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Infrared Theory

Electromagnetic spectrum
Color Temperature
Emissivity

BlackBody
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Electromagnetic spectrum
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1.0.01nm - 0.1nm
2.0.1nm - 1nm

3. 1nm - 100nm

4. 400nm — 700nm
5.0.75um -3 um
6.15 pm — 1000 pm
7. 1mm - 10cm
8.1m-10m
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Energy flows

“Every object absorbs energy and will emit the same amount of energy
when objects temperature is in balance”

* Convection Radiation
. —~f—
+ Conduction

Convection
+ Radiation

» Absorption / Emission (Temperature)

* Reflection
* Transmission (not discussed) D

Conduction

27-Aug-18 Thermal Imaging and Infrared 4

Klaas Dijkstra, NHL, vdLMYV, k.dijkstra@nhl.nl 2



Computer Vision: Thermal Imaging and Infrared

Emission

Color Temperature
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Eye

Colors & Reflecting
Reflection
White Light Eye White Light
ite Obj G
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Colors & Reflecting

Absorption & Emission

Heat

Black Object
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Fluorescence

White Light Detector UV Light
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Infrared signals setup

1 Reflection
2 Object Temperature
3 Atmosphere

N=}
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BlackBody

A theoretical blackbody absorbs all radiation of all
wavelengths, it does not reflect any radiation.

Emissivity = 1

An eye is a practical example of a blackbody
(It is not a perfect blackbody, but a graybody)

Higher emissivity is better
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Emissivity = 1 — Reflection

*Polished Steel: 0,07
*Sand: 0,60

*Paper: 0,7 to 0,9
*Human Skin: 0,95

Emissivity

Emissivity

Lightweight emergency thermal
blankets are based on reflective
metallic coatings.

They lose little heat by radiation.

BlackBody

0 Reflection
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IR Camera Parameters
ReflectedTemp(K) IQSD—I,:,—LI [0 .. 5000]
Object Emissivity: -
ObjectDistance(m) m [0 . 10000]
A value between the 0 and 1 for ObjectEmissivity [posne 4 [
calculating the temperature Reatvetumitys) o 4[] ] [10.0%9
ReferenceTemp(k)  [2a5 EiEEEET| (o)
ExtOptics Temp(K) ID—ZE'—LI [0 .. 5000]
ExtOpticsTransm |1—z,—_|] 001 1]
LowsScaleLint(K)  [oas < v [0.s000]
HighSealeLimittk)  [ans < v| o.s000]
NoissReduction b 4 v 0.4
FrameRate(Hz) lh
Direct¥Vigwear m 0.1
Imagiehadle b CIl | v .2
EmissivityCorrection |1—Z|—_|I| [0.1]
ImageType ‘emperature_Float|
LoadDefauts o
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Retrieve Images

5 different type of images.

+ Absolute Image Pixels (Intimage)
» Absolute values from the sensor
+ Object Signal Pixels (Floatimage)

+ Corrected values for influence by atmosphere and for
Reflected Temperature.

+ Temperature (Floatimage)

+ Temperatures in Kelvin
* Relative Temperature (Intimage)

« Temperature relative to the high and lower scale limit
* Relative Temperature Image Lut (Intimage)

+ Image based on a Lut
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Emissivity Calculation

3 ways of determining the emissivity of an object
- Look the material up in an emissivity table

- Change the emissivity value until the temperature indicated by the
camera is the same as the temperature of the object

- Use the reversed temperature measurement formula (Supported
by the FLIR A20 Camera)
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Emissivity Calculation

IREmissCalc <CameraName> <Xpos> <YPos> <Temperature>

The function IREmissCalc uses the reversed formula to determine the
emissivity of an object.

Demonstration Code:

- ImageMode set at 0

- ImageType Temperature Float
- IREmissCalc IRCam 50 80 310
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Emissivity Calculation

I VisionLab ¥3.36  22-8-2006 (c) ¥an de Loosdrecht Machine ¥ision  www.vdimv.nl i [ ]
Fle Operator Camera Server Options MWindow LUserl User2 User3 Userd UserS Usert Help
T Continuous (Floatlm I ] o5 |
_olx
Interal script each
’Vr\amel Store || Find |
IREmissCalc IRCam 50 BO 310 =
4 »
Execute FQ | | Ahort Crr] Continue
4| | _"_I
35.075 us _ pauiisy I 4
Emissivity
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EmissivityMap

An emissivity map is used to give every pixel a different emissivity
value.

- Not using a single emissivity
- Used when monitoring different materials in a single image

- Emissivitymap is a Doublelmage with the same size as the
infrared snapshot.
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EmissivityMap

IRSetEmissMap <CameraName> <EmissMap>

The function sends an emissivitymap to the camera.
Demonstration Code
+ Create a new Doublelmage with the same size as the IR Image

+ Enter pixel values between 0.01 and 1
+ IRSetEmissMap IRCam EmissMask
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EmissivityMap
I visionLab ¥3.36 22-8-2006  (c) ¥an de Loosdrecht Machine ¥ision  wwvdl I [=] 4
Elle Operator Camers Serwer Options ‘Window Userl User2 Usepd Userd UserS Usere Help
=lol x| =101 ]
1 1 [188 ||
112 061 061 061 061
113 061 061 061 061
114 061 061 061 061
) 0.61 061 061 061
116 0.61 061 061 061
117 061 081 0E1 081
118 061 081 0E1 081
119 0.61 0.81 081 0.81
120 0.61 0.81 081 0.81
121 |ost 081 051 o8 ||
e o i MR,
124 0.61 0.81 061 0.81
125 0.61 0.61 0.8 0.81
126 0.61 0.61 0.8 0.81
127 0 61 061 081 081
128 061 061 081 081
129 061 061 081 081
1 30 061 061 081 081
[ ml |
I stayonton fielwidh [0
us I 4
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EmissivityMap
+ Create an EmissivityMap first
+ IRSetEmissMap
+ Camera setparam IRCam EmissivityCorrection 0
Standard global Emissivity value will be used
+ Make a snapshot
+ Camera setparam IRCam EmissivityCorrection 1
IR Camera is using the Emissivitymap just created
+ Make a snapshot
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EmissivityMap

¥ visionLab ¥3.36  22-8-2006  (c) ¥an de Loosdrecht Machine ¥ision  wesw.vdimv.nl N =10 x|
fle Operator Camera Server Options Window Userl User? Userd Userd UserS Users Help

T aa(RGBEESIMage D T bb (RGBBBBIMage Default) =

* finalmask2.j D

¥ a(Floatimage Float " b (Floatimas

s19zus [ |
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TemperatureMap

A TemperatureMap is used to calculate emissivity values in an image.

The TemperatureMap
- An image of an arbitrary size

- Every pixel contains the known temperature of the pixel in the
infrared image

- The same as IREmissCalc only then for multiple pixels
- Returns an image with the emissivity values

Calculating will take some time, the whole image would take
approximately 25 minutes.
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TemperatureMap

IRTemperatureMap <CameraName> <TemperatureMap>
<ReturnEmissivityMap> <Left> <Top> <Width> <Height>

The function uses the camera to calculate multiple emissivity values
for known temperature pixels. The return value is an image.

Demonstration Code
+ Create a new Floatimage of 50 x 50 pixels
+ Enter known pixel temperatures

* IRTemperatureMap IRCam TemperatureMap EmissivityMap 10 10
50 50

+ Display EmissivityMap
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TemperatureMap

TemperatureMap image

T visionLab ¥3.36  22-8-2006 (<) ¥an de Loosdrecht Machine ¥ision  www.vdimv.nl oy [ 3]
Fle Operstor Camera Server Options Window Userl Userz Userd Userd UserS Users Help

T C:\Documents and Settings\¥ision\Mijn documenten) IR\ scriptsi Temp _1oix|

r

I e [ Eer e Line numbe Indentatio

. o | e | | | T
Create TemperatureMap FloatImage 240 320 j
SetillPixels Temperaturelap 305

display TemperatursHap
IRTemperatureMap IRCam Temperaturelap TemperatureMapz 10 10 50 S0
display TemperatursHapZ

; of

Execute F9 | Aot Crire] Continue Single step Step irto Reset
Izl
ous [ P
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EmissivityMap & TemperatureMap

Combination of these 2 functions

TemperatureMap
EmissivityMap Live Temperatures
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Experiments

Measuring the temperature of shiny objects
(Objects with a high emissivity)

3 methods
+ Masking Tape
+ Masking tape has a higher emissivity.
+ Sanding
+ Reducing the amount of reflection of shiny objects.
+ Drilling a hole with a depth of 7 times its diameter
+ Simulating a blackbody

27-Aug-18 Thermal Imaging and Infrared 26
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Experiment Masking Tape

S

-

Al
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Experiment Masking Tape

Order of temperature from left to right.
* Hot

* Room temperature

+ Cold.

Masking tape is on the top half.

Immediately after a few minutes

* Normal background
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Experiment Masking Tape

I Deell.jloo 16 {FloatImage FloatLog) =] | I DeelLjl%15 (FloatImage Floatlog); P[] 3|

¥ analyse Pixels De 1 —|ol x| T Analyse Pixels Deel1.jl%1 -1ol x|
~Coordi el val Coortinat ixel vall

w 130 - x |55 3-

35.4159851074219
v =2 [52 5588684082031 N |
Horizoral pixels Horizortal pixels
56 56
1 <
10 <0
o2 o2
24 2
3 s
0 40 0 0 10 200 240 280 320 360 400 o s 30 120 0 200 240 230 520 360 400
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Experiment Masking Tape
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Experiment Masking Tape Hot Background
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Experiment Masking Tape Hot Background

Order of temperature from left to right.
« Cold

* Room temperature

* Hot.

Masking tape is on the bottom half.

Immediately after a few minutes

* Hot background
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Experiment Masking Tape Hot Background

T Deelajlo21 {Floatimage Floatlog) I ] 3 I Deela.jlvo22 (Floatimage Floatiog) =100 x|

=lolx| ; I [=] 5
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Experiment Masking Tape Hot Background
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Experiment Sanded

27-Aug-18 Thermal Imaging and Infrared 35

Experiment Sanded

Materials from left to right
* Red Copper
+ Brass

1. Sanded.
2. Not Sanded.
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Experiment Sanded

(] 60
54 54
43 45
4z 42
36 36
30 30
030 B0 30 120 B0 130 20 240 270 F00 0 30 60 90 120 150 130 210 240 270 300

¥ schuurproef.jl%35 (FloatImage F ¥ schuurproef.jl®%35 (Floatimage Float =101 x|
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Fields of usage

Kwantitative measurement (Measuring absolute temperatures)

- Not used a lot, due to the complex nature of temperature
measurement

Kwalitative measurement (Measuring relative temperatures)
- Electrical Engineering

- Mechanical engineering

- Building inspections

- Many other fields
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Examples
(Infrared reflection)

Images provided by MapTools B.V.
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Examples
(Building Inspection)

Images provided by MapTools B.V.
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Images provided by MapTools B.V.

Examples

(Building Inspection)
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Images provided by MapTools B.V.

Examples
(Electrical Engineering)
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Examples
(Electrical Engineering)
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Examples
(Mechanical Engineering)

Images provided by MaTools B.V.
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Advantages and Disadvantages

Advantages
- Quick measurement of object temperature
- Non invasive measurement

- Ability to use Computer Vision techniques for automating
temperature measurement

Disadvantages

- Kwantitative measurement depends on al lot of parameters
- Emissivity
- Atmosphere Temperature
- Object material

- Expensive equipment
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