Intertek

TEST REPORT

Report Number: 100246399M PK -009

Project Number: G100246399
Report Date: September 12, 2012

Testing performed on the
GR-5 GNSS Receiver
Model: 01-090901-21
FCC ID: LCB-D90901
|C ID: 6050B-D90901

to

FCC Part 15 Subpart C (15.247)
RSS-210 Issue 8
FCC Part 15, Subpart B
Industry Canada | CES-003

for

Topcon Positioning Systems, Inc.

Test Performed by: Test Authorized by:
Intertek Topcon Positioning Systems, Inc.
1365 Adams Court 7400 National Drive

Menlo Park, CA 94025, USA

Prepared by: @Q\O/\f@

KrishraK Vemuri, Senior Staff Engineer

Yuriy Litvinov, EMC Business Manager

Reviewed by:

Livermore, CA 94551, USA

September 12, 2012

September 12, 2012

This report is for the exclusive use of Intertélfient and is provided pursuant to the agreememiben Intertek and its Clienf.

Intertek's responsibility and liability are limited the terms and conditions of the agreementrtighkeassumes no liability to a
party, other than to the Client in accordance witle agreement, for any loss, expense or damagesiocead by the use of thfs
report. Only the Client is authorized to copy astdbute this report and then only in its entirefyny use of the Intertek name or

of its marks for the sale or advertisement of #stdd material, product or service must first bpraped in writing by Intertek. Th

observations and test results in this report arlevant only to the sample tested. This report bglfitdoes not imply that t

material, product, or service is or has ever beader an Intertek certification program. This repanust not be used to clai

product endorsement by A2LA, NIST nor any othenegef the U.S. Government.

EMC Report for Topcon Positioning Systems, IncttenGR-5 GNSS Receiver

File: 100246399MPK-009

Page 1 of 66

e



Intertek

Report No. 100246399M PK -009

Equipment Under Test:

Trade Name:
Model No.:
FCC ID:
ICID:;
Applicant:
Contact:
Address:
Country

Tel. Number:
Email:

Applicable Regulation:

Test Site Location:

Date of Test:

We attest to the accuracy of thisreport:

GR-5 GNSS Receiver

Topcon Positioning Systems, Inc.
01-090901-21

LCB-D90901

6050B-D90901

Topcon Positioning Systems, Inc.
Ferdinand Riodique

7400 National Drive

Livermore, CA 94551

USA

(925) 784-9178
Friodique@topcon.com

FCC Part 15 Subpart C (15.247)
RSS-210 Issue 8

FCC Part 15, Subpart B

Industry Canada ICES-003

ITS —Site 1
1365 Adams Drive
Menlo Park, CA 94025

October 18 to November 24, 2010

AV G Awtrs Fen
(@Q\O)Q- Yy

Krishna K Vemuri Yuriy Litvinov

EMC Senior Staff Engineer EMC Business Manager

EMC Report for Topcon Positioning Systems, IncttenGR-5 GNSS Receiver
File: 100246399MPK-009 Page 2 of 66



Intertek

1.0

20

3.0

4.0

5.0

6.0

7.0

018 oo 11 x4 o o S 4
1.1 SUMMIANY OF TOSIS i iitttiii it ettt e e et et e e e e e e e eeeereareeeeeeeennes 4
(1= ol = 1 1= o o o] o IS 5
2.1 (oo [N ol D=t o o] 1 o] o F PP 5
2.2 Related SUDMITTAI(S) GFANTS .........ueeueeet oo e e e e e e ee e e e e e e ea e e e e e e e e e e ae e e e e e e e e e eeaeaaaaeaaaaaaeaens 6
2.3 IC=ES 001 =Y 1 T [o] (oo | 6
2.4 B IC=ES 0 = (o 112 6
System Test CONFIQUIALION .......oiuiiie ettt e s re e re e e e resneennas 7
3.1 SUPPOIT EQUIPMENT ..ot 7
3.2 Block Diagram of TeSt SEIUP ....ccoeviiiiei it e e eeeees 7
3.4 Software EXErciSe Program ...........uui it e e e e e e et e e e e e e e e e ennnnans 8
3.5 Mode of Operation DUFNG TESt........ccoiiiiiceeeeeiiiiieiii e nananrererrrnnne 8
3.6 Modifications Required for COMPIIANCE ........ e eeeeeeeiiaiiieai e 8
M EASUI BMENT RESUITS. ..ottt sttt b et sttt nb b e 9
4.1 Conducted Output Power at Antenna Terminals coooooooooooeeiieiiiie, 9
4.2 Hopping Channel 20-dB Bandwidth..............ceeeeeiiiiiiiiiiiiiiiiiicceeeeeeeeeeeeeeeeeeeeee e 13
4.3 Carrier Frequency Separation............ooooiiiiiie e 20
4.4 Number of HOppIiNG Channels..............uuummmmmmmeeiii s 22
4.5 Average Channel OccupanCy TiMe ......ccoii oottt eeeeeeeeeees 25
4.6 Out-of Band-Conducted EMISSIONS............teeeee it 28
4.7 Transmitter Radiated EMISSIONS.........ooiii e 36
4.8 EMISSIONS frOM RECEIVET.........uiiiiiiiiii et 46
4.9 Emissions from Digital PartS................ccommmn e eeeeeeeiiiiinsi e eeseeeeiiie s e e e eseseesssnenn e eeeeens 53
4.9.1 Radiated EMISSIONS .......uuiiiiiiiiiiiiiits et e ettt e e e e e s eeeeeeseanes 53
4.9.2 AC Line Conducted EMISSION...........ceiiiiiiiiiiiiiiiiiiiiiiiiiiiieees 60
RF EXPOSUr € EVAIUALION .....cveiieiecieciece ettt sttt sttt st snaennas 64
(IS 0 = A o U T ] = o S 65
(Do TwiN [0 4= 01 a1 o S 66

TABLE OF CONTENTS

EMC Report for Topcon Positioning Systems, IncttenGR-5 GNSS Receiver
File: 100246399MPK-009 Page 3 of 66



Intertek

1.0 Introduction

The Equipment Under Test (EUT) is the GR-5 GNSSeiec, model number 01-090901-21, consisting
of one UHF radio and one Bluetooth radio. This tepbrt covers only the Bluetooth radio. A separat
test report, report # 100246399MPK-002, coverdihi& radio. In actual use, both radios are used
simultaneously; therefore, the investigation waggumed on the Bluetooth radio when the EUT was

simultaneously transmitting with the UHF radio.

The GR-5 GNSS Receiver is used are in the fieldSNES RTK systems, engineering and constructional

applications.

This report is designed to show compliance of tHeG@Hz transceiver with the requirements of FCQ Par

15 Subpart C (15.247) and RSS-210.

1.1 Summary of Tests
TEST RIEAEIRIENCE REFERENCE RESULTS
FCC Part 15 RSS.210
Subpart C
(15.247)
RF Output Power 15.247(b) A8.4 Complies
20-dB Bandwidth 15.247(@)(1) A8.1(a) Complies
Channel Separation 15.247(@)(1) A8.1(b) Complies
Number of Hopping Channels 15.247(a)(1) A8.1(d) Phas
Average Channel Occupancy 15.247(a)(1) A8.1(d) Complies
Time
Out-of-Band Antenna 15.247(d) A8.5 Complies
Conducted Emission
Transmitter Radiated 15.247(d), A8.5,2.2 Complies
Emissions 15.209, 15.205
RF Exposure 15.247(i) RSS-102 Complies
AC Conducted Emission 15.207 RSS-GEN Complies
Radiated Emission from 15.109, 15.111 RSS-GEN Complies
Receiver
Radiated Emission from 15.109 ICES-003 Complies
Digital Parts
Antenna Requirement 15.203 RSS-Gen Complies. ThE dii¢s not

have an external antenna
connector
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20 General Description

2.1 Product Description

The Equipment Under Test (EUT) is the GR-5 GNSSeRec, model number 01-090901-21, consisting
of one UHF radio and one Bluetooth radio.

The GR-5 GNSS Receiver is used are in the fieldSNES RTK systems, engineering and constructional

applications

Overview of the EUT

Applicant

Topcon Positioning Systems, Inc.
7400 National Drive
Livermore, CA 94551 USA

M anufacturer name &
address

Topcon Positioning Systems, Inc.
7400 National Drive
Livermore, CA 94551 USA

Trade Name & Part No.

01-090901-21

FCC ldentifier

LCB-D90901

IC Identifier

6050B-D90901

Type of Transmission

Spread Spectrum, Frequency Hopping

Rated RF Output

1Imw

Freguency Range

2402-2480 MHz

Number of Channéel(s) 79
Modulation Type GFSK
Data Rate 1 Mbps
Antenna(s) type & Gain 4.0 dBi

EUT receivedate
EUT receive condition:

Test start date:
Test completion date:

October 18, 2010
The prototype version of the EUT was received iadgoondition with no
apparent damage. As declared by the Applicantidiestical to the production

units.

October 18, 2010
November 24, 2010
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2.2 Related Submittal(s) Grants

None.

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 aenaa 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 DA 00-705.

2.4 Test Facility
Then radiated emission test site and conductedureragnt facility used to collect the data is 10mise

anechoic chamber located in Menlo Park, Califorfiais test facility and site measurement data have
been fully placed on file with the FCC.

EMC Report for Topcon Positioning Systems, IncttenGR-5 GNSS Receiver
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3.0 System Test Configuration

3.1 Support Equipment

Item # Description Modéel No. Serial No.
1 Compag Laptop Compag nc6400 6A9B901B2U41BM

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.

UHF Antenna

UHF Module
with external

antenna po USB cable, S, 1.8m

— PS EUT "

Serial cable, S, 1.8m

Bluetooth
module with on- Py
board antenr

i On-board Bluetooth Antenna was used
, for Radiated Measurements.

i Antenna was removed and coaxial

|

1

cable was connected for conducted

Measurements
Spectrum
Analyzer
Power Supply, PHIHONG, Model: PSC30U-120, Seri@l F02775C2
S = Shielded F = With Ferrite
U = Unshielded m = Length in Meters

EMC Report for Topcon Positioning Systems, IncttenGR-5 GNSS Receiver
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3.3 Justification

For radiated emission measurements the EUT is ghlaea hon-conductive table. The EUT is attacbed t
peripherals and they are connected and operafjasdypical as possible). The EUT is wired to traihs

full power. During testing, all cables are manipedhto produce worst-case emissions.

3.4 Software Exercise Program

The EUT exercise program used during radiated anducted testing was provided by the Applicant.

3.5 Mode of Operation During Test

The EUT was tested in two modes:
1. Hopping mode as in normal use
2. Hopping disabled mode in which the EUT was tranmgjtat the lowest, middle, and highest
channels (frequencies).

3.6 Modifications Required for Compliance

No modifications were installed by Intertek Testgrvices during compliance testing in order todpri
the product into compliance.

EMC Report for Topcon Positioning Systems, IncttenGR-5 GNSS Receiver
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4.0 M easurement Results

4.1 Conducted Output Power at Antenna Terminals
FCC 15.247(b)(1)

Requirements

For systems operating in the 2400-2483.5 MHz banpl@ying at least 75 hopping channels, the maximum
peak output power is 1 watt (30 dBm), for all athgstems 0.125 W (21 dBm).

Procedure
The antenna port of the EUT was connected to thetiof a spectrum analyzer. Power was read dyrectl

and cable loss correction was added to the redadingtain the power at the EUT antenna terminal.

Test Results

Frequency Output in dBm Output in mW Plot Number
(MH2)
2402 0.05 1.0 1.1
2441 -0.11 0.975 1.2
2480 0.07 1.0 1.3

Notes: 1. Hopping function was disabled during tist.
2. The EUT'’s antenna has less than 6 dBi gain.

EMC Report for Topcon Positioning Systems, IncttenGR-5 GNSS Receiver
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Plot 1.1
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Plot 1.2
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Plot 1.3
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4.2 Hopping Channel 20-dB Bandwidth
FCC 15.247(a)(1)
Procedure
The antenna port of the EUT was connected to thetiof a spectrum analyzer.
The spectrum analyzer resolution bandwidth wasosapproximately 1% of the 20-dB Bandwidth. The
20-dB Bandwidth was measured by using the DELTA NK&R function of the analyzer.
In addition, the occupied bandwidth (99%) was mesu

Test Results

Frequency (MH2) 20-dB channel Bandwidth Plot
(MH2)
2402 0.871 2.1
2441 0.863 2.2
2480 0.861 2.3
Frequency (MH2) Occupied Bandwidth Plot
(MH2)
2402 0.856 2.4
2441 0.831 2.5
2480 0.836 2.6

EMC Report for Topcon Positioning Systems, IncttenGR-5 GNSS Receiver
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Plot 2.1
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Plot 2.2
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Plot 2.3
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Plot 2.4
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Plot 2.5
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Plot 2.6
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4.3 Carrier Frequency Separation
FCC Ref: 15.247(a)(1)

Requirement

Systems shall have hopping channel carrier frecasrlcat are separated by 25 kHz or two-thirdfef t
20-dB bandwidth of the hopping channel, whichegeagreater.

Procedure

Using the DELTA MARKER function of the analyzergtfrequency separation between two adjacent
channels was measured and compared against the limi

Test Results

Please refer to the attached spectrum analyze#dt for the test result.
The channel separation is 1.005MHz.

EMC Report for Topcon Positioning Systems, IncttenGR-5 GNSS Receiver
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Plot 3.1
@ * RBW 30 kHz Marker 1 [T1]
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4.4 Number of Hopping Channels
FCC Ref: 15.247(a)(1)(iii)

Requirement

Systems operating in the 2400-2483.5 MHz band sisallat least 15 hopping channels.

Procedure

With the analyzer set to MAX HOLD, readings werketa for 2 - 3 minutes. The channel peaks were
recorded and compared to the minimum number ofreblarrequired in the regulation.

Test Results

| Number of hopping channels | 79

Refer to attached spectrum analyzer charts: Plats 4.2

EMC Report for Topcon Positioning Systems, IncttenGR-5 GNSS Receiver
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Plot 4.1
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Plot 4.2
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4.5 Average Channel Occupancy Time
FCC 15.247(a)(1)

Requirement

For systems operating in the 2400-2483.5 MHz btrelaverage time of occupancy on any channel shall
not be greater than 0.4 second within a period4tecond multiplied by the number of hopping cledsn
employed.

Procedure

The spectrum analyzer center frequency was seteaambthe known hopping channels, the SPAN was set
to ZERO SPANS, and the TRIGGER was set to VIDE®e fime duration of the transmission so
captured was measured with the MARKER DELTA funatio

Since the radio is employed 79 hopping channetsQibcupancy Time was calculated for the period of
0.4*79 =31.6 sec.

Test Results

Occupancy Time (see plots 5.1 and 5.2)

0.000419* 32 *10 = 0.134 sec.

Refer to attached spectrum analyzer plots 5.1y Adtails.
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Plot 5.1
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Plot 5.2
@ RBW 1 MHz
* VBW 1 MHz
Ref 20dBm Att 45 dB SWT 3.16 s
20 Offsét 0.6 {iIB
10
SGL
-

LVL

40

--60

—-70

-80

Center 2.441 GHz 316 ms/

Dwell time
Date: 22.NOV.2010 16:00:23

EMC Report for Topcon Positioning Systems, InctlmGR-5 GNSS Receiver
File: 100246399MPK-009 Page 27 of 66



Intertek

4.6 Out-of Band-Conducted Emissions
FCC 15.247(d)

Requirement

In any 100 kHz bandwidths outside the EUT pass-ptredRF power shall be at least 20dB (peak) @30
(average) below that of the maximum in-band 100 kHiissions.

Procedure
A spectrum analyzer was connected to the antermaffibe transmitter. Analyzer Resolution Bandividias

set to 100 kHz. For each channel investigatedirtimnd and out-of-band emission measurements were
performed. The out-of-band emissions were measued 30 MHz to 25 GHz.

Test Result

Refer to the following plots for the test result:

Frequency Channéd M odulation Description Plot

(MH2)

2402 1 FHSS In-band Emissions 4.1
1 FHSS Scan 30 MHz — 25 GHz 4.2,4.3
1 FHSS Emissions on the low band-edge 4.10

frequency, Hopping mode

2441 40 FHSS In-band Emissions 4.4
40 FHSS Scan 30 MHz — 25 GHz 4.5, 4.6

2480 79 FHSS In-band Emissions 4.7
79 FHSS Scan 30 MHz — 25 GHz 4.8,4.9
79 FHSS Emissions on the high band-efige 4.11

frequency, Hopping mode

The attenuation is more than 20 dB.
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Plot 6.1
Tx @ 2402MHz, Chl
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Plot 6.3
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Plot 6.5
TX @ 2441MHz, Ch40
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Plot 6.7
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Plot 6.9
Tx @ 2480MHz, Ch79

Intertek
Scan with 100 kHz RBW
Antenna Conducted Spurious Emissions

— Limit

— Scan

Amplitude (dBm)
8
o

-70.0

10.0M

"100,0M
Frequency (Hz)

t
1.0G

EMC Report for Topcon Positioning Systems, InctlmGR-5 GNSS Receiver

File: 100246399MPK-009

Page 33 of 66




Intertek

Plot 6.10
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Plot 6.11
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4.7 Transmitter Radiated Emissions
FCC Rule 15.247(d), 15.209, 15.205

Requirement
Radiated emissions which fall in the restricteddsamms defined in §15.205(a), must also comply thith

radiated emission limits specified in §15.209(&r(815.205(c)).

For out of band radiated emissions (except fordeagies in restricted bands), in any 100 kHz badthsi
outside the EUT pass-band, the RF power shall mast 20dB (peak) or 30 dB (average) below ththef
maximum in-band 100 kHz emissions.

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 rotatifthe turntable. The antenna height and poldcaatre
varied during the search for maximum signal levighe antenna height is varied from 1 to 4 meters.

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

Data is included for the worst case configuratithre (configuration which resulted in the highestssian
levels). A sample calculation, configuration photgghs and data tables of the emissions are included
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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, giviield trength 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.

Test Results

The data on the following pages list the significamission frequencies, the limit and the margin of
compliance.

The radiated emissions in the restricted bandstheasperating band are presented on the following
Plots 7.1-7.6. On these plots, the antenna facircable loss are included in the OFFSET of the
spectrum analyzer reading; therefore, the measumsnaee the final corrected field strength.

The EUT passed the test by 5.5 dB.
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Plot 7.2
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Plot 7.3
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Plot 7.4
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Plot 7.5
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Plot 7.6
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Radiated Emissions above 1 GHz

Test Result
FCC Part 15 Subpart C (15.247) Radiated Emissidrestricted Bands

Temperature: 21C Topcon Positioning Systems, Inc.

Humidity: 45% Model: 01-090901-21

Test distance =3 m

Test date: November 24, 2010

Frequency | Detector |SA reading|Correction| Ant. Factor | Field Strength Limit Margin
MHz dB(uV) |Factor dB| dB(1/m) dB(uV/m) | dB(uV/m) dB

Tx at 2402 MHz
4804.0 Peak 37.8 -28.6 32.8 42.0 74.0 -32|0
12010.0 Peak 34.7 -24.9 38.6 48.4 74.0 -256
4804.0 Aver 23.7 -28.6 32.8 27.9 54.0 -26.1
12010.0 Aver 21.5 -24.9 38.6 35.2 54.0 -18.8

Tx at 2441 MHz
4882.0 Peak 37.4 -28.3 32.8 41.9 74.0 -32|1
7323.0 Peak 36.1 -26.5 37.5 47.1 74.0 -26|9
12205.0 Peak 35.0 -25.4 38.6 48.2 74.0 -25/8
4882.0 Aver 24.1 -28.3 32.8 28.6 54.0 -25.4
7323.0 Aver 22.4 -26.5 37.5 33.4 54.0 -20.6
12205.0 Aver 22.2 -25.4 38.6 35.4 54.0 -18.6

Tx at 2480 MHz
4960.0 Peak 37.2 -27.7 32.9 42.4 74.0 -3116
7440.0 Peak 35.6 -26.3 37.4 46.7 74.0 -27|3
12400.0 Peak 35.9 -25.5 38.6 49.0 74.0 -250
4960.0 Aver 23.9 -27.7 32.9 29.1 54.0 -24.9
7440.0 Aver 22.4 -26.3 37.4 33.5 54.0 -20.b
12400.0 Aver 22.5 -25.5 38.6 35.6 54.0 -18.4

a) RBW =1 MHz, VBW =1 MHz - for peak measurements

RBW = 1MHz, VBW =10 Hz - for average measuretaen
Correction Factor: Cable loss + High Pass Filtes loPre-amplifier gain
FS at 3m = SA reading + Correction Factor + Antefactor
Measurements made at 3 meters distance. Radiaissi@mmeasurements were performed

up to 25GHz. No other emissions were detected athavaoise floor which is at least 10 dB
below the limit.
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Radiated Emissionsbelow 1 GHz

Intertek Testing Services
Radiated Emissions 30 MHz - 1000 MHz
FCC Part 15 Class B (Pk-Horizontal)

Operator: KK Model Number: 01-090901-21
November 24, 2010 Company: Topcon Positioning Systénc.
Frequency | Peak FS | Limit@3m | Margin RA CF AG DCF AF
(MH2z) dB(uVv/m) | dB(uV/m) dB dB(uV) dB dB dB dB(1/m)
39.70 24.8 40.0 -15.2 28.9 0.7 31.9 10.5 16J6
168.23 32.7 43.5 -10.8 43.8 15 31.9 10.5 8.1
216.73 27.6 46.0 -18.4 36.4 1.7 31.9 10.5 10J9
262.80 28.8 46.0 -17.2 35.2 1.9 31.8 10.5 13J0
287.05 29.5 46.0 -16.5 36.3 2.0 31.9 10.5 12]7
342.02 27.9 46.0 -18.1 32.5 2.2 31.8 10.5 14]5
Test Mode: Normal (Tx/Rx mode)
Temperature: 21 C Humidity : 45 %
Notes: Measurements made at 10 meters distance.
Intertek Testing Services
Radiated Emissions 30 MHz - 1000 MHz
FCC Part 15 Class B (Pk-Vertical)
Operator: KK Model Number: 01-090901-21
November 24, 2010 Company: Topcon Positioning Systénc.
Frequency | Peak FS | Limit@3m | Margin RA CF AG DCF AF
(MH2z) dB(uVv/m) | dB(uV/m) dB dB(uV) dB dB dB dB(1/m)
39.70 34.5 40.0 -5.5 39.7 0.7 31.9 10.5 154
49.40 26.5 40.0 -13.5 33.7 0.8 31.9 10.5 1344
69.61 28.5 40.0 -11.5 41.7 1.0 32.1 10.5 7.4
101.13 24.6 43.5 -18.9 34.7 1.2 32.1 10.5 10J3
140.74 30.2 43.5 -13.3 41.9 1.4 31.9 10.5 8.3
174.69 33.3 43.5 -10.2 43.6 1.5 31.9 10.5 9.%
233.70 33.7 46.0 -12.3 41.6 1.8 31.9 10.5 11)7
252.29 33.5 46.0 -12.5 41.0 1.9 31.9 10.5 12]0
287.86 31.6 46.0 -14.4 38.3 2.0 31.9 10.5 12]6
380.82 30.9 46.0 -15.1 34.6 2.3 31.8 10.5 15)3
396.18 29.3 46.0 -16.7 32.0 2.3 31.8 10.5 16J3
501.26 30.4 46.0 -15.6 32.2 2.7 31.9 10.5 1710
Test Mode: Normal (Tx/Rx mode)
Temperature: 21 C Humidity : 45 %

Notes: Measurements made at 10 meters distance.
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4.8 Emissions from Receiver
FCC 15.109, FCC 15.111(a)

Requirement

Radiated Emission Limit for FCC Part 15 Subpart B and | CES 003

Radiated Emission Limitsfor Class A at 10 meters

Frequency Quasi-Peak limits,
(MH2) dB (uV/m)
30to 88 39.1

8810 216 43.5

216 to 960 46.4

960 and up 495
Radiated Emission Limitsfor ClassB at 3 meters

Frequency Quasi-Peak limits,
(MH2) dB (uv/m)
30to 88 40.0

8810 216 43.5

216 to 960 46.0

960 and up 54.0
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Procedure

Measurements are conducted with a quasi-peak detastrument in the frequency range of 30 MHz to
1000 MHz and with the average detector instrumetié frequency range above 1000 MHz. The
measuring receiver meets the requirements of $ectie of CISPR 16 and the measuring antenna
correlates to a balanced dipole.

Measurements of the radiated field are made wihatitenna located at a distance of 10 meters fiem t
EUT. If the field-strength measurements at 10moabe made because of high ambient noise level or
for other reasons, measurements of Class B equipmenbe made at a closer distance, for example 3m.
An inverse proportionality factor of 20 dB per deeashould be used to normalize the measured déta to
specified distance for determining compliance.

The antenna is adjusted between 1m and 4m in halighte the ground plane for maximum meter reading
at each test frequency.

The antenna-to-EUT azimuth is varied during thesuezment to find the maximum field-strength
readings.

The antenna-to-EUT polarization (horizontal andigal) is varied during the measurements to firal th
maximum field-strength readings.

The EUT, where intended for tabletop use, is planed table whose top is 0.8m above the groundeplan
The table is constructed of non-conductive materitts dimensions are 1m by 1.5m, but may be
extended for a larger EUT.

Floor standing EUTSs are placed on a horizontal hggtaund plane and isolated from the ground plane b
3 to 12 mm of insulating material.

Equipment setup for radiated disturbance testevi@t the guidelines of ANSI C63.4.

EMC Report for Topcon Positioning Systems, IncttenGR-5 GNSS Receiver
File: 100246399MPK-009 Page 47 of 66



Intertek

Example 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) dBuV)

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 measumeism 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, giviield trength 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 themple above except the Distance Correction FactB is
not applied.
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Test Results

Intertek Testing Services
Radiated Emissions 30 MHz - 1000 MHz
FCC Part 15 Class B (Pk-Vertical)

Operator: KK Model Number: 01-090901-21

November 10, 2010 Company: Topcon Positioning Systénc.

Frequency | Peak FS | Limit@3m | Margin RA CF AG DCF AF
(MH2z) dB(uv/m) | dB(uV/m) dB dB(uV) dB dB dB dB(1/m)

39.70 31.9 40.0 -8.1 37.3 0.7 32.1 10.5 154
49.40 29.5 40.0 -10.5 36.9 0.8 32.1 10.5 1344
69.61 28.5 40.0 -11.5 41.7 1.0 32.0 10.5 7.4
89.01 34.1 43.5 -9.4 46.2 1.1 32.0 10.5 8.4
109.22 29.6 43.5 -13.9 38.2 1.2 32.0 10.5 11)7
148.83 28.0 43.5 -15.5 40.5 1.4 32.0 10.5 7.6
169.03 28.8 43.5 -14.7 39.7 15 32.0 10.5 9.1
251.48 29.6 46.0 -16.4 37.3 1.9 32.0 10.5 11]9
380.82 29.5 46.0 -16.5 33.3 2.3 32.0 10.5 15)3

Test Mode: Rx mode

Temperature: 21 C Humidity : 45 %

Notes: Measurements made at 10 meters distance.

Intertek Testing Services
Radiated Emissions 30 MHz - 1000 MHz
FCC Part 15 Class B (Pk-Horizontal)

Operator: KK Model Number: 01-090901-21

November 10, 2010 Company: Topcon Positioning Systénc.

Frequency | Peak FS | Limit@3m | Margin RA CF AG DCF AF
(MH2z) dB(uVv/m) | dB(uV/m) dB dB(uV) dB dB dB dB(1/m)
48.59 24.9 40.0 -15.1 30.9 0.8 32.1 10.5 1418
89.01 27.3 43.5 -16.2 39.7 1.1 32.0 10.5 8.1
129.43 22.5 43.5 -21.0 31.6 1.3 32.0 10.5 112
181.97 27.6 43.5 -15.9 38.2 1.6 32.0 10.5 9.8
250.68 29.4 46.0 -16.6 37.0 1.9 32.0 10.5 12]0
308.88 27.1 46.0 -18.9 33.3 2.1 32.0 10.5 13)2
380.82 30.1 46.0 -15.9 34.4 2.3 32.0 10.5 15]0
974.13 34.0 54.0 -20.0 28.6 3.7 31.0 10.5 22]1

Test Mode: Rx mode

Temperature: 21 C Humidity : 45 %

Notes: Measurements made at 10 meters distance.
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Note: Measurements made at 3 meters distance. lRddimission measurements were performed up to
25GHz. No other emissions were detected abovedise floor which is at least 10 dB below the limit.

Result Complies by 8.1 dB
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Test Setup Photographs
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4.9 Emissions from Digital Parts

49.1 Radiated Emissions
FCC 15.109

Requirement

Limitsfor Electromagnetic Radiated Emissions, FCC Section 15.109(b) and | CES 003*

Frequency Class A at 10m ClassB at 3m
(MH2) 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 alternativehie radiated emission limits shown above, digital
devices may be shown to comply with the limit o6€R Pub. 22

Procedure

Measurements are conducted with a quasi-peak detastrument in the frequency range of 30 MHz to
1000 MHz and with the average detector instrumetié frequency range above 1000 MHz. The
measuring receiver meets the requirements of $ectie of CISPR 16 and the measuring antenna
correlates to a balanced dipole.

Measurements of the radiated field are made wihatitenna located at a distance of 10 meters fiem t
EUT. If the field-strength measurements at 10moabe made because of high ambient noise level or
for other reasons, measurements of Class B equipmenbe made at a closer distance, for example 3m.
An inverse proportionality factor of 20 dB per deeashould be used to normalize the measured déta to
specified distance for determining compliance.

The antenna is adjusted between 1m and 4m in halighve the ground plane for maximum meter reading
at each test frequency.

The antenna-to-EUT azimuth is varied during thesuezment to find the maximum field-strength
readings.

The antenna-to-EUT polarization (horizontal andigal) is varied during the measurements to firal th
maximum field-strength readings.

The EUT, where intended for tabletop use, is planed table whose top is 0.8m above the groundeplan
The table is constructed of non-conductive materitts dimensions are 1m by 1.5m, but may be
extended for a larger EUT.

Floor standing EUTSs are placed on a horizontal hggtaund plane and isolated from the ground plane b
3 to 12 mm of insulating material.
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Equipment setup for radiated disturbance testevi@t the guidelines of ANSI C63.4.

Example 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 measumeism 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, giviield trength 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 themple above except the Distance Correction FactB is
not applied.
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Test Results

FCC Part 15 Radiated Emissions

Intertek Testing Services
Radiated Emissions 30 MHz - 1000 MHz
EN55022 Class A

ITest Mode: Receive
ITemp: 24.1C
Humidity: 48.1%
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Operator: KK Model Number: 01-090901-21

05:24:10 PM, Wednesday, October 27, 2010 Company: Topcon Positioning Systems,

t
1.0G

Intertek Testing Services
Radiated Emissions 30 MHz - 1000 MHz
EN 55022 Class A (QP-Horizontal)
Model Number: 01-090901-21
Company: Topcon Positioning Sysiénc

Operator: KK
October 27, 2010

Frequency | Quas PK FS | Limit@10m | Margin RA AG AF CF
MHz dB(uVv/m) dB(uVv/m) dB dB(uV) dB dB(1/m) dB
264.0 33.1 47.0 -13.9 50.0 32.0 13.1 1.9

Test Mode: Receive Mode

Temp: 24.1C

Humidity : 48.1%

Notes: Measurements made at 10 meters distance.
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FCC Part 15 Radiated Emissions

ITest Mode: Receive
ITemp: 24.1C
Humidity: 48.1%

70.0

60.0

Amplitude

Intertek Testing Services

Radiated Emissions 30 MHz - 1000 MHz

EN55022 Class A (Vertical)

— Limitat10m
— Peak Prescan Vertical

4 Quasi Peak Level

0
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Operator: KK

05:27:27 PM, Wednesday, October 27, 2010

+—+—1
100.0M
Frequency

Model Number: 01-090901-21

Company: Topcon Positioning Systems,

t
1.0G

Operator: KK
October 27, 2010

Intertek Testing Services

Radiated Emissions 30 MHz - 1000 MHz

EN 55022 Class A (QP-Vertical)

Model Number: 01-090901-21
Company: Topcon Positioning Sysiént

Frequency | Quasi PK FS | Limit@10m | Margin RA AG AF CF
MHz dB(uVv/m) dB(uVv/m) dB dB(uV) dB dB(1/m) dB
86.0 29.9 40.0 -10.1 52.9 32.0 8.0 1.1
91.28 37.0 40.0 -3.0 59.5 32.0 8.5 1.1
92.80 36.7 40.0 -3.3 59.0 32.0 8.6 1.1

101.375 28.9 40.0 -11.1 49.3 32.0 10.4 1.2
105.30 27.1 40.0 -12.9 47.1 32.0 10.8 1.2
231.0 28.3 47.0 -18.7 46.9 32.0 11.6 1.8

Test Mode: Receive Mode
Temp: 24.1C

Humidity : 48.1%

Notes: Measurements made at 10 meters distance.
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FCC Part 15 Radiated Emissions

Test mode: Receive Mode Intertek Testing Services — Limitat3m
[Temperature: 22C Radiated Emissions 1 GHz - 10 GHz — Peak ScanVertca
pumidty: 42% FCC Part 15 Class A (Vertical) ¢ Averaelevl
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Operator: KK Model Number: 01-090901-21
04:11:34 PM,Wednesday, November 10,2010 Company: Topcon Positioning Systems, Inc
est mode: Receive Mode Intertek — Limitat3m
Leu%ﬁg{t?guﬁ'%zz ¢ Radiated Emissions 1 GHz - 10 GHz N ieiﬁaiialan?aﬁizomaI
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Operator: KK Model Number: 01-090901-21
04:07:52 PM, Wednesday, November 10, 2010 Company: Topcon Positioning Systems, Inc

Note: Measurements made at 3 meters distance. tRddimission measurements were performed up to
25GHz. No other emissions were detected abovedtse floor which is at least 10 dB below the limit.

Result Complies by 3.0dB

EMC Report for Topcon Positioning Systems, InctlmGR-5 GNSS Receiver
File: 100246399MPK-009 Page 57 of 66



Intertek

Test Setup Photographs
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49.2 AC Line Conducted Emission
FCC 15.207

Requirement

Frequency Band Quasi-Peak Average
MHz
66 to 56 56 to 46
0.15-0.50 Decreases linearly with the logarithm [obecreases linearly with the logarithm |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.

Procedure

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

measurement of terminal voltage and also to prasgiglation of the circuit under test from the anmbisoise

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 oAt&
is 0.8m.

Where a flexible mains cord is provided by the nfaauwrer, this shall be 1m long or if in exces4.of, the
excess cable is folded back and forth as far asiljesso as to form a bundle not exceeding 0.4larigth.

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

Conducted disturbance is measured between the [g@aaksand the reference ground, and between tlieheu
lead and the reference ground. Both measured vaheagported.

The EUT, where intended for tabletop use, is plamed table whose top is 0.8m above the groundepkan
vertical, metal reference plane is placed 0.4m fitoeelEUT. The vertical metal reference-plane Isadt 2m
by 2m. The EUT shall be kept at least 0.8m fromathgr metal surface or other ground plane notdopart
of the EUT. The table is constructed of non-conideanaterials. Its dimensions are 1m by 1.5m, bay be
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 gropiatche extends at least 0.5m beyond the boundzribe
EUT and has minimum dimensions of 2m by 2m.

Equipment setup for conducted disturbance tedisdet the guidelines of ANSI C63.4.
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Test Results

Conducted Disturbanceat AC Mains

Tlemperature: 22 C
Humidity: 52 %

est Mode: Normal (Tx/Rx mode), 120V 60Hz
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Intertek Testing Services

Line Conducted Emissions 150 kHz - 30 MHz

EN 55022 Class B (Line 2)
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Operator: KK

0
100.0K

09:56:52 AM, Tuesday, October 26, 2010

Frequency (Hz)

" 10.0M " 100.0M

Model Number: 01-090901-21
Company: Topcon Positioning Systems, Inc.

Intertek
Line Conducted Emissions 150 kHz - 30 MHz
EN 55022 Class B (Line 2)
Operator: KK Model Number: 01-090901-21
October 26, 2010 Company: Topcon Positioning Sysjént.
Frequency Pk Level Av Level Av Limit QP Limit Av Mgin | QP Margin
Hz (dBuV) (dBuV) (dBuV) (dBuV) (dB) (dB)
197300 55.1 39.4 54.6 64.6 -15.2 -9.5
218000 53.2 33.2 54.1 64.1 -20.9 -10.9
262000 48.5 36.1 52.8 62.8 -16.7 -14.3
444000 48.0 38.3 47.6 57.6 -9.3 -9.6
465000 51.1 37.2 47.0 57.0 -9.8 -5.9
506000 47.3 37.1 46.0 56.0 -8.9 -8.7
591000 43.7 29.7 46.0 56.0 -16.3 -12.3
659000 43.8 30.7 46.0 56.0 -15.3 -12.2
722000 43.8 32.7 46.0 56.0 -13.3 -12.2
1070000 44.3 34.1 46.0 56.0 -11.9 -11.7
1330000 43.3 30.6 46.0 56.0 -15.4 -12.7
8556000 47.0 38.7 50.0 60.0 -11.3 -13.0

Test Mode: Normal (Tx/Rx mode), 120V 60Hz

Temperature: 22 C

Humidity: 52 %
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Tlemperature: 22 C
Humidity: 52 %

est Mode: Normal (Tx/Rx mode), 120V 60Hz

Intertek Testing Services
Line Conducted Emissions 150 kHz - 30 MHz
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EN 55022 Class B (Line 1)

0
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Operator: KK

10:05:00 AM, Tuesday, October 26, 2010

" 10.0M
Frequency (Hz)

" 100.0M

Model Number: 01-090901-21

Company: Topcon Positioning Systems, Inc.

Intertek
Line Conducted Emissions 150 kHz - 30 MHz
EN 55022 Class B (Line 1)
Operator: KK Model Number: 01-090901-21
October 26, 2010 Company: Topcon Positioning Systént.
Frequency Pk Level Av Level Av Limit QP Limit Av Mgin | QP Margin
Hz (dBuV) (dBuV) (dBuV) (dBuV) (dB) (dB)

150100 55.2 28.1 56.0 66.0 -27.9 -10.8
197300 55.4 39.6 54.6 64.6 -15.0 -9.2
218000 53.5 34.2 54.1 64.1 -19.9 -10.6
262000 48.5 37.1 52.8 62.8 -15.7 -14.3
444000 48.5 38.5 47.6 57.6 -9.1 -9.1
465000 51.4 38.2 47.0 57.0 -8.8 -5.6
506000 48.5 37.0 46.0 56.0 -9.0 -7.5
591000 44.3 32.7 46.0 56.0 -13.3 -11.7
659000 43.7 30.7 46.0 56.0 -15.3 -12.3
722000 43.1 32.7 46.0 56.0 -13.3 -12.9
819000 43.4 30.6 46.0 56.0 -15.4 -12.6
1070000 43.1 34.4 46.0 56.0 -11.6 -12.9
1330000 40.4 31.7 46.0 56.0 -14.3 -15.6

Test Mode: Normal (Tx/Rx mode), 120V 60Hz

Temperature: 22 C
Humidity: 52 %

| Results

Compliesby 5.6 dB
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Test Setup Photographs
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5.0 RF Exposur e Evaluation
FCC 2.1091

UHF Radio:

The EUT is a wireless device used in a mobile apptin and will be at least 30 cm from any bodyt par
the user or nearby persons.

The maximum calculated EIRP is 32.9 dBm (or 1.95 W95W was the UHF EIRP measured with the
EUT simultaneously transmitting with Bluetooth radi

Using the formula for the Power Density, S = EIRAD?, the distance D, where the Maximum

Permissible Exposure (MPE) satisfies the FCC 1.184i0for General Population/Uncontrolled
Exposure, can be calculated as:

D> V(EIRP/ 4nS)
According to FCC 1.1310, the MPE Limit at 410 M322i.73 W/, therefore D> 0.24 m.

A statement that a minimum separation distancéafr8 between the antenna and persons is included in
the User's Manual.

Bluetooth Radio:

The EUT is a wireless device used in a mobile apptin and will be at least 30 cm from any bodyt par
the user or nearby persons.

The maximum conducted power is 0.0dBm (1mW); thterama 4dBi gain; therefore, to comply with the
requirements for RF Exposure, the MPE is calculated

The maximum Peak EIRP calculated is as 4.0dBm&im@W. 2.51mW was the Bluetooth EIRP
measured with the EUT simultaneously transmittiritp WHF radio.

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

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

It is considered that 30cm is the minimum distathed a user can go near the EUT which is installed
inside a host.

At 0.3 m, S = 0.00222 W/mwhich is below the MPE Limit of 10 W/m

A statement that a minimum separation distancéafr8 between the antenna and persons is included in
the User's Manual.
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6.0 List of Test EQuipment

Measurement equipment used for emission complisgstsg utilized the equipment on the following:lis

Equipment M anufacturer M ode/Type Serial # Cal Int Cal Due
RF Filter Section Hewlett Packard 85460A 3448A00267 12 12/04/10
EMI Receiver Hewlett Packard 8546A 3710A00373 12 2/04/10
Spectrum Analyzer Rohde&Schwarz FSP40 036612004 12| 11/04/11
Spectrum Analyzer Rohde&Schwarz FSU 200482 12 gm
Bl-Log Antenna ARA LPB-2513/A 1154 12 06/29/11
Horn Antenna EMCO 3115 00126795 12 10/28/11
Pre-Amplifier Sonoma 310N 293620 12 11/02/11
Pre-Amplifier Miteq AMF-4D-001180-24- | 799159 12 08/05/11

10P

Power Meter Hewlett Packard EPM-442A US3748041 12 | 06/03/11
Signal Generator Hewlett Packard SMR40 100445 12 127081
LISN FCC FCC-LISN-50-50-M-H| 2011 12 09/07/11
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