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Test Result Summary

Clause Test Item Result
FCC 15.247 (b) (2) Peak Output Power Pass
FCC 15.247 (a)(1) 20dB Bandwidth Pass
FCC 15.247 (a)(1)(lI) Number of Hopping Frequencies Pass
FCC 15.247 (a)(1) Carrier Frequency Separation Pass
FCC 15.247 (a)(1)(II) Time of Occupancy (Dwell Time) Pass
FCC 15.247 (d) Band-edge compliance of RF Conducted Emission Pass
FCC 15.209 &15.205 Radiatgd Spurious Emissions and Restricted bands of Pass
operation
FCC 15.207 Conducted Emissions on a.c Power Lines N/A*

Note: Conducted measurements are done according to the procedure as per FCC/DA-00-705, Filing
and Measurement Guidelines for 15.247 Frequency Hopping Spread Spectrum (FHSS) Systems,
Mar. 30, 2000 mentioned in ANSI C63.10-2013

* -> Device exclusively used in vehicle only, it will operate on vehicle battery & internal back up
battery only.
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List of Test and Measurement Instruments

A_ TUVRheinland®

Equipment Manufacturer Model Serial Calibration Periodicit Used for
quip Name Number Due Date Y| Testltems
EMI Test Receiver Rohde & ESU 40 100288 023.11.2016 Yearly
Schwarz
Broadband Frankonia ALX-4000 | ALX4000- 1 g 042016 Yearly
Antenna 806
Active Loop Frankonia LAX-10 | LAX-10-800 | 22.12.2016 Yearly | Spurious
Antenna ;
Sroadband H Radiated
roadband Horn Frankonia HAX-18 HAX18-802 | 14.03.2017 Yearly | Emissions
Antenna
Emission Horn ETS Lindgren 116706 00107323 | 02.11.2016 Yearly
Antenna
Anechoic Chamber Frankonia - - - -
Spectrum Analyser Agilent E4407B | US41192772 | 23.04.2017 Yearly Antenna -
Technologies Port
. Rohde & Conducted
Signal Analyzer Schwarz FSV7 101644 07.12.1016 Yearly Tests
Testing Facilities:
1) TUV Rheinland (India) Private Limited
108 , Beside ISBR Business School,
Electronic city Phase |
Bangalore - 560 100.
Test Report No.: 19660220 001 Date: 27.04.2016 Page 4 of 45
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General Product Information

Product Function and Intended Use

Sentinel HDx unit is a Dual Camera Event Recorder and will be installed on the windshield of the vehicle.
This product is going to be installed inside the vehicles like cars, truck, taxi etc.

Ratings and System Details

Operating Frequency 2400 — 2483.5MHz

No. of channel 79

Channel Spacing 1MHz
1Mbps -2.40 dBm / 0.57543mW

Transmit Power (dBm) 2Mbps -4.77 dBm / 0.33342mW
3Mbps -4.10 dBm / 0.38904mW
1Mbps GFSK

Modulation 2Mbps Pi/4-DQPSK
3Mbps 8DQPSK

Antenna Type Refer Table 1

Number of antenna Refer Table 1

Antenna Gain Refer Table 1

Subply Voltage 9-17VDC from Vehicle Battery & Internal Back-

PPy 9 up Battery Voltage: 3.0V to 4.2V DC
. - Operational : -10°C to 50° C
Environmental Condition Storage : -20°C to +60° C

Test Conditions:
Supply Voltage: 12 VDC from Vehicle Battery & Internal Back-up Battery Voltage: 3.0V to 4.2V DC

Environmental conditions:
Temperature: +24°C RH: 62%

Test Report No.: 19660220 001 Date: 27.04.2016 Page 5 of 45
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Test Set-up and Operation Mode

Principle of Configuration Selection
Transmission was enabled with hopping mode / highest possible duty cycle transmission on low, mid and
high channel.

Test Operation and Test Software
Test software (Labtool) was used to enable the hopping mode & highest possible duty cycle, changing
channels (low/mid/high) and data rates on the EUT for the tests in this report.

Special Accessories and Auxiliary Equipment
- None

Countermeasures to achieve EMC Compliance
- None

Test Modes — Data Rates and Modulations
For Radiated spurious emissions, the tests were performed for all data rates and only worst case results
are reported in this report.

Antenna Port measurements are performed on the following paths

Path A — J7 Connector —ANT1
Path B — J8 Connector — ANT2

Bluetooth (EDR+BDR) & Bluetooth LE will transmit only on ANT2 & Wi-Fi (IEEE802.11abgnHT20/HT40)
will transmit on both ANT1 & ANT2
Product also has GPS functionality with operating frequency 1575.42MHz

Sample used for testing as identified with below number.
Sample Serial N0.12

Sample Serial N0.13

List of Antenna: Table 1

Manufacturer Antenna Type Antenna Part No. Operatlr(lgHFS:quency
TAIYO YUDEN Multilayer Monopole Antenna AH 104N2450D1 248&5
Laird External Two-Way Radio Antenna WTS 2450 24 &5
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List of Centre Frequencies: Table 2

Frequency Band Channel Frequency
Channel No.

(MHz) (MHz)

0 2402

1 2403

2 2404

3 2405

37 2439

2400 — 2483.5 38 2440
39 2441

+

BT(BDR+EDR) 20 )
74 2476

75 2477

76 2478

77 2479

78 2480
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Test Methodology: Radiated Emission Test

The radiated emission measurement was performed according to the procedures in ANSI C63.10-2013.
The equipment under test (EUT) was placed at the middle of the 80 cm high turntable for below 1GHz &
1.5m height for above 1GHz measurement, and the EUT is 3 meters far from the measuring antenna. The
turntable was rotated 360° for obtaining the maximum emission. The height of the measuring antennas
was scanned between 1m and 4m, and the antenna rotated to repeat the measurements for both the
horizontal and vertical antenna polarizations. Repeat the measurement steps until the maximum emissions
were obtained. The measurement above 1000MHz was performed by horn antenna. The measurement
below 30MHz was performed by loop antenna.

The EUT was rotated around the X-, Y-, and Z-Axis and the results from worst case axis are recorded.

Semi-anechoic Chamber

3m

A

| | I ‘ ‘ \ Pre-Amplifier Measuring Receiver /
I
EUT | I ‘ ‘ Spectrum Analyzer

I  Turntable

Ground Plane
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Test Results

Peak Output Power Section 15.247 (b) (1)
Result Pass
Test Specification FCC Part 15 subpart C
Measurement Bandwidth (RBW) 1/3MHz
Detector Peak
Requirement <125 mW

Test Method:

EUT Spectrum Analyzer

Test Result:

Attenuator (0dB) + cable loss (1dB) = 1dB Considered in the test result

Modulation Type Chanmillvll;r;e)quency Out;()éjérpr)]c))wer (I(_jigni:)
2402 -2.4 20.96

GFSK 2441 -2.6 20.96
2480 -2.95 20.96

2402 -4.77 20.96

Pi/4 DQPSK 2441 -4.97 20.96
2480 -5.22 20.96

2402 -4.10 20.96

8 DQPSK 2441 -4.30 20.96
2480 -4.65 20.96
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Modulation Type: GFSK

Spectrum |
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Modulation Type: 8 DQPSK

Spectrum |
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Spectrum | |n§' |
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20dB Bandwidth
Result

Test Specification
Detector Function
Requirement

A_ TUVRheinland®

Section 15.247 (a) (1)
Pass

FCC Part 15 Subpart C

Peak

The bandwidth of a frequency hopping channel is the 20 dB emission
bandwidth, measured with the hopping stopped. The system RF bandwidth is
equal to the channel bandwidth multiplied by the number of channels in the
hopset. The hopset shall be such that the near-term distribution of frequencies
appears random, with sequential hops randomly distributed in both direction and
magnitude of change in the hopset while the long-term distribution appears

Test Method:

evenly distributed.

EUT

Test Result:

Spectrum Analyzer

Attenuator (0dB) + cable loss (1dB) = 1dB Considered in the test result

MO(_jr l;/ Ipa;ion Ff:ehqaunenne(!y I_Ii)r\leyc(qa lrJ le? g)l/s HFI?:(; l: ezr?c(:ij 20dB (Iiﬂa:;)width 9980/;%Cvsiudalhed
(MHz) (MHz) (MHz) (MHz)
2402 2401.49 2402.5 1.01 0.963
GFSK 2441 2440.49 24415 1.01 0.963
2480 2479.4 2480.48 1.08 0.968
2402 2401.33 2402.64 1.31 1.22
P/4 DQPSK 2441 2440.33 2441.64 1.31 1.22
2480 2479.33 2480.64 1.31 1.22
2402 2401.32 2402.65 1.33 1.22
8 DQPSK 2441 2440.33 2441.64 1.31 1.21
2480 2479.32 2480.65 1.33 1.21
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Modulation Type: GFSK

A TUVRheinland®

Spectrum | |n§' |
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Spectrum | |n§' |
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Modulation Type: P/4 DQPSK
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[ Il ]

Measuring... llllllll'

28.04.2016
09:39:19

L y

Test Report No.: 19660220 001 Date: 27.04.2016
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A_ TUVRheinland®

Channel 2441: 20dB Bandwidth Measurement

Spectrum |

(=]

Ref Level 1.00 dBm

Att 20dB SWT 63,

Offset 1.00 dB & RBW

30 kHz
2 ps @ ¥YBW 100 kHz

Mode Auto FFT

@ 1Pk Max

-10 dBm

M1[1]

_

RN

LMMJ\“%]\AW\\\

-8.70 dBm
2.47982630 GHz
-28.72 dBm
2.47933790 GHz

-20 dBm

Y

-30 dBm

N
\

-40 dBm

SEl

-60 dBm

-70 dBm

-80 dBm

-90 dBm

CF 2.48 GHz

691

pts

Span 2.5 MHz

Marker
X-walue

¥Y-wvalue

Function

Function Result

Type | Ref | Trc |
M1 1
M2
M3

1
1

2.4798263 GHz
2.4793370 GHz
2.4806476 GHz

-8.70 dB
-28.72 dB
-28.86 dB

m
m
m

I

]

Measuring...

Channel 2480:

Spectrum |

B

28.04.2016
09:41:00

Y

20dB Bandwidth Measurement

(=]

Offset 1.0
SWT 18,

Ref Level 1.00 dBm
Att 15 dB

0de & RBW 100 kHz
9 ps @ YBW 300 kHz

Mode Auto FFT

@ 1Pk Max

-10 dBm

M1

_/—/'M/-h’“’

M1[1]

A

\——f—"\eeeraw-ﬁ\

-7.09 dBm
2.40182630 GHz
1.226483357 MHz

-20 dBm

/

-30 dBm

-40 dBm

. —
-50 dBm

-60 dBm

-70 dBm

-80 dBm

-90 dBm

CF 2.402 GHz

691

pts

Span 2.5 MHz

Jl

)

Measuring...

SRR | W5

28.04.2016
Vi

09:33:24

99% Occupied Bandwidth: Channel 2402

Test Report No.: 19660220 001

Date: 27.04.2016
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Spectrum |

A_ TUVRheinland®

(=]

Ref Level 1.00 dBm
Att 15 de

Offset 1.00 dB& & RBW 100 kHz

SWT 189ps @ YBW 300 kHz  Mode Auto FFT

@ 1Pk Max

-10 dBm

M1[1] -7.20 dBm
2.44082630 GHz

1.222865412 MHz

M1

—”!“‘“-’—‘“"\—/“’_\GCE\BW\\

-20 dBm

:vl/

/

-30 dBm

-40 dBm

-50 dBm

-60 dBm

-70 dBm

-80 dBm

-90 dBm

CF 2.441 GHz

691 pts Span 2.5 MHz

1

Spectrum |

28.04.2016

] Measuring... Ma=37=41 P

{ FEEEEEE W

99% Occupied Bandwidth: Channel 2441

(=]

Ref Level 1.00 dBm
Att 15 dB

Offset 1.00 d& & RBW 100 kHz

SWT 18.9 ps @ YBW 300 kHz Mode Auto FFT

@ 1Pk Max

-10 dBm

M1[1] -7.51 dBm
M1 2.47982630 GHz

-20 dBrm

NM@CE_BM_\ 1.226483357 MHz
-

/

-30 dBm

-40 dBm

]

-50 dBrm

-60 dBm

-70 dBm

-20 dBm

-90 dBm

CF 2.48 GHz

691 pts Span 2.5 MHz

I

28.04.2016

0a:42:07 %

] Measuring...

CEEEEEE |

99% Occupied Bandwidth: Channel 2480

Test Report No.: 19660220 001
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Modulation Type: 8 DQPSK

Spectrum |

A TUVRheinland®

(=]

Ref Level 1.00 dBm
Att

20 dB @ SWT

Offset 1.00 dB @ RBW
5.6 ms @ YBW 100 kHz

30 kHz
Mode Auto FFT

@ 1Pk Max

-29.84 dBm
2.40265850 GHz

M3[1]
M1

-10 dBm

[ ™

-9.27 dBm
2.40182630 GHz

W\/%\

-20 dBm

"

-30 dBm

¢
\

-40 dBm

-30

-60 dBm

-70 dBm

-80 dBm

-90 dBm

CF 2.402 GHz

691 pts Span 2.5 MHz

Marker
Type | Ref | Tre |

%-value |

¥-value |

Function | Function Result

r1 1
M2 1
13 1

2.4018263 GHz
2.4013271 GHz
2.4026585 GHz

-9.27 dBm
-29.58 dBEm
-29.84 dBEm

[ Il

28.04.2016
10:03:13

R

] Measuring...

Y

Channel 2402: 20dB Bandwidth Measurement

Spectrum | ln%:' I
Ref Level 1.00 deém Offset 1.00 dB @ RBW 20 kHz
Att 20 dB SWT £3.2 ps @ YBW 100 kHz Mode Auto FFT
@ 1Pk Max
M1 M3[1] -28.49 dBm
¥ 2.44164760 GHz
-10 dBm R S A EI R ] -8.40 dBm
/W“M“ 2.44082630 GHz
-20 dBm
g R
-30 dBm / \
-40 dBm
50 —/w\’ f\\x\
-60 dBm
=70 dBm
-0 dBm
-90 dBm
CF 2.441 GHz 691 pts Span 2.5 MHz
Marker
Type | Ref | Trc | ¥-wvalue | Y-value | Function Function Result
M1 1 2.4408263 GHz -5.40 dBm
M2 1 2.4403379 GHz -28.62 dBm
I3 1 2.4416476 GHz -28.49 dBm

[ I

28.04.2016
09:39:19

CEEEEEE | W* 1]

] Measuring...

A

Channel 2441: 20dB Bandwidth Measurement

Test Report No.: 19660220 001

Date: 27.04.2016 Page 22 of 45
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Spectrum |

A TUVRheinland®

(=]

Ref Level 1.00 dBm
Att 20 dB

Offset 1.00 dB & RBW 30 kHz

SWT £3.2 ps @ YBW 100 kHz Mode Auto FFT

@ 1Pk Max

-10 dBm

M3[1] -29.68 dBm
11 2.48065480 GHz

-20 dBm

P—— \MWJ% -9.69 dBm
7 ¢

-30 dBm

2.47982630 GHz

-40 dBm

| -S9se0A

-60 dBm

-70 dBm

-80 dBm

-90 dBm

CF 2.48 GHz

691 pts Span 2.5 MHz

Marker

X-value | ¥-value |  Function | Function Result

Type | Ref | Trc |
M1 1
M2 1
I3 1

-9.69 dBm
-29.97 dBm
-29.568 dBm

2.4798263 GHz
2.4793271 GHz
2.4806548 GHz

[ Il

22.04.2016

LR G 00:48:24

] Measuring...

Spectrum |

Channel 2480: 20dB Bandwidth Measurement

(=]

Ref Level 1.00 dBm

Att 15 dB & SWT

Offset 1.00 dB & RBW 100 kHz

5.6 ms @ YBW 300 kHz Mode Auto FFT

@ 1Pk Max

M1[1] -7.09 dBm
1 2.40182630 GHz

-10 dBm

| A
Rl Y 1.226483357 MHz
N—VE\

¥

-20 dBm

v

-30 dBm

-40 dBm

-50 dBm

-60 dBm

-70 dBm

-80 dBm

-90 dBm

CF 2.402 GHz

691 pts Span 2.5 MHz

)

28.04.2016

QERRRREED o 10:01:23  #

] Measuring...

99% Occupied Bandwidth: Channel 2480

Test Report No.: 19660220 001
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Spectrum | |n§' |

Ref Level 1.00 dem Offset 1.00 dB & RBW 100 kHz
Att 15 dB SWT 18.9 ps @ YBW 300 kHz Mode Auto FFT
@ 1Pk Max

M1[1] -7.20 dBm
M1 2.44082630 GHz

10 dBm N—\,f\eegaul\\ 1.219247467 MHz
tVl/ N—Yz
-20 dBm

Byl I A

-40 dBm

S
55 dBm—|

-60 dBm

-70 dBm

-80 dBm

-90 dBm

CF 2.441 GHz 691 pts Span 2.5 MHz

] [ ] Measuring... 'lllllll. X 28623'521232 i

99% Occupied Bandwidth: Channel 2441

Spectrum | IE%-:' I

Ref Level 1.00 dém Offset 1.00 dB & RBW 100 kHz

Att 15 de SWT 18.9 ps & YBW 300 kHz Mode Auto FFT
@ 1Pk Max
M1[1] -7.51dBm
L 2.47982630 GHz
10 dBm WEQAEJH\ 1.219247467 MHz
-20 dBm / \
-30 dBm
-40 dBm
W
-50 dBm
-60 dBm
-70 dBm
-80 dBm
-90 dBm
CF 2.48 GHz 691 pts Span 2.5 MHz
] [ ] Measuring... 'lllllll. i zsﬁg?:‘z;:;g i

99% Occupied Bandwidth: Channel 2480

Test Report No.: 19660220 001 Date: 27.04.2016 Page 24 of 45
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A_ TUVRheinland®

Number of Hopping Frequencies Section (a) (1) (iii)

Result
Test Specification

Detector Function
Requirement

Test Method:

Pass

FCC part 15 subpart C
Peak

Frequency hopping systems operating in the band 2400-2483.5 MHz
shall use at least 15 hopping channels

EUT

Spectrum Analyzer

Test Result:

Attenuator (0dB) + cable loss (1dB) = 1dB Considered in the test result

Spectrum |

(]

Ref Level 5.00 dBm
Att 20 dB

Offset 1.00 dB & RBW 100 kHz
SWT 556.9 ps @ VBW 300 kHz Mode auto FFT

@ 1Pk Max

0 dBrh-

M2[1] -3.93 dBm

2.4390000 8@z

il I TARAT A MARAN S doddidol
AR

-70 dBm
-80 dBm
-90 dBm
Start 2.4 GHz 691 pts Stop 2.44 GHz
] [ ] Measuring... IIIIIIII. X 2si?]‘:'2%':;g i

Number of Hopping Channels: 39

Test Report No.: 19660220 001 Date: 27.04.2016 Page 25 of 45
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Spectrum N

Ref Level 5.00 dém Offset 1.00 dB & RBW 100 kHz
Att 20 dB SWT 56.9 ps @ VYBW 300 kHz Mode Auto FFT
@ 1Pk Max

mM2[1] -3.44 dBm
BIdBm 2.480df00 GHz

AL AR AR AT AL AR AR 1 {hgJe dom
AT

-20 dBm if \

-30 dBm ]
-40 dBm L\
-50 dBm

W

-70 dBm

-80 dBm

-90 dBm

Start 2.439 GH=z 691 pts Stop 2.4835 GHz
] [ ] Measuring... | CEETEET F. ] 28:?.‘.'73,'22 ]

Number of Hopping Channels: 40

Total Number of hopping channels = 79 (39+40)

Test Report No.: 19660220 001 Date: 27.04.2016 Page 26 of 45
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Carrier Frequency Separation

Result

Test Specification
Detector Function

Requirement

Test Method:

EUT

A_ TUVRheinland®

Section 15.247 (a) (1)
Pass

FCC Part 15 subpart C

Peak

Frequency hopping systems shall have hopping channel carrier
frequency separated by a minimum of 25kHz or the 20dB bandwidth
of the hopping channel, whichever is greater

Test Result:

Spectrum Analyzer

Attenuator (0dB) + cable loss (1dB) = 1dB Considered in the test result

Att

Spectrum |

Ref Level 5.00 dBm

(F]

20 dB

Offset 1.00 dB& & RBW 100 kHz
SWT 19 ps @ YBW 300 kHz Mode Auto FFT

@ 1Pk Max

1

mM3[1] M3 -3.30 dBm

0 dem

M'—L—\_/\

-20 dBm

o
3 2.4080000
\/\ M1[1] -3.00 dBm

2.40600000 GHz

-30 dBm

-40 dBm

-50 dBm

-60 dBm

-70 dBm

-80 dBm

-90 dBm

Start 2.405 GHz

691 pts Stop 2.409 GHz

Marker

Type | Ref | Trc |

X-walue

¥Y-wvalue | Function Function Result

r1
M2
13

1
1
1

2,406 GHz -3.00 dBm
2,407 GHz -2.96 dBm
2,408 GHz -3.30 dBm

J1

] Measuring... JRRNRNNNE Ak zsi?]‘_"l";'gg y
i7x Z

Channel Separation

Test Report No.: 19660220 001
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Time of Occupancy (Dwell Time) Section 15.247 (a)(1)(11I)
Result Pass
Test Specification FCC part 15 subpart C

Detector Function Peak

Requirement The average time of occupancy on any channel shall not be greater than 0.4

seconds within a period of 0.4 seconds multiplied by the number of hopping
channels employed. Transmissions on particular hopping frequencies may be
avoided or suppressed provided that a minimum of 15 hopping channels are
used.

Test Method:

EUT Spectrum Analyzer

Test Result:

Attenuator (0dB) + cable loss (1dB) = 1dB Considered in the test result

Time slot Time Slot
Modulation Type Measurement
DH (sec)
Value (sec)
GFSK 1DH5 0.00291 0.312
P/4 DQPSK 2DH5 0.00292 0.314
8 DQPSK 3DH5 0.00292 0.314

Measurement Method

Period Time = 0.4sec*79 hopping channel= 31.6 s
DH5 Time slot = Measurement value (Sec)*(1600/ (6*79))*Period time

Test Report No.: 19660220 001 Date: 27.04.2016 Page 28 of 45
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Spectrum | ITI
Ref Level 5.00 dBm Offset 1.00 dB & RBW 1 MHz
Att 20 dB & SWT 10 ms & VYBW 3 MHz
@ 14P Yiew
D1[1] 13.06 dB
o dBm 2.9101 ms
M1[1] -58.22 dBm
10 dem 4.6986 ms
-20 dBm
-30 dBm
-40 dBm
Oyl
F Y

-50 dBm

I

¥
-50 dBm
CF 2.46125 GHz 691 pts 1.0 ms/

- 28.04.2016
| ]_[ ] FUEE O (1 e '.......' “ 10:30:37 P

Dwell Time: 1DH5

( ] In:\:tl
Spectrum N

Ref Level 5.00 dBm Offset 1.00 dB & RBW 1 MH=z
Att 20 dB & SWT 10 ms & VBW 2 MHz
@ 14P Yiew

D1[1] -1.00 dB
0 dBm 2.9275 ms
mM1[1] -64.94 dBm

4.2029 ms

-10 dBm

-20 dBm

-20 dBm

-40 dBm

-50 dBm

-60 dBm AT

CF 2.46125 GHz 691 pts
| Ji | Measuring...  WRNMNHCED WG T

Date:28 APR.2016 10:37:24

Dwell Time: 2DH5

Test Report No.: 19660220 001 Date: 27.04.2016 Page 29 of 45
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Spectrum | ITI
Ref Level 5.00 dBm Offset 1.00 dB & RBW 1 MHz
Att 20 dB & SWT 10 ms & VBW 2 MHz
@ 14P Yiew
D1[1] -23.08 dB
o dBm 2.9275 ms
M1[1] -37.04 dBm
10 derm—1» 1.3188 ms
-20 dBm
-30 dém i ]
M1
¥
-40 dBm
-50 dBm
Ol
-60 dRm—] 1] L Lk
CF 2.46125 GHz 691 pts 1.0 ms/
m—
]_[ Measuring... .Illlllll “ zsi?;:éi':;: Y

Date:28 APR.2016 10:38:54

Dwell Time: 3DH5
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Band-edge Compliance of RF Conducted Emission

Result

Test Specification

Detector Funct
Requirement

Test Method:

ion

A_ TUVRheinland®

Section 15.247 (d)
Pass

FCC Part 15 subpart C

Peak

In any 100kHz bandwidth outside the frequency band in which the spread
spectrum or digitally modulated intentional radiator is operating, the radio
frequency power that is produced by the intentional radiator shall be at
least 20dB below that in the 100kHz bandwidth within the band that
contains the highest level of the desired power, based on either an RF
conducted or a radiated measurement, provided the transmitter
demonstrates compliance with the peak conducted power limits.

EUT

Spectrum Analyzer

Test Result:

Attenuator (0dB) + cable loss (1dB) = 1dB Considered in the test result

. Fundamental Value at Band Edge Reference | Band Edge Limit
Modulation
Type Frequency Frequency Value Value B Value A~B (dBc)
(MHz) (MHz) (dBm) (dBm) (dBc)
2402 2400 -63.02 -2.62 60.4 20
GFSK
2480 2483.5 -66.4 -2.97 63.43 20
) 2402 2400 -58.95 -7.14 51.81 20
Pi/4 DQPSK
2480 2483.5 -66.1 -7.58 58.52 20
2402 2400 -52.31 -7.16 45.15 -20
8 DQPSK
2480 2483.5 -57.76 -7.59 50.17 -20

Test Report No.: 19660220 001

Date: 27.04.2016 Page 31 of 45
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Modulation Type: GFSK

Spectrum |

A_ TUVRheinland®

(=]

Ref Level 1.00 dBm
Att 20 dB

Offset 1.00 dB & RBW 100 kHz

SWT 19 ps & YBW 300 kHz Mode Auto FFT

@ 1Pk Max

-10 dBm

M1[1]

M2[1]

-20 dBm

m
JARN

-2.62 dBm
2.4018260 GHz
-63.02 dBm
2.4000000 GHz

-30 dBm

-40 dBm

-50 dBm

-60 dBm

=70 cBm

-80 dBm

-90 dBm

GF 2.402 GHz

691 pts

Span 10.0 MHz

Il

] Measuring...

Channel 2402

28.04.2016

L CECEEEE N 09:24:93 A

Spectrum | |E%:l |
Ref Level 1.00 dBm Offset 1.00 dB& & RBW 100 kHz
Att 20 dB SWT 19 ps @ VBW 300 kHz  Mode Auto FFT
@ 1Pk Max
M1[1] -2.97 dBm
FM\ 2.4798260 GHz
10 dBm M2[1] -66.40 dBm
/ \ 2.4835000 GHz
-20 dBm / \
-30 dBm / \
-40 dBm va
-50 dBm j(f/ \‘\‘M
-60 dBm ]
NNV Mo A
| ] N W
PPy
-70 dBm
-80 dBm
-90 dBm
CF 2.48 GHz 691 pts Span 10.0 MHz

I

] Measuring...

Channel 2480

28.04.2016

[ CEEREEE 00:13:37

Test Report No.: 19660220 001
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Modulation Type: Pi/4 DQPSK

Spectrum | |n§' |
Ref Level 1.00 dBm Offset 1.00 dB& & RBW 100 kHz
Att 20de SWT 19 ps @ VBW 300 kHz  Mode Auto FFT
@ 1Pk Max
M1[1] -7.14 dBm
M1 2.4018260 GHz
10 dBm mx’v"—v\ M2[1] -58.95 dBm
/ 2.4000000 GHz
-20 dBm / \
-0 dBm f \
-40 dBm \
50 dBm [ A
120—/ \E
-60 dBm = ] AN \\%
s M—\/\/\,,_J/
-0 dBm
-0 dBm
CF 2.402 GHz 691 pts Span 10.0 MHz
][ ] Measuring... llllllll. X zség‘::ﬂ:;: i

Channel 2402

Spectrum | |n§' |

Ref Level 1.00 dem Offset 1.00 dB & RBW 100 kHz

Att 20 dB SWT 19 ps @ YBW 300 kHz  Mode Auto FFT
@ 1Pk Max
M1[1] -7.58 dBm
M1 2.4798260 GHz
-10 dBm N M2[1] -66.10 dBm
/ 2.4835000 GHz

-20 dem
-30 dem / \
-40 dBm f \
-50 dem

N A

-60 dBm
o ] am2

-80 dBm

-90 dBm

CF 2.48 GHz 691 pts Span 10.0 MHz

M | Measuring...  @RRRRELED W s 4

Channel 2480

Test Report No.: 19660220 001 Date: 27.04.2016 Page 33 of 45



www.tuv.com

Modulation Type: 8 DQPSK

Spectrum |

A_ TUVRheinland®

(=]

Ref Lewvel 1.00 dBm

Offset 1.00 dB & RBW 100 kHz

Att 20 dB & SWT 5.6 ms & VYBW 300 kHz Mode Auto FFT
@ 1Pk Max
™M1 m3[1] -52.31 dBm
2.3995510 GHz
_ T
-10dBrm mM1[1] -7.16 dBm
/ \ 2.4018260 GHz
-20 dBm / \
-30 dBm / \
-40 dBm \\
3 N Wf\
-S5O dem __\_f\\ﬂ)éf\/ \/'\_\..—\F_/\ﬁh
50 o — _—
-70 dBm
-30 dBm
-a0 dem
CF 2.402 GHz 691 pts Span 10.0 MHz
Marker
Type | Ref | Trc | ¥-value Y-value | Function Function Result
M1 1 2.401826 GHz -7.16 dBm
M2 1 2.4 GHz -55.30 dBm
[} 1 2.399551 GHz -52.31 dBm

[ i

Spectrum |

] Measuring...

Channel 2402

28.04.2016
1n=n4:=31 %

(=]

Ref Level 1.00 dBm

Offset 1.00 dB& & RBW 100 kHz

Att 20 dB SWT 19 ps @ YBW 300 kHz  Mode Auto FFT
@® 1Pk Max
M1[1] -7.59 dBm
11 2.4798260 GHz
-10 dBm ., M2[1] -57.76 dBm
/ 2.4835000 GHz
-20 dBm , \
-30 dBm / \
-40 dBm

-50 dBm
N -

o=

T A

-70 dBm

-80 dBm

-90 dBm

CF 2.48 GHz

691 pts

Span 10.0 MHz

I

Channel 2480

] Measuring...

28.04.2016

[ | BEEEEE 09:46:20 %

Test Report No.: 19660220 001
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Conducted Spurious Emissions

Note: Worst case data are reported

Spectrum | In%fl

Ref Level 15.00 dBm Offset 1.00 dB & RBW 100 kH=z
Att 25 de SWT 69.7 ms & VBW 300 kHz Mode Auto Sweep
@ 1Pk Max

M1[1] -2.62 dBm
10 dBm 2.4050 GHz
M2[1] -54.08 dBm
0 dem 1 4.8061 GHz

-10 dBm

-20 dBm

-20 dBm

-40 dBm

RAD
-50 dBm T3

MMWWWMM
e I 1 Lt e DA

-70 dBm

Start 30.0 vMHz 691 pts Stop 7.0 GHz
Marker
Type | Ref | Trc | X-value | Y-value |  Function | Function Result
M1 1 2.405 GHz -2.62 dbm
M2 1 4.8061 GH=z -54,08 dBm
M3 1 2.,3147 GHz -56.17 dBm

Mkrl 25.125 GHz
Ref 10 dBm Atten 15 dB 5251 dBm
#Peak
Log
10
dB/f
Offst
[
dB

M1 52 Wﬁwwwwwmwﬁﬁ“

53 FC

AR
Start T GHz Stop 26 GHz
#Res BW 100 kHz #VBW 300 kHz Sweep 1.968 s (1000 pts)

Channel: Low Modulation: GFSK
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Spectrum |

A TUVRheinland®

(=)

Ref Level 18.00 dém Offset 1.00 dB & RBW 100 kHz
Att 35de SWT 69.7ms @ YBW 300 kHz Mode Auto Sweep

@ 1Pk Max

10 dBm

M1[1]

0 dBrm

[u]

M2[1]

-2.88 dBm
2.4460 GHz
-54.08 dBm
3.7860 GHz

-10 dBm

¥

-20 dBm

-30 dBm

-40 dBm

-50 dBm

-60 dBm

R ek TN PRSI N

-70 dBm

-80 dBm

Start 30.0 MHz

691 pts

Stop 7.0 GHz

Ref 10 dBm Atten 15 dB

Mkr1 13.524 GHz |
-53.67 dBm

#Peak
Log

10
dB/

Offst
7

dB

#Res BW 100 kHz

M1 52 w&"“w

S3 FCWWW WMWWWW
AA

Start T GHz Stop 26 GHz

#VBW 300 kHz  Sweep 1.968 s (1000 pts)

Channel: Mid

Modulation: GFSK

Test Report No.: 19660220 001
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Spectrum | In%?

Ref Level 18.00 dém Offset 1.00 dB & RBW 100 kHz
Att 35de SWT 69.7 ms @ YBW 300 kHz Mode Auto Sweep
@ 1Pk Max

M1[1] -3.32 dBm
2.4760 GHz
M2[1] -51.80 dBm
4.3710 GHz

10 dBm

I
w1

0 dBrm

-10 dBm

-20 dBm

-30 dBm

-40 dBm

2

-50 dBm PR

-60 dBm

-70 dBm

-80 dBm
Start 30.0 MHz 691 pts Stop 7.0 GHz

Mkr1 7.456 GHz |
Ref 10 dBm Atten 15 dB 54.61 dBm
#Peak
Log
10
dB/
Offst
7
dB

M1 s2|Q TS v U BRI,

53 FC
AR
Start 7 GHz Stop 26 GHz
#Res BW 100 kHz #VBW 300 kHz Sweep 1.968 s (1000 pts)
Channel: High Modulation: GFSK
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Radiated Spurious Emissions &
Restricted Bands of Operation Section 15.209 & 15.205
Result Pass

Test Specification

Test Method

Measurement Location
Measuring Frequency Range

FCC Part 15 subpart C

ANSI| C63.10-2013

Semi Anechoic Chamber

9kHz to 40GHz (Up to 10" harmonic of the highest fundamental
frequency)

Measuring Distance 3m

Detection QP for frequency below 1GHz,Peak, Average for frequency above
1GHz

Requirement As per the limits mentioned in the bellow table

Limit for Radiated Emission of Section 15.209:

Frequency Field strength Field strength Distance of
(MHz) (uVv/m) (dBuV/m) Measurement (m)
0.009 — 0.490 2400/F(kHz) 48.50 — 13.80 300*
0.490 — 1.705 24000/F(kHz) 33.80 —23.00 30*
1.705 -30 30 29.54 30*
30-88 100 40.0 3
88-216 150 435 3
216-960 200 46.0 3
Above 960 500 54.0 3

Remark: * the limit shows in the table above of frequency range 0.009 — 0.490, 0.490 — 1.705 MHz and
1.705-30MHz is at 300 meter, 30 meter and 30 meter range respectively, which corresponds to
88, 50 — 53.80, 53.80 — 43.00 and 49.5dBuV/m at 3m range by extrapolation calculation and the
measurement of loop antenna.

The emission limits shown in the above table are based on measurements employing a CISPR
quasi-peak detector except for the frequency bands 9-90 kHz, 110-490 kHz and above 1000
MHz Radiated emission limits in these three bands are based on measurements employing an
average detector.
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Test results:

For frequency Range 9kHz — 30MHz

No emissions found in this frequency range.
For the Frequency range 30MHz -1GHz
Note:

The product has digital device (Camera interfaces, SD card,USB & GPI external Cable) which cannot
control the functions of intentional radiator (Wi-Fi, BT(EDR+BDR),BLE)) in such condition Radiated
spurious emission for the frequency range from 30MHz to 1GHz was performed as per FCC part 15
subpart B 15.109, Class A requirement & Product exclusively used in Vehicles. Only worst case test

results are reported.

FCC Part 15 Subpart B 15.109 Class A limits

Frequency Field Measured Field Strength
MHz Strength Distance (dBuVv/m)
dBuV/m H

30-88 90.00 10.00 39.08

88-216 150.00 10.00 43.52

216-960 210.00 10.00 46.43

above 960 300.00 10.00 49.54

External Battery (Vehicle Battery)

o Field Strength Limit Margin
Polarization Frequency(MHz) (dBuv/m) (dBuv/m) (dB)
199.99 39.26 43.52 -4.26
299.95 40.09 46.43 -6.34
320.02 41.02 46.43 -5.41
Horizontal 399.95 39.28 46.43 -7.15
orizonta 479.98 41.60 46.43 -4.83
527.99 43.52 46.43 -2.91
800.08 40.88 46.43 -5.55
928.22 41.56 46.43 -4.87
199.94 33.43 43.52 -10.09
300.04 32.53 46.43 -13.90
Vertical 528.09 40.63 46.43 -5.80
624.02 39.43 46.43 -7.00
800.08 44.23 46.43 -2.20
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Internal Battery

A TUVRheinland®

Polarization Frequency(MHz) Fie(l(;JlBSut\r/?nrjgth (dII_;:i;T\/i;m) M(ng)in
199.94 39.47 43.52 -4.05

300.04 36.3 46.43 -10.13
Horizontal 379.97 39.35 46.43 -7.08
399.95 37.99 46.43 -8.44
528.09 43.47 46.43 -2.96
928.22 42.91 46.43 -3.52
479.98 37.59 46.43 -8.84
Vertical 527.99 40.63 46.43 -5.80
800.08 42.03 46.43 -4.40

30MHz to 1GHz test performed with only Radio modules are turned on at 3m distance with FCC part 15
subparts C 15.209 limits

External Battery (Vehicle Battery)

Polarization Frequency(MHz) Fie(gBiK;?;?th (dIIB_,LnQ/i/tm) Margin (dB)
296.97 44.29 46 -1.71
371.24 44.51 46 -1.49
Horizontal 631.10 40.01 46 -5.99
779.66 44.05 46 -1.95
853.91 42.65 46 -3.35
371.24 40.91 46 -5.09
Vertical 556.90 40.69 46 -5.31
928.22 42.15 46 -3.85
Internal Battery
Polarization Frequency(MHz) Fle(l(;jBSHt\r;/anT‘):’th (dllilpl”\]llltm) Margin (dB)
371.24 42.64 46 -3.36
AT 779.71 43.78 46 -2.22
853.91 44.28 46 -1.72
928.12 43.86 46 -2.14
556.94 42.97 46 -3.03
Vertical 779.61 41.44 46 -4.56
928.12 42.24 46 -3.76
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Worst case test results for the frequencies in the range 1 GHz 26.5 GHz are reported in below table.

A TUVRheinland®

Data Rate -> 1Mbps, External Antenna

Channel Frequency Polarization Frequency Field Strength Limit Margin
(MHz) (MHz) (dBpVv/m) (dBuv/m) (dB)
2390 (Pk) 50.90 74
2390 (Av) 28.64 54
2402 (PK) 92.45 * -
. 2402 (Av) 91.93 * -
Vertical 4804 (PK) 50.30 74 23.7
4804 (Av) 40.26 54 -13.74
7206 (PK) 58.04 74 -15.96
2402 7206 (Av) 45.96 54 -8.04
2390 (Pk) 41.91 74
2390 (Av) 28.84 54
2402 (PK) 88.44 * -
Horizontal 2402 (Av) 87.91 * -
4804 (Pk) 50.30 74 -23.7
4804 (Av) 39.29 54 -14.71
7206 (Pk) 59.25 74 -14.75
7206 (Av) 48.40 54 -5.6
2441 (Pk) 92.12 * -
2441 (Av) 90.37 * -
Vertical 4882 (Pk) 49.29 74 -24.71
4882 (Av) 39.89 54 -14.11
7323 (Pk) 57.28 74 -16.72
7323 (Av) 44.73 54 -9.27
2441 2441 (Pk) 87.29 * -
2441 (Av) 86.46 * -
Horizontal 4882 (Pk) 49.61 74 -24.39
4882 (Av) 39.80 54 -14.2
7323 (Pk) 59.22 74 -14.78
7323 (Av) 47.28 54 -6.72
2480 (Pk) 93.01 * -
2480 (Av) 92.67 * -
2483.5 (Pk) 42.76 74 -31.24
Vertical 2483.5 (Av) 28.74 54 -25.26
4960 (Pk) 50.30 74 -23.7
4060 (Av) 40.82 54 -13.18
7440 (Pk) 56.62 74 -17.38
7440 (Av) 43.20 54 -10.8
2480 2480 (PK) 87.67 * -
2480 (Av) 87.31 * -
2483.5 (PK) 40.52 74 -33.48
Horizontal 2483.5 (Av) 27.31 54 -26.69
4960 (Pk) 48.29 74 -25.71
4060 (Av) 38.20 54 -15.8
7440 (Pk) 58.27 74 -15.73
7440 (Av) 46.82 54 -7.18
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Data Rate -> 3Mbps, External Antenna
Channel Polarization Frequency Field Strength Limit Margin
Frequency (MHz) (MHz) (dBpuVv/m) (dBuVv/m) (dB)
2390 (Pk) 49.52 74 -24.48
2390 (Av) 27.90 54 -26.1
2402 (Pk) 89.51 * -
Vertical 2402 (Av) 85.60 * -
4804 (Pk) 48.92 74 -25.08
4804 (Av) 39.28 54 -14.72
7206 (Pk) 57.99 74 -16.01
2402 7206 (Av) 44.95 54 -9.05
2390 (Pk) 44.04 74 -29.96
2390 (Av) 27.18 54 -26.82
2402 (Pk) 85.40 * -
Horizontal 2402 (Av) 81.68 * -
4804 (Pk) 49.38 74 -24.62
4804 (Av) 39.23 54 -14.77
7206 (PK) 58.61 74 -15.39
7206 (Av) 45.89 54 -8.11
2441 (Pk) 90.99 * -
2441 (Av) 87.20 * -
Vertical 4882 (Pk) 48.20 74 -25.8
4882 (Av) 39.53 54 -14.47
7323 (Pk) 56.34 74 -17.66
7323 (Av) 43.82 54 -10.18
2441 2441 (Pk) 84.11 * -
2441 (Av) 80.24 * -
Horizontal 4882 (Pk) 48.34 74 -25.66
4882 (Av) 37.84 54 -16.16
7323 (PK) 57.38 74 -16.62
7323 (Av) 44.29 54 -9.71
2480 (Pk) 88.37 * -
2480 (Av) 82.72 * -
2483.5 (Pk) 40.74 74 -33.26
Vertical 2483.5 (Av) 29.26 54 -24.74
4960 (Pk) 48.12 74 -25.88
4060 (Av) 36.84 54 -17.16
7440 (PK) 59.86 74 -14.14
7440 (Av) 47.28 54 -6.72
2480 2480 (PK) 84.82 * -
2480 (Av) 80.20 * -
2483.5 (Pk) 43.28 74 -30.72
Horizontal 2483.5 (Av) 29.56 54 -24.44
4960 (Pk) 47.23 74 -26.77
4060 (Av) 35.72 54 -18.28
7440 (Pk) 59.28 74 -14.72
7440 (Av) 46.28 54 -7.72
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Data Rate -> 1Mbps, Chip Antenna
Channel o Frequency Field Limit Margin
Frequency Polarization (MH2) Strength (dBuV/m) (dB)
(MHz) (dBuVv/m)
2390 (PK) 45.44 74 -28.56
2390 (Av) 27.89 54 -26.11
2402 (Pk) 87.34 * -
Vertical 2402 (Av) 86.94 * -
4804 (Pk) 50.20 74 -23.8
4804 (Av) 40.61 54 -13.39
7206 (PK) 58.36 74 -15.64
2402 7206 (Av) 47.02 54 -6.98
2390 (Pk) 41.57 74 -32.43
2390 (Av) 29.54 54 -24.46
2402 (Pk) 90.19 * -
Horizontal 2402 (Av) 89.61 * -
4804 (Pk) 50.00 74 -24
4804 (Av) 41.30 54 -12.7
7206 (PK) 60.48 74 -13.52
7206 (Av) 50.48 54 -3.52
2441 (Pk) 87.86 * -
2441 (Av) 87.14 * -
Vertical 4882 (Pk) 49.20 74 -24.8
4882 (Av) 37.32 54 -16.68
7323 (Pk) 59.61 74 -14.39
7323 (Av) 47.54 54 -6.46
2441 2441 (Pk) 89.33 * -
2441 (Av) 88.92 * -
Horizontal 4882 (Pk) 49.32 74 -24.68
4882 (Av) 39.92 54 -14.08
7323 (Pk) 61.49 74 -12.51
7323 (Av) 51.00 54 -3
2480 (Pk) 88.38 * -
2480 (Av) 87.99 * -
2483.5 (PK) 42.53 74 -31.47
Vertical 2483.5 (Av) 27.54 54 -26.46
4960 (Pk) 47.28 74 -26.72
4060 (Av) 32.75 54 -21.25
7440 (Pk) 60.94 74 -13.06
7440 (Av) 49.62 54 -4.38
2480 2480 (Pk) 89.76 * -
2480 (Av) 89.29 * -
2483.5 (Pk) 41.00 74 -33
Horizontal 2483.5 (Av) 27.82 54 -26.18
4960 (Pk) 48.93 74 -25.07
4060 (Av) 39.72 54 -14.28
7440 (Pk) 62.22 74 -13.52
7440 (Av) 51.68 54 -3.52
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Data Rate -> 3Mbps, Chip Antenna
Channel Field -
Frequency Polarization Frequency Strength Limit Margin (dB)
(MHz) (MHz) (dBuV/m) (dBpv/m)
2390 (Pk) 45.79 74
2390 (Av) 27.52 54
2402 (PK) 84.42 * -
Vertical 2402 (Av) 80.71 * -
4804 (Pk) 47.92 74 -26.08
4804 (Av) 38.27 54 -15.73
7206 (Pk) 57.11 74 -16.89
0402 7206 (Av) 44.22 54 -9.78
2390 (Pk) 44.28 74
2390 (Av) 27.27 54
2402 (PK) 87.29 * -
Horizontal 2402 (Av) 83.22 * -
4804 (Pk) 47.01 74 -26.99
4804 (Av) 38.54 54 -15.46
7206 (Pk) 56.05 74 -17.95
7206 (Av) 43.82 54 -10.18
2441 (Pk) 83.28 * -
2441 (Av) 79.49 * -
Vertical 4882 (Pk) 48.12 74 -25.88
4882 (Av) 36.93 54 -17.07
7323 (PK) 56.28 74 -17.72
7323 (Av) 43.64 54 -10.36
2441 2441 (Pk) 90.28 * -
2441 (Av) 88.95 * -
Horizontal 4882 (Pk) 47.26 74 -26.74
4882 (Av) 36.75 54 -17.25
7323 (Pk) 55.92 74 -18.08
7323 (Av) 42.40 54 -11.6
2480 (Pk) 85.11 * -
2480 (Av) 81.33 * -
2483.5 (Pk) 44.45 74 -29.55
Vertical 2483.5 (Av) 28.09 54 -25.91
4960 (Pk) 46.83 74 -27.17
4060 (Av) 34.20 54 -19.8
7440 (Pk) 59.55 74 -14.45
7440 (Av) 47.60 54 -6.4
2480 2480 (Pk) 86.80 * -
2480 (Av) 83.07 * -
2483.5 (PK) 41.34 74 -32.66
Horizontal 2483.5 (Av) 28.29 54 -25.71
4960 (Pk) 47.04 74 -26.96
4060 (Av) 35.23 54 -18.77
7440 (Pk) 60.54 74 -13.46
7440 (Av) 48.44 54 -5.56
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** .> Fundamental Frequency
Pk - > Peak Detector
Av->Average Detector

***END OF TEST REPORT***
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