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Research on the Classification and Processing Manufacturing of Soft Robots

RN RAIGE BEOUE

(Al K Fe A LRFR A &l 226019, F eSS L E EN 2131643

# E: SHANSEAR SRR TRES R EET TEERA . SIS AT DO B A S HE RN AN TR RS ARk
MBAHRACEERESY BranSEAEME. RENLEANSEOEERERsn. FUEEaSF R RRE T 2 E
L RH T RARTRNE B R R SR RS ORI ARG B AT AN, B R MM HERA A
RIS, E R AT A P EIE E 2.

REA WEHEA EABRA EFN HELRESY WhE

PEISFES: TP242 MRS ES A

Abstract: The classification and mannfacturing processes of the soft robots are researched and investigated. Basically, there are two categories
of soft robots, 1. e., the cable driven soft robot and the wireless driven soll robot; while the actuators are using electro-uctive pelymer (EAP)
and polvmer gel, ete. The manufacturing of the soft whoix includes thice parts, i e., flexible hudv fabrication, flexible actuator fabrication,
and stretchable electronic circuit fabrieation; novel manufacturing methods such as shupe deposition and smunt microstrurture are applied, Soft

rbot is the continuation of the research un biomimetic robol, and it s an emerging robot, its research has just started, and will face more

challenges in the future.

Keywords: Soft robot  Biomimetic rohot  Driving mode  Flectro-uctive polymer  Smurt materials
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Residual Power Spectrum Analysis in the Application of
EEG De-noising

Yongtao Wan , Feng Chen , Zhixiang Huo

School of Electrical Engineering
Nantong University
Nantong, Jiangsu Province, China
hardwki@w163.com

Abstract — Electroencephalogram {(EEG) reflects the
physiological rhythms of brain. It has been widely used to
diagnose mental disease and infer the intention of human from
the Brain Computer Interface (BCI) system. Compared with
other signals, it is so weak that it can be contaminated easily. In
this paper, we intend to introduce a new method, orthogonal test,
which is used to select the appropriate combination of mother
wavelet, threshold strategy and decomposition level in wavelet
transform to remove noises from EEG signal. To measure the
effect of de-noising, we net only use traditional de-noising
evaluate criteria, namely signal to noise ratio (SNR), root mean
square error (RMSE), but also lead to a new and intuitive
method, residual power spectrum (RPS), assessing the de-noising
work. Correlative experimental results showing the eoif3 wavelet
function, Rigorous Sure threshold and 3 levels decomposition
have the best performance,

Index Terms - Orthogonal test. RPS. EEG. De-noising.

I. INTRODUCTION

Electroencephalogram (EEG) is the recording of
electrophysiological brain activity along the scalp. It has been
widely used in studying brain function and pathological brain
mechanisms because of its high temporal resolution, non-
invasiveness. low cost and suitability for long-term
monitoring [1-6], such as post-stroke dementia [7], epilepsy
which is the second most common neurological disorder [8-
11]. 1t is also applied in brain computer interface (BCI)
system and performance enhancement or rehabilitation
ranging from sports sciences to neurofeedback training [12].
Generally, the amplitude of clinical EEG is areund 10-200 pv
and the frequency range is from 1 to 100 Hz. According to
frequency range, they can be mainly classified into four
rhythms. namely Delta (), Theta ( ). Alpha () and Beta ().
Their briefly information has been shown in tablel.

Table 1

Type Frequency(Hz) Amplitude(pv)
Declta{d) 1-3 20-200
Thetw(6) 4-7 100-150
Alpha(a) 8-13 20-100
BetwB) 13-30 5-20

Moreover, when we are in the awakening status and
focus on something, brain often appears a frequency higher

978-1-5090-2396-7/16/$31.00 ©2016 IEEE
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than beta waves, the trequency is 30-80 Hz, but its amplitude
range is uncertain. And during sleep, it can also appear some
more special waveforms in brain, such as the hump wave,
sigma (o) wave, lambda (A) wave, mu (u} wave, etc. Through
the above analysis, we can learn that EEG is diversity and
weakness. So it is easily contaminated by other physiological
signals such as electromyogram (EMG), electrooculogram
(EOG) and space electromagnetic noises during the
acquisition process [13]. Those artifacts will confuse the
original EEG signal and make the further analysis more
difficult. So how to eliminate the noise and extract useful
information from EEG is a great challenge.

In the current study, wavelet threshold de-noising has
been regarded as an effective method to solve it. And there are
many theses stating the relative theory. However, it does exist
greater arbitrariness when we select the appropriate mother
wavelet function, threshold strategy and decomposition level,
So this paper will introduce a new method, orthogonal test, to
select wavelet transform relevant parameters. 1t will provide a
better and scientific way to quickly identify the optimal
combination of parameters, In addition, normal de-neising
criteria, like signal to noise ratio (SNR), root mean square
error {(RMSE), peak signal to neise ratio (PSNR), usually
neglect the frequency information of residual. Tn this paper,
we will propose a new method: residual power spectrum
analysis. Through the analysis of residual power spectrum,
filtered frequency information can be displayed. Compared
with the nermally evaluative criteria, the residual power
spectrum i$ more intuitive. It can be used as a supplement
when those normal evatuating criteria are similar and difticult
to be selected in EEG de-noising process. In this paper, Epoc
headset device of Emotiv systems is used for EEG acquisition
as shown in Fig.1.

Fig.! EEG acquisiticn from author using Epoc.
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Classification of EEG signal based on HCSP and fuzzy entropy

YU Mu-han, CHEN Feng

(Cullege of Electrical Engincering. Nantong University. Nantong 226019, Chma?

Abstract: The common spatial pattern feature extraction algorithm (C8PY ean not deal with the frequency domiain information
and the poor cffects of application exist in the casc of a smail number of leads, a method combining Hilhert-Huang transform
(HHT} with CSDP was propased.  The first three intrinsic mode [unctions (IMF) and the reconstructed signal of each lead were
extracted after the empirical mode decomposition (EMD) of the uriginal electroencephalogram (EEG), CSP was used to vbrain
the two-diniensional featvre vector. the autoregressive model parameters {AR) and fuzzy entropy of the EEG were caleulated 1o
constitute the feature veetors., The extracted [eatures were classiflied. The dara provided by the second BCI cornpetition and the
proposed method for {eature extraction were used. Results of experiments show the classilication accuracies of 90% and 88, 6 %
are achieved for the training set and test set. The method can affect the motion recognition greatly.

Key words: electroencephalugram; commaon spatial patlern; Hilbert-Huang transform; autoregressive model: fuzzy entropy;

feature extraction
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Classification of EEG signal based on HCSP and Fuzzy entropy

Muhan YU, Feng CHEN, Fei HU
Scheot of Electrical Engineering
Nantong University
Nantong,China
e-mail: 115773392%@qq.com, hardwk@163.com

Abstract—According to the problem that the common spatial
pattern feature cxtraction algorithm (CSP) are unable to deal
with the frequency domain information, and the application
effect is not se good in the case of less lead number ,an
algerithm which combine the Hilbert Huang transform
(HHT)with CSP is propoesed. After the original EEG signal
passes empirical mode decomposition (EMD),we can extract
the first three order intrinsic mode function(IMF) of each lead
and its reconstruction signal, and we can obtain two-
dimensional feature from this signal through CSP feature
extraction, meanwhile, calculate the Autoregressive model
parameters and fuzzy entropy to form the fusion feature
vector Finally, use lincar classifier to classify the extracted
features, The data provided by the second BCl competition
are extracted by this method, and the accuracy of the training
set and test set is achieved by 90% and 88.6% respcctively. It
is proved that the algorithm can effectively improve the effect
of recognition.

Kepwords- electroencephalogram;common spatial pattern ;
Hitbert-Huang Transform;autoregressive model fuzzy entropy;
Feature extraction

L. INTRODUCTION

In recent years, Brain-computer Interface (BCI) has
become a hot spot in the field of rehabilitation engineering
and biomedical Engineering. The research and development
of BCH will greatly cnriched the content of the brain

coé,nitive science and newal informatics. We could
1ec0gmze human activities by analysing the EEG
51gnals .In this way ,BCI may create a new communication

chanriel between the brain and an output device , it may
convert action or language instructions directly inte
signals ,which can drive an external device instead of the
normal output pathways of nerves and muscles. However,
the non-stationary and nonlinear characteristic of EEG
makes a tremendous challenge for feature extraction. It is
the reason why the BCI technology 1s still in the ]aboratory
stage and can’t be used in the practical application®),

So far, researchers have presented a variety of feature
extraction algorithms, Please refer to the literature {3-7].
Wavelet transform and wavelet packet transform! are both
based on Fourier transform, which can’t have higher
resolution in time domain and frequency domain at the same
time. The feature extracted from the common spatial pattern
lacks the relevant frequency dDmdll’] information and
requires a large number of electrodes™, so it can’t be

978-1-5386-0677-3/17 $31.00 © 2017 [EEE
DOT 10.1109/CRC.2017.15
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applied into the less channel signal. Hilbert huang transform
has a high resolutlon in both the time domam and the
frequency domain, but it is need to select the TMF
component artiﬁcmlly after the EMD, which may results in
the reconstructed signal mixing with noise and losing useful
information. According to the defects of the above feature
extraction algorithms, a method combirung HHT with CSP
is proposed. By selecting the three channels (C3, C4, and
CZ) which characterize the motor imagery of the hand, and
then apply the empirical modal decomposition of each
channel respectively. We extract the first three IMF and the
reconstructed signal of each lead composed of 15-
dimensional signal. We can obtain the instantancous
amplitude by Hilbert transform and extract the feature
through the way of CSPI, the Autoregressive model
parameters (AR) and fuzzy entropy of the EEG were
calculated to constitute the feature vectors. This paper
employs the data provided in BCI competition 2003, the
Hilbert Huang transform, CSP and the proposed method are
used to extract the features, and then classify them through
linear classifier. Using the method proposed in this paper,
the classification accuracy is 5 percentage points higher than
that of HHT alone and 15 percentage points higher than that
of CSP alone, The classification results show that this
method could avoid the uncertain factors brought by the
IMF, It can also reduce the number of leads and increase
the relevant frequency domain information, so this method
can extract more effective feature.

II.  EEG FEATURE EXTRACTION METHOD

A, Introduction of HHT

Recently, Hilbert-huang transform is a major
breakthrough in the field of signal processing, Since the late
90s, it has been widely used in seismic data, chimate data,
voice signals, image signals and other data analysis, this
method has g,ood resolutions on both time and frequency
domain, o 1t is apphcab]e in nonlinear and non—stataonal}f
signal processing. HHT 1s divided into two partst: 1)
empirical mode decomposition (EMD); 2) Hilbert spectral
analysis (HSA).

EMD is the first step in Hilbert Huang transform and
also the most important step in the feature extraction, a
complex multi-component signal can be decomposed into
some simple components through EMD. The upper and
lower envelopc of these simple compenents must be
symmetrical along the timeline at any time. and the
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Sliding Mode Control for Robot Three Joint Motion Tracking Path Location

HU Fei, CHEN Feng

{ Department of Electrical Engineering, Nantong University, Nantong Jiangsu 226019, China}

ABSTRACT : In order 10 improve the trajectory iracking contrel performance of three — links spatial robot, a new slid-
ing made voutrol method with low — pass filter is proposed. Due to fast response speed and invariant to system parame-
ter perturbation and external disturbante uncertainties, traditional sliding mude control can assure the asymptotic sta—
bility of the system, but its disadvantage is that the control itself may cause strong system chattering which resalts in
paor tracking accuracy. Therefore, a low pass filter was intreduced on base of the traditional shiding mode control
method. The control law can gaarantee fast convergence of trajectory tracking error as well as actualizing the smooth—
ness of the output signal of the controller, and thereby the chatlering was weakened ellectively. The stability of the
system was proved by Lyapunov theorem, Finally the simulation was varried out for a three = links spatial robot, the

simulation results show that the proposed methud is effective 1o improve the wbot tracking control performance in the

presence of model error and external disturbance and to weaken the chattering better,

KEYWORDS : Robot: Skiding made} control; Tow — pass filter (TPF) ; Chatlering
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Abstraci—In order to improve the trajectory tracking eontrol
performance of three-links spatial robot, a new sliding mode
control method with low-pass filter is proposed in this paper.
Due to Fast response speed and invariant te system parameter
perturbation and  external disturbance unccrtainties,
traditional sliding mode control can assure the asymptotic
stability of the system, but its disadvantage is that the control
itself will cause system strong chattering. Therefore, low pass
filter is introduced on base of the traditional sliding mode
control method, the eontrel law can guarantee fast eonvergence
of trajectory tracking error as well as robusiness for external
disturbanees and parameter uncertainties. The stability of the
system is proved by Lyapunov theorem. Finally the simulation
is carried aut for the three-links spatial robot, the simulation
results show that the proposed method is effective to improve
the robot tracking control performance in the presence of
moedel error and external disturbance, and weaken the
chattering to a certain extent.

Keywords-robot; sliding model control; low-pass filter;
chattcring

I. INTRODUCTION

Multi link robot, also knuwn as the maniputator. from
the perspective of motion geometry, refers to the end and the
base of a series of fixed space with the ability to connect the
rigid body {1]. Multi link robot occupies the nain position
in modern inclustrial application. However, multi link robot
is a very complex multi input and multi output nonlinear
system, which 15 characterized by time-varying, strong
coupling and nonlinear dynamics. Especially due lo the
uncertainty of the structural parameters, the uncertainty of
robot werking environment disturbance and the uncertainty
of structural resonance mode, will lead to modeling ervors of
dynamic model of robot, these uncertainties are all likely to
canse system instahlity [2, 3]. Control of the robot means to
control the position of link or the end-effector to track u
given trajectory or stable in a given position with expected
dynamic quality, that is the trajectory tracking control or
position control. There are three kinds of advanccd control
strategies for uncertain robots: shding mode controi, robust
control and adaptive control.

Sliding Mode Control (SMC)is a special kind of
noniingar control. It is an effective control method because
of its strong robustness, no nced of aceurate modeling and
special decoupling. It can be used to control the multi link
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robot with many kinds of uncertainties and disturbances.
However, the study shows that the output of the controller
has serious chattering phenomenon, which is not conducive
to the physical realization and engineering application of the
controller. At presert, there are several typical methods!],
such as filtering method, observer methed, switching pain
method, fuzzy method, neural network method and genetic
algorithm optimization method. The adaptive sliding made
controfler based on disturbance observer is designed to
eliminate chattering phenomenon in traditional sliding mode
control in reference [5], and the tracking error is close to
zero. In reference [6], actualize the switching gain of sliding
mode controller of permanent magnet synchronous inotor
(PMSM)real-time  tuning with the combination of gain
scheduling and adaptive, achieve the gain scheduling of
switching gain coefficient in the range of allowable
boundary, weakens the chattering and improves control
performance. The reference [7] presents a radial basis
function neural! network sliding mode control method, the
control scheine using global sliding surface, the nonlinear
mapping ability of neural network and the characteristics of
sliding mode control are combined, weaken the chattering of
sliding mode control, and ensure the robusinzss of the
systerm.

In this paper, a sliding mole controller based on the low-
pass filter is proposed to replace the traditional sliding mode
controller for three hink robot. The experimental results
show that the link trajectory tracking performance of the
three link robot has good dynamic quality, the tracking error
is asymptotically, stable and closed to zero, furthermore
weaken the chattering phenomenon in a certain extent.

II.  DyNaMIC MODEL OF THREE-LINKS ROBOT

The dynamic equation of the three link robot is
established based an Lagrange kinematics:

(@) +Clq, g+ G +dy g =1 (1)

Where, ¢ , ¢ and § are the angular displacement (position),

angular veloeily and angular acceleration of each link of
robot; T represent control mement; /f(g) represcnt inettia

matrix; C{g,¢) is the Coriolis force and centripetal force;
G{q) comesponds to gravity; d{(g,q,4,7) includes modeting
uncertamnties,
torquie.

friction torque and external disturbance
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Design of nonlinear directly decoupling method

for six-axis wrist force sensor "

CHEN Feng, XU Yi-ming, ZHONG Yong-yan, LIN Chun
{ Schiool of Electrical Engineering, Nantong University, Nantong 226019, China)

Abstract; A multi-axis force sensor is a device in which several simple transducers measure the effects of
unknown loads on the mechanical structure,decoupling is an important part for its design. Aiming at shortcomings
of traditional siatic linear decoupling method, attempt to extend the traditional Iinear decoupling equation to
polynomial structure, inspired by the general form of the inverse solution to polynomial, a nonlinear polynomial
static directly decoupling equation is established, the method does not need curve fitting and inverse solution in
traditional linear decoupling method ,and does not depend on the precondition that the relationship between input
and output is assumed to be linear behavior, and it can be expanded easily to pmdﬁce any polynomial type
required. The experimental results show that the method can reduce significantly output coupling error.

Key words: six-axis force sensor; coupling errors linear decoupling: nunlinear direcily decoupling
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Abstract: This paper demonstrates a concept of walking power assist leg (WPAL), which is designed
for enhancing strength and endurance during walking. Using D-H method, the kinematics of WPAL
is investigated theoretically. The reasonability of fundamental design is verified by the simulation
results. To make the system work smoothly and provide power assist for operator, the robot must
understand the operator’s intention. In this paper, the floor reaction force (FRF) information has been
used to complete the intention prejudgment of its operator’s leg movement. The method of
prejudgment and FRF information acquisition system are designed. The experimental results also
indicate the feasibility of FRF system.

Introduction

In 1970s, Miomir Vukobratovié has introduced the concept of the power assist exoskeleton robot [1].
However, it was not paid attention by more researchers and scholars. Today, trends in robotics
research are changing from industrial applications to non-industrial applications, such as service
robots, medical robots, humanoid robots, personal robots and so on. Human ability to perform
physical tasks is limited not only by intelligence, but also by physical strength.

The main goals of power assist robot can be categorized into two fields: direct power assist, which
aims to provide power to specific location of user’s body such as HAL, RoboKnee, and indirect
power assist, which aim to share tasks with operator, such as BLEEX. After Hardiman 1 [2] was
reported, the system has received much more attention and with the progress of robatics and
computer technology, the system has been developed quickly. University of California, Berkley, has
designed a system called the BLEEX [3], which has more than 40 sensors and hydraulic actuators,
and helps lighten the load for soldier or worker. RoboKnee [4] has been designed by the company
Yobotics. It was a single knee powered walking device. Wakayama University had designed a
wearable power assist suit [5] to support the elbow, shoulder, hip and knee motion, powered by
pneumatic actuators, sEMG was used as trigger, joint torques were approximated with statics
calculation by using the human model. HAL [6] of Tsukuba University was a lightweight power
assist device. [ts actuators were DC motors at the knee and hip. They used sEMG electrodes on
human’s leg muscles to estimate human inner force. Tohoku University developed a wearable
antigravity muscles support system for supporting physically weak person’s daily activities [7]. The
joint support moments were designed based on a part of the gravity term of the necessary joint
moment derived by human approximated model,

This paper is to develop a power assist system which not only amplifies strength of human legs and
enhances endurance during walking, but also avoids interfering with the its operator walking freely. It
is using mechanism to save human power during walking based on autonomous decision-making
through human-robot interaction information measured from the sensors system. And, force control
method will be designed to regulate the power assist robot. The system can be further improved to
provide stronger adaptability, enhanced performance and efficiency. The structure of the WPAL [8]
is shown in Fig.1.

All rights reserved. No part of contents of this paper may be reproduced or transmitted in any form or by any means withcut the written permission of TTP,
www ttp.net, (ID: 35.13.217.152-13/06/13,02:50:59)
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Non-invasive EEG based Mental State Id entification
Using Nonlinear Combination

Feng Chen, Yunyi Jia and Ning Xi

Alstract—Non-invasive EEGs are very usefal in human-
machine integration development and medical diagnosis.
Mental state, especially mental fatigue, is one of the main causes
of the tragic accidents. In order to prevent accidents caused by
mental Fatigue, it is cruzcial to identily such mental state. Based
on the mental state, the human-machine systems would ebtain
heneficial effects for reducing their accident rate. Using
non-invasive EEG recordings, the features of EEG are exiyracted
hased on nonlinear combination among EEG four frequency
components. The index of mental state can be represented by a
polynomial equation, The method is more flexible and provides
a quantitative analysis way to acquire the mere accurate mentat
state. The effectiveness of the methed is well demenstrated
through experimental results.

I, INTRODUCTION

HE method to study EEG, whether conventional

cognitive neuroscience or affective, would be useful in
human-rebot hybrid control (e, “thinking” can make the
operational robots work not by manual control or the
wearable power assist robot work smoothly), clinical
diagnosis and other fields. EEG is very helpful in diagnosis of
epilepsy, coma, stroke, sleep disorders, and even brain death.
EEG is the spontaneous and rhythmic electrical activity of
brain cells from electrode amays. EEG is the scalp
electroencephalogram in general. In fact, it is actually
diagram between scalp potential difference and time. The
recoding of scalp EEG is obtained by placing electrodes on
the scalp.

The idea of distinguish mental state using EEG 1s not new.
In fact, EEG recording device and recording technique has
been greatly improved, from the original only 1 or 2 channels
to the following 6 channels, 8 channels. Now, 16 channels, 32
channels and 64 channels are commenly used to study and
diagnose clinical diseases and injuries in the body. In this
paper, Emotiv EPOC Nerucheadset shown in Fig.1, which
has 14 channels (plus CMS/DRL references, P3/P4 locations)
and 9.2-45Hz bandwidth, is applied to record EEG. The
device mainly uses non-invasive detection methods. Before
using this device, the 16 electrode recesses must be fitted with
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Fig 1 Emotive Epoc Headsel

moist felt pads, wet them with saline solution, to reduce
impendence. It can capture user brainwave signals. Afler
being converted to digital form, the data are wirelessly
transmitted to the USB receivers. And then the user’s
thoughts, feelings and emotions are analyzed based on EEG
recordings. After cognitive training, the simple user’s
conscious intent can be discemed in virtual object, such as
push, pull, left, right, up and down. The relationship between
the index of mental state and operating fevel can be further
gone inte. In recent years, some researchers are trying to
acquire the mental state (1], mental control [2] and
pathological analysis [3] through EEG. Efficiency and
performance can be declined during fatigue when people who
persist in continuing the current activity invariably. With the
information of EEG, we have developed an adaptive
controller for teleoperator [4, 5] and an on-hine skill method in
the teleoperattion [6], so the telerobotic operations could be
optimized [7]. And, many incidents and accidents are related
to mental fatigue [8]. Driver fatigue is a major risk for road
safely as it is associated with decreased concentration,
increased reaction time and increased error rate [9]. Therefore,
the mental state is otie of important index of safe working.

Mental fatigite is a complex phenomenon that makes
people lack of concentration or feel asleep in either short or
fong periods of time [10]. Some methods for indicators of
inental fatigue were developed [4-6, 11-13]. Currently, three
main fatigue countermeasure methods are distinguished,
which are subjective self-report, divided-attention steering
sirnulator and physiological measures such as eye movement,
facial movement, heart activity and brain wave activity [14].
Although, several methods to study brain activity exist. which
are Functional Magnetic Resonance, Positron Emission
Tomography, Nuclear Magnetic Resonance Spectroscopy,
Near-infrared Spectroscopy and Event-related optical signal,
EEG perhaps is the most promising. It has shown that the
changes m brain activity can been measured during fatigue
have been documented.
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Abstract

BACKGROUND: in 2005, the successful production of lower extremity rehabilitation robot system can co-promote the delivery of
feq movement through the central control system as well as the gait and aititude controt systern so as to restore lower limb
function.

OBJECTIVE: To perform the mechanical analysis of the rehabilitation power assist robot.

METHODS: Power assist exoskeleton is a complicated dynamical system composed of many joints and finks, and it is a MIMO.
Power assist robot dynamics is about the mevement-force relationship, and its results of simulation are used to optimize the
system. Through motion information perception, the rehabilitation power assist robot provides power for wearer hip joint to
accomplish motion of flexion/extension, abductionfadduction and internal rotation/externat rotation.

RESULTS AND CONCLUSION: The dynamical equation is used to realize the hybrid control. The practitioner can fully compteted
functionat recovery action, with promotion of practicer limb sirength and action proficiency, the system gradually reduces the
power support until the recovery.

Chen F, Tang M, Ma WG, Liu XF. Dynamits analysis and application of the rehabilitation power assist robot for the feg.Zhongguo
Zuzhi Gongeheng Yanjiu yu Linchuang Kangfu. 2011:15(30): 5518-5521. [hittp: /e crter.cn  httpi/fen.zgickf.com]
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Control analysis for the wearable power assist robot for leg

CHEN Feng, TANG Ming, MA Cong, MA Wei-guo, LIU Xian-fel
(Schuo! of Electrical Engineering, Nantong University, Nantong 226019, China)

Abstract; In this paper, the control strategy for the wearable power assist robot for leg ( WPAL) was
introduced. Considering the purpose of research, the structure complexity and the function particulanty of the
human body | this paper proposed a control strategy for WPAL based on an imitated bone-muscle function
model through the proper simplifted and indispensable hypothesis. And through adjusting the musele [unction
mudel cofficients of spring and damp, we could change the time of pawer assist phase, namely, change the
percentage of power assist. And, through the interaction force hetween the user’s leg and the robot’s, the user’s
movement could be judged in advance.

Key words; power assist robot; muscular function madel; movement pattern prejlgement
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Study on Mobile Robot Navigation Based on Strategy of
Blind Man Finding Way

Feng Chen, Cong Ma, WeiGuo Ma, HaiRong Zhu, hanhong Zhu, Longfang Yi

School of Electrical Engineering, Nantong University, Nantong, Jiangsu Province, China
hardwk@ [ 63.cum

Abstract —The main task of a mobile robet is to perform
navigation and orientation. In this paper, a navigation method
for three-wheel mobile robot is introduced based on interactive
force information. The interaction force information between
mobile robet and wall or unknown obstacle comes from the robot
end effector, which may be a multi-DOF manipulator with force
scnsors or an antenna using the elastomeric material.
Considering complexity of the structural, difficulty of the system
controt and the low-efficiency of this method, the system can
obtain collision information using multi-dimension force sensors
fixed on mobile robot bedy. Its aim is to complete the survey, self-
localization and the path programming, and it is a good
supplement to existing navigation methods such as the image,
light, electromagnetism, sound. The experimental results
indicate the validity of this method using interactive information
to estimate relative position/orientation to an unknown object.

Index Terms - Blind man finding way. Contact interaction.
Mobile robot.

[. INTRODUCTION

Mobile robot is an intelligent systern which includes
environment apperception, dynamic decision-making and
planning, behaviour controlling and execution and etc.
According to the sensor information obtained, the robot neatly
adjusts its own work state to adapt the environment to finish
the work. During moving process, mobile robot often solves
the following three problems [1, 2]: | Where? 2 where to go?
3 How about to go? The first problem is the orientation and
tracking problem of navigation. The second and the third

Table | Mobile rubor

Type Sensors Circumstance
Pioneer Sonar, Electronic compass, | Known or unknown
visual system, lascr scnsor cnvironment
Visual sensor, differential | Unknown highwa
NavLab-5 ) giway
GPS, gvro environmental
OXFORD Laser range finder, sonar, | Known or unknown
SERIES odometer factory environment
. surface of  Mars
SOJOURNER Sonar, odormeter ;
environmenl
laser sensor, Tactile sensor, nknow artaificic
ROBIN sor, 3 U oW artificial
ultrasonic sensors environment
. Camera, infrared detector, | Konown or unknown
ANFM . ;
ultrasonic sensors. GPS natural environment
. Known natural
QRIO Camera, sonic sensor .
£nvironment
L unknown natural
Spirit Camera, odometer .
environment
. Known or unknown
ASIMO Camera, gyro .
natuml ceavirpnnent

978-1-4244-8115-6/11/526.00 ©2011 IEEE
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problem is the path planning problem. Due to the navigation
devices, mobile robot doesn’t lose direction during walking
and doesn’t collide with other obstacles, and finally reaches
the destination smoothly. At present, many navigation
methods are applied to mobile robot, such as magnetic
navigation, visual navigation, imertial navigation, voice
navigation, light reflecting navigation and global positioning
system. Some mobile robots are shown in table 1[3-8].

In our country, the study on mobile robot began in the §th
five-year plan. Many universities jointly developed military
mobile robot 7B.B and THMR-V [9]. The National University
of Defence Technology has designed a system called CITAVT
[10]. Jilin University has designed several mobile robots such
as JUTIV, AGV, explosion-proof robot and Climber [11]. An
omni-direction visual navigation system has been designed by
institute of automation, Chinese academy. Harbin industrial
university developed the guide robot. Some others are not
descnibed here.

According to the existing navigation methods, mobile
robot depends on the application of image, light, sound,
electromagnetic principles. But any kind of method has its
own limitations. For example, light condition is necessary for
the visual navigation. Magnetic navigation holds in a certain
area and cannot complete simple obstacle-avoidance action. In
this paper, a method of mobile robot navigation is introduced
based on blind man tracing wali, insect exploring object using
antenna and the force characteristic of objects contacting [12].
The interaction force information between mobile robot and
wall or obstacle comes from the robot antenna, which maybe a
multi-DOF manipulator with force sensors or the elastomeric
material. The method based on interactive force [13] is not
subjected strictly to light and environment. This method can
finish detection, ego onentation and local path planning, and it
is a good supplement to existing methods motioned above.
Meanwhile, consider the table 1, the mobile robot navigation
sensors are not a single class sensor, namely a variety of
navigation methods are synthetically applied to a mobile
robot. Along with the mobile robot applications widening, and
navigation method of study and development of mobile robot
intensified, the mobile robot has better application prospect.

In this paper, the strategy of blind man finding way is
shown tn the next section. In section III, the navigation
method based on interactive force information is analysed.
And then, the experimental results and the future work are
depicted in section I'V.
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