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A Social Challenge for Everyone, Especially the Elderly

11/8/2019 Bionic Design & Learning Group 3

“Challenge to balance or strength > Ability to stay upright”

Old-age-dependency indicates 

the ratio between the number of 

persons aged 65 and over (age 

when they are generally 

economically inactive) and the 

number of persons aged between 

15 and 64. The value is expressed 

per 100 persons of working age 

(15-64)

1/5 falls causes a serious injury 

• a broken bone or head injury. 

Fear of falling 

• seriously affect an aging adult’s quality of life 

• keep a person from being active and thriving.

Source: USA CDC
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Falls Happen During Motion Transition

11/8/2019 Bionic Design & Learning Group 4

Sit-to-Stand is among the high-risk levels of motion states

In-seat 
Motion

Sitting 
State

Sit-to-Stand 
Motion

Standing 
State

Walking 
Motion

Low Low High Low High

Risk Level
Where aids 

are needed
Where aids 

are needed

Motion State

• Health-based risks
• This includes things like balance problems, 

weakness, chronic illnesses, vision problems, and 
medication side-effects. They are specific to an 
individual person.

• Environmental risks
• These are things like home hazards (e.g. loose 

throw rugs), outside hazards (e.g. icy sidewalks), 
or risky footwear (e.g. high heels). This category 
can also include improper use of a walker, cane, or 
other assistive device.

• Triggers
• These are the sudden or occasional events that cause a 

challenge to balance or strength.  They can be things 
like a strong dog pulling on a leash, or even health-
related events like a moment of low blood sugar 
(hypoglycemia) in a person with diabetes.

Leslie Kernisan, MD MPH

https://betterhealthwhileaging.net/author/leslie-kernisan-md-mph/
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Assistive Tools for Sit-to-Stand
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For motion transition from Sitting on Chair, Bed & Toilet to Walking

Medline Toilet Safety RailsMedline Bed Assist bar

Able Life Universal 

Stand Assist

Carex Upeasy

Seat Assist Plus

Bradley, Sara M., and Cameron R. Hernandez. "Geriatric assistive 

devices." American family physician 84.4 (2011).
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Can we Design Intelligence for Geriatric Assistive Device?
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Or how can we better assist the brain and muscle of the elderly during sit-to-stand?

Bradley, Sara M., and Cameron R. Hernandez. 

"Geriatric assistive devices." American family 

physician 84.4 (2011).

SRL as a potential solution?
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Towards an Ambient Super-Limb For Elderly Care
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Design Concept of A Robotic Cane System

Depth Camera
Inflatable Vest

Pneumatic-Driven 

Robotic Cane

Bed

Toilet

Chair

• Pneumatic linear actuation

• Inflatable vest for human-machine interface

• Privacy-safe recognition & prediction
RoboSoft 20’ 

to-be-submitted
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Robotic Cane Design
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Biomechanical modeling with a linearly actuated cane
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Gradually Reduced Peak Force Exerted by Human Leg
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Reduced Ground Reaction Force with a Robotic Cane

T1 T2 T3

F1

F2

V1

V2

P1 P2 P3

• Assistive Sit-to-Stand can be much more complicated than the current design

• Current progress establishes the first steps towards an autonomous assistive device

Source: ACC New Zealand
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Inflatable Vest
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An inflatable swimming suit sewed inside a jacket with cane hooks under the arms

Before & After Inflation

Force Jacket by Disney Research

• Design issues with active assistance 

for the elderly as a wearable device

• Yet to be solved with a better design
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Experiment Setup
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Depth sensing for ambient motion recognition and intention detection
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Depth Sensing for Ambient Intelligence

• Ambient control of assistive robot for the elderly requires rich motion data

• Consumer-grade depth sensing vs. Industrial-grade motion capture

• Future research on ambient control of super-limb robots for the elderly?
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Towards an environment that satisfies our needs mostly without our having to think about it
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1.0X
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0.5X
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SRL Design for the Elderly

Case with 

the Cane
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Scope of Design

Level 1: Sensing

Level 2: Level 1 + Actuation

Level 3: Level 2 + System Design

+

+

…
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Super-limb for the Elderly?

• Is direct-drive a suitable actuation for 
elderly lower-limb assistance?

• Can we develop smaller, lighter, 
quieter & cheaper actuators to fit a 
cane?

• How to emulate the human assistance 
for super-limb of elderly sit-to-stand?

• Should we focus on the robot or the 
system for the elderly?
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On-going research on robotic cane as a super-limb for elderly assistance

Towards an ambient design of super-limb for elderly assistance
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Southern University of Science and Technology
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SUSTech Institute of Robotics
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ZHENG WANG

Professor

Research Area: Robitcs Design and
Control, Soft Robotic Systems and
Control, Teleoperation,

WEI LIU

Associate Research Professor
Research Area: Computer Vision,
Surgical Robotics, M edical Imaging

ZAIYUE YANG

Professor
Research Areas: Smart grid、
Automatic control、 Signal processing

SHUAI GUO

Visiting Professor
Research Area: M obile robot, 
Rehabilitation robot, Robot System and 
Algorithms

CHENGLONG FU
Associate Professor

Research Areas: dynamic walking, biped
and humanoid robots, robotic prosthesis,

CHAOYANG SONG

Assistant Professor
Research Areas: M echanical Design, 
Bionic Robotics, Robotic Learning

HONGQIANG WANG

Assistant Professor
Research Areas: Novel actuators, medical 
robots, flexible robots, microrobots

CHENGZHI HU

Assistant Professor
Research Areas: M icrorobotics, 
BioM EM S, Bioinstrumentation

U KEI CHEANG

Assistant Professor
Research Areas: micro-and nanorobotics

WENDE KE

Teaching Associate Professor
Research Areas: robot control, M ulti-
robot cooperation

I-MING CHEN

Distinguished Visiting Professor
D irector of SUSTech Institute of Robotics
IEEE/ASM E Fellow

YIMING RONG

Chair Professor

Executive D irector of SUSTech Institute
of Robotics
ASM E Fellow

WEI ZHANG

Professor
Research Area: Control and
Optimization Theory, Robotics,
Reinforcement Learning

MINGMING LIU

Assistant Professor
Research Areas: M edical and
Rehabilitation Robotics

QI HAO

Professor

Research Areas: Intelligent sensing and 
machine learning

ZHENZHONG JIA

Robotic Manipulation, 

Autonomous Intelligent 

Systems, Control and Learning

YANG PAN

Legged Robot, Robot 

Dynamics, Robot Force & 

Torque Control

Advanced Drive Principle

Human-computer 

Interaction

Machine Design

Soft Materials

Robot Dynamics

Control and Automation

Navigation and 

Orientation

Machine Learning

Perception and Sensing

…
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songcy@sustech.edu.cn Bionic Design & Learning Lab

Assistant Professor with Department of Mechanical & Energy Engineering
Adjunct Assistant Professor with Department of Computer Science and Engineering

BIO-INSPIRED DESIGN TOWARDS ENGINEERING OPTIMIZATION

Replaced molded soft actuators with balloons

Enhanced bending with mirrored shells

Optimized structure for modular assembly

ENHANCED KINEMATICS WITH REDUCED SOFT MECHANICS

Kinematically equivalent to a rigid linkage

Full bending at relatively low pressure

Reconfigurable through on-demand assembly

AncoraSIR.com

Assigned methods from robotic vision to robot learning
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Which part of the manipulation flow benefits the most from learning?

Segmen-

tation

Recog

nition

Pick 

Planning

Motion 

Planning

4-piece

simple 

Jigsaw

5-piece

standard 

Jigsaw

Multi-set 

cluttered 

Jigsaw

…

Integrated system metric: 

puzzle completion (y/n), total time (sec), completion quality (%)

Sub-

system 

metric:

IOU

Accuracy

Grasp 

Quality

Collision 

Free

…

Each block can 

be implemented 

with learning 

method, or not.

(000000) 4-piece simple jigsaw: 

- simple pick & place with texture free pieces

(100101) 5-piece standard jigsaw: 

- assembly task using one standard jigsaw set

(111001) Multi-set cluttered jigsaw: 

- pick & place with geometric reasoning

(111112) Customized metal jigsaw: 

- customized robotic manipulation, i.e. touch

(??????) …

Customized 

metal Jigsaw

BF

[BF] Base frame piece: without/0 or with/1

[PP] Piece placement: flat/0 or cluttered/1

[JS] Jigsaw sets: one/0 or multiple/1

[TX] Texture: standard/0 or customized/1

[GO] Geometry: standard/0 or customized/1

[MA] Material: PLA/0, Wood/1, Metal/2

(Machined: 3DP/Laser Cutting/Machining)

PP JS TX GO MA

1

2 3

5 4

A

B

C

D
X

神经网络模型

可视化表达

实物化互动

显示器

交互板

可重构表征
棋子

深度摄像头

边缘计算
单元

协作学习机械臂

Bionic 

Design 

Robot 

Learning 

Robotic 

Education 
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Bionic Design & Learning Lab

@ SIR Group 仿生设计与学习实验室

Room 606

7 Innovation Park

南科创园7栋606室

Thank you ~
Song Chaoyang

Department of Mechanical and Energy Engineering

Southern University of Science and Technology

songcy@sustech.edu.cn
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Welcome to stay for 

SUSTech Night

8:20PM tonight here
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