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Report No. 100343916M PK -001
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1.0 Introduction

The Equipment Under Test (EUT) is a device withTeS¥Digital Transmission System) transceiver
operating in the 2.4GHz frequency band.

This report is designed to show compliance of tHeGHz transceiver with FCC Part 15.247 and RSS-210
requirements.

1.1 Summary of Tests

TEST REFERENCE | REFERENCE RESULTS
FCC 17.247 RSS-210
Output power 15.247(b)(3) | A8.4(4) Complies
6-dB Bandwidth 15.247(@)(2) | A8.2(a) Complies
Power Spectral Density 15.247(e) A8.2(b) Complies
Out-of-band Antenna 15.247(d) A8.5 The EUT has a permanently
Conducted Emission attached internal antenna. It doe$

not contain an antenna port
connector. Instead of Antenna
Conducted measurements,
Radiated measurements were

performed.
Out-of-Band Radiated 15.247(d) A8.5 Complies
Emission (except emissions in
Restricted Bands)
Radiated Emission in 15.247(d), 2.2 Complies
Restricted Bands 15.205
RF exposure 15.247(i) RSS-102 Complies
AC Conducted Emission 15.207 RSS-GEN Not Applicablé
Radiated Emission from 15.109 ICES-003 Complies

Digital Parts and receiver

! EUT does not contain any AC power ports. EUT igdog powered.
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20 General Description

2.1 Product Description

Overview of the EUT

Applicant

Topcon Positioning Systems, Inc.
7449 Southfront Rd.
Livermore, CA 94551 USA

M anufacturer Name &
Address

Topcon Positioning Systems, Inc.
7449 Southfront Rd.
Livermore, CA 94551 USA

Model Number 5434

FCC ldentifier LCB-5434
IC 1D Number 6050B-5434
Rated RF Output (EIRP) 7.24 mW
Freguency Range 2480 MHz
Number of Channéel(s) 1
Modulation Type 0-QPSK

Antenna Typeand
Gain

Internal Chip Antenna,
Peak gain = 1.5 dBi

Average gain = -2.3 dBi

The system consists of wireless sensors and aesgeloordinator which are mounted on an excavator
machine to assist with digging. The wireless senate mounted on different parts of the excavator,
i.e.;, bucket, boom, control arm, etc. The wirglesnsors communicate their position back to the
wireless coordinator. The wireless coordinataraisnected to a display unit. The display unit is
mounted inside the operator’s cab and it displagdnformation from the wireless coordinator.

All wireless devices use the same RF circuit alhddnsor functionality.
There are three different types of wireless sensors
1. Tilt (also called Bucket or Boom sensors)
2. Tilt + Compass (the compass sensor has a cormsads which outputs a heading direction to
the operator)
3. Tilt + Laser Receiver (the laser receiver hastqtells to detect laser strikes)

Production versions of the samples were receivefiit 4, 2011 in good condition. As declared bg th
Applicant, it is identical to production units.

Test start date April 4, 2011
Test end date: April 13, 2011

2.2 Related Submittal(s) Grants

None.
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2.3 Test Methodology

Radiated and AC Line conducted emissions measutsmame performed according to the procedures in
ANSI C63.4. Radiated tests were performed at &enaa to EUT distance of 3 meters, unless stated
otherwise in thé Data Sheet" of this Application. All other measurements werade in accordance with
the procedures described in the FCC guidance daaiMeasurement of Digital Transmission Systems
Operating under Section 15.247

2.4 Test Facility
The radiated emission test site and conducted mexasut facility used to collect the data is 10misem

anechoic chamber located in Menlo Park, Califorfiais test facility and site measurement data have
been fully placed on file with the FCC and Indusbignada (Site # 2042L-1).
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3.0 System Test Configuration

3.1 Support Equipment

Description Modéel No. Serial No.

EXTECH DC Power Supply EP-3003 D30030012

3.2 Block Diagram of Test Setup

The diagram shown below details the interconneatfcthe EUT and support equipment. For specific
layout, refer to the test configuration photograpthe relevant section of this report.

- - Wireless Sensor
Display Unit Tilt
(EUT)

DC Power Wireless Wireless Sensor
SUFply Coordinator Tilt + Compass
(EUT) (EUT)

Wireless Sensor
Tilt + Laser Receiver
(EUT)

S = Shielded F = With Ferrite
U = Unshielded m = Length in Meters

EMC Report for Topcon Positioning Systems, Incttenmodel: 5434
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3.3 Justification

For radiated emission measurements the EUT wasglac a non-conductive table. The EUT was
configured to transmit full power.

In actual use, the wireless coordinator is powéned car battery. During tests, the wireless comidir
was powered by a DC power supply to simulate pdween a car battery. The batteries in the wireless
sensors were fully charged prior to testing.

3.4 Software Exercise Program

None.

3.5 Mode of Operation During Test

The EUT was set to continuously operate at the B#8Ochannel during the tests.

3.6 Modifications Required for Compliance

No modifications were installed by Intertek TestlBgrvices during compliance testing in order todpri
the product into compliance.
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4.0 M easurement Results

4.1 Conducted Output Power at Antenna Terminals
FCC 15.247(b)(3)

Requirements

For systems operating in the 2400-2483.5 MHz baidgudigital modulation, the maximum peak output
power is 1 watt (30 dBm), the conducted powertlimbased on the use of antenna with directioaizl that
do not exceed 6dBi. If the transmitting antenndimdctional gain greater than 6dBi are used, theluoted
output power from the intentional radiator shalteéduced below the stated value as in FCC 15.2@4(B)

Procedure

The EUT has a permanently attached internal antehirtBbes not contain an antenna port connector.
Instead of Antenna Conducted measurements, Radisadurements were performed.

The maximum field strength of the fundamental wassured.

The transmitter's peak power was calculated usiaddilowing equation:
Where: E = the measured maximum field strength/m.V

Set the RBW > 6dB bandwidth of the emission oraipeak power meter.
P = (E x d) squared / (30 x G).

G = the numeric gain of the transmitting antenner@n isotropic radiator.
d = the distance in meters from which the fielésgth was measured.

P = the power in watts for which you are solving.

Test Results

Frequency Output in dBm Output in mW Plot number
(MH?2)
2480 8.6* 7.2 1.1tol1l.4

*Highest measurement was reported.

Note: The EUT’s antenna has less than 6 dBi gain.

EMC Report for Topcon Positioning Systems, Incttenmodel: 5434
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Plot 1.1
Uncorrected Receiver Reading
@ * RBW 1 MHz Marker 1 [T1]
*VBW 3 MHz 106.56 dBuVv
Ref 110 dBpVv Att 30dB SWT 2.5 ms 2.479503205 GHz
110 y
MWNM"'\
oo W ™~
1 PK / \\
oo /{/’ \\
/ \\\ 1 |

70

-60

50

40

30

20

10

Center 2.48 GHz 1 MHz/ Span 10 MHz

Output Power, Wireless Sensor Coordinator

Date: 4.APR.2011 13:34:50

Final Corrected Reading

Frequency RA AG CF AF Final Field Strength EIRP EIR
MHz dB(uVv) dB dB dB(1/m) dB(uVv/m) dBm mwW
2480.0 106.6 35.5 5.5 27.3 103.9 8.6 7.2

RA = Receiver Amplitude
AG = Amplifier Gain

CF = Cable Factor

AF = Antenna Factor

EMC Report for Topcon Positioning Systems, Incttenmodel: 5434
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Plot 1.2
Uncorrected Receiver Reading
® * RBW 1 MHz Marker 1 [T1]
* VBW 3 MHz 105.00 dBpvV
Ref 110 dBpv “Att 25dB SWT 2.5 ms 2.479615385 GHz
110 1
NV""W\'\\"\A
100 ™
1 PK \
MAXH | oo N »

PR P )
MWM 1y

3CB

50

40

30

20

10

Center 2.48 GHz 1 MHz/ Span 10 MHz

Output Power, Wireless Tilt Sensor Compass

Date: 4. APR.2011 14:26:46

Final Corrected Reading

Frequency RA AG CF AF Final Field Strength EIRP EIR
MHz dB(uV) dB dB dB(1/m) dB(uV/m) dBm mwW
2480.0 105.0 35.5 5.5 27.3 102.3 7.0 5.0

RA = Receiver Amplitude
AG = Amplifier Gain

CF = Cable Factor

AF = Antenna Factor

EMC Report for Topcon Positioning Systems, Incttenmodel: 5434
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Plot 1.3

Uncorrected Receiver Reading

® * RBW 1 MHz Marker 1 [T1 ]
* VBW 3 MHz 104.54 dBuv
Ref 110 dBuv “Att 25dB SWT 2.5 ms 2.479487179 GHz
110 1
| 100 /W Mm\\
1 PK N‘HJNJJ \
MAXH | 50
Wil
v |
60
3CB
50
40
30
20
10
Center 2.48 GHz 1 MHz/ Span 10 MHz
Output Power, Wireless Tilt Sensor + Receiver
Date: 4. APR.2011 15:06:51
Final Corrected Reading
Frequency RA AG CF AF Final Field Strength EIRP EIR
MHz dB(uv) | dB dB | dB(1/m) dB(uV/m) dBm mw
2480.0 104.5 35.5 55 27.3 101.8 6.5 4.5

RA = Receiver Amplitude
AG = Amplifier Gain

CF = Cable Factor

AF = Antenna Factor

EMC Report for Topcon Positioning Systems, Incttenmodel: 5434
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Plot 1.4

Uncorrected Receiver Reading

® * RBW 1 MHz Marker 1 [T1 ]
* VBW 3 MHz 103.47 dBuV
Ref 110 dBuv “Att 25dB SWT 2.5 ms 2.479519231 GHz
110 1
//—!R,H___»—\

-100 A
- / \
MAXH | 50 A

N,

—60

3CB

50

40

30

20

10

Center 2.48 GHz 1 MHz/ Span 10 MHz

Output Power, Wireless Tilt Sensor

Date: 4. APR.2011 15:42:33

Final Corrected Reading

Frequency RA AG CF AF Final Field Strength EIRP EIR
MHz dB(uV) dB dB dB(1/m) dB(uV/m) dBm mwW
2480.0 103.5 35.5 5.5 27.3 100.8 5.5 3.

RA = Receiver Amplitude
AG = Amplifier Gain

CF = Cable Factor

AF = Antenna Factor

EMC Report for Topcon Positioning Systems, Incttenmodel: 5434
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4.2 6-dB Bandwidth
FCC 15.247(a)(2)

Requirements

For systems operating in the 2400-2483.5 MHz bathudigital modulation, the minimum 6-dB Bandwidth
shall be at least 500kHz.

Procedure

A measuring antenna was placed in close proxinithé¢ EUT. The spectrum analyzer resolution
bandwidth was set to approximately 1% of the tetaission bandwidth, VBW>RBW. The 6-dB
Bandwidth was measured by using the DELTA MARKERdtion of the analyzer.

In addition, the Occupied Bandwidth (99%) was messu

Test Results

Frequency (MH2) 6-dB Channd Bandwidth Plot
(MH2)
2480 1.615* 2.1,23,25,2.7

*Highest measurement was reported.

Frequency (MH2) 99% Occupied Bandwidth Plot
(MH2)
2480 2.872* 2.2,2.4,2.6,2.8

*Highest measurement was reported.

EMC Report for Topcon Positioning Systems, Incttenmodel: 5434
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Plot2. 1
* RBW 300 kHz Marker 3 [T1]
* VBW 300 kHz -2.01dB n
Att 30dB SWT 2.5ms 2.479500000 GHz
L o 3 Marker 1 [T1]
\ 4
1 -7.81dB s
p
. A
b1 -7.99 dBm W“\«, 2.4[79272436 GHz [ A
Delta [T‘I ]

10 0.22 dB
lﬂ//‘[ \\“l 1.5p9615385 MHz
20 ' W
f 3
M“MW/M WM\WW
o 1

--60

--80

[—-90

Center 2.48 GHz 800 kHz/ Span 8 MHz

6dB Bandwidth, Wireless Sensor Coordinator
Date: 4. APR.2011 13:46:14
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Plot 2. 2
® * RBW 300 kHz Marker 1 [T1 ]

* VBW 300 kHz 2.43dB n
Ref 3dBm “Att 25dB SWT 2.5 ms 2.479615385 GHz
[, 1 OBW [2.807692308 MHz

Temp |l [T1 OBW]
Wm"”h,\ 22.65 dB rr
M My 24178551282 IGH

.10

Temp 2 [T1 OBW]

12 18.84 dB -
|--20 w;r M 41358974 GH

[0 v”ﬁ% MMM

s " ij}:%

--40

3CB

--60

|--80

—-90

Center 2.48 GHz 800 kHz/ Span 8 MHz

99% Bandwidth, Wireless Sensor Coordinator
Date: 4.APR.2011 13:58:10
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Plot 2. 3

* RBW 300 kHz Marker 3 [T1]

* VBW 300 kHz -3.88 dB s

Attt 25dB SWT 2.5 ms 2.480461538 GHz
o Markel 1 [T1]
3
v 10.59 dB s
1 2 2.4[79384615 GHz
L 10 D1 -9.88dBm Delta 2 [T1]
1 PK /J‘r' 0.30 dB
MAXH H}’l 1.538461538 MHz
--20
--30 N/J‘M ,',/JW I
- 50
3CB

--60
- 70
--80
--90
Center 2.48 GHz 800 kHz/ Span 8 MHz

6dB Bandwidth, Wireless Tilt Sensor Compass
Date: 4.APR.2011 14:38:20
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Plot 2. 4
® * RBW 300 kHz Marker 1 [T1 ]
* VBW 300 kHz 3.97dB n
Ref 3dBm “Att 25dB SWT 2.5 ms 2.479512821 GHz
" l OBW [2.807692308 MHz
Temp |l [T1 OBW]
mrm 27.73 dB rr
--10 2. 478525641 H
1 PK n Temp R [T1 OBW]
MAXH N\"J 25.06 dB n
. ! .

M %wﬂ

3CB

--60

|--80

—-90

Center 2.48 GHz 800 kHz/ Span 8 MHz

99% Bandwidth, Wireless Tilt Sensor Compass
Date: 4.APR.2011 14:42:31
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Plot 2. 5
* RBW 300 kHz Marker 3 [T1]
* VBW 300 kHz -4.04 dB ng
*Att 25dB SWT 2.5 ms 2.479564103 GHz
o Markel 1 [T1]
10.42 dB ng

Mm‘\z 2.4779243590 [GHz

| 10 D1 -10.04ldBm Delta  [T1]

1 PK 0.11 dB

MAXH 1.6[15384615 MHz
--20 / \}\1(“

2 Mfﬂm M\

mu ) WV‘W&

=
4 W

--60

--80

[—-90

Center 2.48 GHz 800 kHz/ Span 8 MHz

6dB Bandwidth, Wireless Tilt Sensor + Receiver
Date: 4. APR.2011 15:13:33
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Plot 2. 6
® * RBW 300 kHz Marker 1 [T1 ]
* VBW 300 kHz -4.07 dB "
Ref 3dBm “Att 25dB SWT 2.5 ms 2.479615385 GHz

OBW [2.717948718 MHz
Temp |l [T1 OBW]
/M 24.47 dB rr

--10 U 2478615385 IGH
1 PK Temp 2 [T1 OBW]
MAXH 22.50 dB rr

20 jﬂ \iqj\{ ApI333333GH
[ 50 WM ,y\l*‘\m\\
ot 1Y W

-4 St

3CB

--60

|--80

—-90

Center 2.48 GHz 800 kHz/ Span 8 MHz

99% Bandwidth, Wireless Tilt Sensor + Receiver
Date: 4.APR.2011 15:18:41
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Plot 2. 7
* RBW 300 kHz Marker 3 [T1]
* VBW 300 kHz -4.59 dB ng
*Att 25dB SWT 2.5 ms 2.480500000 GHz
o Markel 1 [T1]
3

10.57 dB m

1 M > 2.4[79307692 GHz B
B1=16-59[dBm Delta 2 [T1]
Lo 0.24 dB
M 1.538461538 MHz
|20 My/ \f\\“

i "y

Mww N,

--60

--80

[—-90

Center 2.48 GHz 800 kHz/ Span 8 MHz

6dB Bandwidth, Wireless Tilt Sensor
Date: 4. APR.2011 15:46:21
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Plot 2. 8
® * RBW 300 kHz Marker 1 [T1 ]
* VBW 300 kHz -4.28 dB "
Ref 3dBm “Att 25dB SWT 2.5 ms 2.479628205 GHz
, OBW [2.871794872 MHz

Temp |l [T1 OBW]
JJ‘AKN\ 24.80 dB n
| 10 M M 2 4178525641 IGH
1 PK Temp [T1 OB
MAXH / \ 22.97 dB n
--20 T2

M’J X“wwi}!

30 // N
MMWMM W ]

3CB

--60

|--80

—-90

Center 2.48 GHz 800 kHz/ Span 8 MHz

99% Bandwidth, Wireless Tilt Sensor
Date: 4.APR.2011 15:48:53
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4.3 Out-of-Band Conducted Emissions
FCC 15.247(d)

Requirement

In any 100 kHz bandwidth outside the EUT pass-bdr@RF power shall be at least 20 dB below th#ief
maximum in-band 100 kHz emission.

Procedure
The EUT has a permanently attached internal antelirtibes not contain an antenna port connector.

Instead of Antenna Conducted measurements, Radisadurements were performed. The out-of-band
emissions were measured from 30 MHz to 25 GHz.

Test Result
Refer to the radiated emissions test data locateeport section 4.5.

The attenuation of emissions outside the EUT passtis more than 20 dB.

EMC Report for Topcon Positioning Systems, Incttenmodel: 5434
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4.4 Power Spectral Density
FCC 15.247 (e)

Requirement

For digitally modulated systems, the power spedesisity conducted from the intentional radiatothie
antenna should not be greater than 8dBm in any 3 lk&hd during any time interval of continuous
transmission.

Procedure

The EUT has a permanently attached internal antehirtBbes not contain an antenna port connector.
Instead of Antenna Conducted measurements, Radisadurements were performed.

(A) Tune the analyzer to the highest point of theximized fundamental emission.
Reset the analyzer to a RBW = 3 kHz, VBW > RBW,nspa8800 kHz, sweep = 100 sec.

(B) From the peak level obtained in (A), derive fiedd strength, E, by applying the appropriatecania
factor, cable loss, pre-amp gain, etc.

The transmitter's peak power was calculated usiaddiiowing equation:
Where: E = the measured maximum field strength/m.V

Set the RBW > 6dB bandwidth of the emission oraipeak power meter.
P = (E x d) squared / (30 x G)

G = the numeric gain of the transmitting antenner@n isotropic radiator.
d = the distance in meters from which the fielésgth was measured.

P = the power in watts for which you are solving.

Test Result

Refer to the following plots for the test result:

Frequency Power Spectral Density Plot
(MH2) (dBm)
2480 -7.8* 4.1t04.4

*Highest measurement was reported.
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Plot 4. 1

Uncorrected Receiver Reading

Marker 1 [T1]

* RBW 3 kHz

91.71 dBpuV
2.479658173 GHz

*VBW 10 kHz
* SWT 100 s

* Att 25dB

Ref 110 dBuv

110

-100

Span 300 kHz

30 kHz/

Center 2.479658654 GHz

Power Density, Wireless Sensor Coordinator

Date: 4.APR.2011 14:08:55

Final Corrected Reading

~ o
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al|z|o
e
o [90)
T _ls
W el
m
©
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|
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&l=lo
—~
s|E|lo
o=|®
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o
w|E(<
< ||
m
©
L Lo
[aa ] iTe}
Cd
L0
G .
Lo
<8
P
S
Rmm9
©
>
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qM4
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Receiver Amplitude

Amplifier Gain
Cable Factor

RA =
AG
CF

Antenna Factor

AF =
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Plot 4. 2

Uncorrected Receiver Reading

® * RBW 3 kHz Marker 1 [T1 ]
* VBW 10 kHz 91.40 dBpV

Ref 110 dBuv “Att 25dB * SWT 100 s 2.479677724 GHz

110

100
1 PK] 1
oo T

f‘g\m V‘\ A A N Py N AN

v oy ww o) w Vi N
70
60
3CB

50

40

30

20

10

Center 2.479613782 GHz 30 kHz/ Span 300 kHz
Power Density, Wireless Tilt Sensor Compass
Date: 4.APR.2011 14:56:29

Final Corrected Reading
Frequency RA AG CF AF Final Field Strength EIRP EIR
MHz dB(uVv) dB dB dB(1/m) dB(uVv/m) dBm mwW
2480.0 914 35.5 55 27.3 88.7 -6.6 0.2

RA = Receiver Amplitude
AG = Amplifier Gain

CF = Cable Factor

AF = Antenna Factor

EMC Report for Topcon Positioning Systems, Incttenmodel: 5434
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Plot 4. 3

Uncorrected Receiver Reading

® * RBW 3 kHz Marker 1 [T1 ]
* VBW 10 kHz 89.39 dBuV
Ref 110 dBuv “Att 25dB “ SWT 100 s 2.479676442 GHz
110

100
1 P ]
| o f

A /|I\ A " \/\ PN %A\ [

3CB

50

40

30

20

10

Center 2.479677885 GHz 30 kHz/ Span 300 kHz

Power Density, Wireless Tilt Sensor + Receiver

Date: 4. APR.2011 15:29:26

Final Corrected Reading

Frequency RA AG CF AF Final Field Strength EIRP EIR
MHz dB(uVv) dB dB dB(1/m) dB(uVv/m) dBm mwW
2480.0 89.4 35.5 5.5 27.3 86.7 -8.6 0.14

RA = Receiver Amplitude
AG = Amplifier Gain

CF = Cable Factor

AF = Antenna Factor

EMC Report for Topcon Positioning Systems, Incttenmodel: 5434
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Plot 4. 4

Uncorrected Receiver Reading

® * RBW 3 kHz Marker 1 [T1 ]
* VBW 10 kHz 89.29 dBuV
Ref 110 dBuv “Att 25dB “ SWT 100 s 2.479684776 GHz
110
e
1 P L
| o
. /\MM\LMMH AA/M\ W T P 11 ) W\
\a L R AR
60
3CB
50
40
30
20
10
Center 2.479684295 GHz 30 kHz/ Span 300 kHz

Power Density, Wireless Tilt Sensor
Date: 4.APR.2011 15:57:03

Final Corrected Reading

Frequency RA AG CF AF Final Field Strength EIRP EIR
MHz dB(uVv) dB dB dB(1/m) dB(uVv/m) dBm mwW
2480.0 89.3 35.5 5.5 27.3 86.6 -8.7 0.13

RA = Receiver Amplitude
AG = Amplifier Gain

CF = Cable Factor

AF = Antenna Factor

EMC Report for Topcon Positioning Systems, Incttenmodel: 5434
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4.5 Transmitter Radiated Emissions
FCC 15.247 (d), 15.205, 15.209

Procedure

Radiated emission measurements were performed 8@nvHz to 25,000 MHz. Spectrum Analyzer
Resolution Bandwidth is 100 kHz or greater for fregcies 30 MHz to 1000 MHz, 1 MHz - for frequencies
above 1000 MHz.

The EUT is placed on a non-conductive table. éf BUT attaches to peripherals, they are connectdd a
operational (as typical as possible). During tegtiall cables were manipulated to produce worse cas
emissions. The signal is maximized through rotafidre antenna height and polarization are variethgthe
search for maximum signal level. The antenna heggbaried from 1 to 4 meters.

Radiated emissions are taken at three meters uhkesigynal level is too low for measurement atdigtance.
If necessary, a pre-amplifier is used and/or tist i conducted at a closer distance. All readigs
extrapolated back to the equivalent three-metatingausing inverse scaling with distance.

Data is included of the worst case configuratidre (€onfiguration which resulted in the highest aiis
levels). A sample calculation, configuration phoagghs and data tables of the emissions are included

EMC Report for Topcon Positioning Systems, Incttenmodel: 5434
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Field Strength Calculation

For measurements made at 10 meters distance

The field strength is calculated by adding the AnteFactor and Cable Factor to from the measuesling,
followed by subtracting the Amplifier Gain (if angnhd Distance Correction Factor (if any). The basi
equation with a sample calculation is as follows:

The field strength is calculated by adding the AnteFactor and Cable Factor and the Distance Qimmec
Factor; and subtracting the Amplifier Gain from theasured reading. The basic equation with a sampl
calculation is as follows:

FS=RA + AF + CF - AG + DCF

Where FS = Field Strength in dB{/m)

RA = Receiver Amplitude (including preamplifier) dB(uV)

AF = Antenna Factor in dB(1/m)

CF = Cable Attenuation Factor in dB

AG = Amplifier Gain in dB

DCF = Distance Correction Factor in dB for measuameism made at 10 meters distance

Assume areceiver reading of 52.5 dBJ is obtained. The antennas factor of 7.4 dB(&ng) cable factor of
1.6 dB is added. The amplifier gain of 29 dB anst@hce Correction Factor (for measurements maiie at
meters distance) of 10.5 dB is subtracted, givield Strength of 22 dB(v/m). This value in dB{V/m) was
converted to its corresponding levelul/m.

RA =52.5 dBV)

AF = 7.4 dB(1/m)

CF=16dB
AG =29.0dB
DCF =10.5dB

FS =52.5+7.4+1.6-29.0+10.5 = 43 ¢@&{m).
Level inpV/m = Common Antilogarithm [(43 dBv/m)/20] = 141.3uV/m.

For measurements made at 3 meters distance
The field strength is calculated by following th@mple abovéor measurements made at 10 meters distance
except the Distance Correction Factor in dB isapgtlied.

Result

The data on the following pages list the significamission frequencies, the limit and the margin of
compliance. The radiated emissions in the resttibiands are presented on the following Plots 5.8~
The EUT passed by 1.1 dB.

EMC Report for Topcon Positioning Systems, Incttenmodel: 5434
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Plot 5.1

s e Normal
emp: 22C
Humidity: 33%

60.0T

50.0T

40.01

30.0T

20.0T

Amplitude (dBuV/m)

10.0T

Intertek

Radiated Emissions 30 MHz - 1000 MHz
FCC Part 15 Class B (Horizontal)

— Limitat3m

Peak Scan Horizontal
QP Level

+
¢
oy

0
10.0M

Operator: EC
01:05:01 PM, Tuesday, April 12, 2011

" 100.0M
Frequency (Hz)

Model Number: 5434 .
Company: Topcon Positioning Systems, Inc.

Intertek Testing Services

Radiated Emissions 30 MHz - 1000 MHz
FCC Part 15 Class B (QP-Horizontal)
Model Number: 5434 (Sensors & Coa@iir)

Operator: EC

12-Apr-11 Company: Topcon Positioning Systems, |
Quas Pk
Freguency FS Limit@3m | Margin RA CF AG DCF AF
Hz dB(uVv/m) | dB(uV/m) dB dB(uVv) dB dB dB dB(/m)

2.69E+08 25.4 46.0 -20.6 31.6 1.9 31.8 106 132
7.66E+08 42.6 46.0 -3.4 40.2 3.3 32.0 10.6 20|6
8.16E+08 42.8 46.0 -3.2 40.1 3.4 31.9 10.6 20|7
8.33E+08 44.7 46.0 -1.3 41.9 3.4 31.9 10.6 20|7
8.64E+08 40.3 46.0 -5.7 36.7 3.5 31.7 10.b 214
8.99E+08 42.0 46.0 -4.0 38.1 3.6 31.6 10.6 21|5
9.12E+08 41.2 46.0 -4.8 36.8 3.6 31.5 10.6 21/8
9.66E+08 41.6 54.0 -12.4 36.7 3.7 31.1 106 218
9.99E+08 40.7 54.0 -13.3 34.1 3.8 30.9 106 23|12

Test Mode: Normal
Temp: 22C
Humidity: 33%

Note: All 3 wireless sensors and the wireless doatdr were placed on the test table and measurbe a

same time.
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Plot 5. 2
e 3 o Intertek — Lmitatam
Humidity: 33% Radiated Emissions 30 MHz - 1000 MHz . ggalkmsli?n Vertical

Amplitude (dBuV/m)

60.0T

50.0T

40.01

30.0T

20.0T

10.0T

FCC Part 15 Class B (Vertical)

|

0
10.0M

Operator: EC

01:44:46 PM, Tuesday, April 12, 2011

" 100.0M
Frequency (Hz)

Model Number: 5434
Company: Topcon Positioning Systems, Inc.

Intertek Testing Services

Radiated Emissions 30 MHz - 10002vIH
FCC Part 15 Class B (QP-Vertical)

Operator: EC

Model Number: 5434 (Sensors & Cogridir)

12-Apr-11 Company: Topcon Positioning Systems, |
Quas Pk

Freguency FS Limit@3m | Margin RA Cable AG DCF AF

Hz dB(uVv/m) | dB(uV/m) dB dB(uVv) dB dB dB dB(/m)
8.10E+07 35.9 40.0 -4.1 49.4 1.0 32.1 10.6 7.0
2.69E+08 29.0 46.0 -17.0 35.2 1.9 31.8 106 132
7.66E+08 37.2 46.0 -8.8 34.8 3.3 32.0 10.6 20/6
8.33E+08 44.9 46.0 -1.1 42.1 3.4 31.9 10.6 20|7
8.99E+08 43.0 46.0 -3.0 39.1 3.6 31.6 10.6 21/5
9.66E+08 44.8 54.0 -9.2 39.9 3.7 31.1 10.6 21/8
9.99E+08 44.0 54.0 -10.0 37.5 3.8 30.9 10.6 23|11
Test Mode: Normal
Temp: 22C

Humidity: 33%

EMC Report for Topcon Positioning Systems, Incttenmodel: 5434
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Plot 5. 3

[Temperature: 23
Humidity: 32 %

Test mode: Normal

c

)

Operator: EC

Am plitude (dBuV/im

Radiated Emissions 1 GHz - 10 GHz,Average Detector

Intertek

FCC Part 15 Class B (Horizontal)

— Limitat3m

* _Average Level

— Peak ScanHorizontal

|
(LU

=

04:19:42 PM,Monday, August 01,2011

Frequency (Hz)

Model Number: 5434

1006

Company: Topcon Positioning Systems, Inc.

Operator: EC

Intertek Testing Services
Radiated Emissions 1 GHz - 10 GHz, Averlagtector
FCC Part 15 Class B (Horizontal)

Model Number: 5434 (Sensors & Couatdir)

1-Aug-11 Company: Topcon Positioning Systems, In
Frequency | Av Leve Limit@3m | Margin Raw Cable Preamp AF
(H2) (dBuVv/m) | (dBuV/m) (dB) (dBuVv) (dB) (dB) dB(1/m)
1.744E+10 38.6 54.0 -15.4 215 10.7 35.2 41.4
Test mode: Normal
Temperature: 23 C

Humidity: 32 %
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Plot 5. 4

Test mode: Normal
[Temperature: 23 C
Humidity: 32 %

Am plitude (dBuV/m)

Operator: EC

Radiated Emissions 1 GHz - 10 GHz,Average Detector

Intertek

FCC Part 15 Class B (Vertical)

— Lmitat3m
— Peak ScanVertical
¢ Average Level

el

e I Y

04:14:40 PM,Monday, August 01,2011

Frequency (Hz)

Model Number: 5434

1006

Company: Topcon Positioning Systems, Inc.

Intertek Testing Services

Radiated Emissions 1 GHz - 10 GHz, Averageector
FCC Part 15 Class B (Vertical)

Operator: EC

Model Number: 5434 (Sensors & Couattir)

1-Aug-11 Company: Topcon Positioning Systems, In
Frequency | Av Leve Limit@3m | Margin Raw Cable Preamp AF

(Hz) (dBuV/m) | (dBuV/m) (dB) (dBuVv) (dB) (dB) dB(1/m)
1.745E+10 38.8 54.0 -15.2 21.6 10.7 35.2 41.6

Test mode: Normal
Temperature: 23 C
Humidity: 32 %
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Plot5. 5
[Test mode: Normal Intertek — Lmita3m
Lerrr:]pde{atusrze;/uza ¢ Radiated Emissions 10 GHz - 18 GHz, Average Detector — ScanHorizontal
umidity:
Y FCC Part 15 Class B (Horizontal) 2 verapled
£
s
>
o 4D
= T ey
P IPPRP R EREVARSURI VRIS TR VU Vo Wy
=
£
<<
12006 1206 1406 1606 1806
Frequency (Hz)
Operator: EC Model Number: 5434
05:09:37 PM,Monday, August 01,2011 Company: Topcon Positioning Systems, inc.
[Test mode: Normal Intertek — Umita3m
Lemp;{au;rze;’/ZS C Radiated Emissions 10 GHz - 18 GHz,Average Detector — ScanVertical
umidity:
y > FCC Part 15 Class B (Vertical) L+ meoplee |
B
>
>
@ 40
=) W
L4 Ry MM
I O it W s ol
2
£
<
1006 1206 1406 1606 1806
Frequency (Hz)

Operator: EC
05:11:45 PM,Monday, August 01,2011

Model Number: 5434

Company: Topcon Positioning Systems, Inc.
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Plot5. 6

Humidity: 32 %

Test mode: Normal
[Temperature: 23 C

Operator: EC

Am plitude (dBuV/m)

Intertek

Radiated Emissions 1 GHz - 10 GHz, Peak Detector

FCC Part 15 Class B (Horizontal)

— Lmitat3m

¢ Averagelevel

~ Peak Scan Horizontal

N .

04:59:47 PM,Monday, August 01,2011

Frequency (Hz)

Model Number: 5434
ITSJob Number: G100329719

1006

Company: Topcon Positioning Systems, Inc.

Intertek Testing Services
Radiated Emissions 1 GHz - 10 GHz, Peale@or

Operator: EC

FCC Part 15 Class B (Horizontal)

Model Number: 5434 (Sensors & Cioaitdr)

1-Aug-11 Company: Topcon Positioning Systems, |
Frequency | Pk Level | Limit@3m | Margin | Raw Cable Preamp AF
(Hz) (dBuV/m) | (dBuV/m) (dB) | (dBuV) (dB) (dB) dB(1/m)

1.000E+09 44.1 74.0 -29.9 53.2 2.5 35.2 23.6
1.008E+09 43.0 74.0 -31.0 52.( 2.6 35.2 23.6
1.033E+09 46.7 74.0 -27.3 55.6 2.6 35.2 23.7
1.100E+09 43.5 74.0 -30.5 52.( 2.7 35.2 24.0
1.109E+09 41.5 74.0 -32.5 50.0 2.7 35.2 24.0
1.166E+09 44.6 74.0 -29.4 52.7 2.8 35.2 24.2
2.132E+09 44.2 74.0 -29.8 47.0 4.0 35.5 28.6
2.354E+09 41.7 74.0 -32.3 44.6 4.3 35.5 28.3
2.449E+09 50.5 74.0 -23.5 53.3 4.5 35.5 28.2
2.509E+09 57.3 74.0 -16.7| 60.1 4.6 35.5 28.1
2.626E+09 43.4 74.0 -30.6 45.9 4.6 35.6 28.5
4.957E+09 48.2 74.0 -25.8 39.4 10.1 34.8 33.5
6.042E+09 44.4 74.0 -29.6 33.2 9.5 34.5 36.2
7.442E+09 52.6 74.0 -21.4 38.6 0.8 33.7 37.9
9.468E+09 48.1 74.0 -25.9 32.1 11.7 34.2 38.5

Test mode: Tx
Temperature: 23 C
Humidity: 32 %

EMC Report for Topcon Positioning Systems, Incttenmodel: 5434
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Plot 5. 7

Test mode: Normal
[Temperature: 23C
Humidity: 32 %

Intertek

Radiated Emissions 1 GHz - 10 GHz, Peak Detector
FCC Part 15 Class B (Vertical)

— Lmitat3m
— Peak ScanVertical
¢ Average Level

)

Am plitude (dBuV/im

ALIAJ‘AMW

W

Operator: EC

04:48:08 PM,Monday, August 01,2011

Frequency (Hz)

Model Number: 5434
ITSJob Number: G100329719

1006

Company: Topcon Positioning Systems, nc

Intertek Testing Services
Radiated Emissions 1 GHz - 10 GHz, Peale&ior
FCC Part 15 Class B (Vertical)

Operator: EC

Model Number: 5434 (Sensors & Cioaitor)

1-Aug-11 Company: Topcon Positioning Systems, |
Frequency | Pk Level | Limit@3m | Margin | Raw Cable Preamp AF
(MH2) (dBuV/m) | (dBuV/m) (dB) | (dBuV) (dB) (dB) dB(1/m)

1.001E+09 44.5 74.0 -29.5 53.5 2.6 35.2 23.6
1.033E+09 46.9 74.0 -27.1 55.9 2.6 35.2 23.7
1.101E+09 44.0 74.0 -30.0 52.5 2.7 35.2 24.0
1.167E+09] 43.9 74.0 -30.1 52.1 2.8 35.2 24.2
1.174E+09] 42.0 74.0 -32.0 50.1 2.9 35.2 24.3
1.894E+09] 50.8 74.0 -23.2 54.3 3.8 35.4 28.1
2.135E+09] 43.9 74.0 -30.1 46.7 4.0 35.5 28.6
2.431E+09] 435 74.0 -30.5 46.3 4.4 35.5 28.2
2.465E+09] 45.0 74.0 -29.0 47.8 4.5 35.5 28.1
2.505E+09] 54.0 74.0 -20.0 56.8 4.6 35.5 28.1
4.957E+09] 45.8 74.0 -28.2 37.0 10.1 34.8 33.5
6.024E+09] 45.1 74.0 -28.9 33.8 9.6 34.5 36.2
8.219E+09] 47.3 74.0 -26.7 32.4 11.3 33.9 37.6
9.454E+09] 48.2 74.0 -25.8 32.3 11.7 34.2 38.5

Test mode: Normal
Temperature: 23 C
Humidity: 32 %

EMC Report for Topcon Positioning Systems, Incttenmodel: 5434
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)

Am plitude (dBuV/im

Operator: EC

Plot 5. 8
[Test mode: Normal Intertek — Umitaism
[Temperature: 23C Radiated Emissions 10 GHz - 18 GHz, Peak Detector — Scan Horizontal
Humidity: 32 % # Average Level

FCC Part 15 Class B (Horizontal)

500

WV T
At TRy e M b -
L P

o w w“ 'M.J uw“‘" Lol

1006 1206

05:20:56 PM,Monday, August 01,2011

1406
Frequency (Hz)

16.06 1806

Model Number: 5434

Company: Topcon Positioning Systems, Inc.

Test mode: Normal
[Temperature: 23 C
Humidity: 32 %

Am plitude (dBuVim)

Operator: EC

Intertek
Radiated Emissions 10 GHz - 18 GHz, Peak Detector
FCC Part 15 Class B (Vertical)

— Limita3m
— Scan Vertical
# AverageLevel

600

IEVTIITTT Mg
Py

sl ontatidibenl it 0|
" "
40.0

1006 1206

05:23:05 PM, Monday, August 01,2011

1406
Frequency (Hz)

160G 180G

ModelNumber: 5434

Company: Topcon Positioning Systems, Inc.

Note: No emissions were detected above the naise ift the range of 18GHz — 25GHz.
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4.6 Radiated Emissions from Digital Parts and Receiver

FCC Ref: 15.109

Test Limit
Limitsfor Electromagnetic Radiated Emissions, FCC Section 15.109(b) and | CES 003*
Frequency Class A at 10m ClassB at 3m
(MH2z) dB(uVv/m) dB(uVv/m)
30-88 39 40.0
88-216 43.5 43.5
216-960 46.4 46.0
Above 960 49.5 54.0

* According to FCC Part 15.109(g) an alternativeéhie radiated emission limits shown above, digital

devices may be shown to comply with the limit o6€R Pub. 22

Test Results

Radiated emission measurements were performed3tbiMHz to 1000 MHz. The data on the following
pages list the significant emission frequencies, liimit and the margin of compliance. The resaits

presented on the following Plots 6.1 — 6.2.

The EUT passed by 1.1 dB.
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Plot 6. 1

s e Normal
emp: 22C
Humidity: 33%

60.0T

50.0T

Amplitude (dBuV/m)

10.0T

Operator: EC

01:05:01 PM, Tuesday, April 12, 2011

40.01

30.0T

20.0T

Intertek

Radiated Emissions 30 MHz - 1000 MHz
FCC Part 15 Class B (Horizontal)

— Limitat3m

Peak Scan Horizontal
QP Level

+
¢
oy

0
10.0M

" 100.0M
Frequency (Hz)

Model Number: 5434
Company: Topcon Positioning Systems, Inc.

Intertek Testing Services

Radiated Emissions 30 MHz - 1000 MHz
FCC Part 15 Class B (QP-Horizontal)

Operator: EC

Model Number: 5434 (Sensors & Coa@iir)

12-Apr-11 Company: Topcon Positioning Systems, |
Quas Pk
Freguency FS Limit@3m | Margin RA CF AG DCF AF
Hz dB(uVv/m) | dB(uV/m) dB dB(uVv) dB dB dB dB(/m)

2.69E+08 25.4 46.0 -20.6 31.6 1.9 31.8 106 132
7.66E+08 42.6 46.0 -3.4 40.2 3.3 32.0 10.6 20|6
8.16E+08 42.8 46.0 -3.2 40.1 3.4 31.9 10.6 20|7
8.33E+08 44.7 46.0 -1.3 41.9 3.4 31.9 10.6 20|7
8.64E+08 40.3 46.0 -5.7 36.7 3.5 31.7 10.b 214
8.99E+08 42.0 46.0 -4.0 38.1 3.6 31.6 10.6 21|5
9.12E+08 41.2 46.0 -4.8 36.8 3.6 31.5 10.6 21/8
9.66E+08 41.6 54.0 -12.4 36.7 3.7 31.1 106 218
9.99E+08 40.7 54.0 -13.3 34.1 3.8 30.9 106 23|12

Test Mode: Normal

Temp: 22C

Humidity: 33%
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Plot 6. 2
e 3 o Intertek — Lmitatam
Humidity: 33% Radiated Emissions 30 MHz - 1000 MHz . ggalkmsli?n Vertical

Amplitude (dBuV/m)

60.0T

50.0T

40.01

30.0T

20.0T

10.0T

FCC Part 15 Class B (Vertical)

|

0
10.0M

Operator: EC

01:44:46 PM, Tuesday, April 12, 2011

" 100.0M
Frequency (Hz)

Model Number: 5434 )
Company: Topcon Positioning Systems, Inc.

Intertek Testing Services

Radiated Emissions 30 MHz - 10002vIH
FCC Part 15 Class B (QP-Vertical)

Operator: EC

Model Number: 5434 (Sensors & Cogridir)

12-Apr-11 Company: Topcon Positioning Systems, |
Quas Pk

Freguency FS Limit@3m | Margin RA Cable AG DCF AF

Hz dB(uVv/m) | dB(uV/m) dB dB(uVv) dB dB dB dB(/m)
8.10E+07 35.9 40.0 -4.1 49.4 1.0 32.1 10.6 7.0
2.69E+08 29.0 46.0 -17.0 35.2 1.9 31.8 106 132
7.66E+08 37.2 46.0 -8.8 34.8 3.3 32.0 10.6 20/6
8.33E+08 44.9 46.0 -1.1 42.1 3.4 31.9 10.6 20|7
8.99E+08 43.0 46.0 -3.0 39.1 3.6 31.6 10.6 21/5
9.66E+08 44.8 54.0 -9.2 39.9 3.7 31.1 10.6 21/8
9.99E+08 44.0 54.0 -10.0 37.5 3.8 30.9 10.6 23|11
Test Mode: Normal
Temp: 22C

Humidity: 33%

EMC Report for Topcon Positioning Systems, Incttenmodel: 5434

File: 100329719MPK-001

Page 41 of 46




Intertek

4.7 AC Line Conducted Emission
FCC 15.207
Test Limit
Frequency Band ClassB Limit dB (uV)
MHz Quasi-Peak Average
66 to 56 56 to 46
0.15-0.50 Decreases linearly with the logarithm Decreases linearly with the logarithm jof
of the frequency the frequency
0.50-5.00 56 46
5.00-30.00 60 50

Note: At the transition frequency the lower limipdies.

Test Procedure

Measurements are carried out using quasi-peak\ardge detector receivers in accordance with CIS®R
An AMN is required to provide a defined impedanthkigh frequencies across the power feed at tha pbi

measurement of terminal voltage and also to pragidlation of the circuit under test from the anmiieoise

on the power lines. An AMN as defined in CISPR hélkbe used.

The EUT is located so that the distance betweehdhadary of the EUT and the closest surface oAtti&
is 0.8m.

Where a flexible mains cord is provided by the niaawrer, this shall be 1m long or if in exces4wof, the
excess cable is folded back and forth as far asiflesso as to form a bundle not exceeding 0.4karigth.

The EUT is arranged and connected with cables text@il in accordance with the product specification.

Conducted disturbance is measured between the [gaakand the reference ground, and between thieheu
lead and the reference ground. Both measured vaheagported.

The EUT, where intended for tabletop use, is plawed table whose top is 0.8m above the groundepkan
vertical, metal reference plane is placed 0.4m filoerEUT. The vertical metal reference-plane Ieadt 2m
by 2m. The EUT shall be kept at least 0.8m fromathgr metal surface or other ground plane notgoeart
of the EUT. The table is constructed of non-conidaanaterials. Its dimensions are 1m by 1.5m, bay tre
extended for larger EUT.

Floor standing EUT are placed on a horizontal mgtalind plane and isolated from the ground plane by
resting on an insulating material. The metal groplatche extends at least 0.5m beyond the boundzfrtbe
EUT and has minimum dimensions of 2m by 2m.

Equipment setup for conducted disturbance tesisiet the guidelines of ANSI C63.4.

EMC Report for Topcon Positioning Systems, Incttenmodel: 5434
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Test Results

Not Applicable. EUT does not contain any AC powertp. EUT is battery powered.
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5.0 RF Exposur e Evaluation
M PE Evaluation

The EUT is a wireless device used in a mobile apfibin, at least 20 cm from any body part of ther us
nearby persons.

The maximum Peak EIRP calculated is 8.6 dBm or m¥2¥; therefore, to comply with RF Exposure
Requirement, the MPE is calculated.

The Power Density can be calculated using the famu
S = EIRP/ AD?

Where: S is Power Density in W/m
D is the distance from the antenna.

It is considered that 20 cm is the minimum distaiheg user can go closest to the EUT.

At 20 cm, S = 0.014 W/fmwhich is below the MPE Limit of 10 W/m
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6.0 List of Test EQuipment

Measurement equipment used for emission compliastimg utilized the equipment on the followind:lis

Equipment M anufacturer M odel/Type Serial # Cal Int Cal Due
RF Filter Section Hewlett Packard 85460A 3448A00267 12 12/08/11
EMI Receiver Hewlett Packard 8546A 3710A00373 12 | 2/08/11
Spectrum Analyzer Rohde&Schwarz FSP40 036612004 12| 11/04/11
Bl-Log Antenna ARA LPB-2513/A 1154 12 06/29/11
Pre-Amplifier Sonoma 310N 185634 12 12/01/11
Pre-Amplifier Miteq AMF-4D-001180-24- | 799159 12 08/05/11

10P

Vector Signal Generator Rohde&Schwarz SMU200A 1@249 12 04/28/11
Spectrum Analyzer Rohde&Schwarz FSU 200482 12 32
Horn Antenna EMCO 3115 00126795 12 10/28/(11
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7.0 Document History

Revision/ Writer
Job Number Initials Rate Change
1.0/G100329719 EC April 27, 2011 Original documen
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