

Text Recognition
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. M, NTEmbfRAgEsEE
KM BER s, BINTHFEESRNER,
Bl aniE 3L (semantic) 5 N3 (context)
ERSOIR P SN =WNEIE I N e} ]
B OAFAE AR 2 S5 307k U € A7 1R 55 B B
M, e s 5T EHEAE B W) B 2,
5 1A 2 B HE B I8 R AR R AL
B, XAEEA R IEA A B A
PR SEBR Y 5t

B, E N RE N 4 e 2% B2 4
JH SCAS G ) 1 Y SR 745 B4 380 s R 7 il B
Yrag i, wTAETRA, At/ aoRs 2 S G )
I BN RE e 2B BB AR T S IR,
“HE-EASER EHMA RS ESE L
GIEHRILEG %7 T BB 6
HCH ) —HE R R C PP O SRl B3R, il 1
B o

N T IR B R 3 5o i SO S
B RICIRDH T AN RE HE 5 2 A
KF. HATRE T — 1T XA ERY
SOARRCTHESE, Bk B 3 580 SRR
RIALE A B A B ORTE F MR AE S
G, MM H ARG F ikl oy <5l
F#ik” (referring expression) %2231,
ASHE G TR ST IR S T B AN 37 5 1 B A
RPN e S Y € D N SN EEN
PG o T I8 SCHIH i 6 3R H SO X RAEAE
H B F AR V2 8RR P R G
B

3.2 U5 E AL

FATHE H — N8 B SR 5 e A 1
A AR E AL W 2% B (Dense Text
Localization Network, DTLN) . iX/™f& 7Y
* M VGG-16

% B o2 MW %

Global context
features

Spatial and
relationship features

Local object features

Query:
“white text on a red sign e LSTM
above a pile of red apples” Language

P 2 AR SO L B SCACRE ARSI 78 o2 S To B SR BT 1A S I R Mg 1], L& B AR SO E
A7 254558 (Dense Text Localization Network, DTLN)-5 | R SCHEHE SCAKS Z AR (Context
Reasoning Text Retrieval, CRTR.
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( Convolutional Neural Network, CNN) Z2
1, FigFEIE RIS )y 20%15 = 300 4~ 512
YEFRAE R FF IR AE BT o BUAR 37 S5 SC A
GAEAL I B 28 1 WAL N AR AR ) — A
RER A, AEEATTR v B AR AL A0 R
AE AR R S B AR R R X
k. MK R B2 M 4% (Long-Short
Term Memory, LSTM ['8)) #74, Fo )14 2
T — MRS 45 (recurrent decoder)
XF T AT T AE 1) H AR SCASH RBEAT RS T,
£T CNN gmidds 55T LSTM IR h% &%
) 40 5 7E FRATT R HE B8 i 35 &2 ¢ B B £
PR A4l & ] BLAS Jl T A2 K B2 1 T
T, 17X M 35 E 4 s Th b A 1 45 3
S TR N 122 = S I NG o e 2 6
% . [EEENE, BARMMITIEEIT A
Fr U R I R A, ARG T e B AN R A sk
REMMAE; WAL, A7 EEE W
TR R 7] AR B SR B 5 SR I E o7
JUFARA KA, T AR SCHE H I B R AT 25
fith TIXANE B HAh, ERATHMES T,

sz0M & M ACCOUNTANCY

o :
Bl 3 H AR S SO RN R 7 1) SE 56 45 SR~ )

l t _I :- (iheany

SREMECLS T IR SCARRIER, sk

A ROE T IR R ) B R EE, KINTE
AR B %A H B DX AS 2 A7 78 X 18 7E S
AXTZEAF eI FR (prior knowledge)
AT R 48 0] LU &G 12 2 7 A B 5L
AT, I Tk Gt (R — B bR E S AT T

JERTHEE 512 JERFIERIIR T B4 T
JE AR IR A A, RS SO R RV,
M EMEANER, BE/EHT LSTM Hf#
2R AIXLE CNIN i i (R RFAIE A8 IR 4 B
ZNARI B AR O B, I R i
T IR 18 320 5 HE S FLAR N 10 B4 R 20 5
1M 1% 73 BUR 7S AE 0 FAE R A7 B n] LR 2 BL
ARSI 2 (1 SC AT R . AR 2
RN ENEEE AR, BT
LSTM ) fift 5 % AN BEAE 1K — & i X 3 rp 3
PUEATHE  BAR K AS 0 IE Z U FRERS,
B A7 7T 5 DU R B AR R . &
2, BATR ISR B B A FEEN TG
300 AN R DX I B A i H 32 S HE A A5 5
1R NSO RIS I 5 7. 45 R

Na unauthorised

entry into this
areal

Permit to work
system in operation

AL T AR INGE R, A R ANER S T BRI U
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3.3 SCASN R TEB AR

BAERAR L Tl BARE S RER
Wy 5 SCARST R B SCHE B A R
(Context Reasoning Text Retrieval, CRTR)
B, RN B, 45 0E B DL K3 AR B
B EWAN— AR ORI e, T =A
LSTM fifttdhas (73 mlxt B HARTE 501k, 4
BB RFAE, AR EBRESED 1) CRTR
BRI DTLN R 4 1 45 2R ik £ 5%
R T4

B 283 55 BB R K SCAR S GOE H IR
FERFE IR T T, B R A EEA]

query = “blue text on the largest plane”

5 ERCH I ERNREIKR, B
SCARXS RAREAT IO B A . EDW MUK,
H 2R3 35 K SO Gl i LR R
X RERE L, I BRI TS A L
M EATHRAL S R KB H EFE —KEH R
SRR BB ARRE . T CAO B AR
R I B Z 18] 58 AR R
EOOFHE2RAUE KL, RIMKBEETS
SR R EAR AR SRR AZ B B SO
SR, BRAF AL A9 I 2o B R o T A X
PR ARSI A W3 . 9 T R I A 1]
AR R T AT AR T S, AR IR
SCEE R D AL B BN SO G A LA

query = “most salient text on a bus”

K 4 TEBESOCTRER SR SRR B, O] T IS R SR 5, ALEHERR ] T
RIS R, TS EHERR T 1 A I R STA B2

CHEANFE N> 20174 7 B G
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ETFXEARMRZIBIMK &, KONFTA ]
HE R 9 28060 B T8 325 T bR AN SCA R Y
RGP CE PRV NS 3/ RO & S & i
WA, XBEERMNALETEMNRE
[ 5% 28 AN SCAS g 1 (R 300

4 2%t 5 VPG

FESRERH, AR SynthText Hif £
HEAT CAR M 2SI 2R, FRETF Ccoco-
TextVHU I 55 R4 7 37 0 0 S A K &R
HAEEE, 4N COCO-TextRef®, E T
PP E XA BN MY DTLN &2 il
SynthText in the Wild {4 £ 711 80 13/~
BT IR, A AR B R /N i 2
&l 480%640, 1M VGG-16 /48 1AL 2 3@
i TmageNet!" % I T 5% Il 45 (AL EE 34T W14
e, FEREAT RO, DA R RS I AR I B 7
Ko RG2S I BT A BCE I 5 43 A A
gatl,  IF TN SRk R A 78 B GEAR I R I
TE—ABUE ) B A% 50 B AT 3ET
1M AT A A EHAE X I AT LSTM (1) fif i 20 1%
Z AT E . BEAHET SynthText in the
Wild #5419 25 /£ NVIDIA Titan X
(Maxwell) GPU T E KL 15 A~/
SCAKT GRS A7 1 S B8 1 R 2 LA 3

BT — B AEH R COCO-TextRef
BOlge 4 E Pl 1 B SCHE R S AR G
Z (CRTR) BEA, FKILEH LRCNPY,
DenseCap®®!, % SCRC PR #EAT LL#L,
X Ee A BN L AE COCO-TextRef ¥i3E 4
AT T O, DMER R SCAXN S AT
CRTR 14, %55 BB B RE 5 fidkiE
f), AR N 1% M 37 5 SCAS S8 A T 1R AR B
— ZH i 35 STA X 5 A 2R L e A ORI SOAR
XA, 4 JEIR THE COCO-TextRef Hi¥s

10 000,000 —0000000OC00DDCOODO

b DR R B SCAR N R SEIRTR 1, K
TS 2R I o D v D 20 ik 3k (X 380 1 1
SEESHRA/NT 50% P90, suigah sk
WY BT § HH AR A A A B B AR TE S IR
A RAE R A R B 1 H bR SCA XI5

SHiAEHE LSS

LREPTR, SR Gl H B A m s
MEE, MAZNHEAHERERL. AR
Yy 5T WS A I RE 7 A2 2 1 BT T
Ak, A E & ORI IR S5 H
SRTE T A IR B Y 1) T BCSORS i AS DN 7€ 6 7
FRARMERRETTAZ . KRIF
JEE 5 T A5 5 R K R PR A DA 73
S5 ARBRE AR (FB&EIHER
AOEE S A B AR A

6 i

AN N Al = S = N R E
(%45 : EFRI-1137172, 1IP-1343402, IIS-
1400802) #Hh.
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Lower Extremity Exoskeletons and Active Orthoses:
Challenges
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Abstract

In the six decades since

researchers began to explore methods of

nearly

creating them, exoskeletons have progressed
from the stuff of science fiction to nearly
commercialized products. While there are still
many challenges associated with exoskeleton
development that have yet to be perfected, the
advances in the field have been enormous. In
this paper, we review the history and discuss
the state-of-the-art of lower limb exoskeletons
and active orthosis. We provide a design
overview of hardware, actuation,sensory, and
control systems for most of the devices that
have been described in the literature, and end
with a discussion of the major advances that
have been made and hurdles yet to be

overcome.
WE

RN, A A E LS N AR AR K
ar, B BT A AN 1 A S U R A T
HRWERE . R VE 2 0] AR 2R,

goooOoozo70oooooooo

(EPRTCE ROy -3/ | S iSu e @ A E
AN R S SR IR AR R PR, O
X R R BUR AT RV IFXS AT e e
RZHOZRB A EIE . KB T30, &K
J7 A KA R G i) v it AT [, IR AE
25 R AR IR AR ATk O 2 PG A T
FEERIAT 5 fit R 1) PR X 5

Keywords: Exoskeleton, Lower
extremity, Orthosis, Orthotics, Rehabilitation,

Robotics, Walking, Wearable

KRB SVEEE TB BRIEds FRIEaH
R WAy N ATE A F R

155

A 8 71 % BN SR E B e 1
FUIRT 60 AEARARWAN,  dy 3 E A AR i
RO FE A BN L [RI JF e o 3% [ R A 7
TEEF T Ee AR, @M T
ZEHH M. 1R 7B R BT T B 3 4
BB RN A L BT U7 R . R AR N
AL B, IX A U i VF 2 3L
b A AN BEL Ay, I A ) R A T A 4
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Y& i . AMEES (exoskeleton) #&—Fhith
NI AR 78”7 0. PRAt/ i i £
BB NG S FF Re i BRBE A B2 sh 1 £ 3
BLB W & . S kU, “ 4 8
(exoskeleton) 7 F KA A G 3G o fd 4> N g
JIR A, T EBNFrIERS SRR T3

5 MR B AR N AT ERE TR % . (B2,

“hhEE% (exoskeleton) ” £ B A PAF K
IR 5 K N IR IE RS

ACHR I T AN E B RS, R
A0 F5E S L 5 N1 TR 508 I 0% 2 R R AR %
%, 1A% Spring Walker® I3 i 5 #/E #; £h
POEEM &, X T ESFFIER, T
WHEMG 58 RO 1 2 RILES: EIEE R
TR SE AR R R, B SR P SN
ANFHAL R, A 42 1) RS RO i T 3 3 i)
Ref. Wl ul, AR EIHFIEHRACHE
e 32 B A A AN e 51 3R AT B A i

P&, WA EHE R 22l 3h i 1 S 4
A1 Th g 4 B ) ¥ ( Functional Electrical
Stimulation, FES) & &4 &M RS, &5,
AT #E) . AreSEIAE BRI TG
ITHIANE B 54 (L% Locomatlix fii e
TR , Ak,

AR SR RAEAS [ AR 1 B W1 R e IR DL
B I LA T O H I i) 36 A AL e 4%
I ELRE 8 78 5% A1 1% M B 5 1 SR AE 58
JRTIYIAE 55 A I ROR (1 8 VPG 45 R

N T AR S5 SCRs F B — SE R TE AR
o GRIEN AR T NRATENEY 152
KR ARG, A G o R A A Bk
RN E BRI IESS . E, AR,
IRV SRS

2 TR E BT R A B AR

B 1 NTEREE Y
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BT RS JRoR T — A AT
A 25 I g PR R — S AR SR A B A — LB
Wo DA IR IR S AE I 1E]_E
3 At A2 AR AR ABL R, BRI AN DL
AR 5 o SRR N S0 25 A 30 LA IF) A2
SR A JE P B 1) O T AR A R, e 5y —

WA SR ik s e A= A D S TR L 62%A4L .

Y=Y SIS PNE SRS S i P
— 7 BHEERSH, =ANESE R EAE
HEORTT. — NMERKRTT, =MEBRRT.
B 2 Jom 1 N AR i) 21 T AN B A %
Wi A Iz s AR A, o AR 8 i 3 22
BAEAEIRITA (B 2B) » KTAERIR
1] Y 13z 2h 4 AR 4SS i CIED7 g ) AT
J& (7T o MO AEBUIR T N 32 3)
MAA fE CRETT Bkt ) AT, BRSG
TAEFUR T P IIZ SRR A (O 1 5 A

oty ANEL. B BROCHTI R B R
iz sh AR e s 50 o

K 3 BaRT —AIER . EEAME (82
kg, HBK 0.99 m, 28 ZHIHEME) L 1.27 m/s
)38 FEAT & I B AR 70 2 S5 . 1% SR B
&P HUATER = A SR A i g a2
AR . AR kIR X s
B Sz 86 AT AERPI R 3R B . ZEARTR A
PEFNAS ] 26 A AT & I BR A, (H21X
S K B A AR s AR ) S R,
SR, U HAEMRHE R T ) #iocy
MY IER B FE IR, BRI
FEZAM GEBIIZE) , BRI
RIS BN A0 . HAERERZS,
TE DAAS AR 13 B AR b T AT BB, Ak B
T B LA D 420 T %, XN

K2 (A AEfEHEFEY (B AR Rz sl 7 mifieE™.

QREHME N> 20078 R R BER LT

http://www.cast-usa.org/ 115



NP UR S5t BAssh IR/

75 S I A R G 1T R AR I AT 7 I 10 g
BE, BTSN B IS J T R AR IE
B S E A LR AR T, R
FATAEAG AT CHE QA A — 2 i 3 2% . Bl
HEES), M HABRKTALIC B E

NI FAPETCIE. (HAE, WERERAEE AT E
W e BIR, BE RS BIE RS, Bt
NI BTt & AR . A
PEVF 2 B a5 I8 W DAAE IR RS (I th e R
KA AEIED

B3 TSR HAE . ThasBlb & A A i 2P
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2.1 BHE

1l B — > 1 5 AL AR B 0 1 E 1 — T
S ERAR bl A2 AT L B P I I ACHE .
A A 4 A T 56 B TR RE A 55 I SRR
HAtELS R E R, RoRIX I
S T HAFE KW R AIEE . AIRZ
6 B ST B0 B Al DL R I S A S 4L
Cbean™ R 2 K4 B R SG, KX
MR fELTF ERIRFIMER . K25

P08 58 i T AR AU B 247 3T L

A DMRGF I — G B B 77
3WERRISME B

B 5 7 BN A O R i 4
N e H B A8 A 4 N TE 2 5 1 5¢ R v
JE AR B 58 N S8 B B ok 56 i
(=

3.1 BRI T RS E#

1) 18 % F ( Berkeley ) 4 & #%
(BLEEX) : BLEEX 5 At 4ME 8% AH b %
HF 1) 22 St 2 B RE AT B e RS B . SRR
F, BRE—F “RREAHSATHTEIN
A&y Ea 7 13, BLEEX fE#ECT B 3
ANEBE, BET LA 1 AEHE, BX
WEH 3IAAHRE. Hd, WA BER
FEhH: BT /AR AR/,
BEOCTT i/ f, BROCHT 1S /A
BBl B R A, BRI AN R/ P R G
T B R R SR AR, TR OG T Y
Jieks H i EAZIEHEY, H—A 75 kg (&
RN FIAT 76 B I PR 25 25 40 BT 1 B0 R 5
X G AE B AT IE 3 A3l ) 75 SR I b

[14][15]

goooOoozo70oooooooo

BLEEX ¥ AHLAE B (4% 85 B E H
B2 e/, 3 BRI A % A% B Bk
T . FIXUENLES AARL, X & 4 E 5%
Al UL R, (H R AT A AR AT R
B R — AP AT R 5 T . AR R
GiFIFH 8 NRIDESFT 16 EME N & itk
I J\AS BT B A EE AR AR
TR A P BRI T O A B 40 AT A TR
ST I R 3k S AR R b T S 5 4 R
[/ JT 90 A s R J\AS Bl ) 4% 8628 ok
il IR sl A 1 ) R H B E R
JIR R, FH— A GRS A

firl141 071

MR 4R AH 528, BLEEX HI# & v LA
eIz FIRN 75kg B E IR LL 0.9 m/s HIE
FEAT &, MAAERARHAEL L 1.3
m/s HIEEATE. 5 AT R ME B IEAE
WA o B S 28 R A 5 1 7%
fl—2F (~14kg!"™) , BB JERSZHL T H
IR B FI AT R G

2) il (Sarcos) AMEH&: BE v
WA F] A7 T3 AL At 1) Eh 813D 78
DARPA EHPA TiH Tl T — 1M ExmeH
(1) “ Al EEEE e hlds A (XoR) 7 o i
G, B A R BRIUR B A 1,
WREHE N B O REIR . A 58 B 4B Bg 2R
L, B AN E B O R T W IR B A
MEEAR . SRTT, B o B oh & 8% 3% A 18 F 4
PEWR R R Bl 2%, T 2 K i i VR IR Bl 48 L
PP AR AN EN LT Lo 55 i A H]
BAAMIX G MR 7R, HEA
18 7 S 8A SR 3K 3, 1E K & Re Ui
A I ] A 1 7 TG i 1 K g TR,
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(RPN & L DN IRt PR (e
JEORSEHL “Akt” A SR . A A A
WA AR O R B R ARUCR

PLasERe, [Nk, A E A R vrs

1 0 T A B I 5 R K B 84kg, Al
F 2 0] DAZE BBk ST R Y — AN N, 7E B
1.6m/s MR EATER H M 64kg. TENEME I

W 23kg IEY), RILAZEEE 23em IRV,

FOVFE 5 5 1R AN RSP,

3) HAL (Hybrid Assistive Leg) :
H AR SRR 57 1 L v 35045 At 1 [ BA i i
G s NARHLAE AR H B A E %
OISO i b 5 4 S4B HAL-S (AR
T RN AZR 158 5 715 AR 5 71 1 25 /A B 7
[F] 14 90 7 B 22 2 7E 01 B B RO 1 B

WHENLIKS LA 4) o BRI RO i/
Je M E RS, HS5HER
HERW N BAE/NRRAKER b A Hi i
YEF 1A% B M RE b e 7, A — 4% Ay
375 %&, HAL 5 BLEEX, Sarcos, MIT
AME BRI IX SR HAL AREK E BG4
T, A AR 3 SR R SR DG T 1 0

HAL-5 R4iAH 7 — Bt %05 2ok
IriEdl WEAAR LT N, BRI TS,
BT N AR ET S P9 R JER 2R T WL LS S
(skin-surface electromygraphic, EMG) Hi
Bes D SC T AA BE R R &, LT S A
JIHE RS, WEIR T LB 2Rl
(1) BEASASORI I FE T

REHRZ e NMEA HAL 19541,

Kl 4 a) BLEEX"™, b) XoR", o) 4 LA4hBsMEHE"Y, d) BE (Body Extender) P17,

e) HAL®,

118 AJEHE, TRE—— FIBOMI AL A DRSSt RS S R AT

£) B soft exosuit?”,



B2 FFRARBZRENEA HAL #6511

TEIX s, HAL 35 NH FE R E
IR I A BE . AR, & A
HHIVE HIEANE2E . Cyberdyne 2 &) H M
EFFR HAL HIEA 3 n] DU FE it sk
40kg HIEY), I H ] UAE AT H & & %

“IREFE 17 BIRE I 100kg 3G NE] 180kg.

4) L BN E #% (Nuuse-Assistive
Exoskeleton) : H A< %% )1 B T2 Bt (1) B
FON G T 2 A B[R R B T — Fh e % 1
Bhir e R N aR el X s g
YL B Hs . BRI S
i1/ e 7 [h] ) ELIK S Bl e AL Ik B A . A4
(1)K 77 L4 22 R A R AN IR Bl 4 55 1 2 A
NSRRI, XA A E S AR e AT
¥ . H RSN E B AES) 0 10 50 A 3
SEAEE HEE T AATEEE .

AR N HE 27 B (13X 65 A0 8% 1AL
BUR 5 i 22— R A 3 B i A AR A Y
U AT, XAl 57 BN 53 e 5 At/ it 3 2
s NAEV)BE B BRI . X0 A IR
TN EP G VAN 22 1y T AR B

5) M AAF “BE” ( Body Extender)
BIBT, — 4= GRS, hE KR E
BrdhsCRFpt . iz & S E 160kg, A
22 NMEMEE, A E H SR A B iR A b
LIRS, FAEME 6 MEBE, X
FHEA 4 MEHBE, BRATFEIBRILA 1
NMEBERFI HTIMBER. £FE
FERORE T, R TFEF AR 50 kg, 7£
Ecaiil = vl PR = . NI IR
CRWF WHL R H#EREA 7SR I
# s IR TR 22 3 M AL R AR T &

goooOoozo70oooooooo

Plgmmdas, AXF LRt <5, (840
% BE 8 A B ERBE N AR B2 50 .

6) V%[E RB3D A ) “HERCULE”
ROV F B AN E P, 2012 EHEH T —
RAEHE T B 5 W E 1B I Y A 5 AR
Ik “HERCULE V2”7, =TT &A
—NEINEHE, RABHIKS), BEiEH
B B esh. R, B TR T/
EEME, EHEZE 100 kg B4 FATE
Hin. f£ 2013 4£, RB3D AR T 4%
EH BT B 14 % “HERCULE V37,
HEN 30kg, RAMEEMMALE, S E
4h. HTHIEG AL SRISCE B .

3.2 EYUL T RSN BB

L N S A 7 = e T
“Soft Exosuit” , 78 i 1 F & 1 M S 3]
JE 5 BRI A T R FIARFEHLR A sh L
WIKEL, DURERMIER A EPT., A&
27 9.1 kg BedR RIEHIR A M2 L2 5T .
25 B S R A AE A B DG R R OG T
b 2R AR IR B ML AN 4R 22 2 A% s 1) 7 2R E B
Bh7y, Wi 40, seibgRey, Mol E RIRE
MLATDATE L 24kg [264F R, BL 1.25m/s
PR BEAT 2, I B8 BB B AR N AR IE 8547 2
BTV FEH AR TR 14.6%.

FEFEHI T, exosuit K T HEE
A7 B2 ) SR, 2R 3N AR B O 1 R
i TR, @R, I E A R
PER KL, $EALHTR) 7. TR iE RN AR
KM ReE, KUILMRE AR E S
RE R0 N ¢ &R, T8 BROCTT I & fRkR A
b 4 S0 0 %0 LB TS AL
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3.3 BT T BN #%

1) Panasonic suit : I H A& T 7E
AWN-03 Z J5#fe, mENAZ 13 B,
KRN A 4 Skt ATk 3h, [FIFER
AR e B S HE DL B L N H & .
7 7 57 2B RN AZR B85 8 R0 R R 8 2 3%
2, Iz iE 2 B T — MR R,
TR B 2 BE k., (HR A I 33
f55, LA B E T NEAT 008 A

2) AR M K 2 AU R 2 B T
KT — F 58 A I BRSO B 1 Ah
(& 5>, JEIE 5 ERICTON/INBR IR 1
R A A N AR BRI AEAT B 1 FEFE RN fE
H, JFEE AR R . 8 54T 2
SRR IR BRI EE . AT 3k B8 A6 N SR AT A
b R AR A Y T S i R —
MEG A, EEHNRITIE, D5
FI H R AL R . ks,
Mz BE s, ANATE M A R A 2D 1 4
7.2%-

3) HLME 595 (Roboknee) : £
Yobotics A AR A ] (& FE A Z M

T, www.yobotics.com) KB T —F7E
5E B A B RIS AT 55 I AE R OC 1T Ab il E T ok
58 B 1 3 TE MR AN R ) B — A B
Pl X AR REREERX B (e
KR NI (FE/NBRAL) By 5 Bk
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Chapter (New York, New Jersey)
2. FEM 434> - Connecticut Chapter
3. L#E Ry
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- Pennsylvania Chapter

Washington DC  Chapter/Network
Society

5. WAHIZHE 34 - Arizona Chapter

6. MMEAZHLS; 4> - California Chapters
at Los Angeles

7. MM & HL W B 4 22 - California
Chapters at San Diego

8. MMHEEL 44 - California Chapters at

Silicon Valley
9. f#h% Hik%r £ - Florida Chapter
10. J6-£ 4% - North Carolina Chapter
11. &M 532> - Texas Chapter (Dallas)
12. Y4734 - Utah Chapter
1395 96 % Je W 7> =
Chapter
14. KP4 5y 2 -
15. Faf#M 434 - South Florida Chapter

- West Virginia

Great Boston Chapter
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The Chinese Association for Science and
Technology, USA (CAST-USA:

usa.org) is a non-profit and non-political

Www.cast-

organization. It was founded in August 1992 in
New York City. The missions of CAST-USA
include: 1) to build relationships and exchange
programs between China and United States in
the areas of science, technology, education,
culture, business, trade and other fields; 2) to
promote traditional Chinese culture and
provide local Chinese community activities to
the general public in the United States; and 3)
to provide networking and collaboration
opportunities among Chinese scholars and all

professionals in the United States.

CAST-USA is a cross-regional, cross-
industry, integrated technology group. The
majority of CAST-USA members are Chinese-
American professionals, who hold advanced
degrees in science and technology, education,
business, law, medicine, art and other fields of
endeavor. CAST-USA is growing at a rapid
pace with more than thousands of members in
more than 30 states across the United States,
working in universities, industries, government
agencies and other sectors, many in the world's
top 500 multinational corporations, or well-
known universities  or

large companies,
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research institutions. Currently CAST-USA
consists of 16 regional chapters & 6 to-be-built
regional chapters in the United States and 14

liaison offices in China.

CAST-USA has an Executive Board

responsible  for daily operations and
management, a Board of Governors to propose
a revision to CAST-USA Bylaws, an Advisory
Board, and a Board of Directors to review and
approve amendments to CAST-USA Bylaws
and vote on the impeachment motion initiated
by the Board of Governors. CAST-USA has
the following famous Honorary Advisors: Prof.
Jian Song, Prof. Chen-Ning Franklin Yang,
Mrs. Anna Chan Chennault, Prof. Guangzhao
Zhou, Prof. Lilan Zhu, Prof. Yongxiang Lu,
Mr. and Prof. Dan

Shechtman, Prof. Mario Capecchi and other

Man-Chung Tang,

academic and social celebrities.

CAST-USA and its chapters hold regular
academic seminars and provide academic
exchange platform for members. CAST-USA
and its chapters also hold other series activities
and seminars to provide a platform for
members to support each other to study, work
and live well. CAST-USA regularly publishes
the

newsletter. The contents include a presentation

“Overseas Scholars” magazine and
of academic activities, the latest news of the
science, technology, and business sectors, job
and investment opportunities, and immediate

concerns from many members.

CAST-USA and its chapters hold nation-

wide annual conferences and regional

46 OO0O0DO0OO0O0DODDOD0—D000D0D0

conferences, and dozens of academic lectures
and academic seminars, which invite many
well-known celebrities to address and discuss
academic and social issues. CAST-USA is
now one of the most-recognized organizations
among Chinese professionals in the United
States. It is the leading institution dedicated to
the promotion of understanding between
Americans and ethnic Chinese in the United
States. Since its foundation, CAST-USA has
established strong ties with the scientific and
technological communities both in the United

States and in China.

The 2017 annual national conference will
be held in New York City from Oct. 6-8.

Current President of CAST-USA is Bill
Jiang, Chairman of the Board of Governors

Zhixiong Chen, Chairman of the Board of

Directors Yunming Song, President-Elect
Xinghua Pan. Former presidents of CAST-
USA are Huakang Zhou, Qiu Zhang,

Zhenchun Xu, Chongqging Lu, Qiyuan Ma,
Mengchu Zhou, Jiaye Xie, Shuigen Xiao,
Hong Shi, Yousuo Zou, Minyue Lin, Feiyue
Wang, Bailian Li, Li Zuo, Lu Shen, Qiang Lu,
Daniel Zeng, Tony Fang, Xiaoming Sheng,
Yigiang Cai, Howie Yu, Yunming Song,
Zhixiong Chen.
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