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A Social Challenge for Everyone, Especially the Elderly

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

IN 2014:

O

1 ° 4 older adults
I n reported a fall.

@ Even though falls are common, most

adults who fall don't tell their doctor.

More than

- 27,000

older adults died as a result
of falls —that's 74 older
adults every day.

Among older Americans

falls are the #1 cause of:
«++Q ¢ Death from injury

* Injuries

Source: USACDC

Falls Increase
with Age:

Percent of older adults who reported a fall:

INCREASED 30%

FROM 2007 T0 2016 FOR OLDER ADULTS
40% .

30% -
20% -

10% -

65-74 75-84 85+ (=

Years Old Years Old Years Old
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Fall Death Rates in the U.S.

T
DEATHS

EVERY HOUR
BY 2030

I\

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.

Bionic Design & Learning Group

I The big shift

Old-age dependency, population aged 65 and
over per 100 people aged 25-64

B 2000 Il 2010 I 2035*
0 20 40 60 80
Japan
Germany
Rich world
United States
Old-age-dependency indicates
. the ratio between the number of
China persons aged 65 and over (age
when they are generally
economically inactive) and the
. number of persons aged between
Devel oping 15 and 64. The value is expressed
per 100 persons of working age
world s
Source: UN Population Division *Forecast



Falls Happen During Motion Transition

Sit-to-Stand i1s among the high-risk levels of motion states

—_I‘\.—’-———_ __’\_’-—-—_

l
l Where aids l Wh id
Risk Level ere el '

are needed are needed o H eal th - based I I S kS
e o 3 i .
l

« 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. \

Sitting Sit-to-Stand Standing
State Motion State

- + ) ' . . SUSTech
AncoraSIR.com : Leslie Kernisan, MD MPH s ?c
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https://betterhealthwhileaging.net/author/leslie-kernisan-md-mph/

Assistive Tools for Sit-to-Stand

For motion transition from Sitting on Chair, Bed & Toilet to Walking

. | ' \ﬁ N | | - ’———ﬁ Able Life Universal
| 3 ' - * | Stand Assist
o | b [ 1
’\\ 4 J E
2 - "

Safe Lift Assistance
Up To 70% of Your Bodyweight*
Carex U peasy Gently Curves The Seat
Seat Assist Plus Without Pushing You Forward.

Adjustable Weight
Ranges For
Custom Support

Indoor or Outdoor Use

Bradley, Sara M., and Cameron R. Hernandez. "Geriatric assistive * 3401 Weight Capadity
AncoraSIR.com devices.” American family physician 84.4 (2011).
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Can we Design Intelligence for Geriatric Assistive Device?

Or how can we better assist the brain and muscle of the elderly during sit-to-stand?

Table 1. Comparison of Assistive Devices

Assistive device

Pros

Cons

Examples of conditions
indicated for use

Canes

Standard/straight
Ccane

Offset cane

Quadripod (four-
legged) cane

Crutches
Axillary crutches

Forearm
(Lofstrand)
crutches

Platform crutches

Walkers
Standard walker

Front-wheeled
(two-wheeled)
walker

Four-wheeled
walker (rollator)

Bradley, Sara M., and Cameron R. Hernandez.
"Geriatric assistive devices." American family
physician 84.4 (2011).

11/8/2019

Improves balance; adjustable

Appropriate for intermittent weight
bearing; shotgun handle puts less
pressure on palm

Increased base of support; can bear
larger amount of weight; stands
freely on its own

Able to completely redistribute
weight off of lower extremities;
permits 80 to 100 percent weight-
bearing support; inexpensive

Frees hands without having to drop
crutch; less cumbersome to use,
particularly on stairs

Forearm is used to bear weight
rather than hand

Most stable walker; folds easily

Maintains normal gait pattern;
does not need to be lifted up
with each step

Easy to propel; highly maneuverable,
with small turning arc; typically has
seat and basket

Should not be used for weight
bearing; umbrella handle may cause
carpal tunnel syndrome

Commonly used incorrectly (backward)

Slightly heavier than straight cane;
awkward to use correctly with all
four paints on ground simultaneously

Difficult to learn to use; requires
substantial energy expenditure and
strength; risk of nerve or artery
compression; unable to use hands

Permits only occasional weight
bearing

Difficult to learn to use

Needs to be lifted up with each step;
slower, less natural gait

Large turning arc; less stable than
standard walker

Not for weight bearing; less stable
than front-wheeled walker; does
not fold easily

Bionic Design & Learning Group

Mild ataxia (sensory,
vestibular, or visual); mild
arthritis

Moderate arthritis

Hemiparesis

Lower extremity fracture

Paraparesis

Rheumatoid arthritis

Severe myopathy; severe
neuropathy; cerebellar
ataxia

Severe myopathy; severe
neuropathy; paraparesis;
parkinsonism

Moderate arthritis;

claudication; lung disease;

congestive heart failure

Geriatric Assistive Device Selection

Does the patient need one or both upper
extremities for weight bearing or balance?

One Bath

|

What frequency of weight
bearing is needed?

Minimal Intermittent Often Minimal Intermittent Often Constant

oo ' v ' ]

Offsetcane  Quadripod Four-wheeled Front-wheeled walker  Front-wheeledt or  Standardi or front-
cane walker (rollator)*  or forearm crutches standard walker wheeled walker

What frequency of weight
bearing is needed?

Standard cane

*—Use with caution;, this type of walker is appropriate if balance or cognitive impairment is mild and the patient could benefit from having a seat.
F—If the patient requires weight-bearing assistance, but not constantly, a front-wheeled walker may suffice.
§—If the patient requires weight bearing all of the time, a standard walker may be preferred because it is more stable.
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SRL as a potential solution?



Towards an Ambient Super-Limb For Elderly Care

Design Concept of A Robotic Cane System

AncoraSIR.com
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Inflatable Vest -

Depth Camera

&% Pneumatic-Driven
X ]

NEFe Massachusetts Robotic Cane
SUSTech Institute of

Technology

 Pneumatic linear actuation

/
- Inflatable vest for human-machine interface I RoboSoft 20°

* Privacy-safe recognition & prediction to-be-submitted

7




Robotic Cane Design

Biomechanical modeling with a linearly actuated cane

3D Printed Handle
Button

Wires & Tubes

Tube & Connector

Connection Part

Extension Part

AncoraSIR.com
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Gradually Reduced Peak Force Exerted by Human Leg

Reduced Ground Reaction Force with a Robotic Cane

» Assistive Sit-to-Stand can be much more complicated than the current design
»  Current progress establishes the first steps towards an autonomous assistive device

Vertical Ground Reactlon Force
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Inflatable Vest

An inflatable swimming suit sewed inside a jacket with cane hooks under the arms

Design issues with active assistance Step 1: Put on the vest.

for the elderly as a wearable device
Yet to be solved with a better design

Inflatable

L Outer Layer
Swimming Jacket

Attachment Ring

AncoraSIR.com
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Experiment Setup

k-

f.'e o s
3 ’ e “
"
Robotic Cane |
Stair Embedded Depth Camera
with Force Plates

E R =
e

N o, il

Table for
== Evaluation

AncoraSIR.com
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Depth Sensing for Ambient Intelligence

Towards an environment that satisfies our needs mostly without our having to think about it

« 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?

AncoraSIR.com

Angle (Degrees) Angle (Degrees) Angle (Degrees)

s |\iotion Capture
Ankle Angle s Depth Camera

50 60 70

Knee Angle

60

40 50

Hip Angle
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70

30 40 50 80
Motion Percentage (%)
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SRL DeSign for the Elderly Scope of Design

/3\ Level 3: Level 2 + System Design
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Super-limb for the Elderly?

On-going research on robotic cane as a super-limb for elderly assistance

Inflatable Vest

CE
Depth Camera /\
"/%/ Toilet

* |s direct- drlve a sunable actuation for / ) (=

P|| I [, = S T o L,

: Towards an ambient design of super-limb for elderly assistance ?
|

fOl SUPCT=IITIV U CIUCTTY SI-LU=sldlNIU Y sit-to-stand Robotic Cane v

« Should we focus on the robot or the & A 9
S ). )
system for the elderly? L. € &

SUSTech
AncoraSIR.com Pt
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SUSTech Institute of Robotics

I-MING CHEN YIMING RONG WEI ZHANG Advanced Drive Principle
Distinguished Visiting Professor Chair Professor Professor H uman-computer
Director of SUSTech Institute of Robotics Executive Director of SUSTech Institute Research Area: Control and Interaction

of Robotics
ASME Fellow

IEEE/ASME Fellow Optimization Theory, Robotics,

Reinforcement Learning

Machine Design
Soft Materials

, Robot Dynamics

Professor - S Visiting Professor Control and Automation

Research Areas Smart grid, "\3 j Research Area: M obile robot, C g
Automatic control, Signal processing < ’ Rehabilitation robot, Robot System and N&Vlgatlon and
L\

Algorithms Orientation
Machine Learning
Perception and Sensing

ZHENG WANG ZAIYUE YANG SHUAI GUO

Professor

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

CHENGLONG FU

Associate Professor

Ql HAG CHAOYANG SONG

Assistant Professor

Research Areas M echanical D esign,
Bionic Robotics, Robotic Learning

Professor
Research Areas: Intelligent sensing and
machine learning

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

ZHENZHONG JIA

CHENGZHI HU HONGQIANG WANG U KEI CHEANG _ _ _

Robotic Manipulation,
Assistant Professor Assistant Professor Assistant Professor Autonomous Intelligent _
Research Areas: Microrobotics, Research Areas: N ovel actuators, medical Research Areas micro—and nanorobotics Systems, Control and Learning
BioM EM S Bioinstrumentation robots, flexible robots, microrobots

YANG PAN
WEI LIU MINGMING LIU WENDE KE

Legged Robot, Robot
Dynamics, Robot Force &
Torque Control

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

Assistant Professor
Research Areas: M edical and
Rehabilitation Robotics

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

SUSTech
AncoraSIR.com Pt
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S C h Assistant Professor with Department of Mechanical & Energy Engineering
O n g aoyan g Adjunct Assistant Professor with Department of Computer Science and Engineering
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» SUSTech-MIT Joint Center for Mechanical Engineering Education and Research, .
+ National Students' Innovation and Entrepreneurship Training Program (201914325006) SUSTECh N |ght
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Liu Ziqi
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Chen Mingdong Liu Haiyuan

Dr. Wan Fang
Prof. Fu Chenglong
Prof. Harry Asada

Prof. Wang Zheng Song Chaoyang
. Department of Mechanical and Energy Engineering
iif—% ﬁ Southern University of Science and Technology
- songcy @sustech.edu.cn
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