EXPERIMENT 9 BODY IMPEDANCE
DETECTION

9.0 OBJECTIVE

The purpose of the experiment is to teach students how to measure body
impedance correctly and be familiar with the principle of body impedance
measurement. When the heart contracts and dilates, the students can observe the
corresponding variations in body impedance due to the change in chamber volume
of the ventricle and atrium. Furthermore, this experiment will provide the students
with an insight into the understanding of practical application of body impedance

measurement.

9.1 PHYSIOLOGICAL PRINCIPLE

** DO NOT allow patients with a pacemaker to do this experiment **

Impedance (Z) is the total resistance to the flow of alternating current through
both resistive and reactive components in the measuring path. There are three
components of impedance: the resistance (R), the inductive reactance (X.) and the
capacitive reactance (Xc). All conductive substances, including living tissue,
possess the impedance that varies with seasons or with tissue fluids. In general,
resistance is opposition to the flow of DC and AC caused by the material through
which current is flowing. All materials possess resistance when temperature is
above the absolute zero (-273.16°C). According to Equation (9.1), such resistance
is inversely proportional to the cross-sectional area A of the material that the current
passes through, and directly proportional to the length L of the current path and the

material resistivity, p.

L
R=p— 9.1
P (9.1)
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The resistivity p varies with the different types of tissue. For example, the
resistivity is about 150 Q-cm for the blood, 300 Q-cm for the urine, 300 - 1600 Q-cm
for the skeletal muscle, 1275 Q-cm for the lung tissue and 2500 Q-cm for the fatty
tissue. The so-called inductive reactance is the impedance effect, X, =2/,
caused by inductors (L, in henrys). For a circuit containing a single inductor that is
excited by an AC sinusoidal wave, the inductor will impede the change in current.
Thus, the conductive current (1) will lag 90 degrees behind the voltage (V). Figure

9.1 shows the relationship between the vector relationships. The so-called

capacitive reactance is the impedance effect, X . = ﬁ caused by capacitors (C,

in farads). For a circuit containing a single capacitor that is excited by an AC
sinusoidal wave, the capacitor will impede the change in voltage. Thus, the
capacitive current (I) will lead the voltage V by 90 degrees. Figure 9.2 illustrates the
relationships between those vectors. Conventionally, the relationship between the
resistance and the two kinds of reactance is described using a Cartesian coordinate
system. As shown in Figure 9.3, the +X axis represents the resistance (R) and is
the reference point for all angle measurements. The +Y axis denotes the inductive
reactance (+X_) and the -Y axis denotes the capacitive reactance (-X¢). From the
figure, because both kinds of reactance are along the vertical axis, they can be
algebraically added to form a combination. But, when a circuit includes
simultaneously the resistance (R), the inductive reactance (+X_) and the capacitive

reactance (-Xc), the resultant impedance can be determined by

Z=R*+(X, - X.)

XL

Figure 9.1 Phase relationship between V and | in an AC RL circuit.
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Figure 9.2 Phase relationship between V and | in an AC RC circuit.
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Figure 9.3 Phase relationship between the impedances in an AC RLC

circuit.

Most impedance measurements of physiological experiments relate to the AC
impedance. This is due to that the capacitive reactance effect dominates the
resistance and inductive reactance effects in human body. Therefore, the human
body has a tolerance to DC current, usually 1 mA minimal through skin conduction.
The human tissue is the electrolyte- type intrinsically, but it is not a simple
electrolyte. During the cellular activation, the potassium ion and sodium ion
concentrations inside and outside the cell membrane will be changed. In addition,
the AC current does not pass through the tissue evenly, and is affected by the
frequency. This makes the measured impedance sensitive to the frequency of the
input current. As a result, differing impedance are seen at different frequencies. For
example, when common Ag-AgCl electrodes are applied, the impedance of skin is
a function of frequency, as shown in Figure 9.4. About 50 Hz for measuring
superficial layer of body impedance is sufficient, but it is too close to the frequency
of the AC power lines. So, the measurement may be easily interfered with the
power line frequency. When observing deeper organs, the investigator might want

to adopt higher frequencies (> 20 Hz) to decrease the effect of skin impedance on
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the final measurement. Another reason for choosing higher frequencies is that cells
and other structures react to the current with a specific strength-duration
characteristic. The strength-duration is defined as the duration of a stimulus having
twice the intensity of a stimulus that would be just sufficient to cause stimulation if
allowed to remain on for an infinite time. In other words, it is the stimulus duration at
twice the threshold for a steady-state stimulus. The duration values from 0.2 ms for
nerve tissues to 100 ms for smooth muscles. An important point of the duration

value is that the period of the AC signal used to excite tissue in impedance
measurements must be less than that for the tissue. From the relation f :%, the

minimum frequency should be 5000 Hz for nerve tissue.
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Figure 9.4 Frequency response of impedance.

9.2 PRINCIPLE OF CIRCUIT DESIGN

1. Block Diagram of Body Impedance Measurement Circuit

As described in the previous section, the human tissue is electrolyte-like
and its main impedance effect is the capacitive reactance. Thus, an AC
constant current source must be input to the body to obtain a potential signal
proportional to the body impedance. In the experiment, the impedance of a

current path through the heart will be measured. When the heart is in the
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systole or diastole, there is an obvious change in the amount of blood inside the
cardiac chambers. This also reflects on the change in the body impedance.
Therefore, two current electrodes are placed on the upper arms proximal to the
wrists, respectively, and two measurement electrodes are placed on the upper
arms close to the elbow. Further, to avoid the electrical shock caused by
leakage from the power supply or measuring instrument, the isolation concept
must be incorporated in designing a circuit for impedance detection. Figure 9.5
shows the block diagram related to the body impedance measurement. In the
figure, a 50 KHz sine wave is first provided by the Wien-bridge oscillator and
passes through the constant current source, and is then sent to body by means
of surface electrodes. Another pair of electrodes is used to measure the
impedance signal. The preamplifier constructed by an instrumentation amplifier
is used to extract a unipolar signal from vector signals. Its gain is designed to 5.
The isolation circuit designed here is intended to isolate the signal and line
power source, and can be implemented either by an optical or by
voltage-transformed method. A demodulator constructed by a full-wave rectifier
circuit can be used to separate the low-frequency impedance signal from the 50
KHz carrier signal. After passing through a band-pass filter with a bandwidth
0.1~10 Hz, the impedance signal associated with change in cardiac output will
be obtained. Finally, we can directly watch the signal related to the body

impedance change on the oscilloscope screen with an amplification of 500.

Wien Bridge Constant Current Human ie Band-Reject
Pre-Amplifi
Oscillator ) Source Circuit ) Body > Pre-Amplitier Filter
Body impedance<_ Gain Demodulation || Band-pass [ | Isolation
plot Amplifier circuit Filter circuit

Figure 9.5 Block diagram of body impedance measurement.
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2. Preamplifier

ELECTRO1

Oi

ELECTRO2

Oi

-12v 710  +12V

Figure 9.6 Preamplifier circuit.

Figure 9.6 shows the preamplifier circuit that is composed of an
instrumentation amplifier OP1 (AD620). Its gain can be determined with
Equation (9.2), and the pin 5 is used as the reference terminal. We can adjust

Z4, to eliminate the drift voltage appearing on the output terminal.

49.4kQ
Z9

Av =

+1 (9.2)

3. Band-Reject Filter

O
1 2
2136 Z14

Figure 9.7 Band-reject filter circuit.

Figure 9.7 shows a twin-T band-reject filer composed by RC networks,
including OP2A, Z41, Z12, Z43 (Or Z414), Z15, Z1¢ @nd Z7. If Z41= Zy5, Z12= Z4g, Z13=
0.5Z41 (or Z14= 0.5Z4,) and Z47 = 2Z,5, the center frequency can be calculated by
Equation (9.3).
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4. Wien Bridge Oscillator
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Figure 9.8 Wien-bridge oscillator circuit.

Figure 9.8 shows the Wien-bridge oscillator circuit constructed by OP6A,
Zoy, Zoo, Zos, Zos, Zos and Zys, wWhich can provide a sinusoidal wave. The
oscillator circuit is designed using a positive-feedback concept, and its
frequency of oscillation can be calculated by Z,, Zo3, Z>4 and Zys, as expressed
in Equation (9.4).
1

=
27[\] LpnZyZyy Loy

(9.4)

The condition of oscillation is decided by Z,;, and must satisfy with
Equation (9.5).
Z

Zu 5y (9.5)
ZZS
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5. Constant Current Circuit

227

Z28

OP6B

Fout

—O

ELECTRO GND

Figure 9.9 Constant current circuit.

Figure 9.9 illustrates the constant current circuit, in which OP6B possesses
a negative feedback. There is a virtual short-circuit phenomenon between the

input terminals, so the output current is independent of the load and merely

V.
depends on the input voltage, that is, / ,=——_. Thus, the combination of

OPG6B, Z,7 and Zyg can be considered as a constant-current source.

6. Isolation Circuit

28

Figure 9.10 Isolation circuit.

As shown in Figure 9.10, the isolation circuit is constructed by OP3. In the

experiment, the signal isolation is performed with an optical approach.
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7. Demodulator Circuit

D1
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Figure 9.11 Demodulator circuit.

Figure 9.11 demonstrates the demodulator circuit, in which an inverting
half-wave rectifier is constructed by OP4B, D4, D,, Z,s and Zys. Also, the full-wave
rectifying function is performed by the summation of the half-wave signal and the

original signal through Z,7 and Zy.

8. Band-Pass Filter Circuit

238
236 z37
O——3———11
—() Vol
239 I
(a) 2nd-order high-pass filter (b) 2nd-order low-pass filter

Figure 9.12 Band-pass filter circuits.

OP4A is used to construct an active 2nd-order high-pass filter that can
reduce the voltage level deviation after isolation, as shown in Figure 9.12. The
cutoff frequency (f.) of the filter is set at 0.1 Hz, and can be calculated using Zg,

Zx, Z21 and Zy,, as expressed in Equation (9.6),
1

Jfi =
2”\/ ZyyZyZyZy,

(9.6)
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OP5A is used to construct an active 2nd-order low-pass filter. Its cutoff
frequency (fy) is set at 10 Hz, and can be calculated using Z3s, Z37, Z3g and

Z3q, as expressed in Equation (9.7),
1

Su =
27[\/236237238239

(9.7)

9. Gain Amplifier

7234

O 1

Z33 5 735
_L—:l— 8 O——F+—¢

731 OP5B —O

Z30 Z32

Figure 9.13 Gain amplifier circuit.

Figure 9.13 shows a non-inverting amplifier constructed by OPSB. In the
amplifier, Z34 and Z3s are used for the gain adjustment, as expressed in
Equation (9.10).

_Zut2Zy Zy+Zy

A, & A, =

33 33

(9.8)

9-10



9.3 EQUIPMENT REQUIRED

O N 0w DN

KL-72001 Main Unit

KL-75009 Impedance Module

Digital Storage Oscilloscope

Digital Voltmeter (DVM)

KL-79101 5-Conductor Electrode Cable
Body Surface Electrodes

Alcohol Prep Pads

Electrode Leads

DB9 Cable

. BNC Cables
11.
12.
13.
14.

RS-232 Cable
Connecting Wires
10-mm Bridging Plugs

Trimmer



9.4 PROCEDURE

% Caution! People with a cardiac pacemaker must avoid performing

this experiment.
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Figure 9.14 Front panel of KL-75009 Impedance Module.

A. Calibrating the Pre-Amplifier

1. Set KL-75009 Impedance Module on KL-72001 Main Unit. Complete the

following connections:

KL-72001 Main Unit LR
Impedance Module
Section Area Terminal To Block Terminal
MODULE .
OUTPUT - 9-Pin > - J2
KL-75009 Impedance Module
Block Terminal To Block Terminal
Pre-Amplifier x5 ELECTRO1 >  Pre-Amplifier x5 ELECTRO2
. Wien Bridge
Pre-Amplifier x5 ELECTRO2 - 0SC ELECTRO GND
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2. Turn power on.
Connect the positive probe of DVM to the output terminal of Pre-Amplifier
and the negative probe to ELECTRO GND.

4. Adjust the Offset potentiometer to make the output DC voltage indicated by
the DVM equal to 0 V.

5. Turn power off and disconnect circuit.

B. Measuring the Characteristics of Band-Reject Filter (BRF)

1. Set KL-75009 Impedance Module on KL-72001 Main Unit. Complete the

following connections:

KL-72001 Main Unit KL-72001 Main Unit
Section Area Terminal To Section Area  Terminal
FUNCTION SCOPE
GENERATOR B OUTPUT 2 ADAPTOR ) CH1
SCOPE : .
ADAPTOR - CH1 (BNC) >  CH1 input of the oscilloscope
SCOPE : .
ADAPTOR - CH2(BNC) -  CH2input of the oscilloscope
KL-72001 Main Unit KL-75009
Impedance Module
Section Area Terminal To Block Terminal
MODULE :
OUTPUT - 9-Pin > - J2
FUNCTION .
GENERATOR - OUTPUT = Pre-Amplifierx5  ELECTRO1
FUNCTION :
GENERATOR - GND > Pre-Amplifierx5  ELECTRO2
SCOPE .
ADAPTOR - CH2 -> Pre-Amplifier x5 Output

KL-75009 Impedance Module

Block Terminal To Block Terminal

Pre-Amplifierx5 ~ ELECTRO2 > W'egggdge ELECTRO GND

2. Insert a bridging plug into position 1 or 2 to set the center frequency of BRF
to 50 or 60 Hz (according to local line frequency).

3. Turn power on.
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4. Apply a 5 Hz, 1 Vpp sine signal to the ELECTRO1 input by adjusting
FREQUENCY and AMPLITUDE knobs of FUNCTION GENERATOR, and
observe CH1 trace on the oscilloscope screen.

5. Observe BRF output signal displayed on CH2 trace, then record the
amplitude in Table 9.1.

6. Without changing the amplitude of input sine signal, repeat Steps 4 and 5

for other frequency values listed in Table 9.1.

Table 9.1 Measured output amplitude of BRF.

Input Freq | 5Hz | 10Hz | 20Hz | 30Hz | 50 or 60Hz | 100HZz | 200HZz | 500Hz | 1KHz

BRF Output
(Vpp)

7. According to the recorded data in Table 9.1, plot the characteristic curve of

band-reject filter in Table 9.2.

Table 9.2 Characteristic curve of BRF.
V ""\""\""I""!""I""Y""I"" ""F""\""I""!""I""I""I"'

b e FrEq

8. Turn power off and disconnect circuit.

C. Measuring the Characteristics of Wien Bridge Oscillator

1. Set KL-75009 Impedance Module on KL-72001 Main Unit. Complete the

following connections:

KL-72001 Main Unit KL-72001 Main Unit
Section Area Terminal To Section Area Terminal
SCOPE CH1 . .
ADAPTOR -- (BNC) - CH1 input of the oscilloscope
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KL-75009

KL-72001 Main Unit Impedance Module

Section Area Terminal To Block Terminal
MODULE .
OUTPUT - 9-Pin > - J2
SCOPE Wien Bridge
ADAPTOR - il 0SC FOUT

KL-75009 Impedance Module

Block Terminal To Block Terminal
Wien Bridge
osc ELECTRO GND > - GND

2. Turn power on.
3. Observe the output signal displayed on CH1 trace and record the waveform

in Table 9.3.

Table 9.3 Measured output waveform of Wien Bridge OSC.

V ""!‘"'I""!""!""I""J""!"" R I I ""!""I""!"" T

o b b b b e T sl b b b by b nd

4. Turn power off and disconnect circuit.
D. Measuring the Characteristics of High-Pass Filter (HPF)

1. Set KL-75009 Impedance Module on KL-72001 Main Unit. Complete the

following connections:
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KL-72001 Main Unit

KL-72001 Main Unit

Section Area Terminal To Section Area  Terminal
FUNCTION SCOPE
GENERATOR OUTPUT =2 ADAPTOR CH1
SCOPE . .
ADAPTOR - CH1 (BNC) -  CH1 input of the oscilloscope
SCOPE , .
ADAPTOR - CH2 (BNC) - CH2 input of the oscilloscope
KL-72001 Main Unit KL-75009
Impedance Module
Section Area Terminal To Block Terminal
MODULE .
OUTPUT - 9-Pin > - J2
FUNCTION
GENERATOR - OUTPUT = 0.1Hz HPF Input
Ground
FUNCTION ,
GENERATOR - GND > - (|r_1 the bottom
right corner)
SCOPE
ADAPTOR - CH2 > 0.1Hz HPF Output

2. Turn power on.
3. Apply a 1 KHz, 1 Vpp sine signal to HPF input by adjusting FREQUENCY
and AMPLITUDE knobs of FUNCTION GENERATOR, and observe CH1

trace on the oscilloscope screen.

4. Observe HPF output signal displayed on CH2 trace and record the

amplitude in Table 9.4.

5. Without changing the amplitude of input sine signal, repeat Steps 3 and 4

for different frequency values listed in Table 9.4.

Table 9.4 Measured output amplitude of HPF.

Input Freq

1KHz

10Hz

1Hz

0.6Hz

0.5Hz | 0.4Hz | 0.3Hz | 0.2Hz | 0.1Hz

HPF Output
(Vpp)

6. According to the recorded data in Table 9.4, plot the characteristic curve of

HPF in Table 9.5.
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7. Turn power off and disconnect circuit.

Table 9.5 Characteristic curve of HPF.

.1 Freq

E. Measuring the Characteristics of Demodulator

1. Set KL-75009 Impedance Module on KL-72001 Main Unit. Complete the
following connections:
KL-72001 Main Unit KL-72001 Main Unit
Section Area Terminal To Section Area  Terminal
FUNCTION SCOPE
GENERATOR ~ —  OUTPUT =2 sbAPTOR - CH
SCOPE . .
ADAPTOR - CH1 (BNC) CHA1 input of the oscilloscope
SCOPE . ,
ADAPTOR - CH2 (BNC) CH2 input of the oscilloscope
KL-72001 Main Unit KL-75009 Impedance Module
Section Area Terminal To Block Terminal
MODULE .
OUTPUT - 9-Pin > - J2
FUNCTION
GENERATOR - OUTPUT > Demodulator Input
Ground
FUNCTION .
GENERATOR - GND > - (|r_1 the bottom
right corner)
SCOPE
ADAPTOR - CH2 > Demodulator Output

2. Turn power on.

3. Apply a 1 KHz, 1 Vpp sine signal to the Demodulator input by adjusting
FREQUENCY and AMPLITUDE knobs of FUNCTION GENERATOR, and

observe CH1 trace on the oscilloscope screen.
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4. Observe the Demodulator output signal displayed on the CH2 trace. Adjust
the VR1 potentiometer, so the output negative peaks are equal. See the

figure below.

L Add
R Delete

L Add Tag
¢ R Del Tag
4+ CH1 Frequency

I|

5. Record the input and output signals of Demodulator in Table 9.6.

Table 9.6 Measured input and output signals of Demodulator.

et e ettt 3 Freq

6. Turn power off and disconnect circuit.
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F. Measuring the Characteristics of Gain Amplifier

. Set KL-75009 Impedance Module on KL-72001 Main Unit. Complete the

following connections:

KL-72001 Main Unit

KL-72001 Main Unit

Section Area Terminal To Section Area  Terminal
FUNCTION SCOPE
GENERATOR OUTPUT ADAPTOR CH1
SCOPE . .
ADAPTOR -- CH1 (BNC) CH1 input of the oscilloscope
SCOPE . ,
ADAPTOR - CH2 (BNC) CH2 input of the oscilloscope
KL-72001 Main Unit RL75009
Impedance Module
Section Area Terminal To Block Terminal
MODULE )
OUTPUT - 9-Pin - - J2
FUNCTION Gain
GENERATOR - OUTPUT = 2 amplifier Input
Ground
FUNCTION .
GENERATOR - GND > - (|r_1 the bottom
right corner)
SCOPE Gain
ADAPTOR - CH2 2 Amplifier  Output

. On KL-75009 Impedance Module, insert the bridging plug in the position 7

(gain=250).

3. Turn power on.

4. Apply a 100 Hz, 30 mVpp sine signal to the Gain Amplifier input by adjusting
FREQUENCY and AMPLITUDE knobs of FUNCTION GENERATOR, and

observe CH1 trace on the oscilloscope screen.

. Observe the Gain Amplifier output signal displayed on CH2 trace and record

the amplitude in Table 9.7.
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Table 9.7 Measured output amplitude of Gain Amplifier.

Amplifier Gain Setting

Amplifier Output Voltage (Vpp)

250

500

6. Remove the bridging plug from position 7 to position 8 (gain = 500). Repeat

Steps 4 and 5.

7. Turn power off and disconnect circuit.

G. Measuring the Characteristics of Low-Pass Filter (LPF)

1. Set KL-75009 Impedance Module on KL-72001 Main Unit. Complete the

following connections:

KL-72001 Main Unit

KL-72001 Main Unit

Section Area Terminal To Section Area  Terminal
FUNCTION SCOPE
GENERATOR OUTPUT > ADAPTOR CH1
SCOPE . .
ADAPTOR - CH1 (BNC) - CH1 input of the oscilloscope
SCOPE . .
ADAPTOR - CH2(BNC) =  CH2input of the oscilloscope

KL-72001 Main Unit KL-75009
Impedance Module
Section Area Terminal To Block Terminal
MODULE .
OUTPUT - 9-Pin > - J2
FUNCTION
GENERATOR OUTPUT > 10Hz LPF Input
Ground
FUNCTION .
GENERATOR GND > - (|p the bottom
right corner)

SCOPE
ADAPTOR - CH2 > 10Hz LPF Output (Vo1)

2. Turn power on.

3. Apply a 0.1 Hz, 1 Vpp sine signal to LPF input by adjusting FREQUENCY
and AMPLITUDE knobs of FUNCTION GENERATOR, and observe CH1

trace on the oscilloscope screen.
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4. Observe LPF output signal displayed on CH2 trace and record the
amplitude in Table 9.8.
5. Without changing the amplitude of input sine signal, repeat Steps 3 and 4

for other frequency values listed in Table 9.8.

Table 9.8 Measured output amplitude of LPF.

Input Freq |0.1Hz | 1Hz | 5Hz | 8Hz | 10Hz | 15Hz | 20Hz | 50Hz | 100HZz

LPF Output
(Vpp)

6. According to the recorded data in Table 9.8, plot the characteristic curve of
LPF in Table 9.9.

Table 9.9 Characteristic curve of LPF.

NPT AV R N T ST A teeiiteiiitn... ] Freq

7. Turn power off and disconnect circuit.
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H. Body Impedance Measurement using Oscilloscope

Caution! People with a cardiac pacemaker must avoid performing this

experiment.

1. Set KL-75009 Impedance Module on KL-72001 Main Unit. Complete the

following connections:

KL-72001 Main Unit KL-72001 Main Unit
Section Area Terminal To Section Area Terminal
SCOPE
ADAPTOR - CH1 - OUTPUT IMPEDANCE Vo1
SCOPE . .
ADAPTOR - CH1(BNC) —> CH1 inputof the oscilloscope
KL-72001 Main Unit o’ 2009
Impedance Module
Section Area Terminal To Block Terminal
MODULE .
OUTPUT - 9-Pin > - J2

2. On KL-75009 Impedance Module, insert bridging plugs in positions 1 or 2
(according to local line frequency), 3, 4, 5, 6, 7 (gain=250), and 9.
3. Refer to the electrode placement shown below, clean the skin with alcohol

prep pads and apply the electrodes on the subject arms.

ELECTRO 1
ELECTRO 2

/ —ELECTRO 1C=—H

ELECTRO GND,
ELECTRO 2—H
FOUTCT—H

SIFIERIT]
[ &

ELECTRO GND[CH
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4. As shown above, connect the electrodes to the lead side of KL-79101
5-Conductor Electrode Cable, and then connect the module side of the
electrode cable to J1 connector on KL-75009 Impedance Module.

5. Turn power on. Select the MODULE:KL-75009 (IMP) item from the LCD
display by pressing the SELECT button of KL-72001 Main Unit.

6. Make sure that the Pre-Amplifier and Demodulator circuits have been
calibrated (refer to Procedure A and E).

7. Set the VOLT/DIV control of CH1 to 200 mV/div, the TIME/DIV control to
250 ms/div, and set Coupling mode to AC.

Notes:

a. During the experiment, the subject should keep hands loose and
motionless.

b. If a large noise is present on the measured signal, it maybe caused
by the high impedance existed between the skin and electrode. Use
the alcohol prep pads to remove the oil on the skin before
re-applying the electrodes.

c. When the indicator LED located in the Wien Bridge OSC block lights,
it indicates that there is overloading and the output amplitude must
be reduced to protect the subject from risk or discomfort. In such
situation, disconnect all the bridging plugs and connecting wires from
KL-75009 Impedance Module. To resume, press the RESET button
just beside the LED, and then re-power KL-72001 Main Unit.

8. Observe the body impedance signal Vo1 displayed on the CH1 trace. Adjust
the VR1 potentiometer to get the plethysmogram as shown below. Record

the waveform in Table 9.10.
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ltem
\Mear|
L Add
R Delete
L Add Tag
R Del Tag
GH1 Frequency

Vpp

9. Remove the bridging plug from position 7 to 8 (gain = 500). Repeat Steps 7
and 8.

Table 9.10 Measured body impedance signal.

Amplifier
Pl Vo1 Waveform
Gain
"I""I""I""!“"I""I""I"" "“!""Y""I""!""Y'"‘I""Y"":
250 T T T T T T T T T T T T T T
1 1 1 1 1 1l 1 paoa ol liaa | NN N A | NI B
T T T T T T T U A [ I I I I
500 U U T ST e eMe O S aees
1 1 1 1 1 1 1 .un;n“luuuI“Hluulu|||1|H|MH|

10. Turn power off and disconnect circuit.
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. Body Impedance Measurement using KL-720 Software

Caution! People with a cardiac pacemaker must avoid performing this
experiment.
1. Set KL-75009 Impedance Module on KL-72001 Main Unit. Connect as follows:

KL-75009

KL-72001 Main Unit Impedance Module

Section Area Terminal To Block Terminal
MODULE .
OUTPUT - 9-Pin > - J2

2. On KL-75009 Impedance Module, insert bridging plugs in positions 1 or 2
(according to local line frequency), 3, 4, 5, 6, 7 (gain=250), and 9.
3. Refer to the electrode placement shown below, clean the skin with alcohol

prep pads and apply the electrodes on the subject arms.

ELECTRO 1

ELECTRO GMDy / —ELECTRO 1=
ELECTRO 2C—1

FOUTT—H

ELECTRO GND—H

4. As shown above, connect the electrodes to the lead side of KL-79101
5-conductor electrode cable, and then connect the module side of the
electrode cable to J1 connector on KL-75009 Impedance Module.

5. Connect RS-232 OUTPUT connector of KL-72001 Main Unit to RS-232 port
on the computer using RS-232 cable.

6. Turn power on. Select the MODULE:KL-75009 (IMP) item from the LCD
display by pressing the SELECT button of KL-72001 Main Unit.

7. Make sure that the Pre-Amplifier and Demodulator circuits have been
calibrated (refer to Procedure A and E).

8. Boot the computer.
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9. Execute KL-720 program. The window of KL-720 Biomedical Measurement

System appears as shown below.

ﬁ; KL-720 Biomedical Measurement System

| KL-720 Biomedical Measurement System <£I'.
Y \pRanuc,a
) 10,0
VOLT/DIV TIME/DIV
2.00 3.00 o @ 8.0-
1.00 4.00 zuu-(P }BUU 6.0-
0.ad - 5.0 PR, o
4500 4100
jﬂ :IM 2.0
% 0.0
VERTICAL £ 20
CH1 ‘
5-m 407
I 6.0
0=
:i -3.0-
25-18 | _
300
Sample Rate 50 _ —
Samplng Numbers /5000 AcquireJ Save J Load J Print J Exit J Ver 1.1

10. Click the Acquire button. The system begins to acquire the measured data

via RS-232 port and shows the waveform in the window of KL-75009

Impedance to look like this:

8 KL-720 Biomedical Measurement System

Al
Ch | KL-75009 Impedance =R
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0ad - b 00
3100 i
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a
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=
-zsii
Sample Rate 50 0 i
Sampling Numbers iEUDD AcquireJ Save J Load J Print J Exat J Ver. 1.1

Note: If the message “time out, please check the COM port was connected

the device” appears, check the connection and setup of RS-232 port.
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11. Adjust VOLT/DIV and TIME/DIV knobs, so the signal can be read

accurately.

Notes:

a. During the experiment, the subject should keep hands loose and
motionless.

b. If a large noise is present on the measured signal, it maybe caused
by the high impedance existed between the skin and electrode. Use
the alcohol prep pads to remove the oil on the skin before
re-applying the electrodes.

c. When the indicator LED located in the Wien Bridge OSC block lights,
it indicates that there is overloading and the output amplitude must
be reduced to protect the subject from risk or discomfort. In such
situation, disconnect all the bridging plugs and connecting wires from
KL-75009 Impedance Module. To resume, press the RESET button
just beside the LED, and then re-power KL-72001 Main Unit.

12. Observe the body impedance signal Vo1 displayed on the CH1 trace.
Adjust the VR1 to get the plethysmogram as shown below.

8 KL-720 Biomedical Measurement System

KL-75009 Impedance Kh»

CH1 |

e
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Sample Rate 50 0 i

Sampling Numbers iEUDD AcquireJ Save J Load J Print J Exat J Ver. 1.1

13. Save the waveform data on disk.
14. Exit KL-720 Biomedical Measurement System, turn power off and

disconnect circuit.

9-27




<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /All
  /Binding /Left
  /CalGrayProfile (Dot Gain 20%)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Warning
  /CompatibilityLevel 1.4
  /CompressObjects /Tags
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJDFFile false
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.1000
  /ColorConversionStrategy /CMYK
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams false
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo true
  /PreserveFlatness true
  /PreserveHalftoneInfo false
  /PreserveOPIComments false
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
    /AcademyEngravedLetPlain
    /AcadEref
    /AgencyFB-Bold
    /AgencyFB-Reg
    /AIGDT
    /Algerian
    /AmdtSymbols
    /AMGDT
    /Arial-Black
    /Arial-BoldItalicMT
    /Arial-BoldMT
    /Arial-ItalicMT
    /ArialMT
    /ArialNarrow
    /ArialNarrow-Bold
    /ArialNarrow-BoldItalic
    /ArialNarrow-Italic
    /ArialRoundedMTBold
    /ArialUnicodeMS
    /AvantGardeITCbyBT-Book
    /AvantGardeITCbyBT-BookOblique
    /AvantGardeITCbyBT-Medium
    /AvantGardeITCbyBT-MediumOblique
    /BankGothicBT-Light
    /BankGothicBT-Medium
    /BaskOldFace
    /Batang
    /BatangChe
    /Bauhaus93
    /BellMT
    /BellMTBold
    /BellMTItalic
    /BerlinSansFB-Bold
    /BerlinSansFBDemi-Bold
    /BerlinSansFB-Reg
    /BernardMT-Condensed
    /BlackadderITC-Regular
    /Blackletter686BT-Regular
    /BodoniMT
    /BodoniMTBlack
    /BodoniMTBlack-Italic
    /BodoniMT-Bold
    /BodoniMT-BoldItalic
    /BodoniMTCondensed
    /BodoniMTCondensed-Bold
    /BodoniMTCondensed-BoldItalic
    /BodoniMTCondensed-Italic
    /BodoniMT-Italic
    /BodoniMTPosterCompressed
    /BookAntiqua
    /BookAntiqua-Bold
    /BookAntiqua-BoldItalic
    /BookAntiqua-Italic
    /BookmanOldStyle
    /BookmanOldStyle-Bold
    /BookmanOldStyle-BoldItalic
    /BookmanOldStyle-Italic
    /BookshelfSymbolSeven
    /BradleyHandITC
    /BritannicBold
    /Broadway
    /BroadwayBT-Regular
    /BrushScriptMT
    /CalifornianFB-Bold
    /CalifornianFB-Italic
    /CalifornianFB-Reg
    /CalisMTBol
    /CalistoMT
    /CalistoMT-BoldItalic
    /CalistoMT-Italic
    /Calligraphic421BT-RomanB
    /Castellar
    /CataneoBT-Regular
    /Centaur
    /Century
    /CenturyGothic
    /CenturyGothic-Bold
    /CenturyGothic-BoldItalic
    /CenturyGothic-Italic
    /CenturySchoolbook
    /CenturySchoolbook-Bold
    /CenturySchoolbook-BoldItalic
    /CenturySchoolbook-Italic
    /Chiller-Regular
    /CityBlueprint
    /ColonnaMT
    /ComicSansMS
    /ComicSansMS-Bold
    /CommercialPiBT-Regular
    /CommercialScriptBT-Regular
    /Complex
    /CooperBlack
    /CopperplateGothic-Bold
    /CopperplateGothic-Light
    /CountryBlueprint
    /CourierNewPS-BoldItalicMT
    /CourierNewPS-BoldMT
    /CourierNewPS-ItalicMT
    /CourierNewPSMT
    /CurlzMT
    /DFHei-Bd-HK-BF
    /DFHei-Bd-HKP-BF
    /DFHei-Lt-HK-BF
    /DFHei-Lt-HKP-BF
    /DFHei-Md-HK-BF
    /DFHei-Md-HKP-BF
    /DFHeiMedium-V20-UNI-H
    /DFHei-UB-HK-BF
    /DFHei-UB-HKP-BF
    /DFKaiShu-Md-HK-BF
    /DFKaiShu-Md-HKP-BF
    /DFKaiShu-SB-Estd-BF
    /DFKaiShu-SB-EstdP-BF
    /DFLiHei-Bd-HK-BF
    /DFLiHei-Bd-WIN-BF
    /DFLiHei-Lt-HK-BF
    /DFLiHei-Lt-WIN-BF
    /DFLiHei-Md-HK-BF
    /DFLiHei-Md-WIN-BF
    /DFLiKaiShu-Md-HK-BF
    /DFLiKaiShu-Md-WIN-BF
    /DFLiShu-Md-HK-BF
    /DFLiShu-W3-HK-BF
    /DFLiShu-W3-HKP-BF
    /DFLiShu-W5-HKP-BF
    /DFLiSong-Bd-HK-BF
    /DFLiSong-Bd-WIN-BF
    /DFLiSong-Lt-HK-BF
    /DFLiSong-Lt-WIN-BF
    /DFLiSong-Md-HK-BF
    /DFLiSong-Md-WIN-BF
    /DFLiYuan-Bd-HK-BF
    /DFLiYuan-Bd-WIN-BF
    /DFMing-Bd-HK-BF
    /DFMing-Bd-HKP-BF
    /DFMingLight-V20-UNI-H
    /DFMing-Lt-HK-BF
    /DFMing-Lt-HKP-BF
    /DFMing-Md-HK-BF
    /DFMing-Md-HKP-BF
    /DFMing-UB-HK-BF
    /DFMing-UB-HKP-BF
    /DFNHei-XB-HK-BF
    /DFNHei-XB-HKP-BF
    /DFNMing-XB-HK-BF
    /DFNMing-XB-HKP-BF
    /DFNYuan-MXB-HK-BF
    /DFNYuan-MXB-HKP-BF
    /DFNYuan-XB-HK-BF
    /DFNYuan-XB-HKP-BF
    /DFSong-SL-Estd-BF
    /DFSong-SL-EstdP-BF
    /DFYeaSong-Bd-HK-BF
    /DFYeaSong-Bd-HKP-BF
    /DFYuan-Bd-HK-BF
    /DFYuan-Bd-HKP-BF
    /DFYuan-Lt-HK-BF
    /DFYuan-Lt-HKP-BF
    /DFYuan-Md-HK-BF
    /DFYuan-Md-HKP-BF
    /DFYuan-UB-HK-BF
    /DFYuan-UB-HKP-BF
    /DFZongYi-Bd-HK-BF
    /DFZongYi-Bd-HKP-BF
    /Dotum
    /DotumChe
    /Dutch801BT-Bold
    /Dutch801BT-BoldItalic
    /Dutch801BT-ExtraBold
    /Dutch801BT-Italic
    /Dutch801BT-Roman
    /EdwardianScriptITC
    /Elephant-Italic
    /Elephant-Regular
    /EngraversMT
    /ErasITC-Bold
    /ErasITC-Demi
    /ErasITC-Light
    /ErasITC-Medium
    /EstrangeloEdessa
    /EuroRoman
    /EuroRomanOblique
    /FelixTitlingMT
    /FootlightMTLight
    /ForteMT
    /FranklinGothic-Book
    /FranklinGothic-BookItalic
    /FranklinGothic-Demi
    /FranklinGothic-DemiCond
    /FranklinGothic-DemiItalic
    /FranklinGothic-Heavy
    /FranklinGothic-HeavyItalic
    /FranklinGothic-Medium
    /FranklinGothic-MediumCond
    /FranklinGothic-MediumItalic
    /FreestyleScript-Regular
    /FrenchScriptMT
    /Garamond
    /Garamond-Bold
    /Garamond-Italic
    /Gautami
    /GBInnMing-Medium
    /GDT
    /Georgia
    /Georgia-Bold
    /Georgia-BoldItalic
    /Georgia-Italic
    /Gigi-Regular
    /GillSansMT
    /GillSansMT-Bold
    /GillSansMT-BoldItalic
    /GillSansMT-Condensed
    /GillSansMT-ExtraCondensedBold
    /GillSansMT-Italic
    /GillSans-UltraBold
    /GillSans-UltraBoldCondensed
    /GloucesterMT-ExtraCondensed
    /GothicE
    /GothicG
    /GothicI
    /GoudyOldStyleT-Bold
    /GoudyOldStyleT-Italic
    /GoudyOldStyleT-Regular
    /GoudyStout
    /GreekC
    /GreekS
    /Gulim
    /GulimChe
    /Gungsuh
    /GungsuhChe
    /Haettenschweiler
    /HarlowSolid
    /Harrington
    /HighTowerText-Italic
    /HighTowerText-Reg
    /HolidayPiBT-Regular
    /Impact
    /ImprintMT-Shadow
    /InformalRoman-Regular
    /InnMing-Medium
    /ISOCP
    /ISOCP2
    /ISOCP3
    /ISOCPEUR
    /ISOCPEURItalic
    /ISOCT
    /ISOCT2
    /ISOCT3
    /ISOCTEUR
    /ISOCTEURItalic
    /Italic
    /ItalicC
    /ItalicT
    /JokermanLetPlain
    /Jokerman-Regular
    /JuiceITC-Regular
    /Kartika
    /KristenITC-Regular
    /KunstlerScript
    /Latha
    /LatinWide
    /LucidaBright
    /LucidaBright-Demi
    /LucidaBright-DemiItalic
    /LucidaBright-Italic
    /LucidaCalligraphy-Italic
    /LucidaConsole
    /LucidaFax
    /LucidaFax-Demi
    /LucidaFax-DemiItalic
    /LucidaFax-Italic
    /LucidaHandwriting-Italic
    /LucidaSans
    /LucidaSans-Demi
    /LucidaSans-DemiItalic
    /LucidaSans-Italic
    /LucidaSans-Typewriter
    /LucidaSans-TypewriterBold
    /LucidaSans-TypewriterBoldOblique
    /LucidaSans-TypewriterOblique
    /LucidaSansUnicode
    /Magneto-Bold
    /MaiandraGD-Regular
    /Mangal-Regular
    /MaturaMTScriptCapitals
    /MicrosoftSansSerif
    /MilanoLet
    /MingLiU
    /MingtiEG-Light-SJIS
    /MingtiEG-Medium-KSC
    /MisterEarlBT-Regular
    /Mistral
    /Modern-Regular
    /Monospace821BT-Bold
    /Monospace821BT-BoldItalic
    /Monospace821BT-Italic
    /Monospace821BT-Roman
    /Monotxt
    /MonotypeCorsiva
    /MS-Gothic
    /MS-Mincho
    /MSOutlook
    /MS-PGothic
    /MS-PMincho
    /MSReferenceSansSerif
    /MSReferenceSpecialty
    /MS-UIGothic
    /MVBoli
    /NewGulim
    /NiagaraEngraved-Reg
    /NiagaraSolid-Reg
    /NSimSun
    /OCRAbyBT-Regular
    /OCRAExtended
    /OCRB10PitchBT-Regular
    /OldDreadfulNo7BT-Regular
    /OldEnglishTextMT
    /OneStrokeScriptLetPlain
    /Onyx
    /PalaceScriptMT
    /PalatinoLinotype-Bold
    /PalatinoLinotype-BoldItalic
    /PalatinoLinotype-Italic
    /PalatinoLinotype-Roman
    /PanRoman
    /Papyrus-Regular
    /Parchment-Regular
    /ParkAvenueBT-Regular
    /Perpetua
    /Perpetua-Bold
    /Perpetua-BoldItalic
    /Perpetua-Italic
    /PerpetuaTitlingMT-Bold
    /PerpetuaTitlingMT-Light
    /Playbill
    /PMingLiU
    /PoorRichard-Regular
    /Pristina-Regular
    /Proxy1
    /Proxy2
    /Proxy3
    /Proxy4
    /Proxy5
    /Proxy6
    /Proxy7
    /Proxy8
    /Proxy9
    /Raavi
    /RageItalic
    /RageItalicLetPlain
    /Ravie
    /Rockwell
    /Rockwell-Bold
    /Rockwell-BoldItalic
    /Rockwell-Condensed
    /Rockwell-CondensedBold
    /Rockwell-ExtraBold
    /Rockwell-Italic
    /RomanC
    /RomanD
    /RomanS
    /RomanT
    /Romantic
    /RomanticBold
    /RomanticItalic
    /SansSerif
    /SansSerifBold
    /SansSerifBoldOblique
    /SansSerifOblique
    /ScriptC
    /ScriptMTBold
    /ScriptS
    /ShowcardGothic-Reg
    /Shruti
    /SimHei
    /Simplex
    /SimSun
    /SmudgerAltsLetPlain
    /SmudgerLetPlain
    /SnapITC-Regular
    /Square721BT-Roman
    /Staccato222BT-Regular
    /Stencil
    /StylusBT
    /SuperFrench
    /Swiss721BT-Black
    /Swiss721BT-BlackCondensed
    /Swiss721BT-BlackCondensedItalic
    /Swiss721BT-BlackExtended
    /Swiss721BT-BlackItalic
    /Swiss721BT-BlackOutline
    /Swiss721BT-Bold
    /Swiss721BT-BoldCondensed
    /Swiss721BT-BoldCondensedItalic
    /Swiss721BT-BoldCondensedOutline
    /Swiss721BT-BoldExtended
    /Swiss721BT-BoldItalic
    /Swiss721BT-BoldOutline
    /Swiss721BT-Italic
    /Swiss721BT-ItalicCondensed
    /Swiss721BT-Light
    /Swiss721BT-LightCondensed
    /Swiss721BT-LightCondensedItalic
    /Swiss721BT-LightExtended
    /Swiss721BT-LightItalic
    /Swiss721BT-Roman
    /Swiss721BT-RomanCondensed
    /Swiss721BT-RomanExtended
    /Syastro
    /Sylfaen
    /Symap
    /Symath
    /SymbolMT
    /Symeteo
    /Symusic
    /Tahoma
    /Tahoma-Bold
    /Technic
    /TechnicBold
    /TechnicLite
    /TempusSansITC
    /TimesNewRomanPS-BoldItalicMT
    /TimesNewRomanPS-BoldMT
    /TimesNewRomanPS-ItalicMT
    /TimesNewRomanPSMT
    /Trebuchet-BoldItalic
    /TrebuchetMS
    /TrebuchetMS-Bold
    /TrebuchetMS-Italic
    /Tunga-Regular
    /TwCenMT-Bold
    /TwCenMT-BoldItalic
    /TwCenMT-Condensed
    /TwCenMT-CondensedBold
    /TwCenMT-CondensedExtraBold
    /TwCenMT-Italic
    /TwCenMT-Regular
    /Txt
    /UniversalMath1BT-Regular
    /UniversityRomanAltsLetPlain
    /Verdana
    /Verdana-Bold
    /Verdana-BoldItalic
    /Verdana-Italic
    /VinerHandITC
    /VinetaBT-Regular
    /Vivaldii
    /VladimirScript
    /Vrinda
    /Webdings
    /Wingdings2
    /Wingdings3
    /Wingdings-Regular
    /ZWAdobeF
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages true
  /ColorImageMinResolution 150
  /ColorImageMinResolutionPolicy /OK
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 1200
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /AntiAliasGrayImages false
  /CropGrayImages true
  /GrayImageMinResolution 150
  /GrayImageMinResolutionPolicy /OK
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 1200
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /AntiAliasMonoImages false
  /CropMonoImages true
  /MonoImageMinResolution 1200
  /MonoImageMinResolutionPolicy /OK
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 1200
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /CheckCompliance [
    /None
  ]
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile (None)
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

  /Description <<
    /CHS <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000410064006f006200650020005000440046002065876863900275284e8e55464e1a65876863768467e5770b548c62535370300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002>
    /DAN <>
    /DEU <>
    /ESP <>
    /FRA <>
    /ITA (Utilizzare queste impostazioni per creare documenti Adobe PDF adatti per visualizzare e stampare documenti aziendali in modo affidabile. I documenti PDF creati possono essere aperti con Acrobat e Adobe Reader 5.0 e versioni successive.)
    /JPN <>
    /KOR <FEFFc7740020c124c815c7440020c0acc6a9d558c5ec0020be44c988b2c8c2a40020bb38c11cb97c0020c548c815c801c73cb85c0020bcf4ace00020c778c1c4d558b2940020b3700020ac00c7a50020c801d569d55c002000410064006f0062006500200050004400460020bb38c11cb97c0020c791c131d569b2c8b2e4002e0020c774b807ac8c0020c791c131b41c00200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000410064006f00620065002000520065006100640065007200200035002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>
    /NLD (Gebruik deze instellingen om Adobe PDF-documenten te maken waarmee zakelijke documenten betrouwbaar kunnen worden weergegeven en afgedrukt. De gemaakte PDF-documenten kunnen worden geopend met Acrobat en Adobe Reader 5.0 en hoger.)
    /NOR <>
    /PTB <>
    /SUO <>
    /SVE <>
    /ENU (Use these settings to create Adobe PDF documents suitable for reliable viewing and printing of business documents.  Created PDF documents can be opened with Acrobat and Adobe Reader 5.0 and later.)
    /CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef69069752865bc666e901a554652d965874ef6768467e5770b548c52175370300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002>
  >>
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [612.000 792.000]
>> setpagedevice


