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1. ATTESTATION OF TEST RESULTS

COMPANY NAME: GROUNDPROBE PTY LTD
72 NEWMARKET ROAD,
WINDSOR, QLD 4030, AUSTRALIA

EUT DESCRIPTION: SLOPE STABILITY RADAR MODULE
MODEL: SSR-X

SERIAL NUMBER: PO2

DATE TESTED: SEPTEMBER 13™ TO 21%, 2017

APPLICABLE STANDARDS
STANDARD TEST RESULTS
CFR 47 Part 90 Subpart F & | Complies

UL Verification Services Inc. tested the above equipment in accordance with the requirements
set forth in the above standards. All indications of Pass/Fail in this report are opinions
expressed by UL Verification Services Inc. based on interpretations and/or observations of test
results. Measurement Uncertainties were not taken into account and are published for
informational purposes only. The test results show that the equipment tested is capable of
demonstrating compliance with the requirements as documented in this report.

Note: The results documented in this report apply only to the tested sample, under the
conditions and modes of operation as described herein. This document may not be altered or
revised in any way unless done so by UL Verification Services Inc. and all revisions are duly
noted in the revisions section. Any alteration of this document not carried out by UL Verification
Services Inc. will constitute fraud and shall nullify the document. This report must not be used
by the client to claim product certification, approval, or endorsement by NVLAP, NIST, any
agency of the Federal Government, or any agency of any government.

Approved & Released For

UL Verification Services Inc. By: Tested By:
MICHAEL HECKROTTE STEVE AGUILAR
PRINCIPAL ENGINEER TEST ENGINEER
UL Verification Services Inc. UL Verification Services Inc.
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2. TEST METHODOLOGY

The tests documented in this report were performed in accordance with ANSI C63.26-2015,
FCC CFR 47 Part 90, FCC CFR 47 Part 2 and FCC OET Bulletin 65.

3. SCOPE OF REPORT

This report covers the 9.5525 GHz Slope Stability Radar only, excluding the embedded WIFI
device, power generator and power supply.

4. FACILITIES AND ACCREDITATION

The test sites and measurement facilities used to collect data are located at 47173 Benicia
Street, Fremont, California, USA.

The test sites and measurement facilities used to collect data are located at 47173 and 47266
Benicia Street, Fremont, California, USA. Line conducted emissions are measured only at the
47173 address. The following table identifies which facilities were utilized for radiated emission
measurements documented in this report. Specific facilities are also identified in the test results
sections.

47173 Benicia Street 47266 Benicia Street
[ ] Chamber A [ ] Chamber D
X] Chamber B [ ] Chamber E
X] Chamber C [ ] Chamber F

[ ] Chamber G
[ ] Chamber H

UL Verification Services Inc. is accredited by NVLAP, Laboratory Code 200065-0. The full
scope of accreditation can be viewed at http://ts.nist.gov/standards/scopes/2000650.htm.

5. CALIBRATION AND UNCERTAINTY
5.1. MEASURING INSTRUMENT CALIBRATION

The measuring equipment utilized to perform the tests documented in this report has been
calibrated in accordance with the manufacturer's recommendations, and is traceable to
recognized national standards.

5.2. MEASUREMENT UNCERTAINTY

Where relevant, the following measurement uncertainty levels have been estimated for tests
performed on the apparatus:
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DATE: NOVEMBER 9, 2017
FCC ID: S490917SSR04

PARAMETER UNCERTAINTY
Conducted Disturbance, 0.15 to 30 MHz +3.52 dB
Radiated Disturbance, 30 to 1000 MHz +4.94 dB
Radiated Disturbance, 1 to 6 GHz +3.86 dB
Radiated Disturbance, 6 to 18 GHz +4.23 dB
Radiated Disturbance, 18 to 26 GHz +5.30 dB
Radiated Disturbance, 26 to 40 GHz +3.23 dB
Radiated Disturbance, 40 GHz above +3.50dB

Uncertainty figures are valid to a confidence level of 95%.
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6. EQUIPMENT UNDER TEST
6.1. DESCRIPTION OF EUT

The EUT is a slope stability radar module that detects the movements and potential hazards of
mine sites.

6.2. DESCRIPTION OF AVAILABLE ANTENNAS

The antenna is an external dish antenna, 180 cm in diameter, with a maximum gain of 46 dBi.

6.3. SOFTWARE AND FIRMWARE

Platform REM

SSR Viewer 8.4.12786.4

FPGA Firmware 7.62 pre

Test Software SSR Control Version 8.4.18438.4

Waveform SR _SYN WAVEFORM, ER RPN WAVEFORM

6.4. WORST-CASE MODES

The Manufacturer has determined that the worst-case (highest power) mode is
ER_RPN_WAVEFORM and worst-case (widest bandwidth) mode is SR_SYN_WAVEFORM.

Waveform Bandwidth Power Power
(MHz) (dBm) (mWw)
ER_RPN_ WAVEFORM 44,121 14.98 315
SR_SYN_WAVEFORM 95.84 7.00 5.01
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6.5. DESCRIPTION OF TEST SETUP

SUPPORT EQUIPMENT

PERIPHERAL SUPPORT EQUIPMENT LIST

Description Manufacturer Model Serial Number
Monitor Digital Systems MCM215R-T 57746
/O CABLES
I/O Cable List
# of Cable
Cﬁlble Port identical CelEelr Cable Type Length Remarks
0 Type
ports (m)
1 AC 1 3-PRONG UNSHIELDED 1.5M -
D38999
2 DC 1 Series Il SHIELDED 4.0m -
26FE6SN
ul D38999 SHIELDED (5
3 Signal 1 Series Il core coax and 9.8m --
9 26FC35PN Cat5e)
Ul D38999
4 Power 1 Series |l SHIELDED 9.8m -
26FA98PN
TEST SETUP

The EUT is powered via an adjustable DC power supply. The appropriate waveforms were
programmed using test software: SSR Control Version 8.4.18438.4.

The coaxial feed cable from the FEED HORN port of the circulator is part of the EUT, therefore
all measurements are made at the RF Output (antenna) end of this cable.

Radiated tests were conducted by terminating the RF output (antenna) end at the end of the
coaxial feed cable from the FEED HORN port of the circulator.
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SLOPE STABILITY RADAR MODULE FCC ID: S490917SSR04

CONDUCTED SETUP DIAGRAM FOR TEST

Conducted - Bandwidth (PXA) & Average Power (Power Meter)

‘ PXA ATTENUATOR

SPLITTER
VISIGNAY
ATTENUATOR
POWER SENSOR

CIRCULATOR MONITOR

I
REMT. RF Ul POWER : n
|

- Radar Electronics Module

MAINS POWER SOURCE

Conducted — Duty Cycle

CIRCULATOR

REMT; RF Ul POWER
FEED HORN

Ul SIGNAL|

REM - Radar Electronics Module

MAINS POWER SOURCE
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Conducted - Spurious

I
| ______
CIRCULATOR REM | E MONITOR

I ! 1
| | !
REMT; RF1 Ul POWER[-=--=g-====s=ssssenean ! 1 1
’T’_Wmmw | ! l
I
| REM R RF2 UI SIGNAL-----~ J ———————————————— : 52 1
I [ [ !
| POWER | | I 4

e e o — — — — — — — — — — — — — — — | — — — — —

DCPOWER
SUPPLY
REM - Radar Electronics Module

MAINS POWER SOURCE ‘

RADIATED SETUP DIAGRAM FOR TESTS

CIRCULATOR

500 FEED HORN
TERMINATOR

Ul POWER

Ul SIGNAL|

REM - Radar Electronics Module

MAINS POWER SOURCE
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6.6. TEST AND MEASUREMENT EQUIPMENT

The following test and measurement equipment is utilized for the tests documented in this
report:

Test Equipment List
Description Manufacturer Model SIN Local ID Cal
(T No.) Due
N9030A PXA Signal Analyzer Agilent N9030A MY52350427 313 8/7/2018
Analog Signal Generator, 40 GHz Agilent E8257D MY48050681 181 8/3/2018
Power Meter Agilent N1911A MY55196011 1265 12/14/2017
Power Sensor, 50MHz-18GHz Agilent N1921A MY55200004 1226 8/30/2018
Detector , 0.01 to 33 GHz Agilent 8474C MY42240207 116 CNR
Power Splitter, DC-26.5 GHz HP 11667B - - CNR
Oscilloscope 1GHz 4 Ch DSO Agilent DS09104A MY51420139 946 8/10/2018
Attenuators, 10 dB, 0-40 GHz Pasternak PE7046-10 - ALA2,A3 CNR
Spectrum Analyzer, 44 GHz Agilent N9030A MY533110593 907 1/23/2018
Antenna, Horn, 18 GHz ETS Lindgren 3117 165319 863 6/9/2018
RF PreAmplifier, 1-18GHz Miteq AMF-4D-01000800-30-23P - 493 6/23/2018
Antenna, Biconolog, 30MHz-1 GHz Sunol Sciences JB3 A051314-2 899 6/15/2018
RF PreAmplifier, 0.1-1300MHz HP 8447D C00580 10 2/15/2018
Spectrum Analyzer Agilent N9030A MY55410147 1454 12/15/2017
Horn Antenna, 18 to 26.5GHz ARA MWH-1826/B 209338 449 6/12/1018
PreAmplifier, 1-26.5GHz Agilent 84498 3008A04710 404 7/23/2018
Preamplifier, 40 GHz Miteq NSP4000-SP2 924343 88 4/29/2018
Antenna, Horn, 40 GHz ARA MWH-2640/B 209340 446 6/12/2018
Chamber, Environmental Espec 135568 3537942-A #73 1/31/2018
True RMS Multimeter Fluke v 308600448 1747 4/15/2018
Power supply DC, 0-60VDC, 25A Lambda GEN1500W OH87945V - CNR
Radiated Software uL ULEMC Ver 9.5, October 19, 2016
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7. APPLICABLE LIMITS AND TEST RESULTS
7.1. DUTY CYCLE

LIMIT

None; for reporting purposes only.

TEST PROCEDURE

The period of fundamental signal is measured in conducted setup with the signal feeding to a
RF diode detector and measured by an oscilloscope, the duty cycle is then calculated.

RESULT
ONTime | Period | DutyCycle | DutyCycle | Duty Cycle
Modulation (usec) (usec) (linear) (%) Corr Fac (dB)
ER_RPN WAVEFORM | 27.93 57.05 0.489 48.9% 3.1
SR SYN WAVEFORM 8.214 16.827 0.488 48.8% 3.1

Duty Cycle Correction Factor (dB) = 10 * Log (Duty Cycle)
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Duty Cycle — ER_RPN_WAVEFORM - ON TIME

Keysight Infiniium : Friday, 15, 2017 8:51:21 BM o
File Control Setup Display Trigger Measure Math Analyze Utilities Demos Help g?é,?zmy 'W Ql
G- o] e @ lefd BBy
|@-z::* | '@ J:l\

seap |ea|'uaj\ seapy aull

100 s -80.0 s 600 s -400 us

©,(C] e s [ TH)
X12)  -177600000 ps
X2(2) 261960000 ps
AX 27.9720000 us
L/AX 35750035 kHz

2] -184.000mV

2)  -126000 mV
58.0000 mV*
2.07350 Vfms

Duty Cycle — ER_RPN_WAVEFORM - PERIOD

Keysight Infiniium : Friday, 15, 2017 8:52:18 BM o
File Control Setup Display Trigger Measure Math Analyze Utilities Demos Help gﬁi}ﬁ% 'w Ql
=T e e [ L e e e W prms S T
(- | '@ o

seap ]e':l‘ua_;\ seajy Al

-100 us -80.0 us -60.0 us -400 us

el _J____10@ 7
'@fﬁvgﬂﬁmmmummw 7 =
X1{2) -177600000 s
X2(2) 552780000 s

57.0540000 s
1/aX 17527254 kHz

2 -184.000 mV
2(2; -126.000 mV
58.0000 mV

101658 Vfms
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Duty Cycle — SR_SYN_WAVEFORM - ON TIME

Keysight Infiniium : Friday, 15, 2017 8:56:45 BM

File Control Setup Display Trigger Measure Math Analyze Utilities Demos Help g?é,?zmy 'W T ]

@il )@ Tl

seayi |en|'uaj\ seapy aull

-100 s -80.0 s 600 s 400 ps

S ——0e =

[ R ——

X12) -6.66000000 ps 1 -184.000 mV
X2(2) 155400000 ps ¥2(2)  -126000 mV
ax 8.21400000 ps 58.0000 mV*
1/AX 12174336 kHz 7.06112 Vfms

Duty Cycle — SR_SYN__WAVEFORM - PERIOD

Keysight Infiniium : Friday, 15, 2017 8:57:30 BM

File Control Setup Display Trigger Measure Math Analyze Utilities Demos Help g?é?g?b 'w g

[ - B o e e e Mg s (5 S T
=" 1" 1® o

1L

Seap [EDIBA| Seow aw|

-100 s -80.0 us -60.0 us -400 us

cl 100 3

8] Reslis 2

X1{2) -6.66000000 ps Y1(2, -184.000 mV
X2(2) 102120000 ps 2(2; -126.000 mV
AX 16.8720000 ps 58.0000 mV
1/BX 59269796 kHz 3.43765 Vfms
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7.2. MODULATION

APPLICABLE RULE

§2.1047

DECLARATION

The EUT employs Pulse Modulation, with AM modulation applied during the ON time of the
pulse.

7.3. OCCUPIED BANDWIDTH

APPLICABLE RULE

§2.1049

TEST PROCEDURE

The occupied bandwidth (OBW) is measured using 99% bandwidth function of spectrum
analyzer in a conducted setup.

The following spectrum analyzer settings were used.

Center Frequency: 9.5525 GHz actual setting (PXA shows 9.553 GHz)
Span: 200 MHz

RBW: 1 MHz

VBW: 3 MHz

Sweep Time: Auto

Max Hold (Avg. 100)

Note: Total power and -26dB Bandwidth are default PXA settings. Results on these items are
not used.
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FCC ID: S490917SSR04

RESULT

ER_RPN_Waveform
Frequency vs. Temperatures & Voltages

Temp | 11.0 Vpo 12.9 Vpc 14.8 Voo

99% OBW | 99% OBW | 99% OBW
©C) (MHz) (MHz) (MHz)
-30 43.976 44.121 44.043
20 43.716 43.688 43.805
-10 43.355 43.39 43.351
0 43.261 43.23 43.179
10 43.215 43.132 43.093
20 43.082 43.039 43.034
30 43.015 42.849 42.993
40 42.974 42.968 42.969
50 42.943 42.952 42.942

SR_SYN_Waveform
Frequency vs. Temperatures & Voltages

Temp | 11.0 Voo 129 Voo | 14.8 Voo

99% OBW | 99% OBW | 99% OBW
°C) (MHZ) (MHZ) (MHZ)
-30 95.84 95.82 95.772
20 95.836 95.829 95.789
-10 95.788 95.77 95.717
0 95.802 95.81 95.798
10 95.711 95.777 95.785
20 95.765 95.8 95.766
30 95.741 95.775 95.746
40 95.782 95.76 95.788
50 95.79 95.762 95.797

Widest 99% Occupied Bandwidth using the highest power waveform is 44.121 MHz at -30 °C
and 12.9 VDC.

Widest 99% Occupied Bandwidth using the widest bandwidth waveform is 95.84 MHz at -30 °C and

11 vVDC.
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SLOPE STABILITY RADAR MODULE

DATE: NOVEMBER 9, 2017
FCC ID: S490917SSR04

99% Occupied Bandwidth - ER_RPN_Waveform

A er- 0
RE S0Q DC

SEMSE:INT|

ALIGN AUTO 11:59:18PM Sep 13, 2017

L
Center Freq 9.552500000 GHz

#IFGain:Low

‘

Center Freq: 9.552500000 GHz
Trig: Free Run
#Atten: 10 dB

Radio Std: None

Avg|Hold: 100100

Radio Device: BTS

Frequency

Ref 30.00 dBm

10 dBidiv
Log

CenterFreq

9.552500000 GHz

-100

=200

-30.0

-400

-50.0

600

Center 9.553 GHz
#Res BW 1 MHz

#VBW 3 MHz

Span 200 MHz
Sweep 1ms

CF Step
20.000000 MHz|

Occupied Bandwidth

Transmit Freq Error
x dB Bandwidth

Total Power

44.121 MHz

138.42 kHz
64.87 MHz

OBW Power
x dB

21,7 dBm

99.00 %
-26.00 dB

JAuto Man

Freq Offset
0Hz

99% Occupied Bandwidth - SR_SYN_Waveform

FF S0Q DC

SENSEINT]

L
ICenter Freq 9.552500000 GHz

#IFGain:Low

‘

Center Freq: 9.552500000 GHz
Trig: Free Run
#Atten: 10 dB

Avg|Held: 100/100

ALIGNAUTO 11:33:17PM Sep 13, 2017

Radio Std: None

Radio Device: BTS

10 dBidiv Ref 10.00 dBm
Log

Frequency

CenterFreq
9.552500000 GHz|

Center 9.553 GHz
#Res BW 1 MHz

#VBW 3 MHz

Span 200 MHz
Sweep 1ms

Occupied Bandwidth

Transmit Freq Error
x dB Bandwidth

Total Power

95.840 MHz
146.64 kHz
104.6 MHz

OBW Power
x dB

13.2 dBm

CF Step
20.000000 MHz|
Auto Man

99.00 %

Freq Offset|
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REPORT NO: 11938449-E3V1 DATE: NOVEMBER 9, 2017
SLOPE STABILITY RADAR MODULE FCC ID: S490917SSR04

7.4. RFOUTPUT POWER

APPLICABLE RULE

§2.1046

§90.205 (r) All other frequency bands. Requested transmitter power will be considered and
authorized on a case by case basis.

LIMIT

Reporting requirement only for Equipment Authorization.

Authorized power is determined upon Station licensing.

TEST PROCEDURE

The maximum mean power is measured by a power sensor and power meter in a conducted
setup.

Correction Factor = Measurement Cable Loss + Power Splitter Loss + Attenuator Loss
Where,

Measurement Cable Loss = Path Loss of cable @ 9.5525 GHz

Power Splitter Loss = Path Loss of Power Splitter @ 9.5525 GHz

Attenuator Loss = Path Loss of Attenuator @ 9.5525 GHz

A correction factor of 18 dB is applied to the reading of the power meter during test.

The average power sensor corrected measurement is then converted to average power during
the ON time by adding the duty cycle factor = 3.1 dB, calculated above.
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REPORT NO: 11938449-E3V1

SLOPE STABILITY RADAR MODULE

DATE: NOVEMBER 9, 2017
FCC ID: S490917SSR04

RESULT

Duty Cycle Correction Factor = 3.1 dB

ER RPN Waveform

Mean Power vs. Temperatures & Voltages
Temp Output Power (dBm)
(°C) 11 Ve 12.9 Ve 14.8 Vpc
Measured Durl_ng ON Measured Durl_ng ON Measured Durl_ng ON
Time Time Time
50 8.54 11.64 8.53 11.63 8.53 11.63
40 9.15 12.25 9.15 12.25 9.16 12.26
30 9.65 12.75 9.65 12.75 9.64 12.74
20 10.14 13.24 10.15 13.25 10.16 13.26
10 10.57 13.67 10.57 13.67 10.57 13.67
0 10.78 13.88 10.78 13.88 10.79 13.89
-10 11.16 14.26 11.16 14.26 11.17 14.27
-20 11.46 14.56 11.47 14.57 11.47 14.57
-30 11.86 14.96 11.87 14.97 11.88 14.98
SR SYN Waveform
Mean Power vs. Temperatures & Voltages
Temp Output Power (dBm)
(°C) 11 Vpe 12.9 Ve 14.8 V¢
Measured Durl_ng Ol Measured Durl_ng Ol Measured Durl_ng QI
Time Time Time
50 0.45 3.55 0.44 3.54 0.44 3.54
40 0.96 4.06 0.96 4.06 0.97 4.07
30 1.71 4.81 1.72 4.82 1.71 4.81
20 1.98 5.08 1.98 5.08 1.99 5.09
10 2.49 5.59 2.48 5.58 2.49 5.59
0 2.75 5.85 2.76 5.86 2.75 5.85
-10 3.13 6.23 3.12 6.22 3.13 6.23
-20 3.52 6.62 3.51 6.61 3.51 6.61
-30 3.89 6.99 3.9 7 3.9 7

Highest mean output power during on time for ER_RPN waveform = 14.98 dBm @ -30°C and
14.8 V DC.

Highest mean output power during on time for SR_SYN waveform = 7.00 dBm @ -30°C and
14.8 V DC.
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REPORT NO: 11938449-E3V1 DATE: NOVEMBER 9, 2017
SLOPE STABILITY RADAR MODULE FCC ID: S490917SSR04

7.5. FREQUENCY STABILITY

APPLICABLE RULES

§2.1055 (a) (1) The frequency stability shall be measured with variation of ambient temperature
as follows: From —30° to + 50° centigrade for all equipment except that specified in paragraphs
(a) (2) and (3) of this section.

§2.1055 (d) (1) The frequency stability shall be measured with variation of primary supply

voltage as follows: Vary primary supply voltage from 85 to 115 percent of the nominal value for
other than hand carried battery equipment.

TEST PROCEDURE

The EUT is placed in an environmental chamber, with power furnished by an adjustable source.
The carrier frequency is counted at each condition and compared with the reference condition.

The output power stability with variation of temperature and primary supply voltage is measured
for determining the worst case (highest level) of output power.

The EUT requires a 12.9 V DC nominal supply voltage, this correlated to the DC supply voltage
being varied from 11 V DC to 14.8 V DC at test.

The maximum peak to peak delta was calculated as follows:

Maximum Peak to Peak Delta = (Min F_- Max F) + (Min Fy- Max Fy)
Min F.=Minimum value from all F_readings
Max F =Maximum value from all F_readings
Min Fy=Minimum value from all F readings
Max Fy=Maximum value from all F4 readings
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REPORT NO: 11938449-E3V1 DATE: NOVEMBER 9, 2017
SLOPE STABILITY RADAR MODULE FCC ID: S490917SSR04

RESULTS

ER RPN Waveform
Temp 11.0 Vpc 12.9 Vpc 14.8 Vpc

(°C) (GHz2) (GHz2) (GHz2) (GHz2) (GHz2) (GHz2)
-30 9.5305 | 9.5745 | 9.5305 | 9.5745 | 9.5305 | 9.5745
-20 9.5301 | 9.5743 | 9.5305 | 9.5743 | 9.5305 | 9.5743
-10 9.5307 | 9.5741 | 9.5309 | 9.5739 | 9.5309 | 9.5739
0 9.5313 | 9.5741 | 9.5311 | 9.5741 | 9.5313 | 9.5739
10 9.5309 | 9.5741 | 9.5309 | 9.5743 | 9.5309 | 9.5741
20 9.5309 | 9.5743 | 9.5309 | 9.5741 | 9.5309 | 9.5741
30 9.5307 | 9.5739 | 9.5311 | 9.5739 | 9.5307 | 9.5741
40 9.5309 | 9.5739 | 9.5307 | 9.5741 | 9.5311 | 9.5741
50 9.5311 | 9.5739 | 9.5311 | 9.5739 | 9.5309 | 9.5739

Maximum Peak to Peak Delta 0.0018 GHz (1.8 MHz)

SR_SYN_ Waveform
Temp 11.0 Vpe 12.9 Vpc 14.8 Vpe

(°C) (GH2z2) (GH2) (GH2z2) (GH2) (GHz2) (GH2z2)
-30 9.5047 | 9.6003 | 9.5047 | 9.6005 | 9.5047 | 9.6003
-20 9.5045 | 9.6003 | 9.5047 | 9.6005 | 9.5049 | 9.6003
-10 9.5049 | 9.6003 | 9.5047 | 9.6003 | 9.5047 | 9.6003
0 9.5047 | 9.6003 | 9.5049 | 9.6003 | 9.5047 | 9.6005
10 9.5043 | 9.6001 | 9.5041 | 9.6003 [ 9.5041 [ 9.6003
20 9.5047 | 9.6001 | 9.5043 | 9.6003 | 9.5047 | 9.6001
30 9.5045 | 9.6005 | 9.5045 | 9.6003 | 9.5047 | 9.6003
40 9.5045 | 9.6003 | 9.5045 | 9.6003 | 9.5047 | 9.6003
50 9.5047 | 9.6003 | 9.5045 | 9.6003 | 9.5043 | 9.6003

Maximum Peak to Peak Delta 0.0012 GHz (1.2 MH2)

Conclusion: The EUT remained within the 9.5 to 10 GHz authorized band over all specified
temperature and voltage variations. The maximum variation (P-P) is1.8 MHz.
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REPORT NO: 11938449-E3V1
SLOPE STABILITY RADAR MODULE

DATE: NOVEMBER 9, 2017

FCC ID: S490917SSR04

Occupied Bandwidth @ -30°C & 11.0 Vpc

ER_RPN_Waveform
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REPORT NO: 11938449-E3V1
SLOPE STABILITY RADAR MODULE

DATE: NOVEMBER 9, 2017
FCC ID: S490917SSR04

Occupied Bandwidth @ 20°C & 12.9 Vp¢

ER_RPN_Waveform
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REPORT NO: 11938449-E3V1
SLOPE STABILITY RADAR MODULE

DATE: NOVEMBER 9, 2017
FCC ID: S490917SSR04

Occupied Bandwidth @ +50°C & 14.8 Vpc
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REPORT NO: 11938449-E3V1

SLOPE STABILITY RADAR MODULE

DATE: NOVEMBER 9, 2017
FCC ID: S490917SSR04

Occupied Bandwidth @ -30°C & 11.0 Vpc
SR_SYN_Waveform
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REPORT NO: 11938449-E3V1
SLOPE STABILITY RADAR MODULE

DATE: NOVEMBER 9, 2017
FCC ID: S490917SSR04

Occupied Bandwidth @ 20°C & 12.9 Vp¢

SR_SYN_Waveform
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REPORT NO: 11938449-E3V1

DATE: NOVEMBER 9, 2017
SLOPE STABILITY RADAR MODULE

FCC ID: S490917SSR04

Occupied Bandwidth @ +50°C & 14.8 Vpc
SR_SYN_Waveform
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REPORT NO: 11938449-E3V1 DATE: NOVEMBER 9, 2017
SLOPE STABILITY RADAR MODULE FCC ID: S490917SSR04

7.6. CONDUCTED SPURIOUS EMISSIONS

APPLICABLE RULES

§2.1051 The radio frequency voltage or powers generated within the equipment and appearing
on a spurious frequency shall be checked at the equipment output terminals when properly
loaded with a suitable artificial antenna. Curves or equivalent data shall show the magnitude of
each harmonic and other spurious emission that can be detected when the equipment is
operated under the conditions specified in §2.1049 as appropriate. The magnitude of spurious
emissions which are attenuated more than 20 dB below the permissible value need not be
specified.

§2.1057 (a) (1) In all of the measurements set forth in §82.1051 and 2.1053, the spectrum shall
be investigated from the lowest radio frequency signal generated in the equipment, without
going below 9 kHz, up to at least the frequency shown below: If the equipment operates below
10 GHz: to the tenth harmonic of the highest fundamental frequency or to 40 GHz, whichever is
lower.

LIMIT

For frequencies outside the authorized band of 9500 to 10,000 MHz, the attenuation must be at
least 43 + 10 log(Pm) dB. Pm is defined as the mean power of the radar in Watts. This equation
will result in a -13 dBm limit line, regardless of the value of Pm: Pm (dBW) - attenuation = Pm
(dBW) - (43 + 10 log(Pm)) = -43 dBW =-13 dBm.

TEST PROCEDURE

The conducted spurious emission is measured using spectrum analyzer. The EUT is
programmed to its worst case pulse radar operation mode.

The highest power waveform is used for worst case conducted emissions.

The signal output is scanned using a peak detector. Any spur or harmonic within 6 dB of the
limit is measured using average detectors.
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REPORT NO: 11938449-E3V1 DATE: NOVEMBER 9, 2017
SLOPE STABILITY RADAR MODULE FCC ID: S490917SSR04

7.6.1. CONDUCTED SPURIOUS EMISSION, 9 KHz TO 40 GHz

7.6.1.1. 9TO 150 KHz

Conducted Spurious Emission, 9 TO 150 KHz

ABITIIL SPELL LI AIGIY £ ~ SWEPL 3R
DC SEMSEINT ALIGH AUTO 11:51:25PM Sep 15, 2017

Btart Freq 9.000 kHz | Avg Type: Log-Pwr TRACE Frequency
PNO: Close —»— THg:Free Run Avg|Hold: 100100 TYPE|M

IFGain:Low Atten: 6 dB DET|P

Auto Tune

Ref Offset 10.8 dB
0deidiv  Ref -10.00 dBm
og

CenterFreq
79.500 kHz

StartFreq
9.000 kHz

Stop Freq
150.000 kHz

CF Step
14.100 kHz
Auto Man

Freq Offset
0Hz

Start 9.00 kHz Stop 150.00 kHz
fRes BW 1.0 kHz #VBW 3.0 kHz Sweep 134.8 ms (3001 pts)

SG STATUS
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REPORT NO: 11938449-E3V1 DATE: NOVEMBER 9, 2017
SLOPE STABILITY RADAR MODULE FCC ID: S490917SSR04

7.6.1.2. 150 KHz TO 30 MHz

Conducted Spurious Emission, 150 KHz TO 30 MHz

Agilent Spectrum Analyzer - Swept SA
SEMSEIMT ALIGMN AUTC 07:46:44 PM Sep 15, 2017
| Avg Type: Log-Pwr TRACE
PNO: Wide —»— 1rig: Free Run Avg|Held: 100/100 TYPE(M
I IFGain:Low Atten: 10 dB DEr|P NN NN

Frequency

AutoT
Ref Offset 10.8 dB Mkr1 5.533 MHz uto Tune

IE%gBldiv Ref 10.00 dBm -82.531 dBm

Center Freq
15.075000 MHz

-13.00 ciBm|

StartFreq
150.000 kHz

Stop Freq
30.000000 MHz

CF Step
2.985000 MHz
Auto Man

Freq Offset
0 Hz

-a0.0

tart 150 kHz Stop 30.00 MHz
Res BW 10 kHz #VBW 30 kHz Sweep 285.4 ms (3001 pts)

I}I SG STATUS
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REPORT NO: 11938449-E3V1 DATE: NOVEMBER 9, 2017
SLOPE STABILITY RADAR MODULE FCC ID: S490917SSR04

7.6.1.3. 30MHz TO 1 GHz

Conducted Spurious Emission, 30 MHz TO 1 GHz

Agilent Spectrum Analyzer - Swept SA
RF SEMSE/INT ALIGH AUTO 07:49:41PM Sep 15, 2017
[Start Freq 30.000000 MHz | . Avg Type: Log-Pwr
PNO: Fast —»— Trig: FreeRun Avg|Hold: 100/100
I IFGain:Low Atten: 10 dB

Frequency

pET|P F R R T

Mkr1 892.3 MHZ Auto Tune

Ref Offset 10.8 dB

I?.% gsrdiv Ref 10.00 dBm -70.815 dBm

Center Freq
515.000000 MHz

-13.00 ciBm|

StartFreq
30.000000 MHz

Stop Freq
1.000000000 GHz

CF Step
97.000000 MHz
Auto Man

Freq Offset
0 Hz

Start 30.0 MHz Stop 1.0000 GHz
Res BW 100 kHz #/BW 300 kHz Sweep 92.80 ms (3001 pts)

MSG STATUS
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REPORT NO: 11938449-E3V1

SLOPE STABILITY RADAR MODULE

DATE: NOVEMBER 9, 2017

FCC ID: S490917SSR04

7.6.1.1.

1TO 18 GHz

Conducted Spurious Emission, 1 TO 18 GHz

Agilent Spectrum Analyzer - Swept SA

RF 509 DC

ALIGHAUTD  [07:52:43PM

iep 15, 2017

MsG

Ref Offset 10.8 dB
'ILO deidiv Ref 10.00 dBm
og

PNO: Fast —— Trig: Free Run
IFGain:Low #Atten: 14 dB

Avg Type: Log-Pwr TRACE

54956 Frequency

Avg|Hold: 100/100 T
DET!

i
Auto Tune

CenterFreq|

9.500000000 GHz

StartFreq
1.000000000 GHz

Stop Freq
18.000000000 GHz

CF Step

1.700000000 GHz
Auto Man

Freq Offset

0Hz

Start 1.000 GHz
#Res BW 1.0 MHz

#VBW 3.0 MHz

Stop 18.000 GHz
#Sweep 50.00 ms (3001 pts)

STATUS

9.5525 GHz is the fundamental signal.
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REPORT NO: 11938449-E3V1 DATE: NOVEMBER 9, 2017
SLOPE STABILITY RADAR MODULE FCC ID: S490917SSR04

7.6.1.2. 18TO 40 GHz

Conducted Spurious Emission, 18 TO 40 GHz

Agilent Spectrum Analyzer - Swept SA
ALIGNAUTC 07:56:01PM Sep 15, 2017

Start Freq 18.000000000 GHz \ Avg Type: Log-Pwr TRACE Frequency
PNO: Fast —»— Trig: Free Run Avg|Hold: 100/100 TvPE I‘F\"IN b
DET

Mkr1 19.107 GHz Auto Tune

IFGain:Low Atten: 10 dB

Ref Offset 10.8 dB

10 aBidiv  Ref 10.00 dBm -28.084 dBm
JLog

Center Freq
29.000000000 GHz

-13.00 ciBim|

StartFreq
18.000000000 GHz

Stop Freq
40.000000000 GHz,

CF Step
2.200000000 GHz,
Auto Man

Freq Offset
0 Hz

Start 18.00 GHz Stop 40.00 GHz
Res BW 1.0 MHz #VBW 3.0 MHz #Sweep 50.00 ms (3001 pts)

MSG STATUS
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REPORT NO: 11938449-E3V1 DATE: NOVEMBER 9, 2017
SLOPE STABILITY RADAR MODULE FCC ID: S490917SSR04

7.7. RADIATED SPURIOUS EMISSIONS

APPLICABLE RULES

§2.1053 (a) Measurements shall be made to detect spurious emissions that may be radiated
directly from the cabinet, control circuits, power leads, or intermediate circuit elements under
normal conditions of installation and operation. Curves or equivalent data shall be supplied
showing the magnitude of each harmonic and other spurious emission. For this test, single
sideband, independent sideband, and controlled carrier transmitters shall be modulated under
the conditions specified in paragraph (c) of §2.1049, as appropriate.

§2.1057 (a) (1) In all of the measurements set forth in §82.1051 and 2.1053, the spectrum shall
be investigated from the lowest radio frequency signal generated in the equipment, without
going below 9 kHz, up to at least the frequency shown below: If the equipment operates below
10 GHz: to the tenth harmonic of the highest fundamental frequency or to 40 GHz, whichever is
lower.

LIMIT

For frequencies outside the authorized band of 9500 to 10,000 MHz, the attenuation must be at
least 43 + 10 log(Pm) dB. Pm is defined as the mean power of the radar in Watts. This equation
will result in a -13 dBm limit line, regardless of the value of Pm: Pm (dBW) - attenuation = Pm
(dBW) - (43 + 10 log(Pm)) = -43 dBW =-13 dBm.

TEST PROCEDURE

ANSI C63.26-2015
Radiated emissions are measured using the field strength method documented in clause 5.5.4.
The -13 dBm EIRP radiated power limit is equivalent to 82.2 dBuV/m at 3 m.

The signal output is scanned using a peak detector. Any spur or harmonic within 6 dB of the
limit is measured using average detectors.

EUT is tested in the highest power mode (ER_RPN_WAVEFORM).
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REPORT NO: 11938449-E3V1 DATE: NOVEMBER 9, 2017
SLOPE STABILITY RADAR MODULE FCC ID: S490917SSR04

7.7.1. RADIATED SPURIOUS EMISSIONS, 30 MHz TO 40 GHz

7.7.1.1. 30 TO 1000 MHz

RADIATED SPURIOUS EMISSION, 30 - 1000 MHz (HORIZONTAL PLOT)

14 Sep 2817 16:43:22

Radioted Emissions 3-Meters
Project Number: 11938443

lient:Ground Probe
Confic:SSR-X Config B
Mode :Worst Cose
Tested by!31016

(dBul/m) Horizontal

/ f\l
! yLyJ \er

Frequency (MHz)

Rangs ) REE Ref/Atin  Det/fvg Type Soeep Pls  Fowpe/fiode  Lobel Rorge () GEE] Ref7fitn  Det/Avg Tope e Pts  Fompeifiode  Lobel
1:30-268 120k (-6aE) /1M 97/18 FEAK/LogPur-Uideo  Auto 4800 MAXH Horizanto| 3:200- 1083 120k (-BeB) /TN 97718 PFEAK/Logfur-V i dan uto B0A0  MAXH Hor-i zontal

onfig B_33-1888_Finol .DAT 31816 28 Sep 2817 Rev 9.5 19 Oct 2816
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REPORT NO: 11938449-E3V1 DATE: NOVEMBER 9, 2017
SLOPE STABILITY RADAR MODULE FCC ID: S490917SSR04

RADIATED SPURIOUS EMISSION, 30 - 1000 MHz (VERTICAL PLOT)

14 Sep 2817 16:43:22
Radioted Emissions 3-Meters

Project Number: 11938449
Client:Ground Probe
Confic:SSR-X Config B
Mode :Worst Cose

Tested by!31816

CeBul/m) Uertical

2]

Frequency (MHz)

Rongs Cz) REE Ref/ALin  Det/fvg Type Soeep Pls  Fowps/fiode  Lobel Rorge () G Ref7fitn Det/Avg Tope Sucep Pts  ¥ompeffiode  Lobel

onfig B_33-1888_Finol .DAT 31816 28 Sep 2817 Rev 9.5 19 Oct 2816

Page 37 of 55

UL VERIFICATION SERVICES INC FORM NO: CCSUP4701l
47173 BENICIA STREET, FREMONT, CA 94538, USA TEL: (510) 771-1000 FAX: (510) 661-0888
This report shall not be reproduced except in full, without the written approval of UL Verification Services Inc.



REPORT NO: 11938449-E3V1
SLOPE STABILITY RADAR MODULE

DATE: NOVEMBER 9, 2017
FCC ID: S490917SSR04

RADIATED SPURIOUS EMISSION 30 - 1000 MHz

Trace Markers

Marker Frequency Meter Det AF Amp/Cbl Corrected Part 90 Limit Margin Azimuth Height Polarity
(MHz) Reading (dB/m) (dB) Reading (dBuV/m) (dB) (Degs) (cm)
(dBuV) (dBuV/m)
1 30.3826 52.23 Pk 25.2 -28.8 48.63 82.2 -33.57 0-360 100 \%
2 38.5022 54.79 Pk 19.3 -28.7 45.39 82.2 -36.81 0-360 100 \%
3 41.3079 59.93 Pk 17.2 -28.7 48.43 82.2 -33.77 0-360 100 \%
4 59.9277 61.62 Pk 11.7 -28.4 44.92 82.2 -37.28 0-360 100 \%
5 66.3894 60.47 Pk 12.1 -28.3 44.27 82.2 -37.93 0-360 100 \%
6 75.4868 62.34 Pk 11.7 -28.2 45.84 82.2 -36.36 0-360 100 \%
7 44.2412 55.83 Pk 14.9 -28.6 42.13 82.2 -40.07 0-360 100 \%
8 95.2544 60.53 Pk 12.9 -28 45.43 82.2 -36.77 0-360 300 H
9 659.9598 44.77 Pk 23.6 -25.2 43.17 82.2 -39.03 0-360 100 H

Pk - Peak detector
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REPORT NO: 11938449-E3V1 DATE: NOVEMBER 9, 2017
SLOPE STABILITY RADAR MODULE FCC ID: S490917SSR04

7.7.1.2. 1TO 18 GHz

RADIATED SPURIOUS EMISSION, 1-18 GHz (HORIZONTAL PLOT)

14 Sep 2817 23:50:38
Rodioted Emissions 3-Meters

Project Number: 11938449
Client:Ground Probe
ConfigiSSR-X Conflg B
Maode : Worst Cose

Tested by:31816

Part 98 Limit (dBuv/m)

(dBul/ml Horizantal

WWWWW ‘

18
Frequency (GHz)

Range (GHz) ] Reffftin  Det/ivg Type Sueep Pls  founs/Mode Lokl Ronge (GHz) REH/VEN Raf/fen  Det/fvg Tupe Sueep Pts foweliods  Lobel
1:0-18 TH(-BB)/ 38k 87/8 PEAK/LagPur-Uideo  Aute 28k HhH Horizantol

onfig B_1-I8ghz_Final .DAT 31816 2B Sep 2817 Rev 9.5 19 Oct 2816
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REPORT NO: 11938449-E3V1 DATE: NOVEMBER 9, 2017
SLOPE STABILITY RADAR MODULE FCC ID: S490917SSR04

RADIATED SPURIOUS EMISSION, 1-18 GHz (VERTICAL PLOT)

14 Sep 2817 23:560:38
Rodioted Emissions 3-Meters

Project Number: 11938449
Client:Ground Probe
Config:SSR-X Conflig B
Mode :Worst Cose

Tested by:31016

Part 98 Limit (dBuv/m2

(dBull/ml Uertical

Frequency (GHz)

Rongs (Gfiz) REU/UET Ref/Attn Det/fug Type Sueep Pie foups/Mode  Lobel Rorge (Griz) REWVEN Ref/fttn  Det/Avg Tope s Pts ¥ompc/fode Lebel

onfig B_1-I8chz_Finol .DAT 31816 2B Sep 2817 Rev 9.5 19 Oct 2816
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REPORT NO: 11938449-E3V1 DATE: NOVEMBER 9, 2017
SLOPE STABILITY RADAR MODULE FCC ID: S490917SSR04

RADIATED SPURIOUS EMISSION 1 - 18 GHz

Radiated Emissions

Marker Frequency Meter Det AF Amp/Cbl Corrected Part 90 Margin Azimuth | Height | Polarity
(GHz) Reading (dB/m) (dB) Reading Limit (dB) (Degs) (cm)
(dBuv) (dBuvim) | (dBuv/m))

1

1.749 40.81 Pk 29.7 -33 37.51 82.2 -44.69 351 271 H
2

4.776 40.4 Pk 34.3 -30.3 44.4 82.2 -37.8 235 113 H
4

4.776 39.68 Pk 34.3 -30.3 43.68 82.2 -38.52 211 143 \%
6

14.256 34.48 Pk 39.5 -22.2 51.78 82.2 -30.42 220 106 \%

Pk - Peak detector

Note: Markers 3 and 5 are the Fundamental Frequency of operation.
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REPORT NO: 11938449-E3V1 DATE: NOVEMBER 9, 2017
SLOPE STABILITY RADAR MODULE FCC ID: S490917SSR04

7.7.1.3. 18TO 26 GHz

RADIATED SPURIOUS EMISSION 18 - 26 GHz (HORIZONTAL AND VERTICAL PLOT)

Horizontal

UL EMC 15 Sep 2817 18:689:688

118
RF Emissians

Order Number: 11938449

18e Client;GroundProbe
Configuration:SSR-X Config B
Mods:lorst Case

Tested by / SN:82378

Peok Limit CdBul/ml

(dBullol+s) Horizontal

8
Frequency (GHz)

Fange_(6H2) FEHAVE Ref/fttn  Det/ing Tupe Sueep Fts Huna/Hode Range (GHz) T Ref/fttn  Det/fug Tupe Suezp Fts  towpsffode Lobe

Lohel
1118-26 1H(-3dB)/3 87/8 PEAK/LagPur-ideo  Auto 1266 HAKH Hori zontal

enfig B_18-26GHz .DAT 31A16 2@ Sep 2817 Rev 9.5 |9 Oct 2816

Vertical

UL EMC 15 Sep 2817 10:89:688

11a

RF Emissians

Order Number: 11036449
1ae Client;:GroundProbs

Conf iquration:SSR-X Config B
Mode  orst Cose

Tested by / SN:82978

Feaok Limit [(dBul/ml

(dBulalts) Vertical

8
Frequency (GHz)

Ronge (Biiz) e Ref/fiin Det/fvg Type wee, Fte #oups/Mode Lohel Ronge (1) REU/UB Ref/fLtn Det/Auy Type Sweep Pte Fups/fode Lobe

onfig B_18-26GHz . DAT 31816 20 Sep 2617 Rev 9.5 19 Oct 2616
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REPORT NO: 11938449-E3V1
SLOPE STABILITY RADAR MODULE

DATE: NOVEMBER 9, 2017
FCC ID: S490917SSR04

RADIATED SPURIOUS EMISSION 18 - 26 GHz

Trace Markers

Marker Frequency Meter Det AF Amp/Cbl Dist Corr Corrected Part 90 Margin
(GHz) Reading (dB/m) (dB) (dB) Reading Limit (dB)
(dBuVv) (dBuVolts) (dBuV/m)
1 19.101 43.09 Pk 32.2 -25 -9.5 40.79 82.2 -41.41
2 25.673 40 Pk 34.1 -24.9 -9.5 39.7 82.2 -42.5
3 24.652 37.89 Pk 33.9 -24.5 -9.5 37.79 82.2 -44.41
4 19.101 44.11 Pk 32.2 -25 -9.5 41.81 82.2 -40.39
5 23.892 38.48 Pk 33.5 -23.9 9.5 38.58 82.2 -43.62
6 25.766 39.23 Pk 34.1 -24.7 -9.5 39.13 82.2 -43.07

Pk - Peak detector
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REPORT NO: 11938449-E3V1 DATE: NOVEMBER 9, 2017
SLOPE STABILITY RADAR MODULE FCC ID: S490917SSR04

7.7.1.4. 26 TO 40 GHz

RADIATED SPURIOUS EMISSION 26 - 40 GHz (HORIZONTAL AND VERTICAL PLOT)

Horizontal

UL EMC 15 Sep 2817 18:54:48
RF Emissions

Order Number | 1938448

Client :GroundProbe
Canf i guration: S5R-X Config B
Made Harst Case

Tested by / SN:82978

Peak Limit CdBul/m)

(dBullolts) Horizontal

6
Frequency (GHz)

Fange (GHz) ] Reffbtin  Det/fug Tupe Sucep Pls  founsliode Lokl Fonge (BHD) FEU/VED Raf/fttn  Det/hvg Tupe Sucep Pts Howpslode Lebe
1:26-48 HC3B/H 8B PEAk/LogPurVideo o 1988 ieH Horizanta

onfiq B_26-4BGHz.DAT 31816 28 Sep 2817 Rev 9.5 19 Oct 2816

Vertical

UL EMC 15 Sep 2817 18:54:48

11a

RF Emi=ssions

Order Number: | 1936443
1Ba Client;:GroundProbe

Conf iguration:SSR-X Config B
Mode : Horst Cose

Tested by / SN:B2978

Peak Limit CdBul/m)

CdBuloltsl Uertical

6
Frequency (GHz)

Ronge CGftz) REU/UE Ref/Atin Det/fug Type ey Pis #5wps/Mode Lobel Rorge (Griz) REWUEH Ref/fitn  Det/Avg Tupe Sueep Pts #ompsiode Lobe

onfig B_265-466Hz .DAT 31816 28 Sep 2617 Rew 9.5 19 Oct 2816
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REPORT NO: 11938449-E3V1
SLOPE STABILITY RADAR MODULE

DATE: NOVEMBER 9, 2017
FCC ID: S490917SSR04

RADIATED SPURIOUS EMISSION 26 - 40 GHz

Trace Markers

Marker Frequency Meter Det AF Amp/Cbl Dist Corrected Part 90 Margin
(GHz) Reading (dB/m) (dB) Corr Reading Limit (dB)
(dBuV) (dB) (dBuVolts) (dBuV/m)
1 28.654 44.98 Pk 35.7 -32.4 -9.5 38.78 82.2 -43.42
2 34.942 46.79 Pk 37.2 -33.2 -9.5 41.29 82.2 -40.91
3 39.074 45.63 Pk 37.6 -31.7 -9.5 42.03 82.2 -40.17
4 39.276 45.85 Pk 38.5 -32.5 -9.5 42.35 82.2 -39.85
5 38.475 46.31 Pk 37 -32 9.5 41.81 82.2 -40.39
6 30.42 44.53 Pk 36 -32.7 -9.5 38.33 82.2 -43.87

Pk - Peak detector
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REPORT NO: 11938449-E3V1
SLOPE STABILITY RADAR MODULE

DATE: NOVEMBER 9, 2017
FCC ID: S490917SSR04

7.8. RF EXPOSURE
LIMIT

§1.1310 The criteria listed in Table 1 shall be used to evaluate the environmental impact of

human exposure to radio-frequency (RF) radiation as specified in 81.1307(b), except in the case

of portable devices which shall be evaluated according to the provisions of §2.1093 of this

chapter.

TABLE 1—LIMITS FOR MAXIMUNM FERMISSIELE EXPOSURE (MPE)

Electric fiald Magnstic fisld : P
Fraquaney range Powesr density Avaraging time
iMHzZ) strendth strength i e iminutes)
(&) Limits for Occupational/Controlled Exposurss
D30 614 1.63 100) i
30-30 ... 18424 4.80F (00T L]
an-2o0 ... 61.4 0163 1.0 L]
300—1500 fra00 3]
150C-100,00 5 G
(B} Limits for General PopulationfUncontrelled Exposure
D134 614 1.63 100) a0
T30 L2440 2108 *[180VF2) a0
TABLE 1—LIMITS FOR MaXIMUM PERMISSIELE EXPOSURE (MFEI—Continues
. Eleatric fisld Magnstic fisk . . b
Frequency rangs Power densit Averaging time

= |'r.1H;'| ? Et.r'af'.-'g.lh st.repglm {rriviiem=) ' -'rﬁﬂuh%s'-

' ! W) (&) ' ! ' :
0200 75 0073 0.2 20
001500 1500 20
1500100, 00 1.0 20

f=frequency in MHz
* = Plana-wave aquivalant power density

MOTE 1 TO TABLE 1: Occupational/cantrolled limity apply in situations in which persons are exposed as a consaquanas of their

amplyment provided thoss persons are full

¢ awars of the potential for exposure and can exercies control ower their exposurs.

Limits for occu pationalicontrolled exposure also apply in situations when an individual is transient through a location where occu-
pationalfcontrolled limits apply provided he o she is made aware of the F-:-I:ential for exposure.

MOTE 2 1O

TABLE 1. General populationfuncontrolled exposures appl

y in situations in which the gensral public may be =x-

posed, orin which persons that are exposad as & consaquencs of their smployment may not ba fully swars of the potential for
exposure or can not exercise control over their exposurs.
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REPORT NO: 11938449-E3V1 DATE: NOVEMBER 9, 2017
SLOPE STABILITY RADAR MODULE FCC ID: S490917SSR04

EQUATIONS

RF Exposure calculations are made in accordance with the equations given in FCC Bulletin 65
(Aperture antenna section).

POWER DENSITY AT ANTENNA SURFACE

The maximum power density at the surface of the antenna is given by Equation 11 as:

Ssurface =4*PpP / A

where
P = Power fed to the Antenna
A = Area of antenna

NEAR-FIELD POWER DENSITY

The near-field boundary is given by Equation 12 as:

Rn=D?/(4*2)

where
D = Largest Antenna Dimension
A = Wavelength

The maximum near-field power density is given by Equation 13 as:

Sn= (16 *n*P)/ (W *D?)
where

n = Aperture efficiency

P = Power fed to the Antenna

D = Antenna Diameter

For circular apertures, the aperture efficiency is given by Equation 14 as:
n=0[G* 1%/ (4*m]/[(m*D? /4]

where
G = Power gain in the direction of interest
A =Wavelength
D = Antenna Diameter
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TRANSITION REGION POWER DENSITY

The power density in the transition region is less than the maximum near-field power density.

EFAR FIELD POWER DENSITY

The far-field boundary is given by Equation 16 as:

Ry = (0.6 * D%) / &

where
D = Largest Antenna Dimension
A = wavelength

Power density is given by Equation 18 as:

Si=(P*G)/ (4*m*R?
where
P = Power fed to the Antenna
G = Power gain in the direction of interest
R = Separation distance
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7.8.1. CALCULATIONS

From 81.1310 Table 1 (B), S = 1.0 mW/cm"2.

POWER DENSITY AT ANTENNA SURFACE

Power is average power over ON and OFF times, EUT has source-based duty cycle.

Frequency | Output | Output| Antenna | Aperture Power Limit
Power | Power [Diameter| Area Density
(GHz) @Bm) | (mW) (m) (cm”~2) |(mW/cm”2) | (mW/cm”2)
9.5525 1188 | 154 1.800 25434.0 0.002 1.0
NEAR-FIELD POWER DENSITY
Frequency | Antenna | Wavelength | R (Near Field)
Diameter Lambda
(GHz) (m) (m) (m)
9.5525 1.800 0.0314 25.79
Frequency | Wavelength [Antenna Antenna Antenna | Aperture
Lambda Gain Gain Diameter | Efficiency
(GHZz) (m) (dBi) (Linear) (m) (Linear)
9.5525 0.0314 46 39811 1.800 1.229
Frequency | Output|Output | Antenna | Aperture Power Limit
Power | Power | Diameter | Efficiency Density
(GHz) aBm) [ (mW) (m) (Linear) |(MW/cm”2)|(MW/cm~2)
9.5525 11.88 15.4 1.800 1.229 0.003 1.0
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FAR FIELD POWER DENSITY

The closest far-field boundary for a given antenna diameter is at the highest frequency in each
applicable band.

Frequency | Antenna | Wavelength | R (Far Field)
Diameter Lambda
(GHz) (m) (m) (m)

9.5525 1.800 0.0314 61.90

The maximum far-field power density occurs at the far-field boundary:

Frequency |Far-Field |Output| Antenna | EIRP | EIRP Power Limit
Distance | Power Gain Density
(GHz) (cm) (dBm) (dBi) dBm)| (mW) | (mW/cm”2) | (mW/cm~2)
9.5525 6190 11.88 46 57.88 |613762| 0.00128 1.0

7.8.2. RESULTS AND CONCLUSIONS

The power density at the antenna surface, the maximum near-field power density and the
maximum far-field power density are all less than the applicable limit.

For fixed location transmitters, the minimum separation distance is 20 cm, even if calculations

indicate that the MPE distance would be less.

7.8.3. MINIMUM SEPARATION DISTANCE

As a fixed location transmitter, the minimum separation distance is specified as 20 cm.
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