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REPORT NO: 10667825B DATE: 2015-OCT-29
FCC ID: 2AE4KBUDOO1 IC: 20769-BUDO01

1. ATTESTATION OF TEST RESULTS

COMPANY NAME: Five Element Robotics
1333 Compus Parkway
Wall, NJ 07753
us
EUT DESCRIPTION: Robot Platform radio board
MODEL.: Platform
SERIAL NUMBER: Non-Serialized
DATE TESTED: August 2015 — September 2015
APPLICABLE STANDARDS
STANDARD TEST RESULTS
CFR 47 Part 15 Subpart B & C Pass
INDUSTRY CANADA RSS-210 Issue 8 Annex 8 Pass
INDUSTRY CANADA RSS-GEN Issue 4 Pass

UL LLC tested the above equipment in accordance with the requirements set forth in the above standards. All
indications of Pass/Falil in this report are opinions expressed by UL LLC 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 LLC and all revisions are duly noted in the revisions section. Any alteration of this
document not carried out by UL LLC 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 LLC By: Tested By:
B
L~
Michael Ferrer Bart Mucha
EMC Engineer EMC Enginner
UL LLC UL LLC
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REPORT NO: 10667825B DATE: 2015-OCT-29
FCC ID: 2AE4KBUDOO1 IC: 20769-BUDO01

2. TEST METHODOLOGY

The tests documented in this report were performed in accordance with ANSI C63.10-2013, FCC CFR 47
Part 2, FCC CFR 47 Part 15, RSS-GEN Issue 4 and RSS-210 Issue 8, ICES-003 Issue 5.

3. FACILITIES AND ACCREDITATION

The test sites and measurement facilities used to collect data are located at 333 Pfingsten Road, Northbrook,
IL 60062 USA.

UL NBK is accredited by NVLAP, Laboratory Code 100414-0. The full scope of accreditation can be viewed
at http://ts.nist.gov/

4. CALIBRATION AND UNCERTAINTY
4.1. 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.

4.2, SAMPLE CALCULATION

Sample Calculations

Radiated Field Strength and Conducted Emissions data contained within this report is calculated on the
following basis:

Field Strength (dBuV/m) = Meter Reading (dBuV) + AF (dB/m) - Gain (dB) + Cable Loss (dB)
Conducted Voltage (dBuV) = Meter Reading (dBuV) + Cable Loss (dB) + LISN IL (dB)

Conducted Current (dBuA) = Meter Reading (dBuV) + Cable Loss (dB) - Transducer Factor (dBohms)

4.3. MEASUREMENT UNCERTAINTY

Where relevant, the following measurement uncertainty levels have been estimated for tests performed on
the apparatus:

Test Range Equipment Uncertainty k=2
Radiated Emissions | 30-200MHz Bicon 10m Horz | 4.27dB
Radiated Emissions | 30-200MHz Bicon 10m Vert | 4.28dB
Radiated Emissions | 200-1000MHz | LogP 10m Horz | 3.33dB Uncertainty figures are valid to a
Radiated Emissions | 200-1000MHz | LogP 10m Vert | 3.39dB confidence level of 95%.
Radiated Emissions | 1-6GHz Horn 5.02dB
Radiated Emissions | 6-18GHz Horn 5.34dB
Radiated Emissions | 18-26GHz Horn 6.60dB
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5. EQUIPMENT UNDER TEST

5.1. DESCRIPTION OF EUT

The EUT is a consumer robotic device that implements a 2.4GHz 802.15.4 transceiver via the Atmel
ATMEGA256RFR2 microcontroller. The EUT pairs with a portable transmitter to achieve a follow behavior.

5.2 MAXIMUM OUTPUT E-FIELD STRENGTH

The transmitter has a maximum output peak E-field as follows:

Frequency Range Mode Output AV E-field Strength
(MHz) (dBuV/m) @ 3m
2405-2480 GFSK 88.48

5.3. DESCRIPTION OF AVAILABLE ANTENNAS

Part Number: Ceramic Chip Antenna by Johanson Technology 2450AT18D0100E
Antenna Peak Gain: 1.5dBi

5.4. SOFTWARE AND FIRMWARE
The firmware installed in the EUT (transmitter) during testing was version 1.0.

The firmware installed in the EUT (platform) during testing was version 0.9.17.

The test utility software used during testing was FCCTest revision 1.0.
5.5. WORST-CASE CONFIGURATION AND MODE

The transmitter will be positioned in single orientation during normal use.
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REPORT NO: 10667825B

DATE: 2015-OCT-29
FCC ID: 2AE4KBUDOO1 IC: 20769-BUDO01

5.6. DESCRIPTION OF TEST SETUP
SUPPORT EQUIPMENT

Support Equipment List

Description Manufacturer Model Serial Number FCCID
*Battery Generic Generic - -
**pPower Supply TRIAD WSU180-2000 -

* used as temprary soruce to power the tramsitter board

** only used to recharge the product, device is not trasmitting while charging.

/0 CABLES
1/0 Cable List
Cable |Port # of identical |Connector |Cable Type |Cable Remarks
No ports Type Length (m)
1 DC 1 round 2-wire 1im cable between supply
and the EUT
TEST SETUP

The board was tested as stand alone component. Some testing was repeated when installed in the host.
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DATE: 2015-OCT-29

REPORT NO: 10667825B
IC: 20769-BUDO01

FCC ID: 2AE4KBUDOO1

SETUP DIAGRAM FOR TESTS

Setup of device for stand alone testing.

Battery

TX Board

Setup for device when inside intended host

TX Board
Inside

EUT Base with Battery
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REPORT NO: 10667825B
FCC ID: 2AE4KBUDOO1

DATE: 2015-OCT-29
IC: 20769-BUDO01

6. TEST AND MEASUREMENT EQUIPMENT

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

Test Equipment List

Description Manufacturer Model EMC No. | Cal Date | Cal Due
Radiated Software uL UL EMC Ver 9.5, July 22, 2014
Conducted Software uL UL EMC Ver 9.5, May 17 2012
EMI Test Receiver Rohde & Schwarz ESU EMC4323 20141216 20151231
EMI Test Receiver Rohde & Schwarz ESCI EMC4328 20141830 20151231
Bicon Antenna Electro-Metrics EM6912A EMC4070 20141014 20151031
Log-P Antenna Chase UPA6109 EMC4313 20141119 20151130
Loop Antenna EMCO 6502/1 EMC4026 20150420 20160430
Antenna Array UL BOMS EMC4276 20141201 20151231
Spectrum Analyzer Agilent N9030A (PXA) EMC4360 20141219 20151219
Description Manufacturer Model Identifier Cal. Date Cal. Due Date
EMI Test Receiver Rohde & Schwarz ESR EMC4377 20150423 20160423
Transient Limiter Electro-Metrics EM7600-2 EMC4224 N/A N/A
HighPass Filter Solar Electronics 2803-150 885551 N/A N/A
Attenuator HP 8494B 2831A00838 N/A N/A
LISN - L1 Solar 8602-50-TS-50-N EMC4052 20150109 20160110
LISN - L2 Solar 8602-50-TS-50-N EMC4064 20150109 20160110
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REPORT NO: 10667825B DATE: 2015-OCT-29
FCC ID: 2AE4KBUDOO1 IC: 20769-BUDO01

7. TEST RESULTS

7.1.1.99% and 20dB BANDWIDTH

LIMITS

None; for reporting purposes only.

TEST PROCEDURE

The transmitter output is connected to the spectrum analyzer. The RBW is set to 1% to 3% of the 99 % bandwidth. The
VBW is set to 3 times the RBW. The sweep time is coupled. The spectrum analyzer internal 99% bandwidth function is
utilized.

RESULTS
Channel Frequency 99% Bandwidth 20dB Bandwidth
(MHz) (MHz) (MHz)
Low 2405 2.34 2.59
Middle 2445 2.41 2.6
High 2480 2.49 2.62
Page 10 of 33
UL LLC FORM NO: CCSUP4701i
333 Pfingsten Rd., Northbrook, IL 60062, USA TEL: (847) 272-8800

This report shall not be reproduced except in full, without the written approval of UL LLC



REPORT NO: 10667825B DATE: 2015-OCT-29
FCC ID: 2AE4KBUDOO1 IC: 20769-BUDO01
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DATE: 2015-OCT-29
IC: 20769-BUDO01

REPORT NO: 10667825B
FCC ID: 2AE4KBUDOO1

7.2.RADIATED EMISSIONS

LIMIT

IC RSS-210, A2.9
FCC 15.249

Operation within the bands 902-928 MHz, 2400-2483.5 MHz, 5725-5875 MHZ, and 24.0-24.25 GHz.
(a) Except as provided in paragraph (b) of this section, the field strength of emissions from intentional
radiators operated within these frequency bands shall comply with the following:

Fiald Fi=ld
sirength of strangth of
Fundameantal frequancy funclamental | harmonics
(rnillivoltss (rmicrovolts !
metar) metar)
Q02928 MHz ... &0 EOO
2400-24835 MHz ... &0 Loo
EF25-RBFEMHz ... &0 EOO
24.0-24.25 GHz ... 250 2500

(d) Emissions radiated outside of the specified frequency bands, except for harmonics, shall be attenuated by at
least 50 dB below the level of the fundamental or to the general radiated emission limits in § 15.209, whichever is
the lesser attenuation.

) Measura-

Fraquancy (MHz) (m'i:nzl:?nru..lcualllgrr:'ugatrhlar] W?;ntcl:nla:a-
[metars)

0.005-0490 ... | 2400F(kHz) Al
04801705 ... | 240000FikHZ) 30
17052300 ... |30 30
I R I 11 3
#8216 ... | 1EO0* 3
Me-08d L | 200 3
Abowe 820 ... | B0O0 3

“ Except as provided in paragraph (g), fundamental amis-
siong from intentional radiators opsrating under this ssction
shall not be kcated in the frequency bands 54-72 MHz, 76—

88 MHz, 174-216 MHz or 470206 MHz. Howsewvear, oparation

within thess frequency bands is permitted under other ssc-
tions of this part, &.9., $§15.231 and 15 241,
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FCC ID: 2AE4KBUDOO1

DATE: 2015-OCT-29
IC: 20769-BUDO01

RESULTS

7.2.1. FUNDAMENTAL FREQUENCY RADIATED EMISSION

5 Element Robotics
Platform transceiv er
Limit FCC

Test Meter Antenna [Path 15.249

Frequency |Reading Factor |Factor [Level dBuV/m [Margin |Azimuth |Height

(GHz) (dBuV) |Detector [dB/m dB dBuV/m (@ 3m dB [Degs] |[cm] Polarity
2.405 117.8| Pk 21.8 -51.81 87.79 114 -26.21 147 100(H
2.4045| 117.27|RMS AV 21.8| -51.83| 87.24 94| -6.76 147 100|H
2.405| 116.03|Pk 21.8| -51.81 86.02 114| -27.98 91 106 |V
2.4044| 115.67 |RMS AV 21.8| -51.83| 85.64 94| -8.36 91 106 |V
2.445] 116.08|Pk 21.9] -51.28 86.7 14| -27.3 212 193[H
2.4444] 115.69|RMS AV 21.9 -51.28] 86.31 94| -7.69 212 193|H
2.4449] 113.42|Pk 21.9| -51.28| 84.04 114] -29.96 262 100|V
2.44441 113.05|RMS AV 21.9] -51.28 83.67 941 -10.33 262 100V
2.4803| 118.16|Pk 22| -51.68| 88.48 114| -25.52 213 213[H
2.4795| 117.35|RMS AV 22| -51.66| 87.69 94| -6.31 213 213[H
2.4802| 116.39|Pk 22| -51.68 86.71 114 -27.29 262 103|V
2.4795| 116.02|RMS AV 22| -51.67 86.35 94 -7.65 262 103|V
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DATE: 2015-OCT-29
IC: 20769-BUDO01

7.2.2. TRANSMITTER RESTRICTED BAND EDGES

RESTRICTED BANDEDGE (LOW CHANNEL, HORIZONTAL)

118

188

98

=]%]

dBull/m

28

UL EMC Test System

BandEdge PK Limit

2.375

BomcdEdge LoCh PK &2 AU 15,249 Horizormtal TST *

28 May 2815 as:14:82
Frel iminary Rodioted Emissioms

S Element Rokotics
Tx, LoCh horozontal
Platform tronsceiver
Boattery

Red Fk Green Aw

SMH=z .~ =.425
Freqguernrcy (GH=2

Rev 9.5 18 May 2815

Battery

5 Element Robotics
TX, LoCh horazontal

Platform transceiv er

Red Pk Green Av

Trace Markers

Test Meter Antenna |Path Peak Av erage
Marker |Frequency |Reading Facotr Factor |Level Limit Margin |Limit Margin |[Azimuth |Height
No. (GHz) (dBuV) |Detector |dB/m dB dBuV/m |dBuVm |[(dB) dBuV/m |[(dB) [Degs] |[[cm] Polarity
Peak
1 2.405 117.6 | Pk 21.8| -51.81 87.59] - - - - 147 100|H
6 2.4 80.85| Pk 21.8| -51.93 50.72 74| -23.28 54 -3.28 147 100 |H
7 2.4 80.28| Pk 21.8| -51.93 50.15 74| -23.85 54 -3.85 147 100 |H
8 2.4001 81.28| Pk 21.8| -51.93 51.15] - - - - 147 100 |H
Av erage
2 2.4052| 116.39|AV 21.8 -51.8 86.39] - - - - 147 100 |H
3 2.4 76.88| AV 21.8| -51.93 46.75 74| -27.25 54 -7.25 147 100|H
4 2.4 76.65|AV 21.8| -51.93 46.52 74| -27.48 54 -7.48 147 100 |H
5 2.4001 76.83| AV 21.8| -51.93 46.7| - - - - 147 100 |H

PK - Peak Detector
AV - Av erage Detector
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REPORT NO: 10667825B DATE: 2015-OCT-29
FCC ID: 2AE4KBUDOO1 IC: 20769-BUDO01

RESTRICTED BANDEDGE (LOW CHANNEL, VERTICAL)

1 1BLIL EMC Te=t Sy=tem 28 May 2815 g8 38:87
Frel iminaory Rodioted Emissiomns
S5 Element Rokotics

188 TX, LoCk Uerticaol
FPlatform tronsceiver
Battery

SI=] Red Pk Green Awv

854

BanhdEdge PK Limit

dBull/m

2,375 SMH=.~ =2.425
Freguency C(GHz2

EocndEdge LeCh PK & AV 15,249 Uertical TST * Rev 9.% 18 May 2815

5 Element Robotics
TX, LoCh Vertical
Platform transceiver
Battery
Red Pk Green Av
Trace Markers
Test Meter Antenna [ Path Peak Av erage
Marker |Frequency |Reading Facotr |Factor [Level Limit Margin |Limit Margin |Azimuth [Height
No. (GHz) (dBuV) |Detector |dB/m |dB dBuV/m [dBuVm |(dB) dBuV/m |(dB) [Degs] |[cm] Polarity
Peak
1 2.405| 115.67|Pk 21.8| -51.81 85.66] - - - - 91 106|V
6 2.4 79.38|Pk 21.8] -51.93 49.25 74| -24.75 541 -4.75 91 106|V
7 24 79.36 | Pk 21.8] -51.93 49.23 74| -24.77 541 477 91 106|V
8 2.4001 79.8|Pk 21.8| -51.93 49.67| - - - - 91 106 |V
Av erage
2 2.4051| 113.42|AV 21.8| -51.81 83.41]| - - - - 91 106 |V
3 24 70.98| AV 21.8| -51.93 40.85 74| -33.15 54| -13.15 91 106 |V
4 24 70.85|AV 21.8] -51.93 40.72 74| -33.28 541 -13.28 91 106|V
5 2.4001 71.21|AV 21.8] -51.93 41.08] - - - - 91 106 |V
PK - Peak Detector
AV - Average Detector
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RESTRICTED BANDEDGE (HIGH CHANNEL, HORIZONTAL)

UL EMC Test Sys=tem
118

188

98

858

7B

Sy%]

=8

dBull/m Horizontal

44

38

28

2.458%
Freqgu

¥ not saved *

28 May 2815

RF Emissions

S Element Rokotics
Hi

TX,

Ch

12:41 145

Platform transceiver

Battery

Red=Hor Greenz=Uert

BonmdEdge PKiLimit

SMH=~

ency

CGH=2

2.588%

Rev 9.% 18 May 2815

* label in plot shows Red=Hor Green=Vert, this is incorrect and it should be RED: PK GRN: Av

5 Element Robotics
TX, Hi Ch

Platform transceiv er
Battery

Red=Hor Green=Vert

Trace Markers

Test Meter Antenna [Path Peak Av erage
Marker |Frequency |Reading Facotr |Factor|Level [Limit [Margin [Limit Margin |Azimuth | Height
No. (GHz) (dBuV) |Detector [dB/m dB dBuV/m [dBuVm | (dB) dBuV/m ((dB) [Degs] |[cm] Polarity
Peak
2 2.4795| 110.05|Pk 22| -43.3| 88.72]| - - - - 213 213[H
3 2.4835 78.8|Pk 22.1| -43.4] 57.49 74] -16.51] - - 213 213|H
4 2.4835( 78.79(Pk 22.1| -43.4| 57.48] - - - - 213 213|H
5 2.4836| 78.58|Pk 22.1| -43.4| 57.27 74| -16.73] - - 213 213[H
Average
1 2.4796 117.1|AV 22| -51.7| 87.43] - - - - 213 213|H
6 2.4835| 81.83|AV 22.1| -51.7| 52.19| - - 54| -1.81 213 213[H
7 2.4835| 81.58|AV 22.1| -51.7| 51.94 74| -22.06 54| -2.06 213 213[H
8 2.4836 81.41|AV 221 -51.71 51.77 74 -22.23 54| -2.23 213 213|H

PK - Peak Detector
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REPORT NO: 10667825B
FCC ID: 2AE4KBUDOO1

DATE: 2015-OCT-29
IC: 20769-BUDO01

RESTRICTED BANDEDGE (HIGH CHANNEL, Vertical)

UL EMC Test Sys=tem

1183

1983

98

858

28 May 2815

S Element Rokotics

T, Hi

Ch

12:82:85

Platform tronsceiver
Battery
Red=Hor Green=Uert

BondEdge PKILimit

7B

Sy%]

dBull/m

58

48

38

=28

2. 4585 SMH=."

Freqguency
¥ not saved ®

CGH=2

-

2. 5885

Rewv 9.5 18 May 2815

* label in plot shows Red=Hor Green=Vert, this is incorrect and it should be RED: PK GRN: Av

5 Element Robotics
TX, Hi Ch

Platform transceiver
Battery

Red=Hor Green=Vert

Trace Markers

Test Meter Antenna | Path Peak Average
Marker |Frequency [Reading Facotr |Factor |Level [Limit [Margin [Limit Margin |Azimuth | Height
No. (GHz) (dBuV) [Detector [dB/m  |dB dBuV/m [dBuVm [(dB) dBuV/m |(dB) [Degs] |[cm] Polarity
Peak
1 2.4795( 116.15[Pk 22| -51.66| 86.49] - - - - 262 103V
6 2.4835| 84.71|Pk 22.1| -51.74| 55.07| - - - - 262 103V
7 2.4835| 84.66|Pk 22.1| -51.74] 55.02 74| -18.98] - - 262 103V
8 2.4836( 84.46(Pk 22.1| -51.74| 54.82 74] -19.18] - - 262 103V
Av erage
2 2.4795| 115.47|AV 22| -51.67 85.8] - - - - 262 103V
3 2.4835| 80.38|AV 22.1| -51.74] 50.74 74| -23.26 54| -3.26 262 103V
4 2.4835| 80.38|AV 22.1| -51.74| 50.74] - - 54| -3.26 262 103V
5 2.4836| 79.81|AV 22.1| -51.74| 50.17 74] -23.83 54| -3.83 262 103V

PK - Peak Detector
AV - Av erage Detector
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REPORT NO: 10667825B DATE: 2015-OCT-29
FCC ID: 2AE4KBUDOO1 IC: 20769-BUDO01

7.2.3. HARMONICS AND SPURIOUS EMISSIONS ABOVE 1GHz

Low Channel, board alone, scan

1 WZUL EMC Tes=t Sys=tem 28 May 2815 8941 :82
Prel iminory Rodioted Emi=siaoms
5 Element Rokotics
VBB [ b e TX, LoCh
FPlatform tronsceiver
Battery
[ 1 S P S S SRR SR FRed=Hor Green=lUert
s e S
47 CFR Paort 15 PK
T T R e e T e st L
a
u
=
&
B e e S T E e B R A
=
~
p—
3
]
el
e o e S S e e N S S
1 (=] 25

Freguency C(GH=z2

FE BOMS 1GH=-ZBGH= with 1GH=—4d4GH= ExtFrefmp 3m di=ztormcs. TST * Rew 9.5 18 May ZEI1E

1 BUL EMC Test System 28 May 2815 a9:41:82
Prel iminoary Rodioted Emi=ssiaoms
S Element Rokotics

188 TX, LoCh
Platform transceiver
Bottery

[ T S P S S SRR SR Red=Hor Green=Uert
T e S
47 CFR Port 15 iPK

B R e S

-

c

[s]

M

el

=

£

>

> 58

fas)

=

38

28

Freguency C(GH=z2

FE BOMS 1GH=-ZBGH= with 1GH=—4d4GH= ExtFrefmp 3m di=ztormcs. TST * Rew 9.5 18 May ZEI1E
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REPORT NO: 10667825B DATE: 2015-OCT-29
FCC ID: 2AE4KBUDOO1 IC: 20769-BUDO01

Low Channel, board alone, data

5 Element Robotics
TX, LoCh
Platform transceiver
Battery
Red=Hor Green=Vert
Trace Markers
Test Meter Antenna [Path Peak Average
Marker |Frequency |Reading Facotr |Factor [Level [Limit Margin |Limit Margin |Azimuth | Height
No. (GHz) (dBuV) |Detector |dB/m  |dB dBuV/m [dBuVm |(dB) dBuV/m [(dB) |[Degs] |[cm] [Polarity
1 2.404| 117.46|Pk 21.8| -51.84| 87.42] - - - - 0-360 150(H
3 4.811 67.71|Pk 27.7| -50.55| 44.86 74| -29.14 54 -9.14(0-360 149|H
4 7.214 65.7 | Pk 29.8| -46.73| 48.77 74| -25.23 54| -5.23]0-360 149(H
5 9.618| 62.04|Pk 36.4| -48.38| 50.06 74| -23.94 54| -3.94]0-360 150(H
2 2.404] 115.59|Pk 21.8| -51.84| 85.55] - - - - 0-360 100V
6 4.809| 64.38|Pk 27.7| -50.57| 41.51 74| -32.49 54| -12.49]0-360 100V
7 7.214 64.62 | Pk 29.8| -46.73| 47.69 74| -26.31 54 -6.31|0-360 150V
Pk - Peak detector
Radiated Emission Data
Test Meter Antenna | Path Peak Av erage
Frequency |Reading Facotr |Factor [Level [Limit Margin |Limit Margin | Azimuth | Height
(GHz) (dBuV) |Detector |dB/m  |dB dBuV/m [dBuVm |(dB) dBuV/m [(dB) |[Degs] |[cm] [Polarity
7.2135( 68.29|Pk 29.8| -46.73| 51.36 74| -22.64 - - 216| 158|H
7.2134( 65.79|RMS AV 29.8| -46.72| 48.87 - - 541 -5.13 216| 158|H
7.2133 66.63 | Pk 29.8| -46.72| 49.71 74 -24.29 - - 172] 100(|V
7.2133( 63.82|RMS AV 29.8| -46.72 46.9 - - 54| -71 172 100V
9.618 66.8|Pk 36.4| -48.38| 54.82 74| -19.18 - - 236| 161|H
9.6177 63.32|RMS AV 36.4| -48.38( 51.34 - - 54| -2.66 236| 161|H
9.6179 64.45|Pk 36.4| -48.38| 52.47 74| -21.53 - - 318| 165|V
9.6179( 59.23|RMS AV 36.4| -48.38| 47.25 - - 54| -6.75 318| 165|V
Pk - Peak detector
RMS AV - AVerage Detector
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REPORT NO: 10667825B DATE: 2015-OCT-29
FCC ID: 2AE4KBUDOO1 IC: 20769-BUDO01

Middle Channel, board alone, scan

1 1BUL EMC Test System 28 May 2815 8:58:43
Freliminory Rodioted Emissioms
5 Element Rokotics
TEB [ TX, Mid Ch
Platform transceiwver
Battery
5 T S P S SR SRR SR Red=Hor Green=Uer+t
o i B T S A S s S
47 CFR Part 15 :iPK
T T i L e e e st L e
o
5]
=
&
O B |
S
~
=
>
@
o
T e S s E et S e s S
1 (=] 25
Freguency (GHz=2
RE BOMS 16H=-25GH= with 1GH=—4GHz ExtPrefmp 3m distomce. TST ¥ Rev 9.5 18 May 2815
1 UL EMC Test System 28 May 2815 18:58:43
Prel iminory Rodioted Emissiaoms
5 Element Rokotics
LS S S TX, Mid Ch
FPlatform tronsceiwver
Battery
[ U SN F ERURUURNE SURUUNURRRUUIE SERRUURRRI SURSO Red=Hor Greenz=Uert
I i St S
47 CFR Part 15 :FPK
Bl T
-
c
5]
N
T R Tl i T S T st
=
=
~
T ] .,—
@
o
S it S e s s
1 (=] 25
Freqguency (GH=z2
RE BOMS 1GH=z-25GH=z with 1GHz—-4GHz ExtPrefmp 3m distonce.TST * Rev 9.5 18 May 20815
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REPORT NO: 10667825B DATE: 2015-OCT-29
FCC ID: 2AE4KBUDOO1 IC: 20769-BUDO01

Middle Channel, board alone, data

5 Element Robotics
TX, Mid Ch
Platform transceiv er
Battery
Red=Hor Green=Vert
Trace Markers
Test Meter Antenna |Path Peak Average
Marker |Frequency |Reading Facotr |Factor |Level Limit Margin |Limit Margin |Azimuth | Height
No. (GHz) (dBuV) |Detector |dB/m dB dBuV/m [dBuVm |(dB) dBuV/m ((dB) [Degs] |[cm] |Polarity
1 2.444]1 115.04|Pk 21.9| -51.28 85.66| - - - - 0-360 150|H
2 4.891| 65.22|Pk 27.7| -50.42 42.5 74 -31.5 54| -11.5|0-360 149[H
6 7.334 58.2|Pk 30.7| -45.91 42.99 74] -31.01 54| -11.01]0-360 149[H
3 2.444]1 113.21|Pk 21.9| -51.28 83.83] - - - - 0-360 100|V
4 4.891| 64.72|Pk 27.7| -50.42 42 74 -32 54 -12]0-360 150V
5 7.337 59.61|Pk 30.7| -45.9 44.41 74| -29.59 54| -9.59|0-360 150V
Radiated Emission Data
Test Meter Antenna | Path Peak Average
Frequency |Reading Facotr |Factor |Level Limit Margin |Limit Margin |Azimuth | Height
(GHz) (dBuV) |Detector |dB/m dB dBuV/m [dBuVm |(dB) dBuV/m ((dB) [Degs] |[cm] |Polarity
7.3363| 62.86|Pk 30.7| -45.9 47.66 74| -26.34 - - 184 100V
7.3363 58.9|RMS AV 30.7| -45.9 43.7 - - 54| -10.3 184 100V
7.3363| 63.15|Pk 30.7| -45.9 47.95 74| -26.05 - - 236 209|H
7.3363| 58.63|RMS AV 30.7| -45.9 43.43 - - 54| -10.57 236 209|H
Pk - Peak detector
RMS AV - AVerage Detector
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REPORT NO: 10667825B

DATE: 2015-OCT-29

FCC ID: 2AE4KBUDOO1 IC: 20769-BUDO0O1
High Channel, board alone, scan
. UL EMC Test Sys=tem 28 May 2815 13:11:48
Freliminory Rodioted Emissioms
S Element Rokotics
TEB [ TX, Hi Ch
Platform transceiver
Battery
5 T S P S SR SRR SR Red=Hor GreenzUert
o I e s S
47 CFR Port 15 iPK
T T e o L et R e st L L
o
5]
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&
R T e S
5
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=
B
s}
-
T e S s E et S e s S
! 1 e 25
Freguency (GHz=2
Lo oh 1-25Gig .DAT * Rev 9.5 18 May 2ZB15
1 1BUL EMC Tes=t System 28 May 2815 1211 1 4&2
Prel iminory Rodioted Emissiaoms
S Element Rokotics
LS S S TX. Hi Ch
Platform tronsceiver
Battery
[ v 1 S S P SRUURUUNE SURURNSRRUUIE SRR BUNS Red=Hor Greenz=Uert
L R e Bl B e e e s RECEEE
47 CFR FPaort 15 iIFPK
B T R B L s B RSRRtTELEEE e ELTEEE R ETTERES UL EEEReee
-
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R et e e S AGGheCLE SEEEELTE EEEEEE SERER RREEREREY I CEEETEEREEEEEEEEEE PR e
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CGH=2

Freguency
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REPORT NO: 10667825B DATE: 2015-OCT-29
FCC ID: 2AE4KBUDOO1 IC: 20769-BUDO01

High Channel, board alone, data

5 Element Robotics
TX, Hi Ch

Platform transceiver
Battery

Red=Hor Green=Vert

Test Meter Antenna |Path Peak Av erage
Marker |Frequency |Reading Facotr |Factor |Level Limit  |Margin |Limit Margin |Azimuth |Height
No. (GHz) (dBuV)  |Detector [dB/m dB dBuV/m [dBuVm [(dB) dBuV/m |(dB) [Degs] |[cm] |Polarity
1 2.48| 116.54|Pk 22| -51.67 86.87] - - - - 0-360 150|H
2 4.961 66.62 | Pk 27.8| -50.74 43.68 74] -30.32 54| -10.32(0-360 149(H
5 2.479] 115.84|Pk 22| -51.66 86.18] - - - - 0-360 100|V
3 4.961 63.66 [Pk 27.8( -50.74 40.72 74| -33.28 54 -13.28(0-360 150V
4 7.439 61.61|Pk 30.6| -46.79 45.42 74| -28.58 54| -8.58(0-360 100V

Pk - Peak detector
Radiated Emission Data
Test Meter Antenna |Path Peak Average
Frequency |Reading Facotr |Factor |Level Limit |Margin |Limit Margin |Azimuth |Height
(GHz) (dBuV)  |Detector [dB/m dB dBuV/m [dBuVm [(dB) dBuV/m |(dB) [Degs] |[cm] |Polarity
7.4381 63.78 Pk 30.6( -46.76 47.62 74| -26.38]- - 184 100V
7.4383 60.42|RMS A 30.6( -46.77 44.25 54 -9.75 184 100V
7.4381 63.02 [Pk 30.6( -46.76 46.86 74| -27.14 224 230(H
7.4385 58.43|RMS A 30.6( -46.77 42.26 54| -11.74 224 230(H
Pk - Peak detector
RMS AV - AVerage Detector
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REPORT NO: 10667825B

DATE: 2015-OCT-29

FCC ID: 2AE4KBUDOO1 IC: 20769-BUDO0O1
Middle Channel, board installed in host, scan
—— UL EMC Test Suystem 28 May 2015 142485
Prel imincary Rodioted Emi=s=siaons
5 Element Rokotics
L A TX, Mid Ch
inho=t Platform transceiver
Bottery
OF i Red=zHor Greemn=Uesr+t
] R L i B S RRREREEEEERS
47 CFR Part 15 FK
= TE L
O L S S
E

=28

e i e Tt st
1 14 25
Freguency (GH=2
id ch 1-25Giqg DRT * Rewv 8.5 18 May 2@A15
11| UL EMC Test System 28 May 2815 142485
FPrel imincry Rodioted Emissiaons
5 Element Rokaotics
TAB | TX, Mid Ch
inhost Plotform traonsceiver
Bottery
T Red=Hor Green=Uert
] e S S e S
47 CFR Part 15 FPK
B St L e e R RRRECTT EELSELLLREES
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REPORT NO: 10667825B DATE: 2015-OCT-29
FCC ID: 2AE4KBUDOO1 IC: 20769-BUDO01

Middle Channel, board installed in host, data

5 Element Robotics

TX, Mid Ch

inhost Platform transceiver
Battery

Red=Hor Green=Vert

Trace Markers

Test Meter Antenna [Path Peak Average
Marker | Frequency |Reading Facotr |Factor [Level Limit  |Margin |Limit Margin |Azimuth |Height
No. (GHz) (dBuV) [Detector |dB/m |dB dBuV/m [dBuVm [(dB) dBuV/m [(dB) [Degs] |[cm] [Polarity
1 2.444( 118.52|Pk 21.9]-51.28| 89.14| - - - - 0-360 100(H
3 4.889| 66.02|Pk 27.7| -50.42 43.3 74| -30.7 54| -10.7]0-360 101|H
2 2.445( 111.21|Pk 21.9]-51.28 81.83] - - - - 0-360 100(V
4 4.891| 65.28|Pk 27.7|-50.42| 42.56 74| -31.44 54| -11.44]0-360 150V
5 7.334 60.55|Pk 30.7| -45.91 45.34 74| -28.66 54| -8.66|0-360 150V
Pk - Peak detector
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REPORT NO: 10667825B
FCC ID: 2AE4KBUDOO1

DATE: 2015-OCT-29
IC: 20769-BUDO01

7.2.4. WORST-CASE BELOW 1 GHz

9kHz — 30MHz
123 UL EMC Test System S Sep Z815 16:42:. 29
Rodioted Emissions
Fi EI +t Rokoti
LS e MRt AR SRS b s i bRt St S NS S Platfarm Boord themowad]
Tx Mid Channel — ¥ oxis
Red: Emissions — Parallel to EUT
B I R e e S St Rt ot S R e LR LR EEt CEEE Lt SCCLEL S ELE
L e 0 i S S S S i
E 7B
T S B e T St S T s i T e e
]
=
~
= o O O S S N SN S AU N S SN SRS NN S SO S S ) NN SRS SN SN SN S SO N S SO SRR
Bl
o
=
Soma Ml oG R
)
-

o 3o

. aEg 1 1
Freguency (MHz>
Sii-m KCOR W 98 FEM/LoRurUiden  ToBnenctuto) 4781 WA
RE SkHz-30MH= 3m E-Ficld Loop 3 axis ESCI.TST x Rev 9.5 83 Jun 2815
Five Element Robotics
Platform Board (Remov ed)
Tx Mid Channel - Y axis
Red: Emissions - Parallel to EUT
Trace Markers
FCC Part
Test Meter Antenna [Path 15 3M
Marker |Frequency |Reading Factor |Factor |Level Limit Margin |Azimuth
No. (MHz) (dBuV)  |Detector |dB/m dB dBuV/m [dBuV/m [(dB) [Degs]
1| 0.012115 40.54 | Pk 20.2 0 60.74| 125.92( -65.18(0-360
2| 0.02531 35.38|Pk 16.3 0 51.68 119.52| -67.840-360
3 0.17215 38.61| Pk 121 0 50.71 102.88( -52.17]0-360
4 0.69102 32.9|Pk 12 0 44.9 70.81| -25.91(0-360
5 1.058 25.52|Pk 12.6 0.1 38.22 67.11| -28.89(0-360
6] 3.38525 18.5|Pk 12 0.1 30.6 69.54| -38.94|0-360
Pk - Peak detector
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REPORT NO: 10667825B
FCC ID: 2AE4KBUDOO1

DATE: 2015-OCT-29

IC: 20769-BUDO01

30MHz — 1GHz

1BE1UL EMC Test System 16 Ocst ZB15S 18:24: 35
Rodioted Emissions
Five Element Rokotics
e Tw Mid Ch
Flatform Boord
Fed: Horizorntal, Green: Uerticaol
L S TR S R
T Tl R e S e A IRRRRRt bR et
=
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I ] B e T T e e T e T T L SR EEE SEEEE SERD
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T T I e s s s e s St SRR S
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5
-+ 44
o
=
E}
w 38
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39 1888
Frequency CMH=2
Rarge CHHz) REN/LBU Ref/Attn  Det/fva Mode Suzap Fts  #oupsf  Fonge Ozl REUUBH Ref/fittn  Dst/fvg Mods Suzep Fts  #ups/fiods  Fos
23620 126k (-6cB) F1H 9248 FEM/LogPur-iden  WBmeec(hute) 46B1  HAXH 4:206-7888 128k (~BdB) A M w8 PERK/LogPwr—ides | Bmaecthuto) BEG1  MH -3

FE 38-18688 MHz 18m with SingleSsgments ESCI.TST

Fev 9.5 B9 Oct ZHE1S

1BE1UL EMC Test System 16 Oct ZE13S 18:24.: 35
Rodicoted Emissions
Five Element Robotics
e T< Mid Ch
Flotform Boord
Red: Horizontal, Green: Uertical
(=[5 J SRR NG SN SN N S S
|| A i B . - - - s B L
e T e S S S i NS SRR SREEES SRR
] B S R T TR S s S e RN SR

dB(ulalts/meter) Horizontol

34 184 1888
Freguency (MH=z2
Farge (HHz> REWEL Rof/Attn  Dot/fvg Mads Suemp Pls  FSupselo  Fongs iz RBUVBH Ref/Attn  Dot/Avy Nods Swzep Pls #3uperfode  Fos
136248 128k (-6cB) F1H 09278 FEAC/LogPur\iden  3Bmsec(huto) 4681 MAXH 3:2408-TA64 128k (~6dB) A 1M w2 PERK/LogPur—i deo | Bmsec(futo] BART  MH -3

FE 30-1080 MH= 16Bm with Singl=Segments ESCI.TST

Few 9.5 B9 Oct 2H1S

Page 29 of 33

UL LLC

333 Pfingsten Rd., Northbrook, IL 60062, USA
This report shall not be reproduced except in full, without the written approval of UL LLC

FORM NO: CCSUP4701i
TEL: (847) 272-8800



REPORT NO: 10667825B

FCC ID: 2AE4KBU

D001

DATE: 2015-OCT-29
IC: 20769-BUDO01

Five Element Robotics
Tx Mid Ch

Platform Board

Trace Markers

Red: Horizontal, Green: Vertical

Limit FCC
Part 15
Test Meter Antenna | Path Class B
Marker |Frequency [Reading Factor |Factor |Level 10m Margin |Azimuth |Height
No. (MHz) (dBuV) |Detector |dB/m |dB dBuV/m [dBuV/m [(dB) [Degs] |[cm] Polarity
1| 184.1475 42.18|Pk 16.1( -29.2 29.08 33.07 -3.99]0-360 398 |H
2 180.62 32.89|Pk 15.9 -29.3 19.49 33.07| -13.58(0-360 399|V
3 443.3 41.02|Pk 16.9 -27.5 30.42 35.57 -5.15]0-360 199(H
4 509.3 39.12|Pk 17.9 -27|  30.02 35.57 -5.55|0-360 199(H
5 453.7 33.73|Pk 171 -27.4 23.43 35.57| -12.14(0-360 199V
6 516.1 34.83|Pk 18.1 -27.3| 25.63 35.57 -9.94]0-360 103V
Pk - Peak detector
Radiated Emission Data
Limit FCC
Part 15
Test Meter Antenna | Path Class B
Frequency [Reading Factor |Factor |Level 10m Margin |Azimuth |Height
(MHz) (dBuV) [Detector [dB/m [dB dBuV/m [dBuV/m [(dB) [Degs] |[cm] Polarity
182.2655 41.87|Qp 16 -29.3[ 28.57 33.07 -4.5 66 342|H
443.08216 37.54|Qp 16.9( -27.5 26.94 35.57 -8.63 37 218|H
507.37863 36.87(Qp 17.7( -27.2| 27.37 35.57 -8.2 342 171(H
Qp - Quasi-Peak detector
Page 30 of 33

ULLLC

333 Pfingsten Rd., Northbrook, IL 60062, USA
This report shall not be reproduced except in full, without the written approval of UL LLC

FORM NO: CCSUP4701i

TEL: (847) 272-8800



