ol e o
o L T s [ ]
R .

PISEG = ’ >

photonics.innovation.services .

..........
. .
- .
.......
.
.....

.....
- L)
. * e

« IN
o TIE
e SE
o4l

IRAY T3
DYNE F
K THERM/
RAY MICH

\

QVGA 12N
111 384T|

|
|

§309P CAMERA MODULE ...
JERA MODULE ... .. -

.
.........




TABLE OF CONTENTS

Introduction

Objectives of the report

About PISEO

Authors of the report

Table of content

Glossary

Vocabulary - Performance criteria
Companies cited in the report

Summary

+ Camera modules compared in this report
« Company profiles

« Targeted Application fields

« Application field of these camera modules
+ Comparison assessment

GUI and SDK resources

« Benefit and importance of the Software resources
« InfiRay T3S
+ Teledyne FLIR BOSON 640

photonics.innovation. services

(1/2)

P2
P3
P4
P5
P6
P8
P9
P10
P11

P17

« Seek Thermal S309P

« InfiRay Micro III 384T

« Resources for developers

« Insight of the content in the camera’s reports

Image production process and internal architecture P 28

« Image production process and electronic architecture
« InfiRay T3S

« FLIR BOSON 640

+ Seek Thermal S309P

« InfiRay Micro III 384T

« Image production Process

« Insight of the content in the camera’s reports

Sensor performances analysis P 38

« Characterization of the cameras

« Raw image quality

« Responsivity / NETD / Scene Dynamic at different
temperatures

« Bad Pixels and Operability

« Optical assessment

« Performances - synthesis

« Insight of the content in the camera’s reports

FOUR THERMAL CAMERAS PERFORMANCE ANALYSIS - PRODUCT BROCHURE | @PISEO 2022 | WWW.PISEO.FR | 2



TABLE OF CONTENTS (2/2)

Image processing and tone mapping performance analysis « MTF measurement

P51  Focal plane area temperature measurement
+ Responsivity AND NETD
* Responsivity AND NETD

+ Image correction process
« InfiRay T3S

. FLIR BOSON 640 « Bad pixel detection and operability

. Seek Thermal S309P * Non-uniformity correction and RFPN

. InfiRay Micro III 384T « Thermographic function

« Image correction and tone mapping functions PISEO P 82

« Insight of the content in the camera’s reports - PISEO, independent innovation center

Comparison and synthesis P 64 * Markets and Product Types
 PISEO, the facts

+ Contact Us

« Comparison table
« Comparison assessment
* Synthesis

Annex - Image sensor Methodology P 69
+ PISEO Standard

« Image Sensor Characterization

« Image production

» Procedure used to retrieve images during image processing
« Blackbody setup

+ MTF measurement

photonics.innovation. services

FOUR THERMAL CAMERAS PERFORMANCE ANALYSIS - PRODUCT BROCHURE | @PISEO 2022 | WWW.PISEO.FR | 3



AUTHORS OF THE REPORT

Dr Olivier Andrieu - Innovation Leader and
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imaging sensors.



EXECUTIVE SUMMARY

Context

+ Thanks to multiple drivers, the market for infra-red thermal imaging cameras and modules is expanding rapidly. It is expected to increase from
$6,202M in 2021 to $8,761M in 2026. The estimated Compound Annual Growth Rate from 2021-2026 for thermal camera shipment volumes is
7.2%.

« Defense application demand pulls the infra-red thermal imaging camera market. There is progressively more portable equipment for soldiers,
such as thermal weapon sights and night vision goggles. ‘Smart city’ surveillance applications are also important. Thermal camera technology is
increasingly adopted by integrators thanks to cost decreases. It is also boosted by the democratization of thermal imaging in industrial
thermography. Finally, thermal imaging is becoming consumerized.

« There are many products on the market. Users, integrators, and sensor manufacturers must discriminate between available products based on
accurate and independent assessments of their performance and features.

PISEO’s analysis

 There are tens of thermal sensors and camera manufacturers including Teledyne FLIR, Seek Thermal, Raytheon Technologies, BAE Systems,
Lynred, HikVision, InfiRay, i3system, GuidelR, Fluke, Safran and Testo. PISEO has so far selected and analyzed four thermal camera modules,
giving rise to four reports:
« InfiRay T3S camera module,
* Flir Boson 640 Pro camera,
* Seek Thermal S309P 12um x 12pm QVGA module
« InfiRay Micro3 384T camera module.

« Thanks to its own standard, PISEO ran deep analyses of sensor performance and the embedded image processing algorithms of each camera.

» These reports help thermal imaging camera and module market actors to better understand the characteristics of such products, enabling better
strategic decision making.

« The present report is a special one, reporting the most important performance test results and analyses done on these four cameras. It is an
opportunity to make fair comparisons between product features and performance.

photonics.innovation. services
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WHAT'S IN THE REPORT

Key features

* Analysis and comparison of the user functions of the camera and the development resources of the four thermal cameras,
* Analysis and overview of the image production processes and internal architectures,
« Set-up and objectives of the camera characterization,

« A comparative analysis of the bolometric sensor performance for raw images quality, responsivity, Noise Equivalent Temperature
Difference, bad pixels, thermographic function and Residual Fixed Pattern Noise profile,

* Analysis and overview of the image processing and tone mapping functions,

« Our opinion of the four thermal cameras and their marketing positioning.

photonics.innovation. services
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COMPANIES

« InfiRay
« Seek Thermal

« Teledyne FLIR
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CITED IN THIS ANALYSIS
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CHARACTERIZATION OF THE CAMERAS

Set-up and objectives

« The tests are realized by analyzing an image of a uniform scene provided by a
blackbody controlled at various temperatures. The set-up is installed in a climate
chamber in order to produce various ambient temperatures.

« By controlling the image production pipeline, tests are performed on raw images
exempt from any correction function. For each camera tested, a specific and
intrusive software has been written to get image stacks representing the raw

sensor images.

« A selection of parameters representing the performance of the bolometric sensor
have been calculated from the measurement of image stacks. All calculations are
based on the same PISEO standard set-up designed for thermal camera analysis,
allowing the comparison of the output performance parameters:

« The protocol is described in the appendix of this report.

PISEC
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Calculation of responsivity and the NETD.
Calculation of the linear scene dynamic.

Measurement of bad pixels, from dynamic criteria and calculation of the

operability.

Performance after two-point NUC correction.
Calculation of residual pattern noise (RFPN).
Measurement of the thermographic function.
MTF measurement (slanted edge method)

Typical IR Camera test set-up @PISEO’s lab

Source: PISEO
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THERMOGRAPHIC
FUNCTION AT Thermographic functions comparison
25°C

Mean of the image (DN)
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Scene temperature (°C)
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COMPARISON TABLE

Pixel resolution
Sensor

Sr Pixel pitch
characteristics .

Frame rate
Signal output resolution

NETD (claimed)

NETD (measured)
Sensor

performance at
25°C ambient

Scene dynamic
temperature

# of bad pixels
Operability
RFPN

RFPN impact on read
temperature

Functionality available
Temperature

sensing Accuracy (claimed)
Accuracy (measured)

Non-uniformity and signal
quality correction

Deviance on uniform image
Correction

algorithms and
image processing | Image processing
SDK

Calibration
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COMPARISON ASSESSMENT

Analysis
Number and
pertinence of —
+ The FLIR BOSON 640 can be considered image
processing
functions —
Sensor Resulting image
+ The InfiRay Micro III 384T is based on performance quality
« The Seek Thermal S309P sensor and image processing performance
Polyvalence Dynamic control

The InfiRay T3S provides

Easiness of
integration Source: PISEO
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YOLE GROUP OF COMPANIES RELATED PRODUCTS

iRAY T3S Thermal Camera FLIR Boson Thermal Camera
Performance Analysis Performance Analysis
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PISEO, INDEPENDENT INNOVATION CENTER

TOGETHER LET’S LIGHT THE FUTURE OF PHOTONICS

OUR JOB:

Supporting your product and photonic system
innovations and optimizations

DEDICATED EXPERT TEAM
ELECTRO-OPTICAL ISO 17025 ACCREDITED LAB

POWERFUL DESIGN AND SIMULATION MEANS : ZEMAX,
LIGHTTOOLS, SOLIDWORKS, RHINO3D, OWN TOOLS AND MODELS...

SOLID INDUSTRIAL ECOSYSTEM: MECHANICS, ELECTRONICS,
SOFTWARE, AI, ASSEMBLY, TESTS...

Source : PISEO, Olivier Ramonteu
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PISEO, INDEPENDENT INNOVATION CENTER

LET'S BRING YOUR PROJECTS INTO THE LIGHT

OUR OFFERS:

PRODUCT INNOVATION AND OPTIMIZATION
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Source : PISEO, Olivier Ramonteu

HEALTHCARE, ENVIRONMENT, LIGHTING, AUTOMOTIVE,
AERONAUTICS, RAILWAYS, DEFENSE, TELECOM, PROCESSES...

PISEC is

nnnnnnnnnnnnnnnnnnnnnnnnnnn



MARKETS AND PRODUCT TYPES

AUTOMOTIVE SECURITY GENERAL HEALTH AND OTHER
TRANSPORT DEFENSE LIGHTING BODY CARE INDUSTRIES

SN

DETECTION

VISUALISATION
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PISEO, THE FACTS

® 10 years old.

* 8 shareholders, including Yole Développement,
GIL-Syndicat du luminaire, Syndicat de I'éclairage, Serma Group,
Cluster Lumiere.

® Electro-optical characterization laboratory ISO 17025
accredited by COFRAC (scope available on www.cofrac.fr).

® 150+ customers (Start-ups, SMEs, large groups) in France and
abroad.

¢ 17 employees highly qualified from industry.
® 5000+ tests carried out.
® 300+ customer projects carried out.

® Based in Lyon, France.

PISEC
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North America
Jeff Perkins -
+1-650-906-7877

FINANCIAL SERVICES
> Jean-Christophe Eloy -
+33 472830180

> Ivan Donaldson -
+1 208 850 3914

PISEC DXJOMARK
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>

>

REPORTS, MONITORS & TRACKS

EMEA
Lizzie Levenez -
+49 151 23 54 41 82

CUSTOM PROJECT SERVICES
Jérome Azémar, Yole Développement -
- +33 6 27 68 69 33

Julie Coulon, System Plus Consulting -
-+3327217 8985

Follow us on
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Japan, Korea, Rest of Asia
Takashi Onozawa -
+81 80 4371 4887
Greater China
Mavis Wang -
+886 979 336 809 +86 136 6156 6824

GENERAL
> Brice Le Gouic, Marketing & Sales
- +81 80 8131 7837

> Sandrine Leroy, Public Relations
- +33472830189

General inquiries: -+334 72830180
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