


Introduction

« Thanks to multiple drivers, the market for infrared thermal imaging cameras and modules is
expanding rapidly, with a multiplicity of products on offer. There is, therefore, a need for users,
integrators, and sensor manufacturers to be able to discriminate between available products based on
accurate and independent assessments of their performance and features.

« This report is the fourth of its kind, focused on helping thermal imaging camera and module market
actors to better understand the characteristics of such products, enabling better strategic decision-
making.

« More reports will follow soon, which will allow fair comparisons of product features and performance.

« The following cameras and modules have either already been analyzed or are planned:
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InfiRay T3S camera module: published

Flir Boson 640 Pro camera (USA): published

Seek thermal module QVGA 12um (USA): published

Comparison of camera performances Infiray T3S, Flir Boson 640, Seek thermal QVGA, Infiray Micro III (planned July 2022)
GuidelR VGA 12um (China): planned

Hikvision camera QQVGA 17um (China): planned

Teledyne Dalsa GXF (Canada): planned
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Objectives of This Report

« This report aims to provide a comprehensive and independent analysis of the main features,
performance, and imaging system architecture of the Iray Micro III Camera Core.

« Our analysis is based on physical measurements, calculations, simulations, and observations
realized in PISEQO’s lab, compared to data provided in the datasheet.

« This report presents:
« An analysis of the user functions of the camera.
« An analysis of the measured performance parameters of the embedded microbolometric sensor.
« An analysis of the measured thermometric performance and optical architecture of the camera.
« An analysis of the sensor correction functions and algorithms.

« An analysis of the image processing flow from sensor to image, as well as an assessment of image
quality.

« Our opinion of the camera’s features and performance.
A fair comparison of the product’s performance against other marketed products.

PISEC
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Glossary

« ACE Adaptative Contrast Enhancement « NETD Noise Equivalent Temperature Difference
« AGC Automatic Gain Correction « NUC Non-Uniformity Correction

+ BICMOS Bipolar CMOS  NVFFC Non-Volatile Flat Field Correction
« CMOS Complementary Metal Oxide Semiconductor « PSF Point Spread Function

« DN Digital Number « RFPN Residual Fixed Pattern Noise

+ DNS Deep Noise Supression + ROI Region of Interest

- DDE Digital Detail Enhancement + ROIC Read-out Integrated Circuit

« DRC Dynamic Range Compression + SCNR Spatial Column Noise Reduction

« FFC Flat Field Correction « SDK Software Development Kit

« FOV Field-of-View « SEM Scanning Electron Microscopy

« FPA Focal Plane Area  SFFC Supplemental Flat Field Correction
« FPGA Field-Programmable Gate Array + SRNR Spatial Row Noise Reduction

« GUI General User Interface + SSN Silent Shutterless NUC

- IBE Information-Based Equalizer « UAV Unmanned Aerial Vehicle

« INU Image Non-Uniformity « USB Universal Serial Bus

« MRTD Minimum Resolvable Temperature Difference « UVC USB Video Class

« MTF Modulation Transfer Function + VOX Vanadium Oxyde
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Micro III Camera Presentation
Portfolio

« The Micro III camera from InfiRay is a compact LWIR thermal camera module, available in
different versions.

« The camera integrates a 12pm-pitch vanadium oxide uncooled detector available in two pixel
sizes: 640x512 px (VGA) and 384x288 px (QVGA).

« The module includes image processing capabilities and standard communication interfaces.

« [t is targeted at industrial and military applications:

« UAVs for surveillance, crop, or site inspection...(the Micro III camera’s lightness is quite convenient for
embedding as a payload in a UAV).

« Many other applications, such as monitoring and thermography.

« Each module is equipped with a lens with a specific FOV and depth-of-field range. The variety of

lenses (eight options for each size) covers various FOVs. No information on FOV values has been
obtained from the manufacturer.

picture source: InfiRay
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Technical Characteristics
Overview

« The main technical information is presented on a
one-page datasheet, subdivided into major items

« Global specifications related to sensor
properties : technology, sensor resolution,
pixel pitch, sensor sensitivity or NETD, frame
rate, etc.

« QOptical & Mechanical, which details the
various possible configurations.

« Thermography.
« Environmental.

« This kind of information is standard amongst
uncooled thermal sensor manufacturers. Cameras
in the two categories (T & TH) are probably
selected through a binning process during a
final test of the sensor after manufacture.

« The camera tested was a 384 x 288T version
(NETD <50mK).

PISEC

Model

Detector
Resolution

Pixel size
Frequency
Response spectrum
NETD

Brightness and Contrast
Palette

Reticle

Zoom

Image Filter

Power Supply

Power Protection

Typical Power
Consumption @25°C

Video Analog video
Output Digital video
Serial Port

usBes.o

Measurement Range
Measurement Accuracy (1)
Measurement Tools

Customiztion Support
SDK

Weight
Size

Operating Temp
Storage Temp
Humidity
Vibration

Shock

Temperature Measuring High Precise
Micro Il 6407 Micro I 384T Micro Il 640TH Micro MM 384TH
Performance Specification
VOx uncooled thermal FPA

640%512 384288 640X 512 384288
12um
25Hz S0Hz 25Hz SO0Hz
8~14um
<50mK@25°C <40mK@25°C
Thermal Image

Manual/Auto
Upto 18 palettes
Display/Fade/Move(Support for Customization)
1.0~-8.0X Digital Zooming (0.1 X Step)
Digital Noise Reduction / Digital Detail Enhancement
Power Supply
4~6VDC
5~24V DC with User extension component
Overvoltage, Under voltage, Reverse connection protection(with user extension component)

B OV tarcur e cemcn comgonere K LOW (vt owr stwrasn componaens SOOW tarncus i stwrscn compurans

L L2W taes i stoetcn somprcet L LAW tan o erserscn comenace L 1AW tar v etavcsio somponere LLAW taen oo emron compirers

Connection Interface
1channel PAL or NTSC
BT.656/14-bit or 8-bit LVCMOS/LVDS/MIPI/Cameralink
RS-232/UART (3.3V)
5V Typical, Image and Temperature data transmission, device control
Temperature Measurement
-20°C~+150°C, 0°C~+550°C 0°C~60°C
$0.3°C or + 3% of Reading (Take Lager)® Emiranment Tempeeature-20"C~+E0°C +05°COTarget Temperature of 33°C~42"C (£03'C with blackbody)
10 spots / Max & Min temp on Screen/ Center spot/12Lines/ Area Analysis/1 Isothermal Analysis
SDK
User Language/Crosshair Customiztion
Support
Physical Character
20g+3g (without lens & user extension component)
26X 26X 22 (mm) (without lens & user extension component)
Environmental Adaption
-40°C~+80°C -10°C~+50°C (16°C~32°C Migh Precise)
-45°C~+85°C
5~95%, non-condensing
6.06g, Rancom vibration, all axes

80g, 4ms, back peak, sawtoothwave, 3-axis and 6-direction
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GUI Functionalities - Video Sourc

« ORG mode can be assimilated to a
RAW mode.

« From NUC to DNS to DRC modes, the
image appears more accurate and
sharper.

« Detailed analysis in chapter, ‘Micro III
Correction Function’.

nnnnnnnnnnnnnnnnnnnnnn

384x288 pixels; 16-hit; 216K

CORG

4 Hi. — O

300x240 pixels; RGB; 281K

_A

=

Count 110582 in 0

Mean; 4894260 Max 5841

StdDev 318112 Mode: 4978 (2766)
Bins: 256 Bin Width” 22 816

5841

st cony| Log | Lie

300x240 pixels; RGB; 281K

5018 5515
Count: 110592 Min: 5018
Mean: 5233.089 Max: 5515
StdDev: 58.774 Mode: 5255 (3732)
Bins: 256 Bin Width: 1.941

ﬂ, cony ﬂlﬂj value=5493.645
R

count=0

300x240 pixels; RGB; 281K

[ .
5068

Count: 110592
Mean: 5273.705
StdDev: 55.591
Bins: 256

Min: 5068

Max: 5528

Mode: 5297 (5049)
Bin Width: 1.797

ﬁl Cony ﬁJﬂJ value=5089.562

count=23

‘I:i_s_t_' ﬂj iQJ M value=86.922

300x240 pixels; RGB; 281K

4

Count: 110592 Min: 4

Mean: 101.411 Max: 248

StdDev: 36.548 Mode: 121 (2153)
Bins: 256 Bin Width: 0.953

count=1058

source: PISEO
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Image Sensor Characterization

Procedure used to retrieve images during image processing

« Images produced by the sensor are retrieved at different processing stages or pipeline taps:
« Raw image for bolometric sensor characterization.

« Images after other process steps, in order to analyze and qualify the image processing offered by the
camera.

« PISEO's interface software was built from observation of the camera communications, as no SDK was
provided by InfiRay.

UVC data
out
16bits or
RGB 8bits
Non-
uniformity Filters Analogic PAL/NTSC

T correction
source: PISEO I (NUO) output data out

OPISEO 2022 | www.PISEO.fr | IRay Micro III camera performance analysis | Product Brochure
B0

ooooooooooooooooooooooooooo



Blackbody Setup

Uniform and controlled temperature with a blackbody

« A controlled-temperature scene is placed in
the field of view of the camera:

Represented by a blackbody (HGH)
regulated temperature surface

Possible to control the surface
temperature from -15°C to +150°C

Accurate control of the scene
temperature: < +/-0.03 °C

Temperature uniformity across the
surface: 0.01 °C @25°C, 0.3°C @
50°C

Stability 0.5mK

« Climate chamber for ambient temperature
control:

nnnnnnnnnnnnnnnnnnnnnnn

ices

0°C to 50°C

A
Methodology '

Typical IR camera test set-up @PISEQ's lab

source: PISEO
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Responsivity / NETD / Scene Dynamic

Extended scenic temperature 20°C to +100°C

A

« The responsivity increases with the f1¢q) .15 0 20 40 60 80 100
blackbody temperature. Temporal 12 (c) 0 20 40 60 80 100 120
noise remains stable, so NETD  [TNETD(C) 25 25 25 25 25 25 25

decreases when the temperature of | | | | | |
the scene is high. In the other way,  [Resp (counts/K) §
NETD is higher for colder scenes. NETD (mK) )

Scene dynamic (K) . : . . : . 3

« While the responsivity increases,
the scene dynamic decreases.

Sensor performance over temperature range Scene dynamlc

< —eo—Resp (counts/K) .
2 <
c —e—NETD (mK) . S
C L
8 E g
~ c
2 o =]
% % ()
g g
8. (%]
[0}
o
Median scenic temperature (°C) B ‘ e U 4 Y Al RN
. Median scenic temperature
PISEQC
} -
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Thermographic Response

« These curves reflect the calculation of the Th hic functi t diff ¢ bient
responsivity, the scene dynamic parameters, and €rmographic functions at different ambien

the behavior with ambient temperature. temperature
P

A SV —

« The pixel response (here, a mean value of a
uniform scene) falls largely in the digital
output scale, providing flexibility for image
processing steps.

« The measuring temperature range of the camera is
[-20°C ; +150°C]. We performed our tests in the
range , which covers most of the
operating range.

Source : PISEO —_—
« Offset at random intervals appears on these curves,
preventing a good thermographic calibration:

Mean level of the image (counts)

Scene temperature (°C)

) Model Temperature Measuring High Precise
Micra M &40T Miceo [0 384T Micra M 630TH Mices M 384TH
Temperature Measurement
[ ]
Measurement Range JPC~+150°C, Q'C~+350°C (C~B0'C
Measurement Ascuracy (1) HOTE ar £ 39 .of Reading (Tabe Laget@ Envienrvment Temperatn JPC= 4-40°C #85C§ Target Temperature of 1C-4E (40070 with blsckbod
Measurement Teals 10 spots / Max & Min temp on Screeny Center spot/1 2Lines Area Analysis/] lsothermal Analysis

PISEC
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NUC Performance
NUC resulting effect

« Non-uniformity correction is performed as in
these examples:

« By the camera, based on factory-
calibrated gain & offset tables and a
shutter map obtained a few seconds
before.

« By PISEO, based on uniformity
calibration performed on a blackbody a
few minutes before.

« In spite of the difference in non-uniformity
metrics presented on the last slide, both
images reveal equivalent defects which
cannot be suppressed by NUC only. These
defects justify the application of spatial and
temporal filtering, described and analyzed in

Iray raw
the next chapter.
[ ]
PISEO NUC
=rM o —— |
i .
iy i ©OPISEO 2022 | www.PISEO.fr | IRay Micro 11l camera performance analysis | Product Brochure 15
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NUC Channel

NUC processing: flow chart

« The flow chart below illustrates the benefits of the succession of correction steps.

« The FFC (flat field correction) is obviously the most impactful step. However, other filters can still enhance edge detections,
smoothing, or different ranges of temperatures.

When it is possible to be applied, the SFFC (supplemental FFC) does improve the uniformity and eliminates the lens defects

observed on the test sample. Compared to the standard factory correction maps, this function has the capacity to correct optical

defects, due either to the application use-case or the time evolution of the camera. However, this function is only available in a
hidden menu of the software.

=) =) - = =)

=]

P .

7505 32834 33003 32810 32963 32805 33000 32802 32989

32799 32885

images source: PISEO
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AGC

Contrast

0 255 0 255 0 755

source: PISEO

« Contrast can be adjusted, keeping constant the mean value and moving the width of the allowed
range. Histogram is enlarged.
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ABOUT PISEO

« An Independent Innovation Center specializing in the integration of advanced photonic technologies.

« Supports companies in all sectors of activity in the analysis, design, and characterization of innovative
illumination, detection, and visualization systems.

» Experience gained from large industrial groups.
« Created in November 2011 as part of the French State Call for Projects for shared innovation platforms.

« Eight industrial shareholders including Yole Developpement, GIL-Syndicat du luminaire, Syndicat de I'éclairage,
Serma Group, and Cluster Lumiéere.

« Based in Lyon, France.

« 150+ clients (large groups, ETI, SMEs, start-ups).
« CIR, CII, and EASYTECH approved.

« Accredited lab (scope @ www.cofrac.fr ).

il

S — —

« 17 employees.
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http://www.cofrac.fr/

OUR MARKETS

Automotive : Telecom
Aeronautics gee%;'gg Imaging Seﬂﬁi;al Health Care Processes
Railway gnting Well-Being  watchmaking
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OUR SERVICES AT COMPONENT AND SYSTEM LEVEL

FLIR Boson 640 Pro Thermal Camera
Performance Analysis

2020 Technical Report n

i »

by - -

5~ o |
. al

Application and technical
analyses

v Reverse engineering
v Performance analysis
v Application and technical reports

v Benchmarking of component and system
performance and construction

v Regulatory and normative intelligence
v Technology intelligence

v Patent intelligence

nnnnnnnnnnnnnnnnnnnnnn

System design and
realization

v Application requirements of photonic
systems (UV, VIS, IR)

v Concept generation

v Feasibility studies

v Optical, mechanical, electronic, and
software design

v Simulations
v" Thermal management
v System integration

v" Prototyping, assembly, pre-series, and
small-volume production with partners

v Redesign to cost, to quality
v Design for reliability

Characterization and test
laboratory

v Photometric and colorimetric measurements
(accredited)

v Spectral and radiometric measurements (UV,
VIS, IR)

v" Photobiological and laser risk assessment
(accredited)

v Luminance and color maps of displays, light
panels, etc.

v Electrical measurements
v" Temperature measurements

v Characterization of cameras, modules, and
imaging sensors (VIS, IR): NUC, NETD,
responsiveness, MTF...

v Materials: reflectance, transmittance,
spectral analysis, BRDF...
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OUR TECHNICAL PLATFORMS

Design and analysis tools

Patent pulse

Proprietary physical models

Zemax Optics Studio 20 & Premium (2X)
LightTools 9 (3x)

Radiant Imaging Prosource

Rhino 3D

Solidworks

Python, C ++, Arduino, Labview programming
Algorithmics

Three computing stations, 24 cores, 3.1 GHz

vV vV V ¥V ¥V ¥V V¥V V VY VYV VY

Network of partners in electronics, mechanics,

integration, and assembly
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BR300

ooooooooooooooooooooooooo

21



OUR TECHNICAL PLATFORMS

Testing laboratory

cofrac

» Goniophotometer LMT C-Type GO 2000

ESSAIS
N° d'accréditation 1-5992

» Integrating spheres Instrument Systems 2m & GL Optik 50cm

> Instrument Systems Spectroradiometers CAS 120 (VIS), CAS
140CT (VIS), CAS 140D (300nm-1100nm)

BTS256-EF Gigahertz Optik Spectrophotometer-Colorimeter

Westboro Photonics PF 501A 5Mpx video luminance meter
Radiometric bench Everfine OST 300 (200nm-1600nm)
Power probes and integrating sphere (200nm-1100nm)
Infratek Variocam thermal camera

Blackbody HGH DCN 1000H4

YOKOGAWA WT 3000 power meters

Stabilized and central power supplies: Chroma, TTi, Keithley...

YV V V V¥V ¥V V V V V

Partner network (Serma Technologies, labs, etc.)
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WHAT CHARACTERIZES US?

« 250+ customer projects and 5,000+ tests carried out.

« Unigue combination of expertise and high-level technical means in the design and
characterization of illumination, detection, and imaging systems.

« Very diverse industrial experience.

« Applied and multi-physics approach of integrated systems.
« Network of leading partners.

. Agility.

« Independence and impartiality.
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CONTACT US

North America
Jeff Perkins - jeff.perkins@yole.fr
+1-650-906-7877

FINANCIAL SERVICES

» Jean-Christophe Eloy - eloy@yole.fr
+334 728301 80

y Ivan Donaldson - ivan.donaldson@yole.fr
+1 208 850 3914

PISEC

photonics.innovation.services

REPORTS, MONITORS & TRACKS

EMEA
Lizzie Levenez - lizzie.levenez@yole.fr
+49 151 23 54 41 82

CUSTOM PROJECT SERVICES
> Jérome Azémar, Yole Développement -
jerome.azemar@yole.fr - +33 6 27 68 69 33

> Julie Coulon, System Plus Consulting -
jcoulon@systemplus.fr - +33 2 72 17 89 85

Follow us on

Takashi Onozawa - takashi.onozawa@yole.fr
+81 80 4371 4887

Mavis Wang - mavis.wang@yole.fr
+886 979 336 809 +86 136 6156 6824

GENERAL
> Brice Le Gouic, Marketing & Sales
brice.legouic@yole.fr - +81 80 8131 7837

> Sandrine Leroy, Public Relations
sandrine.leroy@yole.fr - +33 4 72 83 01 89

General inquiries: info@yole.fr - +33 4 72 83 01 80
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