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Arsalan Hasan, Project Engineer Joel Huna
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Engineering Statement: The measurements shown in this report were made in accordance with the procedures indicated, and the
emissions from this equipment were found to be within the limits applicable. 1 assume full responsibility for the accuracy and
completeness of these measurements, and for the qualifications of all persons taking them. It is further stated that upon the basis of the
measurements made, the equipment tested is capable of operation in accordance with the requirements of the FCC Rules Part 15.247

under normal use and maintenance.
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Sandeep Brar,
Manager, Electromagnetic Compatibility Lab

Report: WIRS106561-FCC247 Rev 1 © 2020, Eurofins E&E North America

Page iii of viii



<& eurofins

Electromagnetic Compatibility
FreightLucid LLC Report Status
Hatch Senor Unit CFR Title 47, Part 15.247
Report Status Sheet
Revision Report Date Reason for Revision

(%] September 15, 2020 Initial Issue.

1 October 15, 2020 TCB Updates
Report: WIRS106561-FCC247 Rev 1 © 2020, Eurofins E&E North America Page iv of viii



<& eurofins

E&E
Electromagnetic Compatibility
FreightLucid LLC Table of Contents
Hatch Sensor Unit CFR Title 47, Part 15.247
Table of Contents
L. Executive Summary 2
AL PUIPOSE OF TS ...ttt et et et et e st e et et e e e e s h e e eane s e 3
B, EXECULIVE SUIMIMATY ....eeiiiiiiiieiieiieeiteett ettt ettt et e bttt ebt e s bt e s bt e bt et e st e satesbeesbee bt eateeabeebaenbeenbeenbeenbesaeenaee 3
I1. Equipment Configuration 4
o OVRIVIBW .ttt ettt ettt s a e b et e bt e a bt e bt e bt e bt e bt e a bt e ot e sate s be e sbe e bt et e e at e eateeb s e s bt e bt e b e et e eaaesaeenaee 5
D REIEIEICES ...ttt sttt ettt e a e e bt b e bt et e st s at e sh e e bt et e et ea e b e b e b e et e eaae st nae 6
B TESE SHER ettt st bt e b et e a e bt e bt e bt et et e et ea e she e bt e a et eat e e bt e bt e bt et e enbesaeenae 6
F. Measurement UNCETTAINLY ........cccoecuieiiriinieniieieeie et ettt ettt e e e s st e et eaeesn e eanesasesbee b e enneeanesanenaee 6
G. Description Of TeSt SAMPIE.....c..coouiiiiiiiiiiiiiiece ettt et eb e e ene e e 7
H. Equipment CONfIGUIAtION. ....c...ccutiiiiiiiiiiieiieteee ettt ettt e st st e st ea e e e e e s e e b e e s e enesanesae 8
L Support EQUIPIENL ......oouviiiiiiiiieii ettt et e s st st et e e 8
J. Ports and Cabling INfOrmation............cocooiiiiiiiiiiiii et e 8
K. MO Of OPETAION......ccueiiiiiiiiiieiieiteie ettt ettt et et s st st e et e st e sa e eaaesaae s s e e bt esneennesmnesanenae 9
L. Method of Monitoring EUT OPeration .......c..ccceerueriiriinieniieieeienitenitenieeie ettt stee et siae st esbeebeeaesaeesaee 9
M. MOGIFICATIONS ...ttt ettt sttt et e a e s bt e bt e bt et e st e satesbeesb e et eateeat e et ae e bt enbeenbeemaesaeenaee 9
a) MOdIfications 0 BUT ......c.ooviiiiiiiee ettt ettt ettt easere et ensensessessseaeeneeneensensensenes 9
b) Modifications to TeSt StANAATU. .........covveeieririeieriiieeietiieeete ettt ettt ese s b s s bessesessessenas 9
N, Disposition Of BUT ......cocoooiiiii ettt e s sttt et 9
I11. Electromagnetic Compatibility Criteria for Intentional Radiators 10
§ 15.203 Antenna REQUITEINENT ........ceiuiiriiiriieiieiieiteetieet ettt sttt ettt sbe e bt e e bt e be st saeesaeenbeenbeenee 11
§ 15.247(a)(a) 6 dB and 99% BandWidth .............cccuiiiiiiiiiioiiiie et ettt e e e e avaee s 12
§ 15.247(b) Peak POWET OULPUL «...c..eoiuiiiiiiieiieiieiteettesttett ettt ettt et ettt et et e b et st saeesaeenbeenbeenee 14
§ 15.247(d) Radiated Spurious Emissions Requirements and Band Edge..........cccccecuerieniiniininnnnncniencecne 16
§ 15.247(c) Spurious Emissions in Non-restricted Bands ............coocveiiiiiniiiiiiiniiiiieieeiccecceeee e 26
§ 15.247(e) Peak Power Spectral DENSIY .........ccieviirieiieiiieiieieeie ettt ettt s s 31
§ 15.247(1) Maximum Permissible EXPOSUTIE ......ccc.utiiiiiiiiiiiiiiiieiteeiieete ettt ettt et et s 30
IV. Test Equipment 33

Report: WIRS106561-FCC247 Rev 1 © 2020, Eurofins E&E North America Page v of viii



<% eurofins

FreightLucid LLC
Hatch Sensor Unit

E&E

Electromagnetic Compatibility

Executive Summary

CFR Title 47, Part 15.247

List of Terms and Abbreviations

AC Alternating Current

ACF Antenna Correction Factor

Cal Calibration

d Measurement Distance

dB Decibels

dBuA Decibels above one microamp

dBuVv Decibels above one microvolt
dBuA/m Decibels above one microamp per meter
dBuV/m Decibels above one microvolt per meter
DC Direct Current

E Electric Field

DSL Digital Subscriber Line

ESD Electrostatic Discharge

EUT Equipment Under Test

f Frequency

FCC Federal Communications Commission
GRP Ground Reference Plane

H Magnetic Field

HCP Horizontal Coupling Plane

Hz Hertz

IEC International Electrotechnical Commission
kHz kilohertz

kPa kilopascal

kV kilovolt

LISN Line Impedance Stabilization Network
MHz Megahertz

nH microhenry

il microfarad

us microseconds

NEBS Network Equipment-Building System
PRF Pulse Repetition Frequency

RF Radio Frequency

RMS Root-Mean-Square

TWT Traveling Wave Tube

V/m Volts per meter

VCP Vertical Coupling Plane
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Executive Summary
CFR Title 47, Part 15.247

A. Purpose of Test

An EMC evaluation was performed to determine compliance of the FreightLucid LLC Hatch Sensor Unit, with
the requirements of Part 15, §15.247. All references are to the most current version of Title 47 of the Code of

Federal Regulations in effect.

In accordance with §2.1033, the following data is presented in support of the

Certification of the Hatch Sensor Unit. FreightLucid LLC should retain a copy of this document which should be
kept on file for at least two years after the manufacturing of the Hatch Sensor Unit, has been permanently

discontinued.

B. Executive Summary

The following tests were conducted on a sample of the equipment for the purpose of demonstrating compliance
with Part 15, §15.247, in accordance with FreightLucid LLC, purchase order number 10181308-2. All tests were
conducted using measurement procedure ANSI C63.4-2014.

LIREI T CC 1) Description Compliance
47 CFR Part 15.247:2005 = P
Title 47 of the CFR, Part 15 §15.203 Antenna Requirement Compliant
Title 47 of the CFR, Part 15 §15.207(a) Conducted Emission Limits Not Applicable
Title 47 of the CFR, Part 15 §15.247(a)(2) 6dB Occupied Bandwidth Compliant
Title 47 of the CFR, Part 15 §15.247(b) Peak Power Output Compliant
Title 47 of the CFR, Part 15 §15.247(c) Spurious Emissions in Non-restricted Bands Compliant
Title 47 of the CFR, Part 15 §15.247(d); . . .. . .
§15.209: §15.205 Radiated Spurious Emissions Requirements Compliant
Title 47 of the CFR, Part 15; §15.247(e) Peak Power Spectral Density Compliant
Title 47 of the CFR, Part 15 §15.247(i) Maximum Permissible Exposure (MPE) Compliant

Table 1. Executive Summary of EMC Part 15.247 ComplianceTesting

Eurofins MET Laboratories Inc. (Eurofins E&E North America) is part of the Eurofins Electrical & Electronics (E&E)

global compliance network.

Report: WIRS106561-FCC247 Rev 1
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A. Overview

Eurofins E&E North America was contracted by FreightLucid LLC to perform testing on the Hatch Sensor Unit,
under FreightLucid LLC’s purchase order number 10181308-2.

This document describes the test setups, test methods, required test equipment, and the test limit criteria used to
perform compliance testing of the FreightLucid LLC, Hatch Sensor Unit.

The results obtained relate only to the item(s) tested.

Model(s) Tested: | Hatch Sensor Unit
Model(s) Covered: | Hatch Sensor Unit
Primary Power: 3.6 VDC
FCCID: 2AVGJTRHTO1
EUT | Type of Modulations: GFSK
Specifications: Equipment Code: DTS
Peak RF Output Power: | 3.829 dBm
EUT Frequency Ranges: | 2402 — 2480 MHz
Analysis: | The results obtained relate only to the item(s) tested.
Temperature: 15-35° C
Tfslz‘?jl;)(::]dlﬂf:r;l Relative Humidity: 30-60%
Barometric Pressure: 860-1060 mbar
Evaluated by: | Arsalan Hasan
Report Date(s): | October 15, 2020

Table 2. EUT Summary Table

Report: WIRS106561-FCC247 Rev 1
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B. References

Federal Communication Commission, Code of Federal Regulations, Title 47,
CFR 47, Part 15, Subpart C | Part 15: General Rules and Regulations, Allocation, Assignment, and Use of
Radio Frequencies

Methods and Measurements of Radio-Noise Emissions from Low-Voltage

CRSICES 20 Electrical And Electronic Equipment in the Range of 9 kHz to 40 GHz

General Requirements for the Competence of Testing and Calibration

ISO/IEC 17025:2005 .
Laboratories

ANSI C63.10-2013 American National Standard for Testing Unlicensed Wireless Devices

Guidance For Performing Compliance Measurements On Digital Transmission

L EEREAL Systems (DTS) Operating Under Section 15.247

Table 3. References

C. Test Site

Eurofins MET Laboratories Inc. (Eurofins E&E North America) is part of the Eurofins Electrical & Electronics
(E&E) global compliance network.

All testing was performed at Eurofins E&E North America, 3162 Belick St., Santa Clara, CA 95054. All
equipment used in making physical determinations is accurate and bears recent traceability to the National
Institute of Standards and Technology.

Radiated Emissions measurements were performed in a 10 meter semi-anechoic chamber (equivalent to an Open

Area Test Site). In accordance with §2.948(a)(3), a complete site description is contained at Eurofins E&E North
America.

D. Measurement Uncertainty

Test Method Typical Expanded Uncertainty (dB) | K [ Confidence Level
Radiated Emissions, (30 MHz - 1 GHz) +3.24 2 95%
Radiated Emissions, (1 - 6 GHz) +3.92 2 95%
Conducted Emission +3.53 2 95%
CEYV Telecom Port +2.44 2 95%

Table 4. Uncertainty Calculations Summary

Report: WIRS106561-FCC247 Rev 1 © 2020, Eurofins E&E North America Page 6 of 35
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E. Description of Test Sample

The FreightLucid LLC Hatch Sensor Unit, Equipment Under Test (EUT), is a smart sensor pack for railcar asset
monitoring. It is battery powered with a life span of 6-10 years. It is intended to monitor the environmental
conditions inside railcars and the integrity of the commodity being transported. Main Features: Measures
commodity fill-level « Measures temperature, humidity, and pressure * Detects a full opening of the hatch cover

Optional, Add-on Feature: e Detects a fully-latched hatch cover.

Hatch
Pressure
Sensors

Environmental
Sensors

Ultrasonic
Level Sensor

CC1352 BLE Hatch Controller Board

A/D

GPIO

12C

UART

A

Tl Sensor
Controller

BLE
Characteristic

Data Structures

4

A

Sensor Data
Samnling
Sampling

Tl
Bluetooth
Stack

A
4

Tl
Bluetooth
Radio

A

Figure 1. Block Diagram of Test Configuration

\ 4
Antenna
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F. Equipment Configuration

The EUT was set up as outlined in Figure 1, Block Diagram of Test Setup. All cards, racks, etc., incorporated as

part of the EUT is included in the following list.

A Model Part Number q
Ref.ID | Slot# | Name / Description Number (White / Light Almond) Serial Number | Rev. #
01 N/A Hatch Sensor Unit TRHT-01 AA-900-0005 FCC UNIT 01 01

Table 5. Equipment Configuration

G. Support Equipment

Support equipment necessary for the operation and testing of the EUT is included in the following list.

Ref. ID Name / Description Manufacturer Model Number *Cust.omel.' Supplied
Calibration Data
This device works alone
01 N/A Freightlucid LLC N/A without any support
equipment

The ‘Customer Supplied Calibration Data’ column will be marked as either not applicable, not available, or will contain the calibration date supplied by

the customer.

Table 6. Support Equipment

H. Ports and Cabling Information

Max
Cable Description or reason Length as Shielded? | Termination Box ID &
L 1Ly Lt i o BILIT for no cable Qty tested (m) Le(lr:lg)th (Y/N) Port Name
No cable. This is a
01 N/A wireless device using 0 0 0 N/A N/A

BLE protocol
Table 7. Ports and Cabling Information

© 2020, Eurofins E&E North America Page 8 of 35
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L Mode of Operation

The device has the following modes - Sleep & Unpaired - Sleep & Paired - Active & reading values from sensors
- Active & Paired.

J. Method of Monitoring EUT Operation
Use RF Studio to monitor the Bluetooth transmission of the device.
K. Modifications
a) Modifications to EUT
No modifications were made to the EUT.
b) Modifications to Test Standard

No modifications were made to the test standard.

L. Disposition of EUT

The test sample including all support equipment submitted to the Electro-Magnetic Compatibility Lab for testing
was returned to FreightLucid LLC upon completion of testing.

Report: WIRS106561-FCC247 Rev 1 © 2020, Eurofins E&E North America Page 9 of 35
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for Intentional Radiators
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Hatch Sensor Unit CFR Title 47, Part 15.247

Electromagnetic Compatibility Criteria for Intentional Radiators

§ 15.203 Antenna Requirement

Test Requirement: § 15.203: An intentional radiator shall be designed to ensure that no antenna other than that
furnished by the responsible party shall be used with the device. The use of a permanently
attached antenna or of an antenna that uses a unique coupling to the intentional radiator shall be
considered sufficient to comply with the provisions of this section. The manufacturer may
design the unit so that a broken antenna can be replaced by the user, but the use of a standard
antenna jack or electrical connector is prohibited.

The structure and application of the EUT were analyzed to determine compliance with Section
15.203 of the Rules. Section 15.203 states that the subject device must meet at least one of the
following criteria:

a.) Antenna must be permanently attached to the unit.

b.) Antenna must use a unique type of connector to attach to the EUT.

c.) Unit must be professionally installed. Installer shall be responsible for verifying
that the correct antenna is employed with the unit.

Results: The EUT as tested is compliant the criteria of §15.203.
Test Engineer(s): Arsalan Hasan
Test Date(s): 07/14/2020
Antenna Type: Manufacturer Part No Gain (dBi): Impedance Polarization
2.4GHz Cable Dipole Taoglas CBDO01.07.0100C 3,24 50 Q Linear

Table 8. Antenna List

Figure 2. 2.4GHz Cable Antenna

Report: WIRS106561-FCC247 Rev 1 © 2020, Eurofins E&E North America Page 11 of 35
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Test Equipment
CFR Title 47, Part 15.247

Electromagnetic Compatibility Criteria for Intentional Radiators

§ 15.247(a)(2)

Test Requirements:

Test Procedure:

Test Results

Test Engineer(s):

Test Date(s):

6 dB Bandwidth

§ 15.247(a)(2): Operation under the provisions of this section is limited to frequency
hopping and digitally modulated intentional radiators that comply with the following
provisions:

For systems using digital modulation techniques, the EUT may operate in the 902-928 MHz,

2400-2483.5 MHz and 5725-5850 MHz bands. The minimum 6dB bandwidth shall be at least
500 kHz.

The transmitter was on and transmitting at the highest output power. The bandwidth of the
fundamental frequency was measured with the spectrum analyzer using a RBW = 100kHz,
VBW = 3*RBW. The 6 dB Bandwidth was measured and recorded. The measurements were
performed on the low, mid and high channels.

The EUT was compliant with § 15.247 (a)(2).

The 6 dB Bandwidth was determined from the plots on the following pages.

Arsalan Hasan

07/14/2020

—Hi—fo ]

Spectrum Analyzer Attenuator EUT

Figure 3. Block Diagram, Occupied Bandwidth Test Setup

Occupied Bandwidth Test Results

Channel Carrier Frequency (MHz) Measurement of 6dB Limit (MHz)
Low 2402 659.362 KHz > 500
Mid 2442 640.267 KHz > 500
High 2480 647.076 KHz > 500

Table 9. 6 dB Occupied Bandwidth, Test Results

Report: WIRS106561-FCC247 Rev 1 © 2020, Eurofins E&E North America Page 12 of 35
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6 dB Occupied Bandwidth Test Results

Atten 25 dB

Span 3 MHz
#Res BW 100 kHz #VBW 300 kHz

Sweep 5 ms (401 pts)
Occupied Bandwidth Occ BW % Pwr 99.00 %
1.1080 MHz

x dB -6.00 dB

Transmit Freq Error

68.646 kHz
x dB Bandwidth

659.362 kHz

Plot 1: 6 dB Bandwidth, BLE 2402MHz Low

Atten 25 dB

Span 3 MHz
j#Res BW 100 kHz #VBW 300 kHz

Sweep 5 ms (401 pts)
Occupied Bandwidth Occ BW % Pwr 99.00 %
1.0993 MHz

x dB -6.00 dB

Transmit Freq Error

69.166 kHz
x dB Bandwidth

640.267 kHz

Plot 2: 6 dB Bandwidth, BLE 2442MHz Mid

Atten 25 dB

Span 3 MHz
[#Res BW 100 kHz #VBW 300 kHz

Sweep 5 ms (401 pts)
Occupied Bandwidth Occ BW % Pwr 99.00 %
1.0972 MHz xd8, 60000

Transmit Freq Error

69.410 kHz
x dB Bandwidth

647.076 kHz

Plot 3: 6 dB Bandwidth, BLE 2480MHz High

Report: WIRS106561-FCC247 Rev 1
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Electromagnetic Compatibility Criteria for Intentional Radiators

§ 15.247(b)

Test Requirements:

Test Procedure:

Test Results:
Test Engineer(s):

Test Date(s):

Peak Power Output

§15.247(b): The maximum peak output power of the intentional radiator shall not exceed

the following:

Digital Transmission Systems
(MHz)

Output Limit
(Watts)

2400-2483.5

1.000

Table 10. Output Power Requirements from §15.247(b)

§15.247(c): if transmitting antennas of directional gain greater than 6 dBi are used the
peak output power from the intentional radiator shall be reduced below the stated values
in the 9, as appropriate, by the amount in dB that the directional gain of the antenna

exceeds 6 dBi.

The EUT was measured at the low, mid and high channels of each band at the maximum power
level. Measurements were performed on a radiated setup, with the receive antenna placed 1m

away from the EUT.

The EUT was compliant with the Peak Power Output limits of §15.247(b).

Arsalan Hasan

07/15/2020

i

e

Spectrum Analyzer Attenuator EUT
Figure 4. Peak Power Output, Test Setup
Peak Power Output Test Results
Limit
Channel Frequency (MHz) Measured Power (dBm) (dBm)
Low 2402 3.703 30
Mid 2445 3.748 30
High 2480 3.829 30
Table 11. Peak Power Output, Test Results
Report: WIRS106561-FCC247 Rev 1 © 2020, Eurofins E&E North America Page 14 of 35
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Peak Power Output Test Results

Mkr1 2.4023075 GHz
Atten 25 dB 3.703 dBm

Span 3 MHz
#Res BW 1 MHz #VBW 3 MHz Sweep 5 ms (401 pts)

|
Plot 4: Peak Output Power, BLE, 2402MHz Low

Mkr1 2.442320 GHz
Atten 20 dB 3.748 dBm

ICenter 2.442 GHz Span 2 MHz
#Res BW 1 MHz #VBW 3 MHz #Sweep 5 ms (401 pts)

Plot 5: Peak Output Power, BLE, 2442MHz Mid

Mkr1 2.480260 GHz
Atten 20 dB 3.829 dBm

Span 2 MHz
#Res BW 1 MHz #VBW 3 MHz #Sweep 5 ms (401 pts)

|
Plot 6: Peak Output Power, BLE, 2480MHz High

Report: WIRS106561-FCC247 Rev 1 © 2020, Eurofins E&E North America Page 15 of 35
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CFR Title 47, Part 15.247

Electromagnetic Compatibility Criteria for Intentional Radiators

§ 15.209

Test Requirements:

Radiated Spurious Emissions Requirements and Band Edge

§15.247(d); §15.205: Emissions outside the frequency band.

§15.205(a): Except as shown in paragraph (d) of this section, only spurious emissions are
permitted in any of the frequency bands listed below:

MHz MHz MHz GHz
(OO0 1 — 16.42-16.423 399.9-410 4.5-5.15
10.495-0.505 —wnememmmememem 16.69475-16.69525 608-614 5.35-5.46
2.1735-2.1905----------------—- 16.80425-16.80475 960-1240 7.25-7.75
4.125-4.128----------=m-mmmm- 25.5-25.67 1300-1427 8.025-8.5
4.17725-4.17775--------------- 37.5-38.25 1435-1626.5 9.0-9.2
4.20725-4.20775---------=----- 73-74.6 1645.5-1646.5 9.3-9.5
(T I Y ) . S — 74.8-75.2 1660-1710 10.6-12.7
6.26775-6.26825--------------- 108-121.94 1718.8-1722.2 13.25-13.4
6.31175-6.31225--------------- 123-138 2200-2300 14.47-14.5
8.291-8.294--------m-ommmeee 149.9-150.05 2310-2390 15.35-16.2
8.362-8.366------------------—-- 156.52475-156.52525 2483.5-2500 17.7-21.4
8.37625-8.38675--------------- 156.7-156.9 2655-2900 22.01-23.12
8.41425-8.41475-----=--------- 162.0125-167.17 3260-3267 23.6-24.0
12.29-12.293-----emmmmmmeeem 167.72-173.2 3332-3339 31.2-31.8
12.51975-12.52025------------ 240-285 3345.8-3358 36. 43-36.5
12.57675-12.57725------------ 322-335.4 3600—4400 ( 2 )

Table 12. Restricted Bands of Operation

1 Until February 1, 1999, this restricted band shall be 0.490 - 0.510 MHz.

2 Above 38.6

Report: WIRS106561-FCC247 Rev 1
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E & E Electromagnetic Compatibility
Test Equipment
CFR Title 47, Part 15.247

Test Requirement(s):

Test Procedures:

Test Results:

Test Engineer(s):

Test Date(s):

§ 15.209 (a): Except as provided elsewhere in this subpart, the emissions from an intentional
radiator shall not exceed the field strength levels specified in Table 13.

Frequency (MHz) § 15.209(a),Radiated Emission Limits
(dBpv) @ 3m
30 - 88 40.00
88 -216 43.50
216 - 960 46.00
Above 960 54.00

Table 13. Radiated Emissions Limits Calculated from FCC Part 15, § 15.209 (a)

The transmitter was turned on. Measurements were performed of the low, mid and high
Channels. The EUT was rotated orthogonally through all three axes. Plots shown are corrected
for both antenna correction factor and distance and compared to a 3 m limit line. Only noise
floor was measured above 18 GHz.

The EUT was compliant with the Radiated Spurious Emission limits of § 15.247(d) and §
15.209.

Arsalan Hasan

07/15/2020 & 9/28/2020

Radiated Emissions Below 30 MHz

Ground Plane

EMI Receiver

Figure 5: Radiated Emissions, Below 30MHz, Test Setup
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Antenna

3 meter

Antenna -
mast Mm Turn Table

I Pre-Amplifier l

GPIB-OPT

| OPT-GPIB |_| PC |

Controller

Figure 6: Radiated Emissions - Above 1GHz - Block Diagram

Antenna

Antenna -

mast Turn Table

Motor

RF Cable

Pre-Amplifier

RF Cable

PsA |—| PC |

Controller

Figure 7: Radiated Emissions - Below 1GHz - Block Diagram
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Radiated Spurious Emissions, Test Results

Amplitude Units, dBuV/m

Attenuation 0dB, Resolution Bandwidth 10 KHz, Video Bandwidth 30 KHz, Amplitude Scale LOG 10 dB.

Corrected Data

Limit1: 15.208, 480kHz to 30MHz, 30m

P 034E+06
Wargin 1:
-325dB

=]

Plot 7: Radiated Spurious Emissions, Below 30MHz, Spot check for 12MHz Clock

Amplitude Units, dBu¥/m

-10 4 | 15.2656E+06

Margin 1:

-48.52 dB
T3

Attenuation 0dB, Resolution Bandwidth 10 KHz, Video Bandwidth 30 KHz, Amplitude Scale LOG 10 dB.

Corrected Data

Limit1: 15.208, 480kHz to 30MHz, 30m

Plot 8: Radiated Spurious Emissions, Below 30MHz, Spot check for 24MHz Clock
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Uncorrected Antenna Cable Distance
Frequency EUT Anten‘na Gnions EMI Meter Correction Loss Correction Corrt‘:cted Limit Margin
Azimuth | Polarity | HEIGHT . Amplitude
(MHz) (T (HIV) i) Reading Factor (dB) Factor (dBuV/m) (dBuV/m) (dB)
g (dBuV) (dB/m) (+) (+) (dB) ()
213 153 H 1 41.24 15.43 29.765 0.00 26.905 43.5 -16.595
214 132 \Y 1 43.21 15.43 29.765 0.00 28.875 435 -14.625
218 186 H 1 37.54 17.65 29.659 0.00 25.531 46 -20.469
452 246 H 1 33.43 20.86 28.874 0.00 25.416 46 220.584
539 142 \Y 1 32.43 23.62 28.432 0.00 27618 46 -18.382
765 290 \Y2 1 37.65 24.98 27.543 0.00 35.087 46 -10.913
Table 14: Radiated Emissions Data 30MHz - 1GHz
18 o UmeT.
+PEAK

Amplitude [dBuV/m]

55

300 400

500 600
Frequency [MHz]

700

800

900 1000

- Horizontal
- Vertical

Plot 9: Radiated Emissions, BLE, 30 MHz - 1 GHz,
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di 1 MHz, Video idth 1 KHz, Amplitude Scale LOG 10 dB.

Corrected Data

Limit1: 15.209 Average

Amplitude Units, dBuV

Plot 10: BLE, Radiated Spurious Emissions, 2402MHz, Average. (Vertical — Worst Case)

1 MHz, Video jidth 3 Mz, Amplitude Scale LOG 10 dB.

Corrected Data

Limit!: 15.208 Peak

Amplitude Units, dBuv

Plot 11: Radiated Spurious Emissions, BLE, 2402MHz, Peak. (Vertical - Worst Case)

1 MHz, Video idth 1 KHz, Amplitude Scale LOG 10 dB.

Corrected Data

Limit1; 15.208 Average

Amplitude Units, dBuv
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di i dwidth 1 MHz, Video jidth 3 MHz, Amplitude Scale LOG 10 dB.

120

110

£

30

2

Plot 13: Radiated Spurious Emissions, BLE, 2442MHz, Peak. (Vertical - Worst Case)

1 MHz, Video jidth 1 KHz, Amplitude Scale LOG 10 dB.

Corrected Data

Limit1: 15.209 Average

Amplitude Units, dBuv

Plot 14: Radiated Spurious Emissions, BLE, 2480MHz, Average. (Vertical - Worst Case)

1MHz, Video jidth 3 MHz, Amplitude Scale LOG 10 dB.

Corrected Data Limit!: 15.209 Peak

Amplitude Units, dBuv

Plot 15: Radiated Spurious Emissions, BLE, 2480MHz, Peak. (Vertical - Worst Case)
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Radiated Band Edge Measurements

Attenuation 0dB, Resolution Bandwidth 1 MHz, Video Bandwidth 1 KHz, Amplitude Scale LOG 10 dB.

Corrected Data Limiti: 15,209 Average
120
110
100
a0
2 80
a2
g
:‘; 70
£
2 &
z TR
£ S0
2 Margin 1
E o -15.26 6B
30
20
n

2382 23845 2387 23895 2392 23945 2397 23995 2402 24045 2407

2382MHz 2407MHz

Plot 16: Radiated Band Edge, BLE, Low Channel 2402Mhz, Horizontal Average.

Attenuation 0dB, Resolution Bandwidth 1 MHz, Video Bandwidth 3 MHz, Amplitude Scale LOG 10 dB.

Corrected Data

Limiti: 15.209 Peak

70
[2.39E+08
Margin 1:
247 4B
50 4 = iy

Amplitude Units, dBuv
3

2382 2407

Start 2382MHz 2407MHz

Plot 17: Radiated Band Edge, BLE, Low Channel 2402Mhz, Horizontal Peak.

Attenuation 0dB, Resolution Bandwidth 1 MHz, Video Bandwidth 1 KHz, Amplitude Scale LOG 10 dB.
Corrected Data Limiti: 15.208 Average
120
110
100
90
z w0
F
8
K 0
5
1 60
2
R 2396208
s Margin 1
E 4 -15.62d8
El
20
10
232 23845 237 2395 282 23945 2%7 23005 2402 24045 2407
Start 2382MHz 2407MHz

Plot 18: Radiated Band Edge, BLE, Low Channel 2402Mhz, Vertical Average.

Report: WIRS106561-FCC247 Rev 1 © 2020, Eurofins E&E North America Page 23 of 35



<& eurofins

E & E Electromagnetic Compatibility
FreightLucid LLC Test Equipment
Hatch Sensor Unit CFR Title 47, Part 15.247

Attenuation 0dB, Resolution Bandwidth 1 MHz, Video Bandwidth 3 MHz, Amplitude Scale LOG 10 dB.

Corrected Data

Limiti: 15.209 Peak

. o

JOET!
a0 Wargin 1
146208

Amplitude Units, dBuv
3

2382 23845 2387 23805 2302 23945 237 23005 2402 24045 2407

Start 2382MHz 2407MHz

Plot 19: Radiated Band Edge, BLE, Low Channel 2402Mhz, Vertical Peak.

Attenuation 0dB, Resolution Bandwidth 1 MHz, Video Bandwidth 1 KHz, Amplitude Scale LOG 10 dB.
Corrected Data Limiti: 15,209 Average
120
110
100
0
2 80
a2
g
:‘; 70
£
2 &
3 |2.4835E+09
£ w0 St
2 Margin 1:
E o 1547 4B
30
20
n
2475 2477.5 2480 2482.5 2485 2487.5 2430 2492.5 2485 2487.5 2500
2475MHz. 2500MHz

Plot 20: Radiated Band Edge, BLE, High Channel 2480Mhz, Horizontal Average.

Attenuation 0dB, Resolution Bandwidth 1 MHz, Video Bandwidth 3 1Kz, Amplitude Scale LOG 10 dB.

Corrected Data Limiti: 15.209 Peak
120
110
100
s0
2 80
a
g
s M
£
2 &
]
=
£ @
2
LI
30
20
n
2475 2500

2475MHz 2500MHz

Plot 21: Radiated Band Edge, BLE, High Channel 2480Mhz, Horizontal Peak.
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Amplitude Units, dBuv

Attenuation 0dB, Resolution Bandwidth 1 MHz, Video Bandwidth 1 KHz, Amplitude Scale LOG 10 dB.

Corrected Data Limiti: 15.208 Average
120

110

100

90

80

70

80

=/ &
a0 -15.77 dB
30

20

"0

2475 24775 2480 24825 2485 24875 2480 24925 2495 24075

Start 2475MHz 2500MHz

2500

Plot 22: Radiated Band Edge, BLE, High Channel 2480Mhz, Vertical Average.

Amplitude Units, dBuv

Attenuation 0dB, Resolution Bandwidth 1 MHz, Video Bandwidth 3 MKz, Amplitude Scale LOG 10 dB.

Corrected Data

Limit!: 15.209 Peak

70
|2 4835E+09
< Margin 1:
5,05 4B
50 3 R

2475 2477.5 2480 24825 2485  2487.5 2490 24925 2495 24975

2475MHz 2500MHz

2500

Plot 23: Radiated Band Edge, BLE, High Channel 2480Mhz, Vertical Peak.
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Electromagnetic Compatibility Criteria for Intentional Radiators

§ 15.247(d)

Test Requirement:

Test Procedure:

Test Results:

Test Engineer(s):

Test Date(s):

Spurious Emissions in Non-restricted Bands

15.247(d) In any 100 kHz 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 20 dB below that in the 100 kHz
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. If the transmitter complies with the conducted power
limits based on the use of RMS averaging over a time interval, as permitted under paragraph
(b)(3) of this section, the attenuation required under this paragraph shall be 30 dB instead of 20
dB.

For intentional radiators with a digital device portion which operates below 10 GHz, the
spectrum was investigated as per §15.33(a)(1) and §15.33(a)(4); i.e., the lowest RF signal
generated or used in the device up to the 10" harmonic of the highest fundamental frequency or
to 40 GHz, whichever is lower.

Since the EUT had an integral antenna, conducted measurements could not be performed.
Measurements needed to be taken radiated. An antenna was located 1 m away from the EUT
and plots were taken. The EUT was rotated through all three orthogonal axes. The plots were
corrected for both antenna correction factor and cable lost.

The EUT was compliant with the Spurious Emission limits of §15.247(d).

Arsalan Hasan

07/14/2020

o]

Spectrum Analyzer Attenuator EUT

Figure 8. Conducted Spurious Emissions, Test Setup
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Spurious Emissions in Non-restricted Bands, Test Results

Mkr1 24.5875 GHz
Atten 25 dB -37.64 dBm

Start 10 GHz Stop 25 GHz
#Res BW 100 kHz #VBW 300 kHz Sweep 1.554 s (401 pts)

|
Plot 24: Conducted Spurious Emission, BLE. low channel 10GHz-25GHz

Mkr1 2.896 GHz
Atten 25 dB -39.03 dBm

Start 30 MHz Stop 10 GHz
[#Res BW 100 kHz #VBW 300 kHz Sweep 1.033 s (401 pts)

Plot 25: Conducted Spurious Emissions, BLE, low channel 30MHZ-10GHz

Mkr1 2.402060 GHz
Atten 25 dB 3.337 dBm

[Center 2.402 GHz Span 2 MHz
#Res BW 100 kHz #VBW 300 kHz Sweep 5 ms (401 pts)

Plot 26: Conducted Spurious Emission, BLE, low channel reference
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Mkr1 23.5000 GHz
Atten 25 dB -40.11 dBm

Start 10 GHz Stop 25 GHz
[#Res BW 100 kHz #VBW 300 kHz Sweep 1.554 s (401 pts)

No Peak Found

Plot 27: Conducted Spurious Emission, BLE, mid channel 10GHz-25GHz

Mkr1 2.822 GHz
Atten 25 dB -38.73 dBm

Start 30 MHz Stop 10 GHz
[#Res BW 100 kHz #VBW 300 kHz Sweep 1.033 s (401 pts)

Plot 28: Conducted Spurious Emission, BLE, mid channel 30MHz-10GHz

Mkr1 2.442055 GHz
Atten 25 dB 3.597 dBm

Span 2 MHz
#VBW 300 kHz #Sweep 16.38 ms (401 pts)

Plot 29: Conducted Spurious Emission, BLE, mid channel reference
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Mkr1 24.2125 GHz
Atten 25 dB -39.48 dBm

Meas Uncal

Stop 25 GHz
#VBW 300 kHz #Sweep 25 ms (401 pts)

Plot 30: Conducted Spurious Emission, BLE, high channel 10GHz-25GHz

Mkr1 2.971 GHz
Atten 25 dB -37.63 dBm

Start 30 MHz Stop 10 GHz
#Res BW 100 kHz #UBW 300 kHz #Sweep 16.65 ms (401 pts)

|
Plot 31: Conducted Spurious Emission, BLE high channel 30MHZ-10GHz

Mkr1 2.480055 GHz
Atten 25 dB 3.632 dBm

Center 2.48 GHz Span 2 MHz
#Res BW 100 kHz #VBW 300 kHz #Sweep 16.38 ms (401 pts)

Plot 32: Conducted Spurious Emission, BLE high channel reference
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Atten 25 dB

Start 2.31 GHz

#Res BW 100 kHz #VBW 300 kHz

Mkr1 2.37066 GHz
-44.06 dBm . Atten 25 dB

Stop 2.382 GHz [Start 2.382 GHz
Sweep 7.459 ms (401 pts) #Res BW 100 kHz

#V/BW 300 kHz

Atten 25 dB

Stop 2.5 GHz

#/BW 300 kHz Sweep 4 ms (401 pts)

Plot 34: RF Conducted Band Edge, 2480MHz High Channel

Stop 2.407 GHz
Sweep 4 ms (401 pts)

Report: WIRS106561-FCC247 Rev 1

© 2020, Eurofins E&E North America

Page 30 of 35



<& eurofins

FreightLucid LLC
Hatch Sensor Unit

E&E

Electromagnetic Compatibility
Test Equipment
CFR Title 47, Part 15.247

Electromagnetic Compatibility Criteria for Intentional Radiators

§ 15.247(e)

Test Requirements:

Test Procedure:

Test Results:

Test Engineer:

Test Date:

Peak Power Spectral Density

§15.247(e): For digitally modulated systems, the peak power spectral density conducted
from the intentional radiator to the antenna shall not be greater than 8dBm in any 3 kHz
band during any time interval of continuous transmission.

The power level was set to the maximum level throughout each of the 100 sweeps of power
averaging. The RBW was set to 3 kHz and a VBW set to 9 kHz or greater. The spectrum
analyzer was set to an auto sweep time and a peak detector was used. Measurements were
carried out at the low, mid and high channels. Measurements were performed on a radiated
setup, with the receive antenna placed 1m away from the EUT.

The EUT was compliant with the peak power spectral density limits of § 15.247 (e).

The peak power spectral density was determined from plots on the following page(s).

Arsalan Hasan

07/14/2020

i

Attenuator

Spectrum Analyzer EUT

Figure 9. Power Spectral Density, Test Setup

Peak Power Spectral Density Test Results

Channel Frequency (MHz) PSD (dBm) LIMIT (dBm)
Low 2402 -11.04 8
Mid 2442 -11.01 8
High 2480 -11.11 8
Table 15: Peak Power Spectral Density, Test Results
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Peak Power Spectral Density

Mkr1 2.402045 GHz
Atten 10 dB -11.04 dBm

(Center 2.402 GHz Span 2 MHz
#Res BW 3 kHz #VBW 10 kHz Sweep 228.7 ms (401 pts)

|
Plot 35: Power Spectral Density, BLE, 2402MHz Low

Mkr1 2.442025 GHz
Ref 14.6 dBm #Atten 15 dB -11.01 dBm

i
A

L

Center 2.442 GHz Span 2 MHz
#Res BW 3 kHz #VBW 10 kHz Sweep 228.7 ms (401 pts)

|
Plot 36: Power Spectral Density, BLE, 2442MHz Mid

Mkr1 2.480030 GHz
Ref 14.7 dBm Atten 15 dB -11.11 dBm

Span 2 MHz
#VBW 10 kHz Sweep 228.7 ms (401 pts)

Plot 37: Power Spectral Density, BLE, 2480MHz High
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IV. Test Equipment
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Test Equipment

Calibrated test equipment utilized during testing was maintained in a current state of calibration per the requirements of
ISO/IEC 17025:2005.

ASSET # NOMENCLATURE MANUFACTURER MODEL LASTCAL | CALDUE
152399 TURNTABLE CONTROLLER SUNOL SCIENCE SCo9V FUNCTIONAL VERIFY
153928 EMI TESTER RECEIVER ROHDE & SCHWARZ ESR26 03/04/2020 | 03/042021
152600 BILOG ANTENNA TESEQ CBL6112D 03/19/2019 | 03/19/2021
153983 LOOP ANTENNA ETS-LINDGREN 6512 09/26/2019 | _09/26/2021

SMETER CHAMBER CONTROL SMETER CONTROL
152486 . PANASHIELD o FUNCTIONAL VERIFY
TMHZ STEP, IGHZ COMBO
153926 b 1OHZ ¢ COM-POWER CORP CGO-501 FUNCTIONAL VERIFY
154067 DIGITAL BAROMETER CONTROL CO 6530 06/22/2020 | 06222022
152481 10 METER CHAMBER ETS-LINGREN DKE-8X8 DBL FUNCTIONAL VERIFY
NARDA SAFETY TEST

15380 EMI RECEIVER ARG PMM 9010F 8/23/2020 8/232021
15245 COMB GENERATOR (RADIATED) COM-POWER GG510 FUNCTIONAL VERIFY
152599 LASER PROBE INTERFACE AMPLIFIER RESEARCH F1700 FUNCTIONAL VERIFY
152603 | POUPLERIDGED WAVEGUIDE ETS-LINDGREN 3117 09/182018 | 09/18/2020
152000 SPECTRUM ANALYZER AGILENT EA4448A T1/062019 | 11/06/2020
1S3818 DRG HORN ANTENNA AH. SYSTEMS, INC SAS-574 09/24/2018__| 0972472020

Table 16: Test Equipment List

Note:

Functionally tested equipment is verified using calibrated instrumentation at the time of testing.
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End of Report
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