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ABSTRACT

The thesis presents the development of a bioimpedance based human
machine interface for people with motor disabilities. The system can be used for the
above elbow amputee or the lower extremities paralysis by C4 or C5 level spinal cord
injury. We use three electrodes to measure two channels of bioimpedance from the
trapezius muscle. Bioimpedance changes when there is a movement in the segment of
trapezius muscle. We can classify six types of motions resulting in seven operation
capabilities for wheelchair control based on six types of shoulder movements, i.e. left
shoulder up, right shoulder up, and both shoulder up for short time and long time. Our
system is composed of the modified Howland current bridge circuit, which supplies
the 0.3 mA sinusoidal ac current to the measurement system at the frequency of 50 kHz.
NI PCI-6250 DAQ board was adopted to collect the data and LabVIEW 8.2 was used
to implement the signal processing and control system. Algorithms applied in the
system are an automatic threshold value adjustment, which adapt its value to the
measured signal. Overshoot detection is used to detect the unexpected large change of
the signal to avoid the wrong operation. The proposed system was evaluated with its
applications in simulated LED and wheelchair controls. Result shows that the interface

based on bioimpedance are feasible and stable.
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Chapter 1.Introduction

1.1. Importance of research and problem statement

Statistical data shows that the war and accident not only cause a lot of
deaths but also made more than 10 millions of the handicapped. In addition, disease is
another reason that caused the handicapped. The number is still increasing second by
second. There are so many of the handicapped who suffer from the inconvenience for
their daily life, especially for those deep disabled ones. Examples are the populations
who have the spinal cord injury (SCI), myelopathy, upper limb disabled, lower arm
disabled, loss of skeletal muscle control from below the shoulders and hand amputees.
The limitations imposed by these diseases deprive the injured individuals from
operating electronic devices like computers or mobile devices. Besides they have
poor quality of lives because of the impairments. They also face a communication
problem because they are not able to operate devices that make possible to
communicate with others such as computer, cell phone, and PDA. Researchers from all
over the world concern to help them to improve their life quality by rebuilding the
capability for communication and control [1]. So, there is a large amount of

requirement for the assistant devices for those populations.

A number of related works in grasping, virtual reality and gesture-based
user interfaces have shown the potential application for the handicapped control [2].
Researchers not only use eye-movement, brain function, residual muscle capacities,
sip-puff switches or other less traditional devices like mouth-sticks, chin and hand
switches, vocal joysticks, and breath mouse but also try to utilize the myoelectric
signal EMG, EOG and EEG as a control source for those application. Even many
assistive technologies have been developed to help some of the individuals’ limitation,
there are still large gaps that need to be bridged in order to improve disabled users’

ability to interact with personal computers and the surrounding environment.



Prosthesis and wheelchair are the main research area of myoelectric
control systems. Prosthesis is the most important and potential application. The ‘“Utah
arm-elbow’’, ‘LTI boston arm’’, and ‘‘Otto bock arm-elbow’’, are currently available
myoelectric prostheses. They are based on microprocessor and can be programmed for
different motions depending on the researcher [2]. Wheelchair control is another
important application of myoelectric control systems. In the real world today, the use
of wheelchairs has increased rapidly. That is due to the fact that the elders need to use
the wheelchair as well as the disabled people. As everybody knows, wheelchairs
undoubtedly play an important role in helping those populations who damaged their
bodies or legs severely to engage in social activities freely [7]. There are many
researchers working on the EMG based electric wheelchair [7][8][9][10]. Their

designs consist of at least 4 motions, i.e. stop, forward, turn left and turn right.

In this study, we developed a bioimpedance based human machine
interface for the handicapped and the elderly who cannot use their hands and arm to
control the wheelchair. Only three electrodes were used in our system. Operations for
users are achieved to control the wheelchair smoothly and easily. The performance of
the proposed system was evaluated on a map in the LabVIEW 8.2 software

environment.

1.2. Literature review

There are four strong points of bioimpedance. Firstly, the current source
frequency for bioimpedance signal detection is given by the researcher while the other
method has a very narrow bandwidth. Frequency from 0.2 to 3.0Hz is responsive to
bio-potentials generated by eye motions (EOQG). The frequency range related to EEG
signal is from 0.5 to 45Hz and EMG is detected between 70-1000 Hz [10]. So we can
apply a frequency range from 20k to 100 kHz in case to interfere the other bio-medical
signal. Secondly, the amplitude of bioimpedance signal is much larger than the EMG.
That makes the measurement much easier. The EMG signal amplitude by voluntary
contraction is measured in 0 tol0 mVp.p range [13]. When we injected a constant

current, the bioimpedance change between the measuring electrodes is directly



proportional to the intensity of segment movement. This voltage is relatively low.
When a 1-mA current was excited, the relatively voltages vary between 20 and 70mV
[14] for the typical magnitudes of the measured impedances which in the range of
20-70 Q. Thirdly, impedance signals characteristic is the same on a given segment for
healthy subjects at rest time and special invariant, even it is in different time and
different space [15]. Fourthly, because it is non-injective method, we can examine the
subject without any pain or wounds. Furthermore, the system for bioimpedance

measure is cheap and easy to handle. [16].

However, weak points of the bioimpedance signal also exist. The
bioimpedance signal in limbs (chest, pelvis, thigh, calf) is influenced by the heartbeat,
which caused by the cardiac output. But they have the same pattern [15]. For different
segment and different individual, the absolute impedance values are different. In
addition, it is not possible to recognize the multi-joint movement directly beyond of
signal processing [3]. But it is not a large problem because the magnitude of the
heartbeat effect is not high. We can avoid that by adjusting the threshold value. For the
multi-joint movement detection, we can handle it by increasing measurement channels

and use some advanced algorithm.

Although some conventional methods such as electro-goniometer,
electromyography, and video camera exist, bioimpedance is still suitable for analyzing
the movement of human tissue compared to other signals. Each type of technique has
its advantages and disadvantages. Goniometry is a good equipment to analyze human
movement in one degree of freedom. However, in the multiple degrees of freedom, it is
not a good option for detecting fast or complex movements. Electromyography is
difficult to determine kinetic parameters as EMG signals are not linear proportional to
the associated movement. In the way of camera and video analyzing, the picture from a
camera cannot be processed quickly because it takes a lot of time to do the image
processing while video analyzer is very expensive and complex [3]. On the other hand,
the method of bioimpedance is simple, less expensive and requires very little space.
The most important point is that bioimpedance conveys kinematic information which
makes the amplitude change of the signal proportional to the movement of segment.

Moreover, this signal change can be kept. We can make a full use on this point.



People study bioimpedance to analyze the composition of human body
which can diagnose some kinds of disease and to analyze the movement of the human
body which can help to develop the prosthesis and friendly human machine interface.
Composition analysis is the main study field. However, in the past few years, some of
the researchers already started to study the use of bioimpedance on movement analysis
[3][4][5][6]. More and more experts and researchers devote their work in this special

field.

1.3. Thesis objective

1. To study the knowledge of bioimpedance signal.

2. To study the optimal setup for bioimpedance signal measurement
such as the frequency of current source and electrode

configuration.

3. To study the analytical techniques for employing bioimpedance

signals as a controlling commands of human machine interface.

1.4. Thesis scope

This research describes the technology of bioimpedance measurement,
signal processing and data classification. Human machine interface is also introduced.

The study scope is as follows.
1. 5 healthy subjects

Repeat the measurement on the same subject 5 times and compare the

results of at the same subject.
2. Age range from 20 to 30
3. Sit on the chair
4. Test frequency in the current source is range from 1 kHz to 200 kHz

5. Implement on LabVIEW 8.2.



1.5. Methodology

Bioimpedance signal processing procedure is shown in Figure 1-1.
1. Data acquisition

The first step of this phase is to configure the electrodes, which use the
four electrode method to measure the signal. In order to make the signal processing
more convenient, we adopt NI PCI 6250 DAQ board to sample the data and use
LabVIEW 8.2 software to save the data in files.

2. Data pre-processing

After measuring bioimpedance signals on the proper locations
(muscles), we should analyze the frequency components of the bioimpedance signal by
some spectral methods in order to design a suitable filter to reduce most of the noise.
Then, according to the result of spectral analysis, we can design the filter easily.

Following the noise reduction, it is the signal smoothing.

Data acquisition

v

Data pre-processing

v

Feature extraction

'

Classification

Figure 1-1 Methodology

3. Feature extraction

This module computes and presents preselected features for a classifier.

Features, instead of raw signals, are fed into a classifier to improve classification



efficiency. Selection or extraction of highly effective features is one of the most critical
stages in myoelectric control design. The time domain feature in this project is based
on the magnitude of the bioimpedance. Mean absolute value (MAV) and root mean
square value (RMS) are two well-known time domain features. In our thesis we chose

RMS and the time that the user holds the action.
4. Classification

A classification module recognizes signal pattern, and classifies them
into pre-defined category. To the complexity of biological signals, and the influence of
physiological and physical conditions, the classifier should be adequately robust and
intelligent. It should be able to adapt itself to changes during long-term operation by
exploiting offline and/or online training. Normally, classification depends on the

characteristic of the signal.

1.6. Conclusion

In this chapter, it introduces the information about the thesis proposal.
It shows the importance of research and problem statement. Second section shows the
reason that we choose bioimpedance as a control source. Third section provides
objectives in this thesis. Fourth section is the research scope. Fifth section is the

methodology used in this thesis.



Chapter 2. Theory

2.1. Human machine interface

Human machine interface (HMI) is one kind of myoelectric control
system which is used to interact between mankind and machines, such as computer,
robotic arm, prosthesis and wheelchair. The interaction methods can include touch,
sight, sound, heat transference or any other physical or cognitive function, which were
designed according to the condition of the user. We can see the interfaces function as
shown in Figure 2-1. All of the traditional devices only can be used by the normal
people, but with the help of the human machine interface, obviously, the disabled
populations resume their abilities to communicate and improve their life qualities in a

certain extent.

Robot arm Prosthesis
Computer Wheelchair

Figure 2-1 Human machine interface (HMI)
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At the system modeling stage, the excited signal can be generated by a
serial of instruments. Then, we can use data acquisition board to collect the signal, and
let the computer finish the following work: signal processing, signal classification and
system simulation. On the computer, the well known software for these processing are
MATLAB and LabVIEW. MATLAB has its strength in data processing ability while
LabVIEW is easy to use due to the abundant of full function modules. Figure 2-2
shows the flow chart of human machine interface in modeling stage. But, at the
practical stage, normally, the HMI should be portable so that the user can take it easily.
It is an embedded control system as shown in Figure 2-3. Everything will be integrated
on a single board. DC power supply will be replaced by a battery. Laboratorial
equipments will be replaced by the specific IC, and microcontroller will take place of
computer to complete data acquisition, signal processing, signal classification and task
controlling. The interface only offers data input ports for data acquisition and
classified command output to fulfill the control task. As a result, users can take it as

easily as take a mobile phone.

2.2. Bioimpedance signals

In biomedical engineering, bioimpedance is a term used to describe the
response of a living organism to an externally applied electric current. It has been
proved that the bioimpedance measurement of humans and animals is useful for

measuring such things as blood flow and body composition [11].

In bioimpedance plethysmography, the measure is sometimes based on
pulsatile blood volume changes in the aorta. Bioimpedance is relevant to the
development of devices to measure cardiac output and circulating blood volume.
Electrical conductivity can vary as a result of breathing. Because of this and other
sources of variability, the reliability of bioimpedance for obtaining accurate data has
been called into question. Nevertheless, the technique is used in both routine clinical

medicine and research [11].

Biological materials such as blood and muscle are poor conductors,

relative to materials classified as conductors, (e.g., copper) at frequencies most often
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used for measuring physiological activity (f < 10° Hz). At higher frequencies, these
biological materials have resistive and dielectric properties, and at even higher
frequencies, behave as dielectrics. The frequencies of interest for assessing
physiological activity by impedance are usually in the range of 20 kHz to 100 kHz. In
order to get rid of the influence of phenomenon such as ECG, EEG, and EMG, the
lower limit frequency is selected at 20 kHz. In the meanwhile, the current intensities

should not be higher than a few milli amperes to avoid stimulating muscles and nerves

[12].

2.3. Bioimpedance equivalent circuit

Human tissue has both resistive and capacitive properties. There are many equivalent
circuits has been brought forward to describe the electrical characteristic. Normally,
the most used one consists of three components. It may comprise two resistors and one
capacitor or two capacitors and one resistor. Figure 2-4 shows bioimpedance serial
equivalent circuit with two resistors and one capacitor. The circuit allows DC current,
and guarantees current limitation at high frequencies. It is possible to obtain the same
immittance values for all frequencies with only one set of component values. The
series version is best characterized by impedance because the time constant then is
uniquely defined (in equation 2.1-2.7). It has often been used as a skin electrical
equivalent, with R for deeper tissue in series and the skin composed of G and C in
parallel. In addition, the frequency response of this circuit is also plotted in Figure 2-4.

The serial 2R-1C model can be described by the following equations:

Z:R+%
+i" @.1)

=R+———

G+ jor))
;=< 2.2)
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Figure 2-4 2R-1C serial circuit and frequency response

oC
G(+RG) +w’C°R
oC
G(1+RG+ (021272))
y_ G(+RG)+ @’C’R + joC
(1+RG)* +w’C*R’
y_ OU+RG~+ 0’17, + jor.)
1+ RG)? + (w1, )’
7, =CR 2.5)
C
" (1+RG)” +(wr1,)’
o GU+RG+ 0’7,7,)
o[(1+ RG)* +(w1,)"]

)

@ = arctan(

(2.3)

@ = arctan(

(2.4)

(2.6)

C,.=¢

€X

2.7)

Impedance is the preferred parameter characterizing the two resistors, one capacitor
series circuit, because it is defined by one unique time constant 7, (eq. 2.2). This time
constant is independent of R, as if the circuit was current driven. The impedance
parameter therefore has the advantage that measured characteristic frequency
determining 7, is directly related to the capacitance and parallel conductance (e.g.
membrane effects in tissue), undisturbed by an access resistance. The same is not true
for the admittance: the admittance is dependent both on 7, and 7, , and therefore on

both R and G.
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when @« ——0

Y——>G/(1+RG)
B—— wC /(1+ RG)’
C,,——C/1+RG)

p—>0°

(2.8)

when @ ——>©

Y—>1/R
B——wC/&’C*’R* ——0 2.9)
C,,——>C/w’C*R* ——0 '

p—0°

Equation (2.9) is of particular interest. C,, is the capacitance measured on the
terminals, for example, with a bridge or a lock-in amplifier. At high frequencies the
susceptance part B=Y" is small, and C,, is strongly frequency dependent (1/ ).
In this frequency range, the strong capacitance increases with decreasing frequency. It
is externally true as measured at the network port. But it does not reflect any frequency
dependence of the internal capacitor component. It only reflects the simple fact that we

do not have direct access to the capacitor, only through the (at high frequencies)

dominating series resistance R.

2.4. The effective factor of bioimpedance

Human tissue also can be seen as the parallel conductor model which

consists of muscle and blood. Bioimpedance is expressed by

5 L ~ L
c,S +0,8, o8 +oV,/L’

m—m

(2.10)
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Where o, = conductivity of muscle; o, = conductivity of blood; S, = sectional
area of muscular tissue; S, = sectional area of blood vessel; L= length of measured
part; and ¥, = volume of blood. If we keep on monitoring the change of
impedance Lis a constant. Because after put the electrodes on the tissue, we do not
move it anymore. During we make a movement, the change of o, and o, are very

small, so that they do not have to be taken into account. Meanwhile, the sectional area
of blood vessel is pretty small, it does not effect on the impedance change too much.

Finally, the change of impedance is mainly caused by V, and S, [17].

2.5. Four electrodes method

In order to reduce the zones to the stimulated electrodes and the
polarization impedance of the electrodes themselves, four electrodes method is

considered.

Normally, the researchers [3][4][5][6][14][15][16][17][19] adopted
the four electrodes method as the measurement system. The system was shown in
Figure 2-5. As we can see, one pair of electrodes excite the ac constant current to the
tissue of human body, another pair of electrodes detect the potential difference

between themselves. We can find the bioimpedance Z by Ohm's law

: 2.11)

where V' is the voltage and [/ is the current.
In our project, it is not necessary to calculate the exactly impedance, because the tested
voltage reflect the impedance change which we are interested in. It is also can be

express by Ohm's law

V=IxZ, (2.12)
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Figure 2-5 Four-electrode method

2.6. Conclusion

This chapter is about the theory. It describes the basic knowledge
related in this thesis work. In section one, it provides the definition, the function and
the common structure of the human device interface (HDI). Section two explains the
conception and the characteristic of the bioimpedance, researchers’ objectives using
bioimpedance. In section three, it shows the equivalent circuit of human tissue to
provide the impedance property of human tissue. Section four, it used an equation
demonstrated the factors that effect to the change of bioimpedance, as it help us to find
an optimal electrode configuration. In section five, a basic bioimpedance measurement

method: four electrodes method is introduced.



Chapter 3. Hardware design

3.1.  System configuration

Figure 3-1 shows a block diagram of the bioimpedance measurement
system. DC power supply was used to supply the power. A current source was made by
a SG-4101 function generator and a modified Howland bridge voltage controlled
current source (VCCS). VCCS converts a 50 kHz voltage signal, generated by a
function generator, into a 50 kHz 0.3 mA sinusoidal ac current. Current was excited at
the shoulders of the user. Two channels of NI PCI-6250 DAQ board were used to
acquire the data at sampling frequency of 600 kHz for each channel. After data
acquisition, the signal storing, processing, classification and system simulation would

all be done on the computer by LabVIEW 8.2 software.

+ Current source

| Human body |

o

electrodes

A\ 4 A A A
Channel 1 | | Channel 2
NI-PCI-6250 DAQ board
v
PC

Figure 3-1 Block diagram of the bioimpedance measurement

15
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3.1.1 Current source

3.1.1.1 Current source design

In the current source design, the basic requirements are: high output
impedance and wide frequency band. The modified Howland VCCS shown in Figure
3-2 is fulfilled these conditions. It is made of two high frequency, low noise
operational amplifiers (LF 412CN) and five metal film resistors. It transforms the sine
wave voltage signal to the constant sine wave current signal. When the circuit meets

the condition

e I 3.1)

the output impedance R, = . And load current can be calculated as the following

equation
R1 R2
4 A8 A
100kQ 100kQ
7.07 Vpk
50kHz
o O _VEE
| VEE
- 4
Signal_generater ~ U2A
R3 F412C 14
0 w1 -
J__ 100kQ vee
= R5
Ra 10kQ
§100kn vce
c1
uzB . 3 IL_5 Load
+ i
2 F412¢N 1uF 50%
- A 0

Figure 3-2 Modified Howland voltage controlled current source
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I=V,/R,, (3.2)

where V, is root mean square value of input voltage signal generated by SG-4101

function generator.

3.1.1.2 General resistor property analysis

After put the design into practice, it is a necessary to calibrate the
current source, see if it is up to the mustard. In order to fulfill this mission, we should
find a standard resistor, for setting the current beforehand. So, we tested the resistor
(10 Q, 120 Q, 300 €, 510 €, 1000 ) on HIOKI 3531 Z HITESTER (appendix III),
and recorded their impedance at different frequency. Figure 3-3 shows the result of the
test, resistor’s impedance changes almost focus at two segment of frequency range:
from 10 kHz to 30 kHz, and from 90 kHz to 100 kHz. They are almost constant in
range from 30 kHz to 90 kHz. And another important characteristic is the larger the
resistor, the smaller the change of impedance. As we can see, 1 kQ resistor change
very little when the frequency change. So it will be a good choice to use a resistor

larger than 1 kQ as a standard resistor for the current source test.

1100
1000 Koo e e A S
900 |t
800 |
700 +
600 - ) ) \
500 RVEVES" o W\“_/ ) M
400 |- ’ ’
300?*W
200

100

0 | I (N (N S S — 1

AN N N R M NI S VA G L IR S

Impedance(Q)

Tested Frequency(kHz)

Tested resister: =—#=—100 1200 =de=3000) ====5100 === 10000

Figure 3-3 Impedance of resistor at different frequency tested by HIOKI 3531 Z HITESTER
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3.1.1.3 Current source performance analysis

After simulation on the software Multisim10.0, a PCB board was made
to test the performance of the current source. As the objective is to measure the
electrical impedance of human tissue and find out an optimal frequency for the
movement detection. Even the frequency will be changed during previous experiments
for search the optimal frequency, but actually, in the final interface the frequency will
not be changed. The only factor that will change is the electrical impedance. So, we
tested the response of the current source when the load changes. The scenario for test

the load response is designed as:

1) Test the response of the resistor (10 €, 51 Q, 120 €, 300 Q, 510 Q,
1000 Q) at different frequency range from 10 kHz to 250 kHz by
HIOKI 3531 Z HITESTER, in order to find the standard resistor for
setting the current source.

2) Set the function generator to sine wave channel;

3) Setting a certain frequency (10 kHz);

4) Adjust the voltage signal generator to set the current source to be 500
PLA at a specified resistor which has a 1000 Q impedance;

5) Using oscilloscope to measure the root mean square (RMS) voltage
value of the load which are 100 Q, 500 Q, 800 Q, 1 kQ, 2 kQ, 3 kQ
and 4 kQ respectively, as human body tissue is not high. And then
plot in the figure, we can get the load response curve of the current
source.

6) Setting the frequency to be 20 kHz, 40 kHz, 50 kHz, 75 kHz, 100
kHz, 125 kHz, 150 kHz, 175 kHz and 200 kHz respectively to get

the load response of the current source.

In the end, we can get the performance of current source at different
load and different frequency from Figure 3-4. As we can see from all of the curves,
even at the high frequency of 200 kHz and high load value of 1 kQ. The error of
current source is less than 2%. This precision of the current already meets our

requirement.
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Figure 3-4 Current source frequency response curve(R-I-F)

Anyway, NI PCI 6250 device also is used to collect the root mean
square value of a 1.2 kQ resistor at different frequency to demonstrate that the current

source is reliable. This scenario is:

1) Chose a 1.2 kQ resistor as a standard resistor;

2) Set the function generator to sine wave channel;

3) Set a certain frequency 50 kHz;

4) Set current magnitude to 0.3 mA;

5)Record all the root mean square value of 1.2 kQ resistor at the
frequency range from 1 kHz to 200 kHz;

6) Plot out the curve and find the characteristic.

The fact is that the current source is very stable at the frequency range
(10k~140 kHz), see from Figure 3-5. The frequency band is enough for the

experimental request.
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Figure 3-5 1.2kQ resistor impedance at different frequency

3.1.2 Current source frequency selection

The frequency selection for bioimpedance measurement was proposed
since from the beginning of this study. In order to find the optimal frequency for

movement detection, scenarios are designed as following:

Scenario one, finding out the relationship between tissue voltage

magnitude and current source frequency:

1)Stick electrodes on the shoulders (follow the electrodes
configuration);

2) Set the function generator to sine wave channel;

3) Set the current source as 0.3 mA at 50 kHz;

4) Connect the system correctly and run LabVIEW 8.2 to Collect the
root mean square value of right shoulder;

5) Change the frequency from 1 kHz till 200 kHz step by 1 kHz;

6) Stop LabVIEW 8.2 program;

7) Plot the root mean square value graph of right shoulder.

Figure 3-6 shows the result of Right shoulder impedance (magnitude) at different

frequency. It illustrate that the impedance magnitude is inverse ratio to the frequency.
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Figure 3-6 Right shoulder impedance (magnitude) at different frequency

Scenario two, finding out the relationship between right shoulder

impedance change and frequency:

1)Stick electrodes on the shoulders (follow the electrodes
configuration);

2) Set the function generator to sine wave channel;

3) Set the current source as 0.3mA at 50 kHz;

4) Connect the system correctly and run LabVIEW 8.2, Read the
maximal root mean square value change (impedance change) of
right shoulder and write it into excel file;

5) Change the frequency from 1 kHz to 200 kHz by 5 kHz per step and
move shoulder up and down at each step and record the maximal
change into excel file according to the frequency;

6) Stop LabVIEW 8.2 program;

7) Plot the root mean square value graph of right shoulder (data from

the excel file).
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Figure 3-7 Right shoulder impedance change at different frequency

Figure 3-7 is a graph of the right shoulder impedance change to the
different frequency. The maximal change was 2.1 mV found at 50 kHz, by the left side
of this point, the change increasing with frequency increasing, while by the right side,
it is decreasing with the frequency increasing. It is demonstrated that 50 kHz current
source is the optimal choice for the movement monitoring. This result is applied in our

study.

3.1.3 Monitoring electrodes

The 3M™ 2223 Monitoring Electrode in Figure 3-8, fulfills the AAMI
EC-12 (2000) standard, is small Monitoring Electrode for short term applications. It
has the following physical features: size is diameter 3 cm, thickness is 0.8 cm, backing
is foam, adhesive is hypoallergenic and acrylic adhesive, and conductor is dry gel and
hydrophilic synthetic polymer. It is class I medical device which is easy to handle and
apply, conformable, high patient comfort, used both in adult and paediatric, fluid
resistant, added tab for easy removal, quick and reliable trace and latex free. It is
primary used in operating room and emergency room. It will be a good choice to use

disposable sensors in our application.
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Figure 3-8 The 3M™ 2223 Monitoring Electrodes

3.1.4 NIPCI 6250 DAQ device

NI PCI 6250 board is a 16-Bit, 1 MS/s (multi-channel), 1.25 MS/s
(single channel), 16 analog inputs, 24 digital I/O, high speed M serials data acquisition
device. Figure 3-9 shows NI PCI 6250 device (3) and its related hardware: (1)
CB-68LP, 68-Pin Digital and Trigger I/O Terminal Block; (2) 68 pin PCI cable; (4)
LG personal computer. After connecting the signal channels to (1), (1) connecting to
(2), (2) connecting to (3) and (3) connecting to (4) correctly, respectively. We can start
to sample data if LabVIEW 8.2, driver and DAQ software were installed properly.

In the NI PCI 6250 board application, at the condition of: (a), The input
signal is low-level (less than 1 V); (b), The leads connecting the signal to the DAQ
device are longer than 10 ft (3 m); (c), The input signal requires a separate
ground-reference point or return signal; (d), The signal leads travel through noisy
environments. The connect mode requested to be differential connection. Differential
signal connections reduce noise pickup and increase common-mode noise rejection.
Differential signal connections also allow input signals to float within the
common-mode limits of the instrumentation amplifier. As our application meet
condition (a) therefore we have to connect each channel as the differential connection

mode.

A differential connection is one in which the DAQ device Al signal has
its own reference signal, or signal return path. These connections are available when

the selected channel is configured in DIFF input mode. Figure 3-10 shows pinout of
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connector CB-68LP and PCI 6250 DAQ device. The differential analog input channel i
consists of two single analog input pins AI<i> and AI<i+8>. AI<i> is the positive
input while AI<i+8> is the negative input. AI<i>, AI<i+8> and Al GND must be
connected properly, if not, it may cause the wrong sampled signal. In addition, if the
input is a float source, it is necessary to add a bias resistor between AI<i> or AI<i+8>
and Al GND as shown in Figure 3-11. This resistor provides a return path for the £200
pA bias current. A resistor value of 10 kQ to 100 k€ is usually sufficient. If do not use
the resistor, the source is truly floating, the source is not likely to remain within the
common-mode signal range of the PGIA (instrument amplifier on PCI 6250 board),
and the PGIA saturates, causing erroneous readings. Also, you must reference the

source to the respective channel ground.

(1) (2) (3) (4)

Figure 3-9 NI PCI 6250 DAQ device
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Figure 3-10 CB-68LP(left) and PCI 6250 DAQ device(right) pinout
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Figure 3-11 NI PCI 6250 differential input connections for non-referenced signals

3.2. Discussion

In the literature review, the value of bioimpedance that researchers
present is around 40€2 for 10 cm tissue at forearm. But from our experiment, the result
is much higher than in the literatures, i.e., in the range of 200 Q to 500 Q. This may
cause by the electrode impedance. Also, the different electrode has different value of

impedance. The measured impedanceZ__, ., consists of Z

electrodel

= the impedance of

electrode 1, Z,, ... = the impedance of electrode 2, Z, = the impedance of human

tissue as shown in equation (3.3) also in Figure 3-12.

Zmeasured = Z electrodel + Z electrode2 + Z tissue (3 3)

One way of reducing the effect of electrode polarization is to increase
the impedance of the sample by increasing its length. However, it is not convenient in
our project because the electrodes’ configuration is fixed. In order to compensate for

the polarization impedance further, several methods are possible:
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1) Four-electrode system (tetrapolar).
2) Measure electrode polarization impedance separately and subtract.
3) Substitute the unknown with a known sample for calibration.

4) Vary the measured sample length, for example, in suspensions.

Methods 2 and 3 are based on the assumption that the metal-liquid
interphase and thus the polarization impedance is invariable. This is not always the
case. Measuring on “dry” samples, for instance, implies poor control of the contact
electrolyte. Also a sample may contain local regions of reduced conductivity near the
electrode surface. The currents are then canalized with uneven current density at the
metal surface (shielding effect). Electrode polarization impedance, in particular at low

frequencies, is then dependent on the degree of shielding [18].

3.3. Conclusion

Chapter three describes the hardware mentioned in this thesis. It
introduces the system configuration of our system, and after that each piece of the

system are described in detail.
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Figure 3-12 Tested impedance larger than the normal one



Chapter 4.Software design

4.1. Electrodes configuration and motion design

As the disabled people who cannot use their hands to operate the
wheelchair, such as spinal cord injury, myelopathy, upper limb disabled, lower arm
disabled, loss of skeletal muscle control from below the shoulders and hand amputees.
We need to design the electrodes location as convenient as possible so that these

populations can use. In the end, the locations on the trapezius muscle are chosen.

The measurement method is based on the four-electrode method, but
we made some improvement according to the specific application and the specific
segment. The conventional four electrodes method needs six electrodes for two
channels in our application while we just need three. As shown in Figure 4-1.
Electrodes number 1 and 2 are used to supply the current to the tissue and each of them
also is one of the voltage detecting electrodes for a certain channel. Electrode number 3

1s the common end of the two channels.

Bioimpedance can be nearly considered as the kinematic information,
because the bioimpedance change follows the segment movement [17]. This is
advantage of bioimpedance compared to SEMG signal. So, we can get more benefit

which utilizes bioimpedance as a control source than use SEMG.

Figure 4-1 Electrodes configuration

27



28
Table1 Wheelchair motion design

Electrode Muscle Segment Action hold time Motion
No. No.
(1,3) Left trapezius | Left shoulder 300ms<T<1000ms 1
muscle
>1000ms 2
(2,3) Right trapezius | Right shoulder 300ms<T<1000ms 3
muscle
>1000ms 4
(1,3) Left and right | Left and right | 300ms<T<1000ms 5
2.3) trapezius muscle shoulder
’ >1000ms 6

Table2 The motion description of the interface

Motion NO. | Wheelchair operation | Operation description

1 Turn left 30 degree If there is a small curve corner, in order to adjust the
running direction smoothly during wheelchair running,
each command signal makes a 30 degree left side turn.

2 Stop If there is a large angle corner, in order to change the
direction rapidly, this command signal will control

Turn left 90 degree wheelchair to do serial operation: stop, turn left 90 degree,
Run run

3 Turn right 30 degree Turn right 30 degree as operation 1

4 Stop Turn right 90 degree as operation 2
Turn right 90 degree
Run

5 Stop to run This operation will be executed when the motion of 6

happen the (2n + 1)th time

Run to stop This operation will be executed when the motion of 6
happen the 2nth time
6 Stop This motion will make the “turn back” operation

conveniently. Command signal will control wheelchair to

Turn 130 degree do serial operation : stop, turn left 180 degree

Compared to the traditional design of both bioimpedance and SEMG
signal application, ours design is more humanistic. In our project, two bioimpedance
measure channels were design by three electrodes which can make six kinds of

motions which can execute seven serials of operations. The seven serials operations
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are: ‘“Turn left 30 degree’, ‘Stop; Turn left 90 degree; Run’, ‘Turn right 30 degree’,
‘Stop; Turn right 90 degree; Run’, ‘Stop to run’, ‘Run to stop’, ‘Stop; Turn 180 degree’.
The design of motions related to the segment and electrode configuration is shown in
Table 1. In addition, Table 2 described the operations related to these motions. It
describes the way that the wheelchair operations work and the way that a subject can

use this interface to control wheelchair.

4.2. System period characteristic analysis

In order to control the system perfectly, it is necessary to understand all
the control situations. There are three situations in a single period of movement as

shown in Figure 4-2:

A: there is at least one shoulder up and down movement, but not

always hold the shoulder;
B: there is no movement at all;
C: always hold the shoulder in a certain period.

The transfers of these situations will cause different results. In the first
case:
ADA;

A-B;
A>C;

The threshold value will be calculated by equation 4.1

RMS, =(RMS,  +RMS, . )/P (4.1)

min

B C C A A B A C B B

_ i B2

Figure 4-2 Movement period analysis
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where RMS; = natural threshold value, RMS = maximal root mean square
signal value in the array, RMS_. = minimal root mean square signal value in the array,
P, = the control sensitivity parameter for the control system. P is a very important

parameter. It keeps the balance between high control sensitivity and low error rate of
operation. This parameter must be modified manually after a subject change or
electrodes change (not electrode configuration change). Because the bioimpedance
value change is vary from individuals. Even on the same subject, when electrodes were
changed, the impedance was different compared with the previous one. In the second
case:

B2>A;

B->B;
B->C;

The threshold value will be calculated by equation

RMS, =RMS  —P (4.2)

n
b

where RMS; is the system threshold value, P, is a parameter set according to the
small change of root mean square value during there is no movement for a long time

and RMS  is the same with equation 4.1. While in the third case:

C2A;
C->B;
C>C;

Even the previous period is C, the system will see it as a no movement situation,
because when the shoulder was hold and not release, the impedance change just like
the change from no movement situation B. As a result, the threshold value will be
calculated by equation 4.2. But, indeed, the movement cannot be detected as the
threshold value is lower than the minimal signal magnitude. So, we do not suggest to
hold a movement for long time duration (>10 second). Even though, this case can be
avoid easily, because there is not any necessary and our long time motion is far less

than that.
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4.3. Motion classification

The control system is implemented on the LabVIEW 8.2 work space.
Figure 4-3 shows the flow chart of motion detection algorithm. Details of all steps are

as follws.

Step one: 50000 samples of raw bioimpedance signals are collected by
NI PCI-6250 DAQ board in real time. There are two reasons for choosing 50000 as the
sample number. One is to reduce rate of the random emerge of power line noise.
Another is to smooth the signal at the same time with the root mean square value
calculation. The more sample was used in root mean square value calculation, the more
stable of the signal until 50000. But after 50000, it is almost the same performance to
50000.

Step two: A bandpass filter at the 29 kHz low cutoff frequency and 80
kHz high cutoff frequency will be used to filter the original signal.

Step three: It calculates the root mean square value of the 50000 filtered

signals. Equation 4.3 shows the algorithm of the root mean square value calculation,

1 x 4% +Hx)
RMS= |- s =\/ L2 o (4.3)
nig n

Step four: Storing the root mean square value (RMS) in an array Arr.

Step five: It checks if it already has collected N (20) samples in array

Arr or not. If yes, it will find the maximal root mean square value (RMS__ ) and the

max

minimal root mean square value (RMS_. ). Then begin to calculate the auto adjust

threshold value (RMS;) for the next period (every N samples is called a period) using
equation 4.1. The threshold value used to classify the recent root mean square value is

from the previous period. Finally, it will reset the n (the index of array Arr) and go to

the next step. If not, program will directly go to the next step.
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Figure 4-3 Flow chart of motion detection algorithm
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Step six: It checks the first threshold value is ready or not. If ready, it
starts to classify the recent root mean square value, or it will wait until the generation

of the first threshold value.

Step seven: It checks if the recent root mean square value is an

unexpected value to avoid the situation that was interfered by some reasons.

Step eight: It judges to use different threshold value, auto adjust
threshold value and no-movement-protection threshold value, to classify the recent

root mean square value.

Step nine: The action hold time is measured to decide if the motion is a
short time motion (action time shorter than 1s but longer than 300ms) or long time

motion (action time longer than 15s).

In the end, the classified command will be used to fulfill the control
task which is simulation task. There are two simulation phases: in phase one, six
motions were used to control the LED on LabVIEW 8.2 panel; while in phase two,

they are used to control the wheelchair model run on a map of environment.

4.3.1 Auto threshold value adjustment

The system modifies the nature threshold value every 20 root mean
square value. Because the magnitude of the measured signal sometimes changes
holistic. If a constant threshold is used, the signal cannot be classified or lead to some
wrong classification results. In order to find the new threshold value, system stores 20
root mean square values in an array Arr, find the maximal and minimal value in Arr,
and then calculates the threshold value using equation (4.2). Figure 4-4 shows an
illustration of the threshold value adjustment. L is left shoulder impedance signal root
mean square value and threshold value (the one pix real line is the root mean square
value, the two pix dotted line is the no movement protection threshold while the three
pix thick real line is the auto adjust threshold value); R is right shoulder impedance
signal root mean square value threshold value (the one pix real line is the root mean
square value, the two pix dotted line is the no movement protection threshold while the

three pix thick real line is the auto adjust threshold value). LS is left shoulder short
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time motion; LL is left shoulder long time motion; RS is right shoulder short time
motion; RL is right shoulder long time motion; BS is both shoulders short time motion;
BL is both shoulders long time motion. Notice that there is a segment of signal is
increasing. It is because the current source magnitude was increased in order to show
the capability of adjust threshold algorithm. The double rectangles show the works of
the no movement protection threshold value. As we can see, the periods before the
double rectangle are no movement periods. It demonstrated that the auto adjust
threshold value cooperate with no movement protection threshold value work

perfectly.

Figure 4-5 shows the root mean square value and classified control
command of the filtered bioimpedance signal from both shoulders. It includes all of the
movement: left shoulder up and down; right shoulder up and down; both shoulders up
and down. In this graph, L is left shoulder impedance signal root mean square value; R
is right shoulder impedance signal root mean square value. It is easy to identify the
shoulder movement type (short time or long time) from the root mean square value
with only our eyes. Obviously, the classified control commands (LS, LL, RS, RL, BS
and BL are the same representation with the symbols in Figure 4-4) were following the
shoulder movement. And as a result, accuracy of classification is approaching to

100%.
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Figure 4-5 Bioimpedance signal classification result

4.3.2 Overshoot detection

Sometimes, the signal will be interfered by some noise which can make
the signal root mean square value change to be many times of the normal signal. In
case of wrong operation, we use the inequation (4.4) and (4.5) as a limit of the valuable
signal. If the signal meets one of the conditions, the signal will not be used to

determine the control command.

RMS-RMS_ > Xx(RMS,__—-RMS, .) (4.4)
RMSmin - RMS > X x (RMSmax - RMSmin) (45)
where RMS = the resent signal root mean square value, RMS ___ and RMS .

are the same in equation (4.1). X = the possibility multiple of the overshoot value to

the normal value. In our experiment, it was set to 5.
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4.3.3 No movement protection

As a result of auto threshold value adjustment, the system will get some
limitation because we use the threshold value of previous period to determine the
output command. In this case, there are two situations which the system cannot detect

the movement (Figure 4-2, situation B and C):

When there is no any movement for a duration longer than one period
of threshold adjust (Figure 4-2, situation B), the threshold value calculated by the auto

adjust algorithm is almost the same with the recent signal value;

Hold the same action for a duration which longer than one period of

threshold adjustment (Figure 4-2, duration C).

In order to avoid no movement situation that is determined by

R1\/‘[Smax - RMSmin > Pn (46)

where RMS_ ,  and RMS , are the same in equation (4.1), P, is a parameter set

according to the small change of root mean square value during there is no movement

for a long time. The threshold value will be calculated by equation (4.1).

For avoiding the second situation which is determined by

RMS; <RMS 4.7)

where RMS; and RMS , are the same in equation (4.1), we are going to calculate

n

the threshold value by

RMS, =RMS +P (4.8)

n

where RMS; is system threshold value, RMS_ . and P, are the same as in equation

(4.5).
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4.4. System simulation

We simulated our system on the computer with software LabVIEW 8.2.
At first, six LEDs were used to simulate six motions of this system after bioimpedance
signal classification. Figure 4-6 shows the led simulation panel. each LED represents a
motion. The first row are the short motions, while second are the long motions of left
shoulder, both shoulders and right shoulder from left to right respectively. The
simulation indicated a 100 percents correct control on the LED. After see the first stage
simulation result met out anticipation, we designed second stage simulation. A map
was drawn for the virtual wheelchair control simulation with six motions which are get
from shoulders movement (up and down). Wheelchair control operation: turn left 30°,
turn left 90°,turn right 30°, turn right 90°,turn round 180°, run and stop were applied.
Figure 4-7 shows wheelchair control panel. In this simulation, subjects have to get
used to the map. Subjects have to follow the wheelchair’s direction. They had better
image themselves sit on the wheelchair because the direction principle on a virtual
environment is different from the traditional direction principle. But if the portable
device is made, this problem will not exist anymore. Also, subjects need to familiar
with the movement related to the motions. So there will be a training time for them
before control the real interface until they can manage the wheelchair control

simulation.
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4.5. Evaluation of wheelchair control

The system has been developed and simulated successfully. But there is
a necessary to test on some other subjects to evaluate the system to see if the developed
interface is practicable and stable. Five volunteers involved in this evaluation: Mr.
Huang Yunfei, Mr. Wang Shenming, Mr. Xu Shubing, Mr. Wang Xianwei and Mr. Fu
dongJin. Details were shown in Table 3. Column four is the training time for each
volunteer until they can manage the control the process from the beginning to the end.
It is different during each other. The main reason is to tell the short and long time
movement. The other reason is that sometimes they would make a wrong operation
owe to the wrong judge of the direction ahead. But it does not matter, because each
individual can manage it after a long or short time practice and train. Pictures (Figure
A 1, Figure A 2, Figure A 3, Figure A 4, Figure A 5 ) in appendix II shows the
volunteers photograph and their five simulation tracks respectively. Their simulation

videos are included in the appendix CD.

Table 3 Evaluation subject detail description

Name Weight Height Age Training time
(kg) (cm) (9] (hour)
1 Huang Yunfei 70 173 24 designer
2 Wang Shenming 50 163 23 1.5
3 Xu shubing 48 166 24 2.5
4 Wang Xianwei 83 182 25 2
5 Fu Dongjin 57 168 24 3

4.6. Conclusion

Firstly, electrodes configuration and motion design are introduced. We
adopt three electrodes to make up 2 signal acquisition channels which is based on the

four electrodes method. Through this electrodes configuration, in addition with the
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bioimpedance characteristic which it is proportional to the movement, we can achieve
six kind of motions: left shoulder short time motion, left shoulder long time motion,
right shoulder short time motion, right shoulder long time motion, both shoulder
together short time motion and both shoulder together long time motion. Use those
motions it’s easy to design a command system for the wheelchair control. Secondly, it
describes the detail of all the periods which are exiting in the control duration. In the
third section, it is a section for the software design and motion classification. It shows
the software structure with a block diagram, shows the process of signal classification
and the process that the threshold value is adjusted automatically. Classification results
which are according to our design and desire are presented. In section four, the LED
control simulation and the wheelchair control simulation are described. In section five,
it presents results of the evaluation with five volunteers completing the wheelchair
control simulation mission. It demonstrates the practicability and stability of the

human device interface based on bioimpedance.



Chapter 5. Summary

5.1. Conclusion

The principle of frequency selection is based on the frequency
characteristic of the cole-cole system (segment tissue). The frequency which caused
the highest bioimpedance change at the same electrode configuration will be chosen.
From the literature review, the frequency of current used by the researchers are 50 kHz
[31[4][5][6][16][17]and 75 kHz [14][15]. In order to find out the optimal frequency for
our project, we tested frequency from 1 kHz~200 kHz at shoulders, finally, the optimal

frequency was found: 50 kHz, which was applied in our system.

For the current magnitude chosen, things we have to think about are:
not hurt the user, save power, and easy to detect the movement. The previous
researchers has chosen 300uA [3][4][5][6], S00uA [16][17], 1 mA [14]and 3.8 mA

[15], all of them are acceptable, and we use 300uA in our project.

NI (national instrument) productions are good solution at the
developing and modeling phase of a product. It is so easy to realize data connection
and analysis if using the data acquisition device cooperate with Ni LabVIEW software
tools. LabVIEW is very convenient to use as they make every function a module, even
people who do not have any program language background can master to use after
short time training. In our study, we adopt LabVIEW 8.2 cooperated with NI PCI 6250
DAQ device to sample the bioimpedance signal. Then all of the work were done on

LabVIEW 8.2, include signal processing, classification and simulation.

Because it is not convenient to find the right subject that has been
mentioned in the problem statement section, we had only find the healthy subjects
whose age range from twenty to thirty. All subjects were request to sit on the chair to
fulfill the test. In order to find the performance of the system and to find how easy it

works with the operators, five subjects were invited to test this system. Repetitive test
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was taken on the same subject five times. Results of at the same subject were compared

so that we can see the problems and the reasons that caused the problem.

Impedance property of human tissue offers a promising possibility for
detecting the segment movement. This opens an opportunity to enable
bioimpadance-based wheelchair control to practical applications. We proposed to
develop a novel human machine interface for the wheelchair control. Three electrodes
are used to acquire two channels of bioimpedance from the trapezius muscle. Three
shoulder movements, i.e. left shoulder up, right shoulder up, and both shoulders up, are
used to generate control signals. In addition, bioimpedance almost can be considered
as the kinematic information. Its change follows the segment movement. Therefore, it
is possible to keep the change of impedance signal for certain duration. We make use
of the time characteristic of bioimpedance to make more motions, i.e. short action (300
ms < Tpeg < 1000 ms) and long action (Tpeq > 1000 ms). As a result, six operation
capabilities for wheelchair control are feasible. At first, the proposed system was
evaluated by controlling LED on a computer. Results show that 100% accuracy is
obtained. Secondly, wheelchair control simulation was the found on the classified six

motions. As a result, the wheelchair can be controlled easily.

5.2. Recommendations for future work

Firstly, as the scope of the study has limitation. The future works are
recommended. All of the experiment was test on the healthy subjects as it is easy to
find. However, the test result did not give any suggestion that it can work well with the
person who is the potential user of this system. The effect on them should be some
differences compared with the expected result, therefore, to find the real disabled
people who possibly have the requirement to participate in this research are necessary.
To let them to be trained, to let them practice and to get comments from them so that
we can find the blind site and improve it. We also can modify the function of our

interface depend on their desire. Those works will perfect the system.
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Secondly, this is a human device interface which is based on the
bioimpedance. We have made a full use of the right characteristic (bioimpedance is
almost linear proportional to the movement). It helped us gain three more motions
which divide the motion into short time and long time motions according to the
duration of the action hold. Even though, it was just used as an on-off variable. But

actually this characteristic can be more deeply used.

Bioimpedance can be used to evaluate the athlete’s skill cooperated
with surface EMG signal, which will be more accuracy and efficient. Because the
surface EMG signals just come up at the beginning of the movement while the
bioimpedance change can follow with each phase of the movement from the beginning

to the end.

So, if surface EMG signals are recorded commands, each command
stand for a single start movement while a serial of them can show the whole movement
sequence. Recording all bioimpedance signals, we can watch the quality of each
moment of the whole procedure for a full movement. We can compare our clues’ data
to the perfect one. It will help the coach to find the problem of the athletes more easily

and find the solution and train scenario.
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Abstract-We present a new method, which iz based on
bicelectrical impedance of the trapezins muscles, to control
wheelchair for the disabled people and the elderly. In our
application, three electrodes were used for detecting the changes
in movements of left and right trapezins muscles. The modified
Howland current bridge supplies the 0.5 mA ac current for the
measure svstem at the frequency of 50 kHz, NI PCI-6250 DAQ
board were adopted to collect the data and Labview8.2 was used
to implement the control system. The threshold value in detection
algorithms applied in the system is automatically adjusted to the
change in the measured signal magnitude. Pump value detection
is used to detect an unexpected large change of the signal to avoid
the wrong operation. As a result, we can find that the change of
the signal according to the movement of the shoulder is very
stable. Additionally, after some signal processing we can use
shoulder movement to control LED on Labview8.2l with an
accuracy of 100%.

I.  INTRODUCTICN

Eecently, a large amount of rehabilitative devices is
reguired by many populations whe have diseases such as
myelopathy. upper limb disabled, lower arm disabled. loss of
skeletal muscle control from below the shoulders, and hand
amputees. The limitations imposed by these diseases deprive
the injured individuvals from operating electronic devices.
Besides the drastic guality of life reduction directly imposed
by the impaisrments, individuals also face a communication
shutdown as they are often incapable of operating devices that
make possible to comununicate with others (computer, cell
phone, and PDA ete). It is a wotldwide concern fo restitute
dizabled wsers commumicative and control skills to improve
their guality of life. Therefore, human machine interface
comes with these reasons.

As we know, the main studies in this field are prosthesis and
wheelchair. Prosthesis is the most important and only
commercial application. However, wheelchair 15 also a very
useful application. In this paper. we focus on human machine
interface for dizabled people applied on a wheelchair contral.
There are researchers who studied the EMG-based electric
wheelchair control [1]-[4]. However, none of these studies
have examined a bioimpedance-based wheelchair contrel. In
our study, we proposed to uwse the bicimpedance from
shoulders to analyze the human movement and dewvelop a
hand-free wheelchair control to help the disabled people with
the high level spinal cord injury, guadriplegia and others who
can not use their hands. In erder to complete the basic function
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Fizwre 1. Fow-electiode mathod for bicimpedance measuramant.

of the wheelchair operation, four classes of motions are
required. 1.e. run, stop, turn left, and tun night.

The main characteristics of segment movement analysis
using bicimpedance are as follows:

1) When we excite a constant cusrent, the bioimpedance
change between the measwring electrodes 15 directly
proportional to the intensity of segment movement.

2) Bioimpedance signals are time and spatial invariant on a
given segment of limbs and the chest for healthy subjects at
rest [3].

3) Bicimpedance almost can be considered as the kinematic
information  becanse its  change follows the segment
movement [6].

In the recent few vears, researchers have started to study the
use of bicimpedance on movement analysis [7]-[10].

II. THEQORY

A Four electrodes fystem

The four electrodes methed shown in Figure 1 is a widely
accepted technigque used to measure the bioimpedance. The
four electrodes method uses two electrodes to supply current
to the tissue and another fwo electrodes to measure the
bictmpedance. As a result, the bioimpedance z can be
caleunlated by

== (1

where " is the voltage and I is the current.

Authonzed licensed vsa limited to: Prince of Songkla Uniearsky. Downioadad on August 17, 2009 at 04217 from IEEE Xplore. Restrictions apply.



B, The gffective factor gf bis-impedancs

The human tissue can be seen as the parallel conductor
model which consists of muscle and blood. Bioimpedance can
be expressed by

- = L L (2:]
er S-ﬂ +U.':-5.’.- (Imsm +Uni;:| .‘Ii‘r"

where (F,, is conductivity of muscle, F; is conductivity of
blood, Em 15 sectional area of muscular tissue, S.a is sectional

area of blocd wvessel, L is length of measured patt, and Iy i3

volume of blood. Because L, (T, . and (F, are almost constant,
bioimpedance is mainly determuned by I and 5 [6]. It 1s

reasonable that the change in bicimpedance is proporticnal to
the movement.

III. MATERIALS AND METEHODS

A Measure system configuration

Figure 2 shows the block diagram of bioimpedance
measurement for the comtrol system. Voltage to current
converter circuit converted the 30 kHz signal generated by a
function generator to 0.5 mA ac current. Then, this cusrent
was injected to human tissne. NI PCI-6230 DAQ board was
used to acquire the data at a sampling frequency of 600 kHz
for each channel. The signal was stored and then processed
with Labview8.2 software. Finally, we used the classified
signal to contrel LEDs on labviewd 2 software simulating the
wheelchair control.

B Electrodes configuration and mation design

The disabled people such as spinal cord injury, myelopathy,
upper limb disabled, lower arm disabled, loss of skeletal
muscle control from below the shoulders and hand amputees,
cannct use their hands to operate the wheelchair. We need to
design the electrodes location so that these populations are

Signal .| Woltage to current converter
senerator i _
Human bady (l%, @ é_}
cleerode
L
i 3 k w
PC . |Channe| | | |{.‘hanne|2 |

NI-PCI-6250 DAQ board

Labview®,2 workspace

Fizwre 2. Block diagram of the bicimpedance measmrement
for the control svstem.
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Fizure 3. Electrodas confizuration.

comvenient to operate. As a result, the locations on the
trapezius muscle are chosen as shown in Figure 3. For twe
channels, three electrodes were nsed. Electrode number 1 and
2 were used to supply the current to the tissue. Moreover, each
of them also 13 one of the voltage detecting electrodes for a
certain channel. Electrode number 3 is the common end of the
two channels.

Four motions, ie run, stop. tum left and turn right are
designed for wheelchair operation. The desizn of motions
related to the segment of human body is shown in TABIE L
In addition. TABLE IT shows details deseription of the
motions. It tells how motions transfer from one state to
ancther state.

C. Bioimpedance classification algorithm

The control svstem was implemented on the LabviewS.2
wotk zpace. Figure 4 is the block diagram of LabwviewS.2
program for the contrel system in our project. First, 30000 raw
bioimpedance signals were collected throuwgh NI PCI-6230
DAQ beard in real time. Second, the signal was filtered by

TABLEI
WHEELCHATR. MOTION DESIGN
Electrodes” Mo, Muscle Segment hdotiom
13 Leaft mapesus mscle Left shoulder Left
23 Fight tapezius mmscle Faght Faght
shouldar
(1,3} and (2,3} Left and right Left and nght | StopFoun
trapezins musecle shouldar
TABLED
THE MOTION DESCRIPTION OF THE INTEREFACE
Motion Mo Crpaztion Description
1 Tam left Left shouldar up and dows
2 Tum right Eight shoulder up and downm
k] Stop / nm Both shoulders up and down

Autharzed llcensed use lImitad toc Prince of Songkla Universiy. Downloaded on Auguss 17, 2009 at 04:17 fram IEEE Xplore. Restrichons apply.



Raw bio-impedance signal
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Figwe 4. Block diamam of Labiiewd 2 program for the comtrol system.

a bandpass filter at the 49 kHz low cutoff frequency and 51
kHz high cutoff frequency. Third, we calculated the root mean
square value of the 50000 filtered signals. Fourth, the system
adjusts the threshold value automatically. After the pump
value was checked, we compare the current EMS signal value
with the thresheld value to determine the command type.

1} Auto thresheold value adjustment.

The system modifies the thresheld value every 30 BMS
values (BMS wvalve is calcwlated by 50000 signal sample)
because the magnitude of the measured signal sometimes
completely changes. The way to find the new thresheld value
is to store 50 BMS values in an amray. Then, the threshold
value can be calculated by

FM S tipeshold = (P S oy + BMSmin) / Poansirive (3)

where BEMSpyy s the maximal EMS signal value in the array,
BEMSpr 13 the minimal BMS signal wvalue in the amay,
Psensitive is the control sensitivity parameter for the control
system. Psensitive is a very important parameter. It keeps the
balance between the high facility of control and the low error
rate of operation. It must be modified manually after:

®  Subject change

® Andor electrode position change (not configuration

change).

This is due to the fact that the changes in bioimpedance value
vary individuoally. Even om the same subject, when the
electrodes are attached at different time, the change in
bicimpedance is also different.

2} Pumyp value detection.

Sometimes, the signal is interfered by some noise, which
can make the signal EMS value change pump to be many
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times of the normal signal. In case of wrong operation, we use
the equation (4) and (3) as a limitation of the signal value. If
the sigmal meets one of the conditions, it is not used to
determine the control command.

EMS

RMSme > X * (RMSpm — RMSg) (4)

BMSpnin — BMS>X * (EMSyy BN S ) (3)
where BMS 13 the current signal BMS value, BEMS,,,; and
EMSpey are the same as in equation (3). X is the possibility
times of the pomp wvalwe to the normal wvalue. In our

experiment, it was 3.
IV. BESULTS

In the experiment, we implement the control system on the
Labwview8.2 work space and save the data at the same time. In
our application. the signal magnitude change is encugh to
execute the confrel task Therefore, it is not necessary to
calculate the real bicimpedance value. As the frequency of our
current source is 30 kHz, we designed a FIR bandpass filter
(first cutoff frequency at 49 kHz and second cuteff frequency
at 31kHz) to filter the noises, ie. (power line noise and dec
noize. We use power spectral density (PSD) to analyze the
frequency component in the signal Figure 5 shows the
original and filtered signal PSD of the measwred bicimpedance
signal from the shoulder. As we can see, the main noise
appeared is the power line neise, and after filter, the frequency
power of the filtered signal is mainly focused at 50 kHz.

Figure & shows the BEMS wvalue and classified control
command of the filtered bicimpedance signal from both
shoulders. It includes all of the movement: left shoulder up
and down; right shoulder up and down; both shoulders up and
down. From this figure, we can easily identify the shoulder
movement from the EMS wvalue by our eyes. Obviously, the
classified control command followed the shoulder movement.
In addition we can use shoulder movement to contrel LED on
Labwiew8.2 with an accuracy of 100%.
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Fizure 5. The ongmal and Altered signzl PSD of the measred
bicinpedance signal from the shoulder Line in size=] 15 the PSD graph of
ongmal signal; Ime i s1ze=2 iz the PSD graph of filtered signal
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Fizure 6. The EMS value of the filtered ommpadance sizmal of shoulders.
Line A- The EWMS value of filtered bionmpedance signal Som left shoulder,
Lme 1: Left shouldsr up and down (MMotion e 1),

Line B: The BEMS value of filtered bioimpedance signal from nght shoulder.
Lime 2- Fight shoulder up and down (Motion Mo, 2).

Line 3: Both shoulders up and dewn (Metion Mo, 33

V. CONCLUSIONS AND DISCUSSION

Impedance property of human tissue offers a hugh
possibility to detect the movement of human body segment. It
will make interface based on the bicimpedance feasible in
practical applications. In our study, we propesed to develop a
new human machine interface for the wheelchair control. The
new three electrode configuration works very well. It also can
be applied with other segments of human body. We utilized 50
kHz current source in our system, which used by the former
researchers. The constant current at this frequency flows
almost throughout the tissue of muscle and blood [11]. Even
this frequency performs well in our experiment. but we still
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doubt about it whether mavbe some other frequency will be
more suitable for the movement detection. We will make it
clear in the future work.
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ABSTRACT

Thiz article presents a novel desimn and development om
bigimpedance-based wheelchair control for the disabled people
and the elderly. We use three electrodes to measure two chamnels
of bioimpedance from the trapezins mmscle. Bioimpedance
changes when there 15 2 movement in the segment of trapezius
mmsele. We can classify six fypes of motions resulting i six
operation capabiliies for wheelchair control based on six types of
shoulder movements, 12 left shoulder up, right shoulder up, and
both shoulder up for short time and long fime. Our system is
composed of the modified Howland current bridge cireuit, which
supplies the 0.5 mA ac current to the measurement system at the
frequency of 30 kHz. NI PCI-6230 DAQ board was adopted to
collect the data and Labwiew 8.2 was used to myplement the signal
processing and control system. Alzorithms applied i the system
are an automatic threshold wvalue adjustment, which adapt its
value to the measured signal Pump value detection is used to
detect the unexpected large change of the signal to avold the
wrong operafion Fesults mdicate that the change of =sigmal
according to the shoulder movement 1s very stable. Moreover, we
can use the shoulder movement to contrel LED on LabwiewS.2
with an aceuracy of 100%.

Categories and Subject Descriptors
C.3 [Special-purpose and application-based systems]: Signal
Drocessing systems

General Terms
Algonthms, Design, Experimental.

Kevwords

Bioimpedance, wheelchair, motion desizn, shoulder movement.

1. INTRODUCTION

Fecently, a large amount of rehabilitative devices is required by
many populations who have diseases such as myelopathy, upper
lmmb disabled, lower amm disabled, loss of skeletal mmscle control

from below the shoulders, and hand amputees. The lmutations
mposed by these diseases depnve the injured mdividuals from
operating electronic devices. Besides the drastic quality of hife
reduction directly imposed by the mpamments, mdividuals also
face a commmmication shutdown as they are offen mcapable of
operating devices that make possible to commmmicate with others
(computer, cell phone, and PDA ete ). It 15 a worldwide concem
to restimte disabled users commmmicative and control skills to
mprove their gquality of life. Therefore, human machine interface
comes with these reasons.

As we know, the mam smdies in this fleld are presthesis and
wheelchair. Prosthesis is the most important and i3 m commercial
gpplication. However, wheelchair is also a very usefil application.
In this paper, we are focusing on human machine mterface for
disabled people applied on 2 wheelchair control. There are
researchers whoe smdied the EMG-based elecmic wheelchair
contrel [1]-[4]. In the recent few vears, researchers have started to
siudy the use of bioimpedance on movement analysis [7]-[10].
However, none of these studies have exanuned a hioimpedance-
based wheelchair contrel. In our study, we proposad to use the
bicimpedance from shoulders to analyze the human movement
and develop a hand-free wheelcharr conmrel to help the disabled
people with the high level spinal cord mpury, quadnplegia and
others who can not use their hands. In order to complete the basic
fimetion of the wheelchair operation, four classes of motions are
required, Le. run. stop, tm left. and tum right.

The main characteristics of segment movement analysis using
bioimpedance are as follows:

1) When we excite a constant current, the biommpedance change
between the measunng electrodes 13 directly proportional to the
mtensity of segment movement.

2) Bioimpedznce signals are time and spatial invariant on a given
segment of limbs and the chest for healthy subjects at rest [3].

i} Bioimpedance almost can be considered as the kinematic
mformation becanse 113 change follows the segment movement [6]

2. THEORY

2.1 Four electrodes system

The four electrodes methed 15 8 widely accepted techmique used
to measure the bicimpedance. The four electrodes method wses
two electrodes to supply current fo the tissue and another two
electrodes to measure the bioimpedance. As a result, the bio-
mmpedance = can be calculated by



— M

where I7is the voltage and I'is the current.

2.2 The effective factor of bicimpedance
The human tissue can be seen as the parallel conductor meodel
which comsists of nmscle and bleed Bioimpedanee can be
expressed by

L _ L
o S +0,5,

g5, +o /L Q)
where o, 13 conductivity of mmscle, o, 15 conductivity of blood,
5, 15 sectionz] area of muscular tissue, 5, 13 sactional area of blood
vessel, L is length of measured part, and F} 13 volume of blood.
Because I, o, and o, are almest constant, bioimpedance 1s
mainly determined by I and 5, [6]. It 15 reasonable that the
change m bioimpedance i3 proportional to the movement.

3. MATERIALS AND METHODS

3.1 Measurement system configuration

Figure 1 shows the block diagram of bioimpedance measurement
for the confrol system Voltage to cumrent cowwverter circuit
converted the 30 kHz signal generated by a functien generator to

0.5 mA ac current. Then, this current was mjectad to nnman tissue.

NI PCI-6250 DAQ board was used to acquire the data at a
sampling frequency of 500 kHz for each channel The signal was
stored and then processed with Labviewd.2 software. .1-'1.1.13151Ir we
used the classified signal to control LEDs on labwiews.2 software
sinmlating the wheelchair control.

3.2 Electrodes configuration and motion

design

As the disabled people, such as myelopathy, upper limb disabled,
lower amm disabled, loss of skeletal muscle control from below the
shoulders, and hand amputees. cammet use thewr hands to operate
the wheelchair, it 15 necessary to design the electrode location to
be convemient use by these populations. As a result, the locations
on the trapezius mmscle are chosen as shown Figwe 2. The
electrode number 1 and 2 are used to supply the cumrent to the
tissue. In addition, each of them also is used as the voltage
detecting electrode for a certain channel. Electrode no. 3 is the
conmmen end of the two channels.
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Figure 1. Block diagram of the bisimpedance measurement for the
control system.

Figure 2. Electrodes confizuration

Although the measurement is based on the four-electrode methed,
we made some Improvement according to our specific application
and the specific tissue segment. The conventional four electrodes
method needs six electrodes for two chamnels but we design the
new electrode confimuration using just three electrodes as shown
m Figure 2.

Bioimpedance can be nearly considered as the kinematic
mformation because the biDiﬂ.‘lpEda]lEE change follows the
segment movement [6]. This 15 an advantage of hoimpedance
over EMG signal. Therefore, we can achieve more benefit when
utilizing bioimpedance as a control signal compared to EMG.

Tahble 1. Motion design for wheelchair control

Electrodes’ Na. Muscle Segment Action hold time { Teaa) | Motion No.
(1.3 Left trapezins mscle Left shoulder 300 ms = Thgg = 1000 ms 1
Tpoa = 1000 ms 2
2.3 Bight wapezius nmscle Bight shoulder 300 ms = Thgg = 1000 ms 3
Tpoa = 1000 ms 4
(1.3) and (2,3) Left and right trapezius nmscles | Left and right shoulder | 300 ms = Tyyy = 1000 ms 5
Tpoa = 1000 ms a
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Table 2. Operation descriptions of motion design

Motion No. Wheelchair operation Operation description
1 Tum left 10 degree If there 15 a small curve comer, in order to adust the numing direction smoothly durmg
wheelcharr nnming, this command signal makes a 10 degres left side tum.
2 Stap If there 15 a sharp angle comer, m order to change the direction rapidly, this command
Turmn left 90 degree signal will control wheelchair to do serial operation: stop, turn left 90 degree, and nm.
BEaun
3 Tumright 10 degree | If there is a small curve comer, in order to adjust the noming direction smoothly during
wheelcharr nmming, this commeand sigmal makes a 10 degrees nght side tum.
4 Stop If there 15 a sharp angle comer, m order to change the direction rapidly, this command
Tum night 20 degree | sigmal will control wheelchair to do senial operation: stop, tum right %0 degree, and mn.
Eun
3 Stop/Fam (Toggle) This motion is used to toggle between stop and run the wheelchair.
] Stap Thiz motion will make the *tum round” operation convemently. Command signal will
T 120 degree control wheelchair to do the following senial eperation: stop and tum left 180 degres.

In our design, two measurement channels of bioimpedance from
three electrodes can make six fypes of motions resulting n six
operation capabiliies. The desin of motions related to the

segment

addition,

nrotioms.

and electrode configuration 15 shown m Table 1. In
Table 2 describes the operations related to each design of

3.3 Motion classification algorithm
Motion elassification algorithm based on bioimpedance consists of
four steps:

1.

4

Figure 3
the forth

Collect 50000 raw bicimpedance signals.

Filter the collectsd sigmals wath a bandpass filter at the
49 kHz low cutoff frequency and 51 kHz igh cutoff
freguency.

Caleulate the root mean squars value of the 50000
filtered signals.

Classify motions using automatically adjusted thresheld
value.

shows the details of motion classification algorithm

step. Details of the classification algonithm are as follows.

First, the algonithm will judge if the current roct mean
sguare value 13 & pump value, 1e an unexpected large
change of the signal. If yes, the value cannot be used to
determuine the conumand signal and it will be discarded.
Ifno, the current value is kept for classification.

Second, the algorithm will check if the current period 13
preceded by a no movement period. If no, the naturs

threshold value will be the system thresheld valoe. If yes,

the no movement period thresheld wvalue will be
transferred to the system thresheld value.

Third, the system threshold walue will be used to
compare with the current root mean square signal value
to determuine the command signal

Finally, the duration of the movement will be used to
determuine the command signal whether 15 a short period
command signal or long penod commsand signal. These

two signals are the final commsand, which will be used to
conirol the LED on software Labuiewd 2.
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Figure 3. Flow chart of motion classification



4. RESULTS

LT I R ¥ N (%]
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Figure 4. Line A: The FEMS value of filtered bisvimpedance signal
from lefi shoulder. Line 1: Left shoulder up with short hold fime
{(Motion No_ 1). Line 2: Left shoulder up with long held time (Aotion
No. ). Line B: The EMS value of filtered biocimpedance signal from
right shoulder. Line 3: Right shoulder up with short hold time (AMotion
No. 3). Line 4: Right shoulder up with long hold time (Motion No_ 4).
Line 5: Both shoulders up with short hold time (AMotion No. 5). Line &:
Both shoulders up with long hold fime (Aotion No. 6)

Figure 4 shows the FEMS wvalues and the classified conirol
command of filtered bioimpedance signal from six shoulder
motions. The mumbers (1, 2, 3, 4, 5, §) placed m Figure 4 are from
the motion’s mumber appearad m both Table 1 and Table 2. We
can clearly visualize and identify the shoulder movement from the
BMS wvalues. Obviously, the classified control command was
preceded by the shoulder movement. In addition, we can use the
shoulder movement to control LED on Labwiew82 with an
aceuracy of 10074,

5. CONCLUSIONS AND DISCUSSION

Impedance property of lnman tissue offers a pronusing possibility
for detecting the segment movement. This opens an opportumty to
enable bicimpadance-based wheelchair conmol to  practical
applications. We proposed to develop a novel luman machine
mterface for the wheelchair control. Three electrodes are used two
acgqure two channels of biommpedance from the trapezins mmsele.
Three shoulder movements, Le. left shoulder up, right shoulder up,
and both shoulders up, are used to generate contrel signals. In
addition, bioimpedance almost can be considerad as the kinemartic

mformation. Its change follows the segment movement. Therefore,

it i3 possible fo keep the change of impedance signal for certan
duration. We mzke use of the time characteristic of biommpedance
to make more motions, 1.e. short action (300 ms < Ty, < 1000
ms) and long action (Tegs = 1000 ms). As a result, six operation
capabilities for wheelchair control are feasible. The proposed
system 15 evaluated by controlling LED en a computer. Besults
show that 100% accuracy 13 obtamed. Moreover, 1t 13 possible to
miake the proposed system to be a portable device. For example,
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the system and algorithm can be mmplemented 2 FPGA chip ara
micrecontroller.  Acmally. the classified meotion can  be
implemented in not only for the wheelchair contrel but also for
other devices such as computers and some other portable
elecrome devices.
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1. INTRODUCTION

Recently, a large amount of rehabilitative
devices is required by many populations
who have diseases such as myelopathy,
upper limb disabled, lower arm disabled,
lozs of skeletal muscle contrel from below
the shoulders, and hand amputees. The
limitations imposed by these diseases
deprive the injured individuals from
operating electronic devices. Besidez the
drastic quality of life reduction directly
impozed by the impairments, individuals
also face a communication shutdown as
they are often incapsble of operating
devices that make possible to communicate
with others (computer, cell phone, and
PDA ete). It 1= a worldwide concern
subject to restitute disabled users
communicative and control skills to
improve their quality of life. [1] [2] [3]. We
proposed to develop a  hand-free
wheelchair control to help the disabled
people who cannot use their hands Six
operations were obtained from two signal
acquisition channels with three electrodes.
We achieved a good evaluation of the
wheelchair control on Labview8. 2
software.

2. THEORY

The four electrodes methed iz a widely
accepted technigque used to measure the
bioimpedance. The four electrodes method

uszes two electrodes to supply current to

the tissue and another two electrodes to
measure the biocimpedance. As a result, the

bioimpedance zcan be calculated by

R (1)
1

where Vis the veoltage and J1is the current.

3. MATERIALS AND METHODS
Measurement system configuration

As shown in Figure 1, Voltage to current
converter cireuit converted a 50 kHz signal
generated by a function generator to 0.5
maA ac current. Then. this current was
injected to human tissue (shoulder). NI
PCI-6250 DAGQ hoard was used to acquire
the data at a sampling frequency of 600
kEHz for each channel The signal was
stored and then processed with Labview8.2
software. Finally, we used the eclassified
signal to evaluate the wheelchair control.

Signal .| Voliage o current converter
generator i _
Human body é @ é:,
clectrode
»
Y ¥ L4 v
PO L [Channel 1] [ Channel 2]
NI-PCI-6250 DA board
* Labview&.2 workspace

Figure 1. Block diagram of the bisimpedance
measurement for the control system.



Electrodes configuration

As the disabled people cannot use their
hands to operate the wheelchair, it is
neceszsary to design the electrode location
io be convenient use by these populations.
As a result, the locations on the trapezius
musecle are chosen as shown Figure 2. The
electrode number 1 and 2 are uszed to
supply
addition, each of them al=o is uszed as the

the current to the tissue. In

voltage detecting electrode for a certain
Electrode number 3 1s the

common end of the two channels.

channel.

Figure 2.

Electrodes confizuration

q

f <N

i
]

o
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10 15 20

Figure 3. Line A: The EMS value of filtered bioimpedance
signal from left shoulder, Line 1: Left shoulder up with
short hold time (Motion No. 1). Line 2: Laft shoulder up
with long hold time (AMotion No. 1). Line B: The EAMS

value of filtered bicimpedance zignal from right shoulder.

Line 3: RKizht shoulder up with zhort hold time (AMotion Na.

3). Line 4: Right shoulder up with long hold time (Motion
No. 4. Line 5: Both shoulder: up with short hold time
(Motion No. £). Line 6: Both shoulders up with long hold
time (Motion No. 6)
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Figure 4. Map for wheelchair control evaluation. Potted

line iz the expected wheelchair track.
4 RESULTS AND DISCUSSION

Figure 3 shows the RMS wvalues and the
classified control command of filtered
bioimpedance signal from six shoulder

motions. As & result, six operation
capabilities for wheelchair control are
feasible. The proposed system is evaluated
by controlling a model wheelchair on a
computer. HResults show that we can
control the wheelchair smoothly on the

complicated map as shown in Figure 4.
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Appendix II. Simulation results of volunteers
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Appendix II.1.

Mr. Huang Yunfei’s test result
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Figure A1 Mr. Huang Yunfei and his five simulation tracks









Appendix 1.4.

Mr. Wang Xianwei'’s test result

Figure A4 Mr. Wang Xianwei and his five simulation tracks
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Appendix II.5.

Mr. Fu Dongjin’s test result

|

Figure A5 Mr. Fu Dongjin and his five simulation tracks
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Appendix II1.

HIOKI 3531 Z HITESTER
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HIOKI
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3522 LCR HITESTER / 3531Z HITESTER
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ipedance meter with a wide test frequency range

CE marking relotea io EU | European
Unios} sadery regalations, anid &= required
ferr spereiiled sty markeied within the
BELU. CE marking indicats thet e product complics with
all of the safey vestricrinng of selevant E1 directives.
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The 3522 LCR HITESTER and 3531 Z HITESTER together
provide a wide range of test frequencies. The 3522 offers DC
and a range from 1 mHz to 100 kHz, and the 3531 covers the
range from 42 Hz to 5 MHz Test conditions can now come
closer to a component’s operating conditions. The high basic
sccuracy of =0.08%, combined with ease of use and low price
give these impedance meters outstanding cost-performance
characteristics.

These will find a wide range of applications, whether for
laboratory use for evaluation of operating characteristics, or for
production line use, exploiting the full-function interface and
comparator functions and rapid response.



Two Models Cover Wide Frequency Range :

B Measurement in DC and low frequency ranges

The measurement frequency can be freely set o DC or any
value in the 1 mHz to 100 kHz range with four-digit precision.
In particular this makes it easy to test sample chargcleristics in
the low [requency range and up to 100 kHz.

B Fourteen parameters measursd

The following parameters can be messured, and selected
parameters can be caplured by a computer: 1Z1, 1Y1, &, Rp
(DCR), Rs (ESR, DCR), G. X, B, Lp, Ls, Cp, Cs, D (tan &),
and

B Minimum measurement time 20 ms

Four sampling rates can be selected: FAST, NORMAL,
SLOW, and SLOW2. The minimum measurement time of 20
ms (displaying 1Z1) gives rapid sampling for improved
production line efficiency.

(The measurement [requency range varies Trom one parsmeter (o
anather. |

B Enlarged display function

Up to four parameters can be displayed enlarged, for easy
ahservation of the measurement values in production line and
other siluations where the unit is read at o distance.

B Memory Tor thirty sets ol measurement conditions

Up to thirty sets of measurement conditions, including
comparatar values, provide rapid response w consiantly
changing components on flexible production lines. With
multiple measurement eonditions in memary. up 1o five
different measurements can be made sequentially. The
comparitor function lels a single urlt provide te ogical AND
result for this sequence of lests,

B DC resistance measurement
DC resistance measurement is another feature of the 3522. A
single unit, the 3522 can provide the crucial parameters of
inductance (L) and DC resistance (DCR) for a transformer or
il
M Correlation correction function
The constants & and b can be set in the following correction
function expression:

Corrected value = a % measuremant value + b

B Printer output

With the optional 9442 PRINTER, measurement values,
comparator results, and screen printouts can be obtained.

3 3531 Z HITESTER

B Higher frequency range

The measurement frequeney con be freely with four-digit
precision m a4 wide runge from 42 He 1o 5 MHz. In particular
this makes it easy to test sample characteristics in the high
frequency range.

B Fuurteen parameters measured

The following parameters can he measured: Z1, 1YL, 8, Rp. Rs
(ESR), G, X, B, Lp, Ls, Cp, Cs, D (tan &, and Q

H Minimum measuremant time 50 ms

Four sampling rates can be selected: FAST, NORMAL,
SLOW, and SLOW?. The minimum measurement time of 50
s {displaying IZI) gives rapid sampling for improved
production ling efficiency.

W Memary for five sets of measurement conditions
Up 1w five scts of measurement conditions, including
comparator values, provide rapid response 1o constantly
changing components on flexible production lines.

As with the 3522, up to five comparator results can be
vbtained sequentially.

Commeon featurcs

B High resolution and high accuracy

The measorement resolution provides a full five digits. and the
basic measurement accuracy is = 0.08%,

B Simultaneous setting and measurement

Measurement frequency, measurement signal level, and othes
measurement conditions ean be changed while monitoring the
measurement results, enabling effective trial measurements
and setting of evaluation conditions.

B Interactive touch panel operation

Operation is extremely simple: touch the et on the sereen Lo
he changed. and the possible settings appear in sequence. The
neat and simple front panel eliminates all key switches, for a
clutter-free design,

B Wide setting range for measurement voltage
and cument

In addition to normal open-loop signul generation, these units

provide for voltage/current dependent evaluation, in constant

voltage and canctant eurrent modes. The signal levels can be

set over wide ranges, from 10 mV to 3 Vems, and from 10 pA

0 100 mA (up o | MHz).

B Four simultaneous measurement items
Any fowr of the parametcrs can be chosen for measuremen!
and display.

B DC bias measuremeant

Ustng e optionul Y268/926% DT BIAS UNIT, voliuge and
current bias mepsurements are simple. The maximum applicd
bigs is £ 40 V DO, but depends on the measurement conditions.



DC, 1 mHz to 100 kHz, and 42 Hz to 5 MHz

M External I/0 interface

The EXT. IO connectar can input trigger signals, and provides
a key loek on/off function, and remote control of the
measurement condition loading, Ouipul signals include
comparator results and measurement completed signals, for
complete line automation.

The lollowing chart shows the timing sequence of the trigper
[TRIG), analog measurement completion (INDEX), and end-
of-measurement (EOM) signals from the EXT. IO connector.

EXT. I/C signals

® Outputs

= Internal DC power (+3 WV output)
= Comparator result

* Analog measurement completion

= End-pi-meisurement

@ lnpuis

* EXterial DU power Supply (45 ¥ 19 +24 V can be spplicd by exiernal device]
= Bxternal ingger signal

* Key Inck omioff function (3531 only)

= Memory setting selection
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® o depenils on the snmpls ned tgger debay,
Reference value for [kHz measurement

- —

e

Either a GP-1B or R5-2320 inseriaca can be fitted {ootions).

The froni parel can be locked, preveniing sefings
Irem baing changad nadverienily,

R

etirn e

Trignes minimum irsenal  (Tequency, FAST mode. 2 measuremenl.
e —ery L —
Crouliresponse fime | Minkmum latching Sme
WY e T
 Meaguremant fime 20 ms” (s3mi ta 5531)
EOM —_— —
Hi 1N LO T Datsion reaul

Tha AL pewer supply veltage is selastabia:

EXT LT

ROV, 120V, E20V o 240 V.

W 3522/ 3531 specifications

3622

3531

Masgurement paramalars

Moasizarmant mnges |21, A, X

G.X. B, Cp,Cs, Lp, Ls. D {tan &, Q

21 Y1, 6, Rp {DCR ) Bs (ESK, DCR),

LIV, 6 Rp, Rs (ESK)L G, X, B,
Cp. Cs, L. Ls, D (e ), Q

UMY afk doa 2000000 MEY {dependiiang om mredsurensenl o ieesy sl pigaal [cvela)

2] RO 10 +1 RN -TRO.00 © (o + 18000 °

G ﬂ:31ﬂﬂl pF o LK F L3200 p 10 ¥70.00 mi

L 2000 nH 1o TSO00 kI M0N0 TS000KH

o (.00001 10 00065 O] 10 9,90900

a — | 0.01 1099499 001 10 99959

™, G, 0 50000 03 w 99,009 5 300N S Lo 9 5
Basic accuracy Zia008% rdg. 2008
Measurement frequency DC, liniFe 1 100KHz ]"  azHa o SMHE

10mY to 5% rms

Measurement signal levels 100 1o 100mATE
Ouitput impedance S04
Display scraan LCTY with backlight £ 99990 (full § digis
Measurement time (typical FAST ; 2ms, NORMAL : 65us, | FAST : 50ms, NORMAL  7ums,
\IEJUH Tud'usplm lﬂ?__ SLOW 1/2: 135ms / 200ms
Sattings in marmary Muximm 30 sots Muazimum § sels
Comparalod funclions H[."I'\Jﬁmngl for two measemen |1|nmem FETCENLE OF ﬂ;l_m_\:dmﬁ
D bias T Externnl DC blss £ 40 ¥ mns.(opthor)
Beomalpioter | SACPRINTERGpial | -
Eutarnal intarfness P 18 or BE-272C (selecmble option), catemal 10 for saquemeer ws
Powes source T | 100, 120, 220 0r 240 Vi£10%) AC (sclectable), 50460 H
Maximurm rated pawar B A0 VA approx. | 50 VA uppros.

Megzurement © All pammecr mnpes are slelenminedd by ibe 21 nmge.
100 i, 160, 1053, 100 L8, 1 KSL 10 kS, 100 kE2,
| MEL, 140 MED, 100 MEE, (10 ME2 mnge 3522 anly)

Measurement iraquency
[3522] D, 1 mHz 1 100 kHz (= 0005%)
g 10 Ha (0 M st 100 Ha b D00 Hz (10
miHzk 100 He v | kb (000 ml bk |k Tz e 10
KHz 1 Hep, 10 kKHz w 100 KH | 100Hz)
AT HE Lo 5 MH (£ UOG5%)
Upio | kHz {0LI Hesieps); | kHz 1o 10 kHz
€0 Hak: 00 KHz b 10 kHe (10 H, 100 kHe 1o
I MHE (100 Hel IMHz 0 5 Mtz (1 kile)

[ 3531

Moasuromant lovels :

| Valtage and eonstant voltage |
10 mY 05 ¥ s (DC w1 M)
S0mY 1o | ¥ rms il MHz 105 MHz)
Maxlmim shor-circult curment 100 mA rms
3572 | mV sieps
3531 1D mY weps

[ Constant current ]
160 A o 100 ey pons (00 1o | MHER
S0 A 10 20 mA s (1 MHE oS5 M)
Muximum vollage 5V mms
160 A rms eps

[Wmensicns and mass :
3522 125 (H) 5 313 (W) 0 200 (D) mim: 4.5 kg approsc
3B31 1 121 (H) #3852 (W) 6 323 [13) munst RS kg npproa.
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Initial screen

]

FRER | 1.888kHz ‘
[U___ 1 1.@asv
[menil 1.@80u
OFF
[fmonil ®.&33aR
[ERHGE] AUTO 1BkD
[EFEN] oFF
[EHORT] OFF

INT
[EELAY] ®.8Rs
[EUE_] oFF
HORMAL

- =)

Shows measurement values for any selected four
parameters, and current settings of conditions.
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Changing Settings
During Measuremen

Simple touch panel epsration

Setting and changing the test conditions has never been
simpler, with this intuitive touch panel. The keys which
are active appear in reverse video, und a touch of the
item or value to be changed is enough. Moreover, the
selting screens also show the measurement values in real
nme, allowing flexible monitoring while changing test
signal settings.

The 3522 also provides an enlarged display for any four
parameters, for increased visibility at a distance on
production lines.

* The sereens show typical examples on the 3522

@1 . 5702k$

L
[Gs)101.38nF|N

[DJo.oo0733

v SET PARAHETER =

Parameter setting screen

Select any four of the parameters for

display.

[2]1.5702kn N ER ER
-zo. 62" ENEE
[ta] 101 360 HE ERED
[Elo.coroo  EE EER

sen roes
1. @ 0 0 kHz
ot vmen o [VE] (W] [mbe ] [EIND

1enm

Manu sereen

!1 .5702k6

8] -89.58°
[s]1o1.38nF
[pJo.o0733

# SELECT MENU # ‘

Select an item, and switch to the
corresponding sening screen.

@1 < STO2KE | spprrcarron wewn

+ BELEGCT WEND =

Application menu

Save and load measurement conditions,
and set comparator execution, enlarged
display, and so on.

2]t .5702k02

-88.58°
10!.EISnF.

[p]o.co733

Measurement frequency and level setting screens

Use the numeric keypad of @Gigil Keys (o gsles e selling valucs, chungng e st irequency or
level while monitormg the measurement. The level setting cian be open-circuit volmge, constant

voltame, or constant current,

g
ES EB B3
[+ KB E3 E3

+ SET LRVEL & 1.5702k0Q
% e || |81 —89.58°
B | @ or senr
D 0.00733 |...
..

eld

[V =4
v

BE

] T v
o 5| R

o ol Wil HEAS &

Enlarged display and comparator
Setting screens

Set the enlarged display or select the acttings saved
11 MEmary 10 execile Continyous measurement,

cc]
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Personal computer link

Effective Analysis and Processing of
Measurement Data

External control by computer

By installing the optional 9593-01, RS-232C INTERFACE
or 9518-01 GP-IB INTERFACE, all of the 3522/3531
functions other than power on/off can be controlled from a
computer.

Graphing with a spreadsheet program

Measurement data captured by a personal computer can

be displayed graphically by using standard spreadsheet with Ehe 3531 inta Exlctlti*_ lhcn_ presents the resu
software. The example below uses the provision for graphically. The four-digit resolution for the frequen
continuously varying frequency to captire the frequency allows the characieristics of the steep resonance peak
characteristics for a 1 MHz quartz oscillator measured he shawn on the graph.

* Exvel i a registered trademast of Mioe

L=

pAbgbAAsddd

&
EREEF TR EE R Y

pis

| ] S
DRBOEWS  1000EM0S  10OGEHDN 1 DMMEADS
Tt fromunay [Hel

FEERS
Iy

W 9593-01, RS-232C INTERFAGE specification

Transmission method ; Stan-stwp asynchronous Delimiter : CR4LF,LF
Transmission rates  : 2400, 4500, Y6l and 19200 baud (3522) Flow control : XON/XOFF. handware (3522 : hardware anly
) 1200, 2400, 4800 and 9600 baud (3531) {Aceording 1o DIP switch setting)
Data bits :Tor8 Connection  ; D-sub 25-pin, male/male connector,
Parity : Odd, even or none reverse connection
Stop bits L LSor2
B 9442 PRINTER (3522 only) Example of printing
The optional 9442 PRINTER I e —
allows measurement results and o ;g‘l—l:“ ; 1L:: 'gggl;
screen copies to be printed. This is A  Boaany
convenient for permanent records G5 984.20n F B 0.oonss
of inspections and so forth,
(Connection requires the aptional 9583-01 s ggigé” ; ;:g g ggg;gi H:‘
KS-2420C INTERFACE, 9446 CONNECTION fre S84 DGR F IN D 0 00017 o
CARIE sand AC ADAPTER = GA% A% F T n A_nnne? HT
s 983.95n F L0 D 0.00004 IN
Cs 983.95n F L0 D D.00052 HI
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Flexible Measurement Signals
Widen Scope for Application

Applications
B Evaluation of signal-dependent components

Since any test signal can be selected, it is possible 1o
measure the inductance of winding, floating capacitance,
characteristics al operating frequency. and low
frequency resistanee components, The 3522 further
allows inductance (L) and DC resistance (DCR) to be
measurad by the same unit.

Example of measuring signal dependence of coils

l'or chokes, ransformers, and other components with un
inductive core, the values depend on the measurement
gsignal. By wvarying the measurement cuorrent.
measurements showing the signal dependence of the coil
can be shown as a graph.

The 3522 and 3531 provide three modes for selecting the
measurement signal according to the component
chatacteristics: open-circuit voltage (V), conatant
voltage (LY ), or constant current (CC).

Vmode :setVo
CV moda « sat V0 so that the vollage acrose the componant is
the GV value (Vov)

CC mode : sl V0 so that the current through the compenent is

Inductnace (uH)
]

the CC value (lec) 0 @ M W 40 0 @ W K W W W
Vm : voltage monitor value m;ﬁml‘ﬂl
Im : curmant monitor value
: auitpul impedanca (5041 constant)
v mode CV mada CC mode
R Im = B e Im =Tcc
’ J Ro+Z| Ve ’ z| Ve Re ”
Q) by D 1
w12 ¥ | Vin=—— Z Vov v =Vev zZ Vmelclzl
L [Ro+Z | L

Evaluating batlery characterislics by measuring
the internal resistanca

By measuring the intemal resistance of lead-acid or compact
storage batieries, the state of deterioration of the bauery, and its
lifetime and characteristics can be determined.

In particular, the 3522 provides low-frequency measurement
from | mHz, allowing low frequency clectrochenmical
impedance measurement, and other
applications in basic chemical research.

Maasurament values:

Rs (DCH), Rs, 12, ¢, atc.
Measurement frequency:

DC, 1 kHz fived, and variable frequency
Measuremont eignal:

constant current (CC) mode

Reactmos ¥ {0)

s () [} ]

SEnES equvEDanL (SEElAnce H1s (4
Froquancy ohamsiansios of & manganass bafiany m-He o 100
[ cule-gole plot |



M Measurement accuracy and ranges *

Conditions : temperature range 23 °C £5 *C, B0% RH or less {no condensation)
Affter 6]-minate warm-up from powering on, and apen-circuit and short-circuit correction,
Using the 9262 TEST FIXTURE, and measarement signal levels 1001 Vo 5000 Y (3522), 046 ¥ w 100V (3531 ) measurement speed SLOWZ2.
* Measurement moges and accuracy depend an the test fxture used, the measurement signal levels, and the measurement speed.

3522 Accuracy
Range | impedanca DC 1m to 99.99Hz [100.0to 999.9Hz [1.000ko 10.00kHz]10.01k 1o 100.0kHz
woomo| 22ME [, gy [AT B=5 |A=45 B=1 [A-45 B Upper figure A _ DS BCOUOY 108 121 (= % g
10MDO A=4 B-=3 A=3 B=15 |A=25 B=15 tﬂ?ﬁ"ﬂ;;:‘mtum‘;;“*ﬂ'
ioMa oM A5 Bo0.3 A=2 B=0.5 |A=0.FT B=04 |A=0.7 B=0.4 |A=1.50 B=0.5
1MQ A=1 B=0.2 |A=0.7 B=02 |A=05 B=0.2 |A=2 Bs=03 | |wWhenDC resistancs massrement,
Mo | ™8 | o pggs|*07 B-0.03 [A-025 B-003 [A-D2 B-0.03 [A-DT B-003 | |Aaccuncy brR s
100KQ ' TV A=0.95 B=0,02 [A=0.15 B=002 [A=01 B=0.02 |A=0.5 B=0,] | |8 cooficientfor sample meitance
— 100k A-04 B-001 |A=02 B=0.002/A=0.15 B=0.002|A=0.35 B=0.01
10k A-020 B=0.002 |A<0.12 B-0.002/A=0.08 B=0.002[A-0.1 B-002 | [ — .
—_ 10k0 ST M A=0.38 B=0.002 [A=0.15 B=0.002(A=0.1 B=0.002|A=0.2 B=0.002| | sminrmetin tha rangae sbove 1 ks and beiow
1ka A=0.25 B-0.001 |A<0.1 B-0.001|A-0.05 B=0.001|A-0.08 B-0.002] | 1000
xa | 1ER A=0.36 B-0.001 |A=0.12 B=D.001| A=0.08 B=0.001|A=0.15 B=0.001| | For decalls ralor to the falawing axprossions,
1000 A-025 B-0001 | A0 Be0.001|A=0.05 B=0.001 [Ax0.08 B-0.002 | e s e s s
1004 =036 B=0.01 |A=0.15 B=0.01 |A=0.15 B=0.01 |A=0.15 B=0.02 Bl Zx- |
1008 | g A0 B0 ok paoons [A0.1 B-0005{A-0.05 B-0.005[A-0.08 Bnot | | AR e
st A=08 H=0.04 |A=0.25 B=D.0Z |A=025 B=U01 |A=0.35 H=0.02
1021 4o |M0% OO0y b5 pa002 [A02 Ba0D1 [A-045 B001 [a-02 Bep02 | | e Stk
12 | 1® |aos meos |71 06 [A-05 B-03 [A-035B-02 [A07 B-03 || M T mame
100m @ A-06 B=0.4 |A=D35B=0.2 |A=0.3 B=D.1 |A=0.45 B-=0.1
100mel A=7 B=d |A=35 B=15 |A=25 B=15 |A=35 B=15 31::rn|ﬁlmj.mdm“
HOUTEH 10m Ael. Beh A=f B=2 A=25 B=1 A=1.5 B=1 A=2 B=1
3531 Accuracy
Range | Impedance | 42 Hz and up 100 Hzand up. |1oovkizandup  [10.01 kHzandup |00 kezandup | 1.001 MHz 10 5 MHz
Z00M
e oMo | A=05 B=03 A-04 B=0.15 A=2 B=0.5
10MD | A=0.3 B=D2 A=0.3  B=0.15 A=2  B=0.5
1Ma
1Ma o A-DD B-0.058 A=0.15 B-0.06 A-DD B-D.DE8 P ] B-25
100k | A=D1 B=002 A=02 B=0.02 A=0.25 B=0.08 | A=3  B=0S5
Joko | °%@ A=0.15 B=0.01 A-02 B-0.08| A=2 B-05
10k0 A=0.08 B=0.005 A=0.15 B=0.1 A=2 Bs01
10k0 A=015 B=0.01 A-0.08 B-0.01 A=0.15 B=D.05
1R 1k A=0.1 B=0.005 | A=0.08 B=0.005| A=0.08 B-0.01 | A=0.08 B=0.03 | A=0.2 B=0.05| A=1 B=0.4
e | <@ A-0.05 B=0.005 A-015 B=0.03| A-06 B=0.1
1000
1000 | 1008 |A=05 B-002 A-0.08 B-0.02 A=015 D=0.02 | A=D.25 B=0.02 | A=0.8 B=0.02
100 | A=01  B=0.01 A=0.0B  B=0.01 A=0.08 B=0.01 | A=D2 B=D.D1 | A=0.8 B=0.05
- 100 A=02 B=0.08 A=D2 B=004 A=04 B=01 A=15 B=15
10 | A=DI5 B=0.03 A=01  B=0.03 A=04 Bel1 | A=25 Be=
10 A=l B=04 A=05 B=D4 A=15 Be=l.b
o 100mQ | A=05 B=03 A=05 B=D2 Awi B=1
e 100m0 | A=5 B=5 A=5 B-4 A=5 B=5
10mR | A=5  B=3 A=5 B=2 hsS  B=3

WMENOA OF JETETNINING BCCUracy

* The measurernent accuracy can be caloulated from the Impedance of the sample,
Ehi Maasunamant manga, Be maisuremeant freqeancy. and the basic accurecy A
ard cosfficiord B fram the abows fables.

= Tha aupmession for calculelng aecy sy i difensnt in e rmnpes above 1 kD and
o 100 1L

® Far © and L, find the basic accuracy & and coalficiant B ailtwr by diract
measurement af the mpedance or by apgarosirsie caleulalion o foliows

| 2% (1) | Swl () (900" )
i SR

P

5 R (A) (850 )

(ps—o0" )

WEXBMPIE CAICUIAN0N (The value A and B for the 3522
Sample impodance 2 300 0 (measancd
Maasuremant conditions: frequency [0 kHe. sipral bevel 2 V. mmpe | kil
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From fable sbove, basle Z accuracy A = 0.08. coafficiant B = 0.001. Inserding theee in the
ealeilanon srpression el

Z accuracy = 0.08 +

0.001 % | 10X EX 1 —10°

L 0084 (+orap)

[

Birdlaly o ¢ Basiv ssuiacy A s 0,09, woeslivient 8= 0.001, @ lius,

B accuracy = 0,08 + 200121 10X5X10°10° |

=0.054 {+%%dag.
= {£%dag.)



B Options for a wide range of applications
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<% &8

9140 FOUR-TERMINAL PROBE 5743 PINGHER PHUBE
10 10 100 ke

* All cable lengths are 1.m,

1 § MHz2 D o 5 MHz

HEG1 TEST FIKTURE

203 MO TEST FINTUNC
DC o 5 MHz

262 TEST FIATURE
DC i § MHz

Q268 DC BIAS VOLTAGE UNIT
Manimam sppliod volage: &40V DL

9269 DC BIAS CURRENT UNIT
Masximum apphied corent; £ 2A DC

0442 PRINTER

9443 AC ADAFTER

*33

Ba43-02 flor EU}  9443.01 [Far Japan)

Printing method < Thermal serial dol prinier

Racarding widih + 112mim

Printing speasd: 3 5l Sapm

Powar supply: S 9443 AC ADAFTER or supplicd nickel-hydrogen

battery pack {prints 3000 Hoes on Tull charge from
0445}
Apprax, dimensions 160 (W)« 605 (H) oA IT0 (D, 580 5

and waight

*+ Connecling the 9442 PRINTER requires the optional 4593-01 RS-232C
INTERFACUE, %446 CONNECTION CABLE, and AC ADAPTER.

3522 LGR HITESTER

3531 Z HITESTER

{Stundard aceessories: power cord, 3-pin/2-pin power adapler, spare
power fuse (1 A for HKVIZ0 Y rating, U.D A for 2200240 ¥ ratmg)

Tes fixtures ara not supplied with the unit.
Select an optional test faure when ordering.

M Optional accessaries

2140 FOUR-TERMINAL PRORBE

9143 FINGHER PROBE

8261 TEST FIXTURE

8262 TEST FIXTURE (direct connection typs)
9263 SMD TEST FIXTURE (direct connection type)
9268 DC BIAS VOLTAGE UNIT

92638 DC BIAS CURRENT UNIT

9165 CONNECTION CORD (for 9268/9268; BNC to BNG; 1.5 m)
2166 CONNECTION CORD (for 9268/9265; BNC to clips; 1.5 m)
9503.01 A5-232C INTERFACE

89518-01 GP-IB INTERFACE

915102 GP-IB CONMECTION CABLE (2 m)

0151-04 GP-1B CONMECTION CABLE (4 m)

9442 PRINTER (for 3522)

0443-01 AC ADAPTER (for printar, Japan)

9443-02 AG ADAPTEH (for printer, EU)

B443-03 AC ADARTER (for printar, America)

9446 GUNNEL 1 1UN GABLE (lor panter)

1196 AECORDING PAPER (25 m, 10 rolis)

DISTRIBUTED BY

HIOKI

HIQKI E. E. CORPORATION

HFEAD OFFICE:

A1 Kamumi | lada, Magana, 3RE-11, .lapan
FAY, O268-28-0568 / TEL. (1268-28-D562
E-mail: ng-com@ hioki.co.n

Wirernet HIOK web-page hitp:/iwww hiokl.co.jp!

ATl nferradiios enmeet as o Dee 25 1997 A1 speci ficaiions are suhject ba chanpe withoul satice,

FIEEL-TEMK  Primed m Jopan
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