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. FCC Conducted Tests

A. Part 15.247

1. 15.247 (a) (2) Emission 6 dB Bandwidth

a) Test Requirement

The 6 dB bandwidth of the Equipment emission must be greater than 500 kHz.

B.sus > 500 kHz

b) Test Configuration

The test configuration is presented below:

HP E4404B Spectrum
Analyzer

M

0ooog
)0000
0000

Loa000n

)
O @ e
Pasternack
1070-20
Transmitter N 20 dB
Under Test v Al
HP 8210-5418-B
Cal. Cable
RG-316
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c) Test Conditions: Equipment Under Test

The equipment under test is tunable and is set to 3 different channels, one
representing the minimum tunable frequency, one representing a midband frequency
and one representing the maximum tunable frequency. The frequencies and their
channel designators are presented below for reference.

Channel 1: 908.50 MHz

Channel 6: 914.75 MHz

Channel 15: 926.25 MHz

Test indications under these three frequency conditions are presented.

The output power is fixed.

d) Test Conditions: Instrumentation Conditions

The readings indicated on the spectrum analyzer are a result of a marker search
function which searches for the 6 dB bandwidth of the indicated spectrum. The
spectrum analyzer display indicates its conditions as follows:

Center: Center Frequency

Span: Frequency Span

Res BW: Resolution Bandwidth

VBW: Video (averaging) Bandwidth

Sweep: Frequency Sweep time over indicated frequency Span.

Offst: Amplitude Offset, Entered by User to correct for external attenuator and cable

losses. Value determined by Vector Network Analyzer transmission measurement of
cable/attenuator assembly.
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e) Test Indications

[i2) 14:45:15 Jul 22, 1999 Marker Search

Atten 26 dB

Continuous Pk
On 0ff

N dB Points
-G08 dB
On 0ff

N B Search Param»

6,00 dB_ L
N dB,~17822 MHz Ve Peak Table»

Test Condition: Channel 1: 908.50 MHz

Test Limit; 500 kHz, minimum.

Test Indication: 1.022 MHz

Test Outcome: 1.022 MHz > 500 kHz - PASS
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i) 14:48:29 Jul 22, 1999 Marker Search

Atten 26 dB

Continuous Pk
On 0ff

N dB Points
-G08 dB
On 0ff

N dB ) . Search Param»

NCTB ¥.347 MHz Peak Table»

Test Condition: Channel 6: 914.75 MHz

Test Limit: 500 kHz, minimum.
Test Indication: 1.347 MHz

Test Outcome: 1.347 MHz > 500 kHz - PASS
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[57) 14:54:22 Jul 22, 1999 Marker Search

Atten 26 B

Continuous Pk
On 0ff

N dB Points
-6.06 dB
0n Off

N dB ) Search Param»

B/ @B_clﬂ_ .
. N-dB’ 1.397 MHz IBRYRN Peak Table

Test Condition: Channel 15: 926.25 MHz
Test Limit; 500 kHz, minimum.

Test Indication: 1.397 MHz

Test Qutcome: 1.397 MHz > 500 kHz — PASS
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2. 15.247 (b) (1) Output Power

a) Test Requirement

The conducted output power of the Equipment emission must be less than 1 W
(30 dBm).

P, < 30 dBm
b) Test Configuration

The test configuration is presented in section 11-A-1b.

c) Test Conditions: Equipment Under Test

The equipment under test is tunable and is set to 3 different channels, one
representing the minimum tunable frequency, one representing a mid-band frequency
and one representing the maximum tunable frequency. The frequencies and their
channel designators are presented below for reference.

Channel 1: 908.50 MHz
Channel 6: 914.75 MHz
Channel 15: 926.25 MHz

Test indications under these three frequency conditions are presented.

d) Test Conditions: Instrumentation Conditions

The first set of readings indicated on the spectrum analyzer are a result of a direct
spectrum analyzer measurement where the entire emission is contained within the
resolution bandwidth of the spectrum analyzer.

Since the bandwidth of the emission approaches the widest resolution bandwidth
setting, as alternative measurement, a second set of readings indicated on the
spectrum analyzer are a result of a spectrum analyzer function which measures the
integrated channel power between the indicated frequency limits.
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Center: Center Frequency
Span: Frequency Span

Res BW: Resolution Bandwidth

VBW: Video (averaging) Bandwidth
Sweep: Frequency Sweep time over indicated frequency Span.

Integration BW: Bandwidth over which power spectral density is integrated to
determine integrated channel power.

Offst: Amplitude Offset, Entered by User to correct for external attenuator and cable
losses. Value determined by Vector Network Analyzer transmission measurement of
cable/attenuator assembly.
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e) Test Indications

i) 16:63:68 Jul 22, 1999 Marker Search

Atten 26 dB
Meas Tools»

Hext Peak
Marker Next Pk Right
908 .500000 MHz
2t .68 dBm Next Pk Left

1 L
Ay Jin ﬂi"l|||r-a'||rlI",.-'r--""."'1|I,.-".lr'k""-'ﬂll"-"' I"I||.r-'|"'|||""l"ll'|.‘|."‘h' 151.!;:.];.‘&,,\-.] W " .I,III"; oot I"'Il"n'r‘-'-" i'|III,-,L,_,.,r.__,-'q'l_.__.'n...-'. 1in'l'.-'I'-'.".-"'ﬁ-'u,-"-1'1_ Jll.l

Min Searchl

Pk-Pk Searchl

More

VEH 3 MHz lof2

Test Condition: Channel 1: 908.50 MHz, Wide Resolution BW

Test Limit; 30 dBm, Maximum.
Test Indication: 26.7 dBm

Test Outcome: 26.7 dBm <30 dBm - PASS
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[i7) 160358 Jul 22, 1999 Measure

38 dBm Atten 26 B
; Meas Off

ACP

Channel Power

ol

\l

.'Fl

Occupied BH

Emission BW

Channel Power Integration BH 2.006 MHz
26 .67 dBm

Harmonic Dist

Density 36,34 dBmAHz

Test Condition: Channel 1: 908.50 MHz, Integrated Power
Test Limit: 30 dBm, Maximum.

Test Indication: 26.7 dBm

Test Outcome: 26.7 dBm < 30 dBm - PASS
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[57) 16:81:59 Jul 22, 1999 Marker Search

Atten 26 B
Meas Tools»
Next Peak
Marker Next Pk Right
914 .800000 MH=
25 .93 dBm J Next Pk Left
I fl,l".-""r" 4"‘;-"”‘!.&1""-.'-"-.-' n"|"-"f'"-h*-.n"ll‘«'-.ﬁ..-\' d f."l-\'r"“:‘lw‘r" I,.u,.*..jlh'l 'Ilr'-ﬂ "I"h’u- .]f"'L'||'r|l'.l"'-"-._||‘L""|'-‘I"-‘r"'.'.l'l' "Ill"'"."'lr" Jl|ll| Jll'u,"'qlhl""l"pﬂﬂuﬁ-' ‘f"'"r'ill.-..“-'l'll'
Min Searchl
Pk-Pk Searchl
More
1of 2

VBH 3 MHz

Test Condition: Channel 6: 914.75 MHz, Wide Resolution BW
Test Limit: 30 dBm, Maximum.

Test Indication: 25.9 dBm

Test Outcome: 25.9 dBm < 30 dBm - PASS
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(7 160112 Jul 22, 1999 Measure

38 dBm Atten 28 dB

Meas Off

ACP

L"“J'ﬂ. |"I| ' l] PW'I'I hﬁ
dB r | [| h . ]l H H "l || “'!"-1
] *\J /Y
1Ill.ull,li.llw '|'|||4J|||I r.'H| f l\ |f||H}||'l1IJ|" ~|||',“r1 “|| Channel Power
Occupied BH
. #IUIE?H 1 MHz ; Emnission B
Channel Power Integration BH 2.808 MHz Harmonic Dist

26.00 dBm

Density 37.01 dBm/Hz

Test Condition: Channel 6: 914.75 MHz, Integrated Power
Test Limit: 30 dBm, Maximum.

Test Indication: 26.0 dBm

Test Outcome: 26.0 dBm <30 dBm - PASS
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[57) 15:57:88 Jul 22, 1999 Marker Search

Atten 20 dB
Meas Tools»
Next Peak
Marker Next Pk Right
926 . 300000 MH=
25.51 dBm i Next Pk Left
e A T il N JII"!'L " J’|_.-'-"'||I"|"'I'-.l|'-.,'| r"'-,-"I,l-,-"l.iir"' M Ill f'l I""n"'-"n"llr‘ﬂ'l,i."' ) J'fl“|--.I.a'l'.,.'a'r"'.""""' .l""'--1"-.,I|"|"n'-‘nﬁ'ﬁ..""._.-.'..'-.,r’ w ’-.-'.-"Il.-'."..-,"'H'q"l
Min Searchl
Pk-Pk Searchl
More
1 of 2

VBH 3 MHz

Test Condition: Channel 15: 926.25 MHz, Wide Resolution BW
Test Limit: 30 dBm, Maximum.

Test Indication: 25.5 dBm

Test OQutcome: 25.5 dBm < 30 dBm - PASS
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[57) 15:58:31 Jul 22, 1999 Meas Setup

38 dBm Atten 20 .::iE' _ _ Avg Number
i ' 20
On Off

i r||||H

r| J
JII' 1” r'qlfu Integration B

" ' 2.00000000 MHz
¥

¥ h'I
ﬂ"l

’ Chan Pwr Spanl
iy Jlrl 8| 100000000 iz
||I

ullp, 7 ’ilq i M lf i

iy
§

Channel Power Integration BH 2.006 MHz
25 .40 dBm

Density -37.61 dBm/Hz

Test Condition: Channel 15: 926.25 MHz, Integrated Power
Test Limit: 30 dBm, Maximum.

Test Indication: 25.4 dBm

Test Outcome: 25.4 dBm < 30 dBm - PASS
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3. 15.247 (b) (3) Effective Radiated Power

The indicated conducted power is connected to a Centurion EXR-902-TNC, Half-
wavelength, center-fed dipole antenna which exhibits a maximum antenna gain of 0 dB,
referenced to a standard dipole. The standard dipole antenna gain with respect to an isotropic
radiator is 2.1 dB. Based on this application, the maximum ERP of the systemis 29.1 dBm
and will not exceed the limit of 36 dBm.

4. 15.247 (c) Spurious Modulation Products

a)

b)

c)

Test Requirement

The conducted spurious modulation products outside of the authorized band
measured within a 100 kHz bandwidth shall be 20 dB below the authorized band
peak emission measured within a 100 kHz bandwidth.

Pauthorizea /L00kHz H
l | H Authorized 2
0 Og”H P.purious /100kHz H> 0 dBe

Test Configuration

The test configuration is presented in section 11-A-1b.

Test Conditions: Equipment Under Test

The equipment under test is tunable and is set to 3 different channels, one
representing the minimum tunable frequency, one representing a midband frequency
and one representing the maximum tunable frequency. The frequencies and their
channel designators are presented below for reference.

Channel 1: 908.50 MHz

Channel 6: 914.75 MHz

Channel 15: 926.25 MHz

Test indications under these three frequency conditions are presented.

WE HAVE DESIGNS ON THE FUTURE
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d) Test Conditions: Instrumentation Conditions

The following conducted spurious emissions are measured for each channel setting:

Wide-band Scan of Emissions with peak emission table, 9 kHz to 10 GHz in
continuous transmission and in packet mode transmission. Peak Hold Mode.

In-band Scan of Emissions showing band-edge compliance in both continuous
transmission and in packet mode transmission. Peak Hold Mode.

Center: Center Frequency

Span: Frequency Span

Res BW: Resolution Bandwidth

VBW: Video (averaging) Bandwidth

Sweep: Frequency Sweep time over indicated frequency Span.

Offst: Amplitude Offset, Entered by User to correct for external attenuator and cable

losses. Value determined by Vector Network Analyzer transmission measurement of
cable/attenuator assembly.

WE HAVE DESIGNS ON THE FUTURE
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e) Test Indications:
Atten 20 dB Peak Table
On 0ff
Peak Sort
Freg Ampl

Amplitude

Test Condition: Channel 1: 908.50 MHz, CW

Test Limit; 20 dBc, Minimum.

Peak Readout,

Marmal

Test Indication: 26.03 dBm-(-22.48 dBm)= 48.5 dBc

Test Outcome: 48.5dBc > 20dBc — PASS

WE HAVE DESIGNS ON THE FUTURE
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07 16:22:24 Jul 22, 1999

Marker Search

Atten 28 dB Meas Toolss
Next Peak

Hext Pk Right

Next Pk Left

#UEHEiMTE — Y j- o : Hn1Search|

Pk-PkSearcW

More
1of 2

Test Condition: Channel 6: 914.75 MHz, CW

Test Limit; 20 dBc, Minimum.

Test Indication: 24.53 dBm-(-22.19 dBm)= 46.7 dBc

Test Outcome: 46.7 dBc > 20 dBc - PASS

WE HAVE DESIGNS ON THE FUTURE
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[7) 16:26:24 Jul 22, 1999 Marker Search

Atten 28 dB Meas Toolss
Next Peak
Hext Pk Right
Next Pk Left
WBH 3 Mz Sweep 100 - (VN gearchl
g

Pk-PkSearcW

g

More
1of 2

Test Condition: Channel 15: 914.75 MHz, CW

Test Limit: 20 dBc, Minimum.

Test Indication: 23.96 dBm-(-26.65 dBm)= 50.6 dBc

Test Outcome: 50.6 dBc > 20 dBc — PASS
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[7) 16:35:46 Jul 22, 1999

Marker Search

Atten 28 dB Meas Toolss
Next Peak

Hext Pk Right

Next Pk Left

#UEHEiMTE — N y Y, ; Hn1Search|

Pk-PkSearcW

More
1of 2

Test Condition: Channel 1: 908.50 MHz, Packet Mode
Test Limit: 20 dBc, Minimum.

Test Indication: 24.92 dBm-(-21.81 dBm)= 46.7 dBc

Test OQutcome: 46.7 dBc > 20dBc — PASS
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W66 N220 Commerce Court, Cedarburg, Wisconsin 53012 ¢ 414-375-4400 < FAX 414-375-4248
Email: eng@lsr.com www.lsr.com



'ivl | L.S. RESEARCH Inc. 24 0f 62

| HIGH TECHNOLOGY ELECTRONIC CONSULTANTS Confidential

(7] 16:38:44 Jul 22, 1999 Trace

Atten 26 B

Trace
2 3

Clear Write|

Max Hold

Min Hold

View

Blank

Horel
1aof2

Test Condition: Channel 6: 914.75 MHz, Packet Mode

Test Limit: 20 dBc, Minimum.
Test Indication: 23.92 dBm-(-23.59dBm)= 47.5 dBc

Test Outcome: 47.5 dBc > 20 dBc — PASS
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[i7) 163750 Jul 22, 1999 Trace

Atten 20 dB Trace
2 3

Clear Write|

Max Hold

Min Hold

View

#Il_llE:H :l MH:

Blank

Horel
1aof2

Test Condition: Channel 15: 914.75 MHz, Packet Mode

Test Limit; 20 dBc, Minimum.

Test Indication: 23.4 dBm-(-26.9 dBm)= 50.3 dBc

Test Outcome: 50.3 dBc > 20 dBc — PASS

WE HAVE DESIGNS ON THE FUTURE
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[i7) 16:4457 Jul 22, 1999

Marker

Select Marker
1 2 3 4

Normal

Deual

Band Pair
Start Stop

Span Pair

Span Center

Off

Horel
1aof2

Test Condition: Channel 1: 908.50 MHz, CW
Test Limit: 20 dBc, Minimum.

Test Indication: 26.07 dBm-(-29.24 dBm)= 55.3dBc

Test OQutcome: 55.3dBc > 20dBc — PASS
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[7) 16:49:28 Jul 22, 1999 Marker Search

Atten 26 B

Meas Tools»

Next Peak

Hext Pk Right

Next Pk Left

Min Searchl

Pk-Pk Searchl

More
1of 2

Test Condition: Channel 6: 914.75 MHz, CW
Test Limit: 20 dBc, Minimum.

Test Indication: 25.29 dBm-(-31.71 dBm)= 57 dBc

Test OQutcome: 57 dBc > 20dBc —» PASS
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(7 165203 Jul 22, 1999

Marker Search

Atten 20 dB
: Meas Tools»
Next Peak
S , Next Pk Right
Q__HH,arkE e s g
926 . 7ANAAA MH=
24 .79 dBm Next Pk Left
Min Searchl

Pk-PkSearcW

More
1of 2

Test Condition: Channel 15: 926.25 MHz, CW

Test Limit: 20 dBc, Minimum.

Test Indication: 24.79 dBm-(-4.71 dBm)= 29.5 dBc

Test OQutcome: 29.5dBc > 20dBc — PASS
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[i7) 165516 Jul 22, 1999

Marker Search

Meas Tools»

Next Peak

Hext Pk Right

Next Pk Left

Min Searchl

Pk-Pk Searchl

More
1of 2

Test Condition: Channel 1: 908.50 MHz, Packet Mode
Test Limit: 20 dBc, Minimum.

Test Indication: 26.68 dBm-(-28.83 dBm)= 55.5 dBc

Test OQutcome: 55.5dBc > 20dBc — PASS
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[57) 17:94:57 Jul 22, 1999 Marker Search

Atten 26 B

Meas Tools»

Next Peak

Hext Pk Right

Next Pk Left

Min Searchl

Pk-Pk Searchl

More
1of 2

Test Condition: Channel 6: 914.75 MHz, Packet Mode
Test Limit: 20 dBc, Minimum.

Test Indication: 26.01 dBm-(-32.21 dBm)= 55.2 dBc

Test OQutcome: 58.2 dBc > 20dBc — PASS
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[57) 17:97:55 Jul 22, 1999 Marker Search
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More
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Test Condition: Channel 15: 926.5 MHz, Packet Mode
Test Limit: 20 dBc, Minimum.

Test Indication: 25.62 dBm-(-2.38 dBm)= 23.24 dBc

Test OQutcome; 23.24dBc > 20dBc — PASS
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5. 15.247 (d) Power Spectral Density

a) Test Requirement

The maximum power spectral density allowed in the authorized band is 8
dBnmv3kHz.

I:)authorized /3kHZ < 8 dBm/3kHZ
b) Test Configuration

The test configuration is presented in section 11-A-1b.

c) Test Conditions: Equipment Under Test

The equipment under test is tunable and is set to 3 different channels, one
representing the minimum tunable frequency, one representing a mid-band frequency
and one representing the maximum tunable frequency. The frequencies and their
channel designators are presented below for reference.

Channel 1: 908.50 MHz

Channel 6: 914.75 MHz

Channel 15: 926.25 MHz

Test indications under these three frequency conditions are presented.

The following conducted power spectral densities are measured for each channel
setting:
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d) Test Conditions: Instrumentation

The localized peak in the emission spectrum is examined using the noise marker
function implemented by the spectrum analyzer. The noise marker method is chosen,
since the spectral lines of the emission are not resolvable and have noise-like
properties. The power spectral density as indicated is measured ina 1 Hz bandwidth
and is corrected for measurement artifacts such as noise bandwidth, and logarithmic
amplification weighting. The test indication is then re-normalized to a 3 kHz
bandwidth by adding the following correction factor:

kHz
10 lo % —34.8 dB
910 1 Hz E

Center: Center Frequency

Span: Frequency Span

Res BW: Resolution Bandwidth

VBW: Video (averaging) Bandwidth

Sweep: Frequency Sweep time over indicated frequency Span.

Offst: Amplitude Offset, Entered by User to correct for external attenuator and cable

losses. Value determined by Vector Network Analyzer transmission measurement of
cable/attenuator assembly.
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e) Test Indications

7 ©7:36:49 Jul 23, 1999 _ | BH/Avg

Atten 26 dB oise -3 ::' JMLEE Resolution BH|
3. 000000660 kHz
Auto Man

Video BH|
L 100000800 kHz
‘ Auto Man

UBH;"RBH Ratiol
1. 06088

Average|
21
On 0ff

Average Tyrpel

Viden Power

EMI Res BH,

Nnne

#YBH 18 kHz

Test Condition: Channel 1: 908.5 MHz

Test Limit; 8 dBm/3 kHz, Maximum.

Test Indication: -31.59 dBm/Hz + 34.8 dB = 3.2 dBm/3kHz

Test Outcome: 3.2 dBm/3kHz < 8 dBm/3kHz — PASS
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(7 97:58:58 Jul 23, 1999 Marker

38 dBm Atten 28 dB Select Marker

1 2 3 4

Marker Trace

Auta 1 2 3

B f” h w a\}nu \v'n*\ W | 4” \M\“'”Mp “"‘f*q'lu}\’“"l{ U"'IV' 4’ J il '.\'Wﬂ I M i \H I Readout,
15 1?“ @ MHz E——

Noise -33.82 dBm(1Hz) Marker Noise’

Marker Table
On 0ff

Marker All Off

Horel
2 of 2

#WBH 16 kHz

Test Condition: Channel 6: 914.75 MHz

Test Limit; 8 dBm/3 kHz, Maximum.

Test Indication: -33.82 dBm/Hz + 34.8 dB = 1.0 dBm/3kHz

Test Outcome: 1.0 dBm/3kHz < 8 dBm/3kHz - PASS
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(7] 93:03:47 Jul 23, 1999 Marker

Mkr1
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1 2 3 4

Marker Trace
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Readout,
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;"5||ﬁ | 'ﬁﬁlﬂ '\4b*Lj~Jr5d|lf]i;ﬂ/\'i‘|(.h,ﬂﬂil’
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Function,
Marker Nnme

Noise --34.8 dBm(1H=)

Marker Table
On 0ff

Marker All Off

Horel
2 of 2

#W/BH 18 kHz

Test Condition: Channel 15: 926.25 MHz

Test Limit; 8 dBm/3 kHz, Maximum.

Test Indication: -34.89 dBm/Hz + 34.8 dB = -0.1 dBm/3kHz

Test Outcome: -0.1 dBm/3kHz < 8 dBm/3kHz — PASS
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6. 15.247 (e) Processing Gain

a)

Test Requirement

The minimum processing gain exhibited by the system must be at least 10 dB. The
processing gain will be determined by measuring the jamming margin across the
receiver pass-band in 50 kHz increments. The worst 20% of the jamming margin
points are discarded for the determination of the processing gain. The worst case
point elimination process is equivalent to the determination of the 20" percentile
value for the processing gain data set.

The processing gain is related to the jamming margin as follows:

G, =3 + > H + 2 dB(systemloss)
S ON DBER_REF

G, =2 + S H + 2 dB(systemloss)
S [N |:]BER:MO’4

The demodulation process is non-coherent FSK and its bit error ratio (BER) versus
signal to noise ratio (S/N) performance characteritic is described by:

N |-

S
ON O

BERzle
2

The signal to noise ratio associated with the reference BER of 1X10* is:
10log,, E%Ez 10log,, (- 2In(21x10))=12.3dB

Therefore, procesing gain and jamming margin are related by:

G + 143 dB

_J
S

WE HAVE DESIGNS ON THE FUTURE

W66 N220 Commerce Court, Cedarburg, Wisconsin 53012 ¢ 414-375-4400 < FAX 414-375-4248

Email: eng@lsr.com www.Isr.com



L.S. RESEARCH Inc.

4
“} 38 of 62
HIGH TECHNOLOGY ELECTRONIC CONSULTANTS Confidential
b) Test Configuration
Lindgren Screen Room A N
Laptop
18-2/2-0 #11597 EéEo?thv:\Sr:e Personal
\l_\/ Computer
E RS-232
A RS-232 to RGS8
RS-485 H
HP6201E 5 Translator e Lir Dcmslu;y
DC Power Supply BNCEBNC
o o o Bukheads
. .
Y Digamterer
as Ammeter
Receiver RG3I6 SMA — . s RG316 Transmitter
Under Test H
SMA | SMA RG-316
Two-Section \Mkmson " T Secton kinson
Coupler 900-2 Coupler 900-4
HP ESG-D3000A
HP E44048 Spectum Digital Signal Generator
Analyzer
)\/\)\ E“’Eﬁm ° o gog e
= 888 e | ()
=] ooo
=) 8 % @ ooo 2
3 < ° =] ooo ©r—
35mm-SMA N-SMA
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c)

d)

Test Conditions: Equipment Under Test

The equipment under test is tunable and is set to 3 different channels, one
representing the minimum tunable frequency, one representing a midband frequency
and one representing the maximum tunable frequency. The frequencies and their
channel designators are presented below for reference.

Channel 1: 908.50 MHz

Channel 6: 914.75 MHz

Channel 15: 926.25 MHz

Test indications under these three frequency conditions are presented.

The following processing gain tests are measured for each channel setting:

Test Conditions: Instrumentation

The bit error ratio (BER) software is run on a laptop PC to emulate the base-band
packet protocol to be used over the radio link. A standard BER test set (FIREBERD
6000A) could not be used due to the fact that the asynchronous data rate of 57.6 kbps
exceeded its asynchronous measurement capability. Secondly, the protocol uses the
idle line state for packet framing and the BER test set does not support that framing
method.

The BER software generates a packet data stream and transmits it out of the serial
port with RS-232 logic levels into the level translator board. The level translator
board converts the RS-232 logic levels into a uni-polar differential RS-485 line
which is fed to the transmitter. The transmitter signal is fed into the jamming margin
test system as the desired signal. The receiver demodulates and de-spreads the signal
back to its original base-band form and is available as an RS-485 signal pair. The
RS-485 signal pair is fed to the translator board, which converts the logic levels to
RS-232 and feeds the received data stream into the PC for processing.

The software performs a bit-by-bit comparison of the received packets and calculates
the instantaneous bit-error-rate for the incoming packet and also calculates the
cumulative BER over all the packets transmitted in the test interval.

The cumulative BER is used as a set-point in the adjustment of the jamming signal
level (and consequently the J/S ratio). The set-point or reference BER is 1X10™.

A complete description of the BER software and the level-translator board is
presented in Section V.
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e) Procedure

1. Referring to the test set-up presented in part b of this sub-section, note that there
are two Wilkinson couplers. These couplers have a maximum amplitude
imbalance of 0.1 dB and maximum phase imbalance of 1 degree over the test
frequency band (s-parameters on record).

2. The first coupler is used to combine the desired signal and the tone jamming
signal.

3. The second coupler is used to sample the composite input signal to the receiver.
The signal is sampled by a spectrum analyzer. The cable lengths on the output of
the sampling coupler are of the same type (RG-316) and of similar length.
However due to the amplitude balance of the coupler, the J/S ratio in each arm
of the coupler will correlate to within 0.1 dB.

4. Using the integrated channel power measurement function, the desired signal
power is set to about —-50 dBm at the sampled port. The level at the receiver will
be very close to this sampled level.. The desired signal is adjusted by means of
the two step attenuators. The transmitter is placed in the CW mode during this
step. Ensure that the jamming signal generator is disabled.

5. The transmitter is disabled and the jamming signal generator is enabled and set
to the transmitter carrier frequency and is measured by the spectrum analyzer
using the integrated channel power function. The jamming power is set to the
exact level (to within 0.1 dB) of the previous reading of the desired signal. Since
the desired and the jamming signal levels were measured under the same
conditions, the J/S ratio at receiver given these settings is at 0 dB.

6. Giventhe jamming signal generator absolute amplitude reference setting
established in step 5. The signal generator amplitude setting is normalized to
this absolute level using the amplitude reference function on the signal
generator. Therefore, the generators indicated setting is relative to the 0 dB J/S
setting. Further settings are recorded as a test indications of the J/S ratio. With
every set of test indication, the absolute reference indications are also presented
to ensure the confidence of the 0 dB J/S setting.

7. With the jamming signal attenuated substantially (-30 dB J/S), enable
transmission and reception of the packet data, the BER should indicate 0 (error
free operation) over a short test interval of 30 seconds.

8. While monitoring the BER, increase the jamming signal level until the BER
indicates 1 X 107 or less. Record the relative amplitude level setting on the
jamming signal generator ,this is the J/S ratio per the normalization method
presented earlier.

9. Repeat across the pass-band of the receiver in 50 kHz increments, recording the
JIS ratio at every frequency. Repeat for minimum, mid-band, and maximum
channel frequencies.
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f) Test Indication Organization

For each channel setting, the test indications presented will be as follows:
1. Reference desired signal and jamming signal levels at 0 dB J/S.
2. Numerical J/S data and conversion to processing gain.

3. 20" percentile value for the processing gain data set for indication of
processing gain for 20% of worst indications removed.

4. Plot of processing gain over pass-band of receiver.
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g) Test Indications Channel 1 (908.50 MHz)

7 113416 Jul 20, 1999 I—Heasure

Atten 5 dB
i Meas Off

ACP

Channel Power

| i i I,,II'| i i Ii i ,ﬁ".lf'
(@ hida »"'\f,rwu‘* i
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WBH 1 MHz 0 5 m Emission BW
Channel Power ' ! LA Harmonic Dist

-49.98 dBm

Density -11

Test Indication: Channel 1: 908.5 MHz, Desired Signal Reference Level Setting
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Test Indication: Channel 1: 908.5 MHz, Jamming Signal Reference Level Setting

CHANNEL 1
FREQUENCY 908.50{ MHz
HP8496B 20|dB
HP8494B 1{dB
Frequency J/S Gp
907.50 9.90 24.21
907.55 8.40 22.71
907.60 6.70 21.01
907.65 3.70 18.01
907.70 1.60 15.91
907.75 0.60 14.91
907.80 -0.60 13.71
907.85 -1.10 13.21
907.90 -2.10 12.21
907.95 -2.10 12.21
908.00 -3.00 11.31
908.05 -3.00 11.31
908.10 -2.50 11.81
908.15 -3.30 11.01
908.20 -3.30 11.01
908.25 -1.50 12.81
908.30 -1.50 12.81
908.35 -1.50 12.81
908.40 -1.40 12.91
908.45 -1.60 12.71
908.50 -1.30 13.01
908.55 -2.00 12.31
908.60 -2.70 11.61
908.65 -3.60 10.71
908.70 -3.60 10.71
908.75 -3.90 10.41
908.80 -3.90 10.41
908.85 -4.10 10.21
908.90 -3.80 10.51
908.95 -3.50 10.81
909.00 -3.80 10.51
909.05 -2.70 11.61
909.10 -2.80 11.51
909.15 -2.40 11.91
909.20 -2.40 11.91
909.25 0.60 14.91
909.30 0.50 14.81
909.35 1.10 15.41
909.40 2.10 16.41
909.45 5.30 19.61
909.50 7.40 21.71
[0.2 Percentile | | 1101

Test Condition: Channel 1: 908.5 MHz, J/S and Processing Gain

Test Limit: 20" Percentile Processing Gain: 10 dB, minimum.

Test Indication: 20" Percentile Processing Gain = 11.01 dB

Test Outcome: 20" Percentile Processing Gain = 11.01 dB > 10 dB —» PASS
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Channel 1 Processing Gain
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25.00
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Frequency (MHz)

Test Indication: Channel 1 Processing Gain versus Frequency.
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h) Test Indications Channel 6 (914.75 MHz)

2] 17:67:29 Jul 19, 1999 Measure

W
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i ACP
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Test Indication: Channel 6: 914.75 MHz, Desired Signal Reference Level Setting
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Test Indication: Channel 6: 914.75 MHz, Jamming Signal Reference Level Setting

CHANNEL 6
FREQUENCY 914.75|MHz
HP8496B 20(dB
HP8494B 2|dB
Frequency J/S Gp
913.50 10.00 24.31
913.55 8.20 22.51
913.60 4.50 18.81
913.65 3.00 17.31
913.70 1.40 15.71
913.75 -0.10 14.21
913.80 -0.40 13.91
913.85 -0.60 13.71
913.90 -1.70 12.61
913.95 -1.10 13.21
914.00 -1.70 12.61
914.05 -1.50 12.81
914.10 -2.00 12.31
914.15 -1.80 12.51
914.20 -1.50 12.81
914.25 -1.80 12.51
914.30 -1.60 12.71
914.35 -1.90 12.41
914.40 -2.80 11.51
914.45 -3.10 11.21
914.50 -3.00 11.31
914.55 -2.90 11.41
914.60 -3.00 11.31
914.65 -2.60 11.71
914.70 -2.70 11.61
914.75 -2.70 11.61
914.80 -2.40 11.91
914.85 -2.50 11.81
914.90 -1.20 13.11
914.95 -1.10 13.21
915.00 0.30 14.61
915.05 -0.20 14.11
915.10 -0.30 14.01
915.15 2.20 16.51
915.20 3.60 17.91
915.25 3.90 18.21
915.30 4.40 18.71
915.35 4.90 19.21
915.40 5.40 19.71
915.45 7.00 21.31
915.50 8.10 22.41
[0.2 Percentile | [ 11.81]

Test Condition: Channel 6: 914.75 MHz, J/S and Processing Gain

Test Limit: 20" Percentile Processing Gain: 10 dB, minimum.

Test Indication: 20" Percentile Processing Gain = 11.81 dB

Test Outcome: 20" Percentile Processing Gain = 11.81 dB > 10 dB —» PASS
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Channel 6 Processing Gain
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Test Indication: Channel 6 Processing Gain versus Frequency.
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i) Test Indications Channel 15 (926.25 MHz)

7] 12:38:54 Jul 28, 1999 I—Heasure
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Test Indication: Channel 15: 926.25 MHz, Desired Signal Reference Level Setting
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Test Indication: Channel 15: 926.25 MHz, Jamming Signal Reference Level Setting

CHANNEL 15
FREQUENCY 926.25|MHz
HP8496B 20(dB
HP8494B 1|dB
Frequency J/S Gp
925.25 8.60 22.91
925.30 7.20 21.51
925.35 4.90 19.21
925.40 3.10 17.41
925.45 1.20 15.51
925.50 -0.40 13.91
925.55 -1.00 13.31
925.60 -1.60 12.71
925.65 -2.60 11.71
925.70 -2.30 12.01
925.75 -2.90 11.41
925.80 -2.60 11.71
925.85 -2.60 11.71
925.90 -2.60 11.71
925.95 -2.60 11.71
926.00 -2.70 11.61
926.05 -2.40 11.91
926.10 -2.70 11.61
926.15 -2.90 11.41
926.20 -2.70 11.61
926.25 -2.80 11.51
926.30 -2.80 11.51
926.35 -3.20 11.11
926.40 -3.00 11.31
926.45 -3.00 11.31
926.50 -3.00 11.31
926.55 -3.00 11.31
926.60 -2.40 11.91
926.65 -2.10 12.21
926.70 -2.10 12.21
926.75 -1.30 13.01
926.80 -1.50 12.81
926.85 -1.50 12.81
926.90 1.70 16.01
926.95 2.30 16.61
927.00 2.60 16.91
927.05 2.90 17.21
927.10 3.40 17.71
927.15 3.80 18.11
927.20 6.00 20.31
927.25 6.50 20.81
[0.2 Percentile | [ 11.5]

Test Condition: Channel 15: 926.25 MHz, J/S and Processing Gain

Test Limit: 20" Percentile Processing Gain: 10 dB, minimum.

Test Indication: 20" Percentile Processing Gain = 11.51 dB

Test Outcome: 20" Percentile Processing Gain = 11.51 dB > 10 dB —» PASS
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Channel 15 Processing Gain
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Processing Gain (dE
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Test Indication: Channel 15 Processing Gain versus Frequency.
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j)  Test Set-Up Photographs for Jamming Margin

7.

B |

Transmitter Configuration
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Receiver Configuration

WE HAVE DESIGNS ON THE FUTURE
W66 N220 Commerce Court, Cedarburg, Wisconsin 53012 ¢ 414-375-4400 < FAX 414-375-4248
Email: eng@lIsr.com www. Isr.com



'iVI l L.S. RESEARCH Inc. 53 of 62

HIGH TECHNOLOGY ELECTRONIC CONSULTANTS Confidential

Receiver Configuration
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Il. Equipment List

EQUIPMENT DESCRIPTION LSR Serial Number Serial Number Calibration
Hewlett Packard E4407B Spectrum Analyzer - US39160256 6/16/99
Hewlett Packard ESG-D3000 Signal Generator CC000162C On Record 6/1/97
Hewlett Packard HP34401A Digital Multimeter CC000180C US36040932 11/5/97
Hewlett Packard HP6111A Power Supply (TX) CC000220C 2125A-03064 Initial Only
Hewlett Packard HP6111A Power Supply (RX) CC000220C 2411A-03503 Initial Only
lll. Equipment Uncertainties
Specified Characteristic Specified Probability Specified
Density Uncertainty
HP EE4407 Spectrum Analyzer
Total Absolute Amplitude Uncertainty Uniform +/-0.35 dB
Wilkinson Power Couplers
Amplitude Imbalance Uniform +/-0.1 dB
HP ESG-D3000 Signal Generator
Absolute Amplitude Accuracy Uniform +/- 0.5 dB
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V. Bit Error Ratio Test Software

Theory of Operation

The Bit Error Rate Tester (BERT) program meets the need of performing a bit error rate test on a simplex
system with a proprietary, asynchronous packetized protocol. The custom program is written using
Microsoft” Visual Basic 6.0" and executes on Microsoft” Windows 95/98" or NT".

BERT uses a serial port for communications with the device under test (DUT). Data packets are
formulated by BERT and sent via the serial port TX line through an RS232 to RS485 converter to the radio
transmitter. Data packets are received by the radio receiver pass through an RS485 to RS232 converter and
return to BERT via the RX line on the same serial port.

Prior to sending the next packet of data, BERT compares the received data with the sent data. All
comparisons are done on a bit by bit basis. Bit error rate is calculated as the ratio of the number of bits
received in error to the total number of bits sent.

Program Specifications

Data Rate 57.6Kbps

Packet Rate =55mS*

Packet Duration 70 bytes (12.15mS @ 57.6Kbps)

Packet Data Fixed

Error Detection Method Bit by bit compare of received vs. sent data

*Due to the properties of the systemtimers in Windows", timing cannot be guaranteed. Occasionally
slightly longer timer periods (>55mS) are present. The only effect this has on the program is to take
slightly longer to perform a test in packet mode and send fewer packets in timed mode.

Detailed information regarding the operation of BERT can be found in Figure 1 - BERT Main Screen,
Figure 2 - BERT Test Mode Screen, Figure 3 - BERT Software Flowchart and Appendix A - BERT
Software Listing.

Screen Shots
The following screen shots show the user interface to BERT.

I’51?‘Bit Error Hate Tester E |

File Options Help
Bitz Received: 55997
Bitz Sent: ER0O00
Inztantaneous BER: 0.000 e+00
Curnulative BER: h.357 e-05
Test Status: 100 of 100 packets
O.U.T. Port COk1
Beset G

Figure 1 - BERT Main Screen
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E Packet Setup El
Eil _
— Packetz to Tranzmit
= Test until stop button pressed
+ Stop after [100 ill packets zent
" Stop after |5 ill mirites
Ok

Figure 2 - BERT Test Mode Screen
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Program Usage Bit Error Rate Test Procedure

: st :

Initialize variablef

Get received

message
Select Serial Por
Build test
message .
Received msy
Yes — No:
= sent msg?
Count bit errors
Select Test P
Method Transmit test (bit ser]tudb|t
(Manual, Packet of message received)
Timed)
l Bits received = ¢
Bits sent
Bits received =
Bits sent = test Bits sent - Bit
message length errors

v 7\ |

Press "Go" to start
test Set timer to go off
when time to sen

next message

Total bits sent =
i Total bits sent +
bits sent

!

Is TestMethod
No Manual? ves
0
Total bits received =
Total bits received +
bits received
Test Automaticall
stops when [P—
number of packet Press "Stop
N N button to end tes!
or time duration
reached
Build test
message

v

Transmit test
message

!

Bits sent = test
message length

End
!

Set timer to go off
when time to sen
next message

Press "Reset" to
clear results and
start new test

Is "Exit"
pressed?

T

L.S. RESEARCH Inc. gacy
REV

H GH TECHNOLOGY ELECTRONI C CONSLLTANTS.

SIZE FSCM NO DWG NO
DRAWN HENRY WAGNER B | BERT Software Flowchart ORG
ssueD July 22, 1999 scaLe None | sHEET 10F1

Figure 3 - BERT Software Flowchart
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Appendix A - BERT Software Listing
Listing of frmMain.frm:

Bit Error Rate Tester v1.0
Copyri ght © 1999 L.S. Research, Inc.

Witten by July 16, 1999
Henry Wagner, L.S. Research, Inc.

Option Explicit

Di m BitsSent As Long

Di m Bi t sRecei ved As Long

Di m Bi t sNot Recei ved As Long
Di m Tot al Bit sSent As Long

Di m Tot al Bit sReceived As Long
Di m Tot al Bit sNot Received As Long
Di m | nst BER As Doubl e

Di m CumBER As Doubl e

Di m Test Message As String

Di m RevBuf As String

Private Sub cmdReset _Cli ck()
BitsSent = 0
Bit sReceived = 0
Bi t sNot Received = 0
Total BitsSent = 0
Tot al Bit sReceived = 0
Tot al Bit sNot Received = 0

InstBER = 0
CunBER = 0
Mnutes = 0
Packets = 0

| bl Dat a(0) . Capti on
| bl Dat a(1). Capti on
| bl Dat a(2) . Capti on Format (I nst BER, "0.000 e+00")
| bl Dat a(3). Capti on Format (CumBER, "0.000 e+00")
I f frmPackets!optAuto(1l). Val ue Then

| bl Dat a(4). Capti on = Packets & " of " & frmPacket s!txt Nunber Packets. Text & " packets"
El sel f frnPackets! opt Auto(2).Value Then

| bl Dat a(4). Caption = Mnutes & " of " & frnmPackets!txtTime. Text & " m nutes”
End I f

Str(Tot al Bit sRecei ved)
Str(Total BitsSent)

End Sub
Private Sub cmdRun_Cli ck()

If g_DUTPort = "" Then
MsgBox "You nust select a serial port to comunicate with your D.UT. ",
vbAppli cationMbdal O vbOKOnly, "Hey!"
El se
If Tinerl. Enabled = False Then
Timerl. Interval = 20
Ti mer 1. Enabl ed = True
M nutes = 0
Packets = 0
If frnPackets!opt Aut o(0). Val ue Then
cmdRun. Caption = " &St op"
| bl Dat a(4). Capti on = "Manual Stop"
H se
cndRun. Caption = "&Cancel "
I f frmPackets! optAuto(1l).Val ue Then
I bl Data(4).Caption = Packets & " of " & frnPackets!txtNunmber Packets. Text & "
packets"
El self frnPacket s! opt Aut o(2). Value Then
| bl Data(4).Caption = Mnutes & " of " & frrmPackets!txtTime.Text & " m nutes”
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End If
End I f
El se
Ti mer 1. Enabl ed = Fal se
cnmdRun. Capti on = " &Go"
End If
End |f
End Sub
Private Sub Form Unl oad( Cancel As | nteger)
End
End Sub

Private Sub muAbout _Cli ck()
frmAbout . Show 1

End Sub

Private Sub muBExit_dick()
Unl oad Me

End Sub

Private Sub muPackets_Click()
frmPackets. Show 1
End Sub

Private Sub muPorts_Click()
frmPorts. Show 1
End Sub

Private Sub MSComil_OnGComm()
Sel ect Case MSConmil. CormEvent

Handl e each event or error by placing
code bel ow each case statenent

Errors

Case conEvent Break
Case conkEvent Frane
Case conkvent Overr
Case conEvent RxOve
Case conkvent RxPar
Case conEvent TxFul
Case conktvent DCB

' Events

A Break was received.
Framing Error

un ' Data Lost.
r ' Receive buffer overflow.
ity ' Parity Error.

| " Transmt buffer full.
Unexpected error retrieving DCB]

Case conEvCD ' Change in the CD line.

Case conkvCTS '
Case conkEvDSR

Case conEvRi ng '
Case conkEvReceive

Case conkEvSend '

chal
' buf
Case conkEvEOF
' the
End Sel ect
End Sub

Private Sub Ti mer1_Timer ()

Dimi, j As Integer
Dimx As Byte
Dimtestlimt As Integ
Dim Sent Byte As Byte
Di m RcvByt e As Byte
Static StartTime As |In
Static TinmeFl ag As Boo

Change in the CTS line.
Change in the DSR line.
Change in the Ring | ndicator.
Recei ved RThreshold # of
chars.

There are SThreshold nunber of
racters in the transmt

fer.

An ECF charater was found in

i nput stream

er

t eger
| ean
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I f frnPackets!optAuto(1l).Value = True Then
| bl Dat a(4). Capti on = Packets & " of " & frnPacket s!txt Nunber Packets. Text & " packets"
I f Packets = frnPacket s!txt NunberPackets. Text Then
cmdRun_Cli ck
End If
El sel f frmPacket s! opt Auto(2).Value = True Then
| bl Dat a(4). Caption = Mnutes & " of " & frnPackets!txtTinme. Text & " m nutes”
If Mnutes = frmPacket s!txt Ti ne. Text Then
cmdRun_Cli ck
End If
End | f

Test Message = "SDO' & Chr $(64) &
"0123456701234567012345670123456701234567012345670123456701234567CS"

Bi t sNot Received = 0

Bit sReceived = 0

If BitsSent > 0 Then
RcvBuf = MsCommil. | nput
I f RcvBuf = Test Message Then
Bi t sReceived = Len(RcvBuf) * 8
El se
If Len(TestMessage) < Len(RcvBuf) Then
testlimt = Len(TestMessage)

H se
testlimt = Len(RcvBuf)
End | f
If testlimt > 0 Then
For i =1 To testlimt
Sent Byte = Asc(M d( Test Message, i, 1))
RcvByte = Asc(Md(RcvBuf, i, 1))
X = (SentByte And (Not (RcvByte))) O (Not (SentByte) And RcvByte)
j = &HBO&
Wiile j
If x And j Then
Bi t sNot Recei ved = BitsNotReceived + 1
El se
Bi tsRecei ved = BitsReceived + 1
End | f
j =il 2
Vend
Next i
End I f
Bi t sNot Recei ved = Bi tsNot Recei ved + ((Len(TestMessage) - testlimt) * 8)
End If

El se
StartTine = Format (Ti ne, "s")
Ti neFl ag = True
End |f
Tot al Bit sReceived = Tot al Bit sReceived + BitsReceived
Tot al Bit sNot Recei ved = Tot al Bi t sNot Recei ved + Bi tsNot Recei ved

I bl Dat a(0). Caption = Str(Total Bit sRecei ved)

| bl Data(1). Caption = Str(Total BitsSent)

If BitsSent > 0 Then
I nst BER = CDbl (Bi tsNot Recei ved) / CDbl (Bi tsSent)
| bl Dat a(2). Capti on = Format (I nst BER "0.000 e+00")
CunBER = CDbl ( Tot al Bi t sNot Recei ved) / CDbl (Tot al BitsSent)
| bl Dat a(3). Capti on = For mat (CunBER, "0. 000 e+00")

End | f

RcvBuf = MSCommi. | nput " read input buffer to enpty it

MSConmil. Qut put = Test Message

BitsSent = Len(TestMessage) * 8

Tot al BitsSent = Total BitsSent + BitsSent

i = Format (Time, "s")

If i = StartTine And Ti meFlag = Fal se Then
M nutes = Mnutes + 1
Ti meFl ag = True
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End | f

If i = ((StartTinme + 1) \ 60) Then
Ti neFl ag = Fal se

End I f

Packets = Packets + 1
End Sub

Listing of frmAbout.frm:
Option Explicit

Private Sub cnmdOK_Click()
Me. H de
End Sub

Listing of frmPackets.frm:
Option Explicit

Private Sub cmdOK_Click()
If optAuto(l).Value Then
frmvai n!l bl Dat a(4). Capti on = Packets & " of
packets"
El sel f opt Aut o( 2). Val ue Then
frmvai n!l bl Dat a(4). Caption = Mnutes & " of
End | f
Me. H de
End Sub

Listing of frmPorts.frm:
Private Sub cnmdOK _Click()

' open selected port

f rmMai n! MsComm1. Setti ngs
f rmvai n! MBComil. ConmPor t
f rmMai n! MsComm1. | nput Mode = com nput ModeText
f rmMai n! MsComd. | nput Len = 0

f rmMai n! MsSComm1. RThreshold = 1

frmvai n! MBComll. Qut Buff er Si ze = 256

f rmMai n! MsComm1. Port Open = True

"57600, N, 8, 1"

g_DUTPort = cboDUTPort. Li st(cboDUTPort . Li st ndex)

frmMai n! | bl Data(5).Caption = g_DUTPort
Unl oad Me

End Sub

Private Sub Form Load()
Dimi As |nteger
Dims As String

On Error GoTo ConmiTest ErrorHandl er
cboDUTPort . d ear
f rmvai n! MSCommil. Setti ngs = "57600, N, 8, 1"
For i =1 To 4
fr mvai n! MSConmil. CormPort = i
f r mvai n! MSConml. Port Open = True
I f frmvai n! MSConmil. Port Open = True Then
s ="COM' & i
cboDUTPort . Addltem s
fr mvai n! MSComm1. Port Qpen = Fal se
End If

fr mvai n! MSConmil. Por t Open = Fal se
fr mvai n! MSConmil. Port Open = Fal se
Next i
Exi t Sub

" & frnPacket s!'t xt Nunber Packet s. Text & "

" & frnPackets! txt Ti me. Text & " mnutes”

Val (M d$(cboDUTPort . List (cboDUTPort. Listlndex), 4, 1))
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ComniTest Er ror Handl er :
Resunme Next

End Sub

Private Sub Form Activate()
Dimi As |nteger

cboDUTPort. Li stl ndex = 0

For i = 0 To cboDUTPort.ListCount - 1
I f g_DUTPort = choDUTPort. List(i) Then

cboDUTPort . Li st I ndex

End If
Next i

End Sub
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