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1. Scope

This test report certifies that the Geophysical Survey Systems Pavescan / Densityscan
Antenna, Model 42600, as tested, meets the FCC Part 15, Subpart F and Industry Canada
RSS 220 requirements. The scope of this test report is limited to the test sample provided by
the client, only in as much as that sample represents other production units. If any
significant changes are made to the unit, the changes shall be evaluated and a retest may
be required. Revision R1 updates the reference to RSS-GEN, Issue 4 on page 6. Revision
R2 clarifies the radiated emissions data on pages 12 through 17.

2. Product Details

2.1. Manufacturer:
2.2. Model Number:
2.3. Serial Number:

2.4. Description:

2.5. Power Source:

2.6. Hardware Revision:
2.7. Software Revision:
2.8. Modulation Type:

2.9. Operating Frequency:
2.10. EMC Modifications:

3. Product Configuration

3.1 Operational Characteristics & Software
Turn on the Pavescan / Densityscan antenna and allow the unit to boot up.

Software Setup:

For normal operation:
1. After boot up start the unit scanning by selecting the System menu and select 800 kHz
PRF.

3.2. EUT Hardware

Geophysical Survey Systems, Inc.

42600
0014

Ground Penetrating Radar
10.8V Li-On Battery Powered

N/A
N/A

1.25 nS Impulse 800 kHz PRF

2 GHz Nominal

None

ial o :
Manufacturer Model N?J?r?tjler Description/Function
GSSI 42600 0014 GPR 2 GHz Antenna
3.3. EUT Cables/Transducers
Manufacturer | Model/Part #| -€ngth Shield Description/Function
(m) Y/N
GSsil Marker Cable 2 Y Marker Accessory
Eth t . .
GSSI Caegree 30 Y Control cable for Controlling Unit
3.4. Support Equipment
Laptop
Page 3 of 30
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3. Product Configuration (continued)

3.5. Test Setup Diagram

Sand Pit
12’ (W) x4’ (L) x 4’ (D)

13.5 Yards of Dry
Concrete Sand

OATS Ground Plane

Drawing is not to scale

3 meters*

HP 8449B
or Mitecl
Preamp

|

R&S ESR7
Spectrum

Analyzer?

Laptop with
Ethernet

Remotely located %\

1 Measurement distance varies according
to the measurement being made.

2Equipment listed is representative of the
equipment used. See the test equipment
\ list for details.
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4. Measurements Parameters
4.1. Measurement Equipment Used to Perform Test

Device Manufacturer lel) Serial No. Cal Due .
No. Interval
EMI Test Receiver, 9kHz - 7GHz Rohde & Schwarz ESR7 101156 7/23/2017 2Yr
Spectrum Analyzer Rohde & Schwarz FSV40 100899 7123/2017 2Yr
Microwave Preamp Hewlett Packard 8449B 3008A01323 | 7/23/2017 2Yr
AFS3-
Preamp 100 MHz — 7 GHz Miteq 01000200- 257561 6/19/2016 1Yr
10-15P-4
Bilog Antenna 30 to 1000 MHz Com-Power AC-220 25509 8/31/2016 1Yr
Horn Antenna 1 to 18 GHz Electro-Metrics RGA 50/60 2813 7/15/2016 2Yr
Horn Antenna, 18 GHz — 40 GHz Com-Power AH-840 3075 9/24/2016 2Yr
Barometer — Temperature & Humidity | Control Company 4195 ID236 10/8/2017 2Yr
4.2. Measurement & Equipment Setup
Test Date: 2/2/2016
Test Engineer: Larry Stillings
Normal Site Temperature (15 - 35°C): 21.6
Relative Humidity (20 - 75%RH): 35

Frequency Range:
Measurement Distance:

EMI Receiver IF Bandwidth:

EMI Receiver Avg Bandwidth:

Detector Function:

30 MHz to 20 GHz

3 Meters

120 kHz - 30 MHz to 960 MHz
1 MHz- Above 960 MHz
300 kHz - 30 MHz to 960 MHz
3 MHz - Above 960 MHz

Peak, Quasi-Peak, EMI

Average and RMS Average
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4. Measurements Parameters (continued)

4.3. Measurement Procedures

Test measurements were made in accordance FCC Part 15.509, 15.521, IC RSS-220
Issue |, RSS-Gen, Issue 4, ANSI C63.10:2013 Clause 10 and KDB Publication 393764

D01 UWB FAG v01, dated July 31, 2015.

The test methods used to generate the data is this test report is in accordance with
ANSI C63.10:2013, American National Standard of Procedures for Compliance

Testing of Unlicensed Wireless Devices.

In accordance with ANSI C63.10:2013, Section 10.2.2, the device under test was
placed on a bed of dry sand and rotated through 16 azimuth angles (per Clause 5.4) to
determine which produced the highest emission relative to the limit. The azimuth that
produced the highest emission relative to the limit was used for all radiated emission

measurements.

4.4. Measurement Uncertainty

The following uncertainties are expressed for an expansion/coverage factor of K=2.

RF Frequency (out of band) + 1x10®
Radiated Emission of Transmitter to 10 GHz + 4.55 dB
Radiated Emission of Receiver +4.55 dB
Temperature +0.91°C
Humidity + 5%
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5. Measurements Summary

FCC IC Test
Test Requirement Rule Rule Report Result Comment
Requirement Requirement Section

The antenna is
housed within a

Antenna Requirement 15.203 RSS-GEN 8.3 6.1 Compliant | sealed enclosure
with the intentional
radiator.

Operational 15.509 (b) RSS-220 6 6.2 | Compliant

Requirements

. RSS-220 .

UWB Bandwidth 15.503 (a) 6.2.1 (a) 6.3 Compliant

Spurious Radiated 15.509 (d) R%SS'SZ_ZZOZSA

Emissions 15.209

6.2(c) & 6.2(d)

6.4 Compliant

Radiated Emissions in 15.509 (e)

GPS Bands 15.209 RSS-220 6.2(e)

Peak Emissions in a

£0 MHz Bandwidth 15.509 (f) RSS-220 6.2(g) 6.5 | Compliant

EUT is battery

Conducted Emissions 15.207 RSS-GEN 8.8 6.6 Compliant

powered
Radio Frequency FCC OET RSS-GEN 3.2 6.7 Compliant
Exposure Bulletin 65 RSS-102 ' P
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6. Measurement Data

6.1. Antenna Requirement (15.203), RSS-GEN Section 8.3
Requirement: An intentional radiator shall be designed to ensure that no antenna

Result:

other than that furnished by the responsible party shall be used with
the device. The use of a permanently attached antenna or of an
antenna that uses a unique coupling to the intentional radiator shall be
considered sufficient to comply

The antenna utilized by the device under test is an internal, non user
replaceable unit.

6.2. Operational Requirements of the Device under Test (15.509 (b)), RSS-220 Sec 6
Requirement: Operation under the provisions of this section is limited to GPRs and

Result:

wall imaging systems operated for the purposes with law
enforcement, fire fighting, emergency rescue, scientific research,
commercial mining, or construction.

The manufacturer states that the device under test complies with the
requirements outlined in section FCC Part 15.509 (b).

6.3. UWB Bandwidth (15.503 (a)), RSS-220 Section 6.2.1 (a)
Requirement: The UWB bandwidth is the frequency band bounded by the points that

are 10 dB below the highest radiated emission, as based on the
complete transmission system including the antenna. The upper
boundary is designated fy and the lower boundary is designated f,.
The frequency at which the highest radiated emission occurs is
designated fy. The center frequency fc, equals (fy + f) /2. The
fractional bandwidth equals 2 * (fy, —f.) / (f + f.).

6.3.1. Measurement Data (Values in GHz)

fu The highest emission peak 0.504910

f, 10 dB below the highest peak | 0.281470

fiu 10 dB above the highest peak | 0-590380

fc Calculated: (f, + f.)/2 0.435925
Bandwidth Calculated: (f, - f.) 0.308910
Fractional BW | Calculated: 2*(f, - f)/(fy + ) 0.708631

Note: The Fraction Bandwidth is greater than 0.2 and therefore the minimum UWB
Bandwidth of 500 MHz requirement does not need to be met.
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6. Measurement Data (continued)

6.3. UWB Bandwidth (15.503 (a), RSS-220 Sec 6.2.1(a)) (continued)

6.3.2. Measurement Plot of 10 dB BW on GPR Site = 308.92 MHz

Spectrum @]

[wum
W

Ref Level 77.00 dBpv,/m

@ RBW 10 MHz

Input 1 AC

MWM PELAE T

MM Qfa

G5 dE.u\.,{rfT

71.33 dBpY/m
504.910 MHz

Att SdB  SWT 1ms ¥YBW 40 MHz Mode Sweep
PS P& TDF
144-186 Geophysical Pavescan “ertical 800 kHz 200 scan per sec 2 pts per point @1Pk Yiew
75 dBv/m M1[1]
M1
70 dBpfm S

308.920000000 MHz

o ,fM'L‘
il A

10.00 dB

1.6

dBpsfm

50 dBpvm W'HMJJ'I
45 dBpvfm
40 dBpvm
35 dBpvm
30 dBpvm
Start 245.0 MHz 1001 pts Stop 710.0 MHz
varker
Type | Ref | Trc | ¥-value ¥-value |  Function Function Result |
M1 1 504,91 MHz 71.33 dBpVim ndB down 308.92 MHz
T1 1 281.47 MHz 51.55 dBpv/m ndg 10.00 dB
T2 1 590,38 MHz 51.41 dBpY/m Q factor 1.6
[ )\ T N R
Date: Z.FEB.2016 14:40:11
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6. Measurement Data (continued)
6.3. UWB Bandwidth (15.503 (a), RSS-220 Sec 6.2.1(a)) (continued)

6.3.3. Measurement Plot of 99% BW on GPR Site = 442.24 MHz

E’ Spectrum @] [%]

Ref Level 82.50 dBpv,/m @ RBW 10 MHz
& Att SdE  SWT 1ms @ YBW 40 MHz Mode Sweep Input 1 AC
PS TDF
144-186 Geophysical Pavescan “ertical 800 kHz 200 scan per sec 2 pts per point @1Pk Yiew
M1[1] 68.91 dBpY/m
o01.190 MHz
70 dBpvfm ¥—0OcCc Bw 442.237762238 MHz
st bl b T2
T Sy L b DA
S0 dBpvm
40 dBpv/m
30 dBpvfm
20 dBpvm
10 dBpvfm
0 depvfm
-10 dBpvim
Start 245.0 MHz 1001 pts Stop 710.0 MHz
varker
Type | Ref | Trc | ¥-value ¥-value |  Function Function Result
M1 1 501.19 MHz 68.91 dBpY/m
T1 1 258,239 MHz 56.43 dBpv/m occ Bw 442,237762238 MHz
T2 1 700,477 MHz 57.26 dBpv/m
[ )\ [ easurma WD WO oy

Date: Z.FEB.2016 16:10:27
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6. Measurement Data (continued)
6.4. Spurious Radiated Emissions (15.509 (d), 15.209, RSS-220 Section 6.1(d))

Requirement: The radiated emissions at or below 960 MHz from a device operating
under the provisions of this section shall not exceed the emission
levels in Section 15.209. The radiated emissions above 960 MHz from
a device operating under the provisions of this section shall not
exceed the following average limits when measured using a resolution
bandwidth of 1 MHz. Limits are converted from EIRP (dBm) to field
strength at 3 meters using a conversion factor of 95.2.

Frequency EIRP Field Strength
(MHz) (dBm) (dBpVv/m)
960 - 1610 -65.3 29.9
1610 - 1990 -53.3 41.9
1990 - 3100 -51.3 43.9
3100 - 10600 -41.3 53.9
Above 10600 -51.3 43.9

Spurious Radiated Emissions in GPS Bands
(15.509 (e), 15.209, RSS-220 Section 6.2(e))

Requirement: In addition to the radiated emission limits specified in the table in
paragraph (d) of this section, UWB transmitters operating under the
provisions of this section shall not exceed the following average limits
when measured using a resolution bandwidth of no less than 1 kHz.
Limits are converted from EIRP (dBm) to field strength at 3 meters
using a conversion factor of 95.2 when measured with 1 kHz.

Frequency EIRP Field Strength
(MHz) (dBm) (dBuVv/m)

1164 - 1240 -75.3 19.9

1559 - 1610 -75.3 19.9

Radiated Emissions Field Strength Limits at 3 Meters
(Section 15.209, RSS-220 Section 3.4)

Frequency Field Strength
(MHz) (dBuV/m)
30 - 88 40.0

88 - 216 43.5
216 - 960 46.0

Test Notes:  Refer to Section 4.1 for the test equipment used and Section 4.2 for
the test equipment setups.
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6. Measurement Data (continued)
6.4. Spurious Radiated Emissions (15.509 (d), 15.209, RSS-220 Section 6.1(d))
6.4.1. 30 MHz to 960 MHz, measured at 3 Meters
Geophysical Survey, Pavescan

Amplitude Limit
Frequency (dBuv/m) (dB) Margin | Polarity Agéfgl?ta Azimuth
(MHz) o (dB) (H/V) (cm) (Dev.)
Peak | Quasi-Peak Peak
133.94 | 30.52 30.09 43.5 -13.41 H 100 0
137.90 | 31.72 28.62 43.5 -14.88 H 100 0
143.56 | 30.56 25.59 43.5 -17.91 H 100 0
146.71 | 31.62 28.21 43.5 -15.29 H 100 0
179.34 | 22.62 19.85 43.5 -23.65 H 100 0
197.71 | 24.80 24.64 43.5 -18.86 H 100 0
204.89 | 27.98 27.56 43.5 -15.94 H 100 0
208.06 | 26.66 25.04 43.5 -18.46 H 200 0
367.40 | 30.21 16.11 46.0 -29.89 H 200 0
425.65 | 33.91 27.71 46.0 -18.29 H 200 0
453.57 | 30.32 26.22 46.0 -19.78 H 200 0
456.76 | 29.39 25.60 46.0 -20.40 H 200 0
474.34 | 31.79 29.41 46.0 -16.59 H 200 0
525.33 | 35.75 32.23 46.0 -13.77 H 200 0
538.96 | 38.75 34.92 46.0 -11.08 H 200 0
542.14 | 38.90 34.67 46.0 -11.33 H 200 0
582.68 | 37.01 32.14 46.0 -13.86 H 225 0
614.57 | 33.16 25.20 46.0 -20.80 H 225 0
655.38 | 31.28 25.97 46.0 -20.03 H 225 0
676.83 | 30.62 28.98 46.0 -17.02 H 225 0
833.81 | 24.96 18.38 46.0 -27.62 H 225 0

Note: Plot of data shown on 14
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6. Measurement Data (continued)
6.4. Spurious Radiated Emissions (15.509 (d), 15.209, RSS-220 Section 6.1(d))
6.4.2. 30 MHz to 960 MHz, measured at 3 Meters
Geophysical Survey, Pavescan

Amplitude Limit
Frequency (dBuv/m) (dB) Margin | Polarity A:é?;ﬁta Azimuth
(MHz) . (dB) (HIV) e (Dev.)
Peak | Quasi-Peak Peak
113.98 | 34.39 33.45 43.5 -10.05 \% 100 0
119.01 | 38.40 17.87 43.5 -25.63 \% 100 0
125.94 | 39.96 38.53 43.5 -4.97 \ 100 0
133.13 | 41.50 40.87 43.5 -2.63 \ 100 0
135.56 | 42.07 40.00 43.5 -3.50 \% 100 0
172.96 | 38.89 36.88 43.5 -6.62 \% 100 0
182.58 | 42.33 41.28 43.5 -2.22 \% 100 0
188.96 | 44.91 42.58 43.5 -0.92 \ 100 0
192.11 | 46.31 43.43 43.5 -0.11 \ 100 0
196.88 | 44.23 42.26 43.5 -1.24 \% 100 0
207.33 | 44.44 39.19 43.5 -4.31 \% 100 0
211.98 | 44.07 35.27 43.5 -8.23 \ 100 0
216.87 | 40..74 38.09 46.0 -7.91 \ 100 0
290.30 | 37.59 21.17 46.0 -24.83 \ 100 0
383.55 | 40.61 26.43 46.0 -19.57 \Y 100 0
437.64 | 41.68 40.05 46.0 -5.95 \Y 100 0
451.26 | 40.83 37.30 46.0 -8.70 \ 100 0
475.88 | 40.54 36.10 46.0 -9.90 \ 100 0
515.77 | 40.56 38.72 46.0 -7.28 \ 100 0
523.02 | 40.53 33.94 46.0 -12.06 \Y 100 0
540.49 | 39.65 36.52 46.0 -9.48 \Y 100 0
612.29 | 29.95 24.44 46.0 -21.56 \ 100 0
653.72 | 28.78 25.36 46.0 -20.64 \ 100 0
796.55 | 28.39 16.02 46.0 -29.98 \ 100 0
932.69 | 27.67 25.23 46.0 -20.77 \ 100 0
946.32 | 30.08 24.58 46.0 -21.42 \Y 100 0
953.46 | 31.49 28.14 46.0 -17.86 \Y 100 0

Note: Plot of this tabular data is on page 15
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6. Measurement Data (continued)
6.4. Spurious Radiated Emissions (15.509 (d), 15.209, RSS-220 Section 6.1(d))
6.4.3. 30 MHz to 960 MHz, Horizontal Plot

Radiated Emissions Horizontal

=
w
_

10 100 1000
Frequency (MHz)

«  Amplitude e | imit
9 (dBuV/m) Quasi-Peak (dB) Quasi-Peak )

Note: Tabular Data for this plot is on page 12.
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6. Measurement Data (continued)
6.4. Spurious Radiated Emissions (15.509 (d), 15.209, RSS-220 Section 6.1(d))
6.4.4. 30 MHz to 960 MHz, Vertical Plot

Radiated Emissions Vertical

=
w
_

10.00 100.00 1000.00
Frequency (MHz)

«  Amplitude | imit
(dBpV/m) Quasi-Peak (dB) Quasi-Peak

Note: Tabular Data for this plot is on page 13.
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6. Measurement Data (continued)
6.4. Spurious Radiated Emissions (15.509 (d), 15.209, RSS-220 Section 6.2(d))
6.4.5. 960 MHz to 20 GHz at 3 meters
6.4.5.1 Plot of 960 MHz to 1.2 GHz RMS Power

Spectrum @] I':%[ I

Ref Level 50.00 dBpv/m & RBW (CISPR) 1 MHz
Att 10 dB & SWT 241 ms YBW 10 MHz  Mode Auto Sweep Input 1 AC
Count 100,/100 PS TDF
144-16 Geophysical Pavescan Yertical 800 kHz 200 scan per sec 2 pts per paint @1Em Yiew
M1[1] 29.69 dBp¥/m
1.048100 GHz
45 dBpvm
40 dBpvfm
35 dBpvm
1 f
20 A e
FCC15.509 SUBPART L/M”J—WNVJ
25 dBpvm

A

15 dBpvim

10 depw/m

S dBuvym

Start 960.0 MHz

Stop 1.2 GHz

02.02.2016
11:18:36 72

Measuring... [ ERRRERND gk

Date: 2.FEB.2016¢ 11:18:35

Notes: Using: 1 MHz RBW / 10 MHz VBW and 1mS/MHz RMS Average Detector.

Peak over the limit is a clock signal and not related to the UWB signal, clock signals
are subject to 15.209 limits when not associated with the UWB transmission. See
plot on page 18 with UWB signal turned off.

There were no other measurable emissions between 1.9 to 20 GHz.
Tabular data for this plot is on page 17.
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6. Measurement Data (continued)

6.4. Spurious Radiated Emissions (15.509 (d), 15.209, RSS-220 Section 6.2(d))
6.4.5. 960 MHz to 20 GHz at 3 meters (continued)

6.4.5.2 Data of 960 MHz to 1.9 GHz RMS Power

Freq. Amplitude Fc;c():;gr Amplitude Limit Margin Pol El. Az.
(MHz) (dBuVv/m) (dB) (dBpV/m) | (dBpV/m) (dB) (H/V) (cm) (deq)
RMS RMS
975.40 24.24 Included 24.24 29.90 5.66 \% 125 0
993.40 25.89 Included 25.89 29.90 4.01 \Y 125 0
1016.30 27.24 Included 27.24 29.90 2.66 \V/ 125 0
1035.20 27.79 Included 27.79 29.90 2.11 \Y 125 0
1048.10 29.69 Included 29.69 29.90 0.21 \Y 125 0
1050.10 29.16 Included 29.16 29.90 0.74 vV 125 0
1055.10 28.87 Included 28.87 29.90 1.03 \V/ 125 0
1063.10 28.21 Included 28.21 29.90 1.69 \Y 125 0
1074.10 27.88 Included 27.88 29.90 2.02 vV 125 0
1079.00 27.17 Included 2717 29.90 2.73 vV 125 0
1107.90 26.16 Included 26.16 29.90 3.74 \Y 125 0
1248.00 26.23 Included 26.23 29.90 3.67 \Y 125 0
1146.70 22.09 Included 22.09 29.90 7.81 \Y 125 0
1189.50 20.45 Included 20.45 29.90 9.45 \Y 125 0
1121.50 19.83 Included 19.83 29.90 10.07 \ 125 0
1275.40 21.03 Included 21.03 29.90 8.87 \Y 100 0
1475.10 21.11 Included 21.11 29.90 8.79 \Y 100 0
1650.90 21.97 Included 21.97 29.90 7.93 \Y 100 0
1799.70 25.27 Included 25.27 29.90 4.63 \Y 100 0
1850.60 24.58 Included 24.58 29.90 5.32 Vv 100 0

Note: Plot of data shown on page 16

Compliance Worldwide, Inc. - 357 Main Street - Sandown, NH 03873
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6. Measurement Data (continued)
6.4. Spurious Radiated Emissions (15.509 (d), 15.209, RSS-220 Section 6.2(d))
6.4.5. 960 MHz to 20 GHz at 3 meters (continued)
6.4.5.3 Plot of 960 MHz to 1.9 GHz RMS Power with UWB turned off

Spectrum @] I':%[ I

Ref Level 50.00 dBpv/m @ RBW (CISPR) 1 MHz
Att 10 dB & SWT 241 ms YBW 10 MHz  Mode Auto Sweep Input 1 AC

Count 100,/100 PS TDF
144-16 Geophysical Pavescan Yertical 800 kHz 200 scan per sec 2 pts per point @1Rm Yiew@®2Rm Awvglin
M1[2] 26.13 dBp¥/m
1.000300 GHz
45 dBpvm
40 dBpvfm
35 dBpvm

20 A e

FCC15.509 SUE-F‘.QR%E

25 dBpvm /i

20 dBpvm

10 depw/m

S dBuvym

Start 960.0 MHz

Stop 1.2 GHz

Measuring... [ ERRRERND gk uzig?fl“_;g y
Ty 4

Date: 2.FEB.2016¢ 10:41:32

Note: UWB signal is turned off, clock frequencies are subject to 15.209 limits
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6. Measurement Data (continued)
6.4. Spurious Radiated Emissions (15.509 (d), 15.209, RSS-220 Section 6.1(d))
Spurious Radiated Emissions in GPS Bands (15.509 (e), RSS-220 6.2(e))

Measurements were made at 3 Meters and the -75.3 dBm limit was converted to a
field strength limit of 19.9 dBuV/m.

6.4.6 1164 to 1240 MHz - Horizontal

Spectrum ® né’
Ref Level 35.00 dBpv/m @ RBW 1 kHz
|& Att 0de SWT 765 VBW 10 kHz Mode Sweep Input 1 AC
Count 10/10 PS TOF
144-16 Geophysical Pavescan Vertical 800 kHz 200 scan per sec 2 pts per point @1Rm Yiew
M1[1] 5.01 dBpY/m)
1.1647210 GHz|
30 dey
25 dBpi/m
20-dBy D1 19,900 dBuv/mr
15 depv/
10 dBuv/m
VdEp‘ m
GLIWA
dl m
L | | ‘ | | | | I ! \ I I |
RATRERUTARREAARRARTY RRRRRRAN NRNNANR NN A ANAANAR PANARRRARINAR D!
Start 1.164 GHz 1001 pts Stop 1.24 GHz
i 02.02.2016
H | Measuring...  GRRRAANED Wk 3
Date: 2.FEB.2016 12:14

6.4.7 1559 to 1610 MHz - Horizontal

Spectrum @ n%-’
Ref Level 35.00 dBpv/m @ RBW 1 kHz
|= Att 10de  SWT 513 VBW 10 kHz Mode Sweep Input 1 AC
Count 10/10 PS TOF
144-16 Geophysical Pavescan Vertical 800 kHz 200 scan per sec 2 pts per point @1Rm Yiew
M1[1] 15.69 dBpv/m|
1.5624900 GHz
30 dBpvfm
25 dBpv/m
20-dBpVRS01 19,900 dBpv/n
M1
15 dBpv/m
10 dBpv/m:
5 dBuv/m
0 dey!
-5 depvim
Mmllum by g | L
Start 1.559 GHz 1001 pts Stop 1.61 GHz
ﬂ Measuring...  WUNANENED gtk l!iﬂzﬁ!a!mu Y,
Date: 2.FEB.2016 12:13:04

Note: Marker at 1.56249 GHz is related to a clock frequency not the UWB signal

Page 19 of 30

Compliance Worldwide, Inc. - 357 Main Street - Sandown, NH 03873
(603) 887 3903 Fax (603) 887 6445
www.complianceworldwide.com



ompliance @
OrIdWId e ACCREDITED

CERTIFICATE NUMBER: 1673.01

Test Number: 144-16R2 Issue Date: 5/9/2016

6. Measurement Data (continued)
6.4. Spurious Radiated Emissions (15.509 (d), 15.209, RSS-220 Section 6.1(d))
Spurious Radiated Emissions in GPS Bands (15.509 (e), RSS-220 6.2(e))

Measurements were made at 3 Meters and the -75.3 dBm limit was converted to a
field strength limit of 19.9 dBuV/m.

6.4.8 1559 to 1610 MHz — Horizontal — UWB Signal Turned off
(B Svecnm ®) &

Ref Level 35.00 dBpv/m w RBW 1 kHz
|= Att 10dB  SWT 5.1 VBW 10 kHz Mode Sweep Input 1 AC
Count 10/10 PS TDF
144-16 Geophysical Pavescan Vertical 800 kHz 200 scan per sec 2 pts per point @1Rm View
M1[1] 15.89 dBpv/m)
1.5624900 GHz
30 depvim
25 dBpv/m
20-dBV/MD1 19,900 dBpV/n
M1
15 dBy!
10 dBp/m
5 dBuV;
0 depvfn
-5 dBpvfm:
_ 4,
RURGE TP ATIST.  ToTPIFY B YW e e Fsey N TR AT PR———
Start 1.559 GHz 1001 pts Stop 1.61 GHz
M ing...
il | Measuring..  ERANNANAD e Frifr- i
Date: 2.FEE.2016 12:11:31
Spectrum ® :%?
Ref Level 35.00 dBpv/m @ RBW 1 kHz
| Att 10dE  SWT 7.6 ¥BW 10kHz Mode Sweep Input 1 AC
Count 10/10 PS TOF
144-16 Geophysical Pavescan VYertical B00 kHz 200 scan per sec 2 pts per point @1Rm View
M1[1] 1.00 dBpY /m|
1.2372290 GHz
30 dBpv/im
25 dBpv/m
20-dBpWma01 19,900 dBpv/nr
15 dBuv/m:
10 dBpv/m
5 dBpv/m
1
v
0 dBuv/
< dom . ol
IL) H“l“m ‘ \JJH ‘\J.JI ARARRARN
BT Y IINIAIAN
Start 1.164 GHz 1001 pts Stop 1.24 GHz
< 02.02.2016
H ] Measuring...  EERNERARN W e
Date: 2.FEB.2016 12:06:00
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6. Measurement Data (continued)
6.4. Spurious Radiated Emissions (15.509 (d), 15.209, RSS-220 Section 6.1(d))
Spurious Radiated Emissions in GPS Bands (15.509 (e), RSS-220 6.2(e))

Measurements were made at 3 Meters and the -75.3 dBm limit was converted to a
field strength limit of 19.9 dBuV/m.

6.4.10 1559 to 1610 MHz - Vertical

Spectrum @ u%?
Ref Level 35.00 dBpv/m @ RBW 1 kHz
|= Att 10dé  SWT 515 VBW 10 kHz Mode Sweep Input 1 AC
Count 10/10 PS TDF
144-16 Geophysical Pavescan Yertical 800 kHz 200 scan per sec 2 pts per point @1Rm View
M M1[1] 33.96 dBpV/m|
1.5624900 GHz
30 dey
25 dBpy/
0-gB D1 19,900 dBuv/m
15 dBpvfm
10 dBp/m
5 dBpvin
0 Hay|
_M‘L.‘. . Ly Nk IJ‘ F‘L\mﬂl
Start 1,559 GHz 1001 pts Stop 1.61 GHz
il | Measuring...  EERRREELD e et -
Date: 2.FEB.2016 12:08:05

Note: Marker at 1.56249 GHz is related to a clock frequency not the UWB signal

6.4.11 1559 to 1610 MHz — Vertical — UWB signal turned off
_ Spectrum ®] [%]

Ref Level 35.00 depv/m @ RBW 1kHz
e Att Wds SWT 515 VBW 10kHz Mode Sweep Input 1 AC
Count 10/10 PS TDF
144-16 Geophysical Pavescan Vertical 800 kHz 200 scan per sec 2 pts per point @1Rm View
¥ M1[1] 33.85 dBpVY/m|
1.5624900 GHz
30 dByy
25 dBpy/m:
20 dBpy D1 19.900 dBuv/r
15 dy
10 dBpy/m
5 dBpv/
0 depvim
-5 dey
J@H ! L | I !
T T T e S Ty T Peses Yo L TP STAPPyR.
Start 1.559 GHz 1001 pts Stop 1.61 GHz
il " Measuring...  EEORMNLLD itk Az of
t FEB. 201 09:51
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6. Measurement Data (continued)

6.5. Peak Emissions in a 50 MHz Bandwidth (15.509 (f), RSS-220 Section 6.2 (g))
Requirement: For UWB devices where the frequency at which the highest radiated

emissions occurs, fy, is above 960 MHz, there is a limit on the peak
level of the emissions contained within a 50 MHz bandwidth centered
on the frequency fy. That limit is 0 dBm EIRP. It is acceptable to
employ a different resolution bandwidth, and a correspondingly
different peak emission limit, following the procedures described in
Section 15.521. The 0 dBm limit was converted to -13.98 dBm limit
when using a 10 MHz RBW. The limit was then converted to a 3
meter field strength limit of 81.22 dBuV/m by using a conversion factor

of 95.2.
Peak Corr. Peak Peak .
(F,\;qu) Amplitude Factor Amplitude Limit M(zrg)m (E?\I/) ((I:Erlﬁ) (('jAeZ.)
(dBuVv/m) (dB) (dBuVv/m) (dBuV/m) 9
504.910 71.33 Included 71.33 N/A N/A \% 100 0
960.270 57.66 Included 57.66 81.22 23.56 \% 100 0
Note using: 10 MHz RBW / 40 MHz VBW
6.5.1 Plot of Peak Power below 960 MHz
Spectrum (&) [@]
Ref Level 77.00 dBpv/m @ RBW 10 MHz
o Att Sde  SWT 1ms VBW 40 MHz Mode Sweep Input 1 AC
PS P& TDF
144-16 Geophysical Pavescan Yertical 800 kHz 200 scan per sec 2 pts per point @1Pk View
M1[1] 71.33 dBpY/
75 dBpv/m v 5u+.91[l1JM|—l|j
70 dBpv/m MM‘.T‘M
65 dBqu A:W'mw AT, %qu“l\}tk /)M.Ul’ﬁ.\
50 deditm w ' %
S deyiv/m b
S0 depv/m MMW
||
45 dBpv/m
40 dBpv/m
35 dBpv/m
30 dBpv/m
Start 245.0 MHz 1001 pts Stop 710.0 MHz
:—{ Measuring... @URRNLLLD e "zi?'f;zs‘:;: /%;
Date: 2.FEB.2016 14:38:55

Page 22 of 30

Compliance Worldwide, Inc. - 357 Main Street - Sandown, NH 03873
(603) 887 3903 Fax (603) 887 6445
www.complianceworldwide.com




ompliance @
orldwide [BeomebeeD)
Test Number: 144-16R2 Issue Date: 5/9/2016

6. Measurement Data (continued)
6.5. Peak Emissions in a 50 MHz Bandwidth (15.509 (f), RSS-220 Section 6.2 (g))

6.5.2 Plot of Peak Power above 960 MHz

Spectrum @] ':%[
Ref Level 70.00 dBpv/m & RBW 10 MHz
Att 10 dB & SWT 960 ms YBW 40 MHz Mode Sweep Input 1 AC
PS TDF
144-16 Geophysical Pavescan Yertical 800 kHz 200 scan per sec 2 pts per point @1Pk View
M1[1] 57.66 dBp¥/m
1.029110 GHz
65 dBpvm
&0 dBpvfm t

T
MM%M o | n
U"Mﬂ%
S0 dBpvm i N"W

45 dBpvm

40 dBpvm

35 dBpvim

30 dBpvfm

25 dBpvfm

Start 960.0 MHz Stop 1.2 GHz

Measuring... WRRRRECED i uzinaﬁzgn-;g y
BTH 4

Date: 2.FEB.201¢ 13:16:54

Page 23 of 30

Compliance Worldwide, Inc. - 357 Main Street - Sandown, NH 03873
(603) 887 3903 Fax (603) 887 6445
www.complianceworldwide.com



ompliance @!
orldwide [EccreoiTED)

Test Number: 144-16R2 Issue Date: 5/9/2016

6. Measurement Data (continued)
6.6. Conducted Emissions, Regulatory Limit: FCC Part 15.209, IC RSS-GEN 8.8

Frequency Range Limits
(MH2) _ (dBLV)
Quasi-Peak Average
0.15to 0.50 66 to 56* 56 to 46*
0.50 to 5.0 56 46
5.0 to 30.0 60 50
* Decreases with the logarithm of the frequency.
6.6.1. Measurement Equipment Used to Perform Test
Device Manufacturer Model No. Serial No. Cal Due
LISN EMCO 3825/2 9109-1860 7/21/2016
EMI Receiver Hewlett Packard 8546A 3330A00115 6/2/2016
6.6.2. Measurement & Equipment Setup
Test Date: N/A
Test Engineer: N/A
Site Temperature (°C): N/A
Relative Humidity (%RH): N/A
Frequency Range: 0.15 MHz to 30 MHz
EMI Receiver IF Bandwidth: 9 kHz
EMI Receiver Avg Bandwidth: 30 kHz

Detector Functions: Peak, Quasi-Peak. & Average

6.6.3. Test Procedure
Test measurements were made in accordance with ANSI C63.10-2013, Standard
Methods of Measurement of Radio Noise Emissions from Low-Voltage Electrical and
Electronics Equipment in the Range of 9 kHz to 40 GHz.

EUT is battery powered and the batteries are recharged using a separate charger not
contained in the device.
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6. Measurement Data (continued)
6.7. Public Exposure to Radio Frequency Energy Levels (1.1307 (b)(1))
RSS-GEN 3.2, RSS 102

6.7.1. MPE Power Density Table.

Dig"tz:fce DUT Output |DUT Antenna Power Density Limit
(cm) | Power (dBm) | Gain (dBi) (mwicm?) | Result
(mwiem?® | (Wim?)
1) @) (3) 4) (5)
20.0 -0.77 0.0 0.0001666 | 0.0016662 1.0 Compliant
OP + AG
PD = 1 x d?)
(4 x 1T X d?)

PD = Power Density
OP = DUT Output Power (dBm)
AG = Antenna Gain (dBi)

D = MPE Distance

1. Reference CFR 2.1093(b): For purposes of this section, a portable device is defined as a
transmitting device designed to be used so that the radiating structure(s) of the device is/are
within 20 centimeters of the body of the user.

Section 6.1 of this test report.

Power density is calculated from conducted power output measurement and antenna gain.
Reference CFR 1.1310, Table 1: Limits for Maximum Permissible Exposure (MPE), Section
(B): Limits for General Population/Uncontrolled Exposure.

pwn
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7. Test Images

7.1. Spurious Emissions — 30 MHz — 960 MHz Front
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7. Test Images
7.2. Spurious Emissions — 30 MHz — 960 MHz Rear

 —
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7. Test Images
7.3. Spurious Emissions — 960 MHz - 18 GHz Front
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7. Test Images
7.4. Spurious Emissions — 960 MHz - 18 GHz Rear
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8. Test Site Description

Compliance Worldwide is located at 357 Main Street in Sandown, New Hampshire. The test
sites at Compliance Worldwide are used for conducted and radiated emissions testing in
accordance with Federal Communications Commission (FCC) and Industry Canada
standards. A description of the test sites is on file with the FCC (registration number 96392)
and Industry Canada (file number IC 3023A-1).

The radiated emissions test site is a 3 and 10 meter enclosed open area test site (OATS).
Personnel, support equipment and test equipment are located in the basement beneath the
OATS ground plane.

Off of the rear of the 10 Meter Enclosed Open Area test site a Sandpit has been added to
accommodate the testing of Ground Penetrating Radar (GPR) products. The sand pit
measures 12’ (L) x 4’ (W) x 4’ (D) and is filled with 13.5 yards of dry concrete sand.

The conducted emissions site is part of a 16' x 20' x 12' ferrite tile chamber and uses one of
the walls for the vertical ground plane.

Both sites are designed to test products or systems 1.5 meter W x 1.5 meter L x 2.0 meter
H, floor standing or table top.
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