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Infrared radiation, sensor, source and infrared
camera measurement
R. Drga, D. Janáčová

While the visible spectrum starts at wavelengths 380 nm and
ends at 750 nm, the area of infrared radiation wavelength
starts at 0.75 and ends at a length of 1000 mm. This is called
characteristic radiation. It is caused by internal mechanical
movement of molecules. The intensity of this movement
depends on the temperature of the object. Because the
movement of molecules is a moving charge is emitted
electromagnetic radiation (photon particles). These photons
are moving at light speed and behave according to known
optical laws. They can be diverted, concentrated lenses or
reflected by reflective surfaces. By
the customary
conventions for infrared spectroscopy and for practical
reasons are divided wavelengths of radiation to the area close
to (A - NIR - Near infrared) 750-900 nm, medium (B-MIR Middle infrared) from 1.55 to 1.75 micron and far (C - FIR Far Infrared), 10.4 to 12.5 micron according to field use.
To measure the amount of incident light are used
photodetectors, which can be divided according to function on
the detectors with direct conversion of radiation into electrical
energy and indirect principles.

Abstract— The paper deals with the infrared radiation source
EK-8520, ability to measure using a thermocouple TP334 and
temperature by thermal imager for calculating spectral range. It
prepares the theoretical and practical bases for testing infrared
radiation detectors for security technologies.
Keywords— IR radiation, sensor, emissivity, detector,
security technology.
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I. INTRODUCTION

HE heat-emitting sources are characterized by broad
spectral range, where the spectral maximum is shifting to
the rising temperature resource from the far-infrared
region to region near the visible spectrum. The aim is to
measure the temperature of the source of thermal imager, to
determine the spectral maximum amount of energy emitted by
source of radiation in our case, the EK-8520 produced by
Helioworks, TP334 evaluate the sensitivity of the sensor on
this radiation and create the conditions for measurement,
especially in the spectral range of about 9 mm.

DIRECT ENERGY CONVERSION

II. THEORY
Electromagnetic radiation is a part of our world and a man
meets with his influence at every step. The basic senses,
which can perceive and recognize this radiation is the ability
to see and the skin's ability to perceive blazing heat. Infrared
radiation is outside the visible spectrum, see Figure 1.

Photodetectors with a direct conversion of energy are
subdivided according to the principle of two basic groups
according to the photoelectric effect.
External photoelectric effect:
Photocells
Photomultiplier
Internal photoelectric effect:
Photoresistor
Photodiodes
Phototransistors,
MSM photodetectors
INDIRECT ENERGY TRANSFORMATION

Fig. 1 Electromagnetic spectrum
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These detectors are based on the conversion of radiant energy
into heat. Changes in temperature affect the electrical
properties of the detector. Typical representatives of this
category are:
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thermocouple
pyroelectric detectors
bolometer
In the next section I will devote the infrared where detectors
are primarily used with indirect conversion of heat.
Areas where it is used directly by measuring the infrared
radiation can be divided three sections as follows:
Measurements of surface temperatures in the industry
Measuring temperature properties of objects in security and
safety technologies
Measuring of gases – spectroscopy
In security this principles are use used in this detectors:
PIR detectors
IR camera
IR illumination for cameras
IR barriers and gates
IR scanner for facial recognition
Noktovizor

Fig. 2 Radiation diagram of absolute black body on
temperature

Q0 = H 0 .S1 = δ 0 . T 4 . S1

In safety or fire alarms systems are used these detectors:

where Q0 is the total energy radiated per unit time per unit
area of an absolutely black body H0 is the total radiation
intensity (W/m2), S1 is the area of the black body, T is
absolute temperature of the body and δ0 is the StefanBolzmanova
constant.
From Fig. 2nd Radiation characteristics of an absolutely black
body, depending on its temperature is evident that the ideal
would be to set up an infrared thermometer to the widest
possible wavelength range to obtain as much energy
(corresponding to the area under the curve), or the measured
signal from the body. But there are some cases in which it is
not always convenient. For example, the diagram intensity of
radiation at 2 micron increases more with increasing
temperature than at 10 mm. The greater the difference
radiation at a certain temperature difference, the more infrared
thermometer works. Using the Wien's displacement law, see
equation 2 on the maximum emission shift to shorter
wavelengths with increasing temperature, then corresponds to
a range of wavelengths measuring pyrometer temperature

Flame detectors and flame detector matrix
Linear detector of smoke
Smoke detectors
BALANCE OF ENERGY RADIATED
Each matter at a temperature above absolute zero (- 273 ° C)
emits infrared radiation, whose intensity corresponds to its
temperature. The diagram on Fig. 2 shows the characteristics
of the radiation at different body temperatures. It shows that
objects at high temperatures emits a small quantities of visible
radiation. Therefore, we can see these objects at high
temperatures (above 600 ° C) in colors ranging from red and
white. Experienced lead smelter estimate the temperature of
iron according to the color quite accurately. Since 1930 is
used in steel mills and ironworks visual pyrometers with a
disappearing filament. The invisible part of the spectrum
however contains up to 100 000 times more energy. On this
fact puts infrared technology. The diagram also shows that the
maximum radiation inches toward ever shorter wavelengths
when the temperature increases measured object and a body
that curves at different temperatures overlap.
Radiated energy in the entire wavelength range (area
under each curve) increases with the 4th power of temperature
according to the Stefan-Boltzmann law, see equation (1) and it
is clear that the emitted signal can be determined by
temperature
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(1)

λ max = b T

(2)

where λmax is the wavelength of maximum radiation, T is
temperature and b is the body Wien constant, which value is
approximately
b = 2,898 mm. K

(3)

Spectral density of radiation the maximum is proportional to
the fifth power of temperature
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Wλ = const.T 5

(4)

QS = ε. Q0 = ε. H0. S1 = ε. δ0. T4. S1 (7)

At low temperatures below 600 ° C infrared thermometer
operating at 2 micron could see almost nothing, because it
would be too little radiated power. Another reason for the
production of devices with different wavebands is emissivity
property of certain materials known as "non-gray bodies" (eg
glass, metal and plastic coatings). The diagram on Fig. 2
shows the ideal radiation, which is called "black body"
radiation. Many bodies, at the same temperature emit less
energy. The relationship between the actual radiated energy
and the energy radiated by the same black body temperature is
known as the emissivity ε (epsilon) and can have a maximum
value of 1 (in this case body conforms to the ideal black body)
and the minimum value of 0. Body with emissivity less than 1
is called gray bodies. Bodies, which emissivity are also
dependent on temperature and wavelength are called non-gray
bodies (non-gray Bodies). The total radiation balance of the
real body is shown in Figure 3. The total amount of radiated
energy is composed of radiation emitted by the body's own E,
there is increasing R radiation reflected from the heat source I
even before the measured object and the radiation passing
through the measured object T from the heat source located
behind the measured object. According to the equation
E+R+T=1

where ε is the emissivity coefficient of the object
Object emissivity is equal to the ratio of radiation intensities
real surface and the surface of an absolutely black body.
Real bodies are mostly non-gray bodies and they have
characteristics dependent on the wavelength, see Fig. 4.
Many non-metallic materials such as wood, plastic, rubber,
organic materials, stone or concrete with a surface that reflects
very little, and therefore have a high emissivity between 0.8
and 0.95. On the contrary, metals – particularly those with
polished or glossy finish – have an emissivity around 0.1. E.g.
mirror has emissivity, which is close zero. Infrared
thermometers offer a compensating adjustment variables
emissivity factor. It practically solves the fact, that the
measured surface stick sticker, which has a surface, which
emissivity approaching value of absolute black body, we
measure this area and then point the thermometer besides this
area, measure this area and set coefficient of emissivity to
match the temperature of the originally measured temperature.

(5)

the total sum equal to 1
The radiation pass trough solid body is zero in infrared band.
Result is the equal 6.
E =1-R

(6)

Ideal black body has zero reflectivity (R = 0) and then
E = 1.

Fig. 4 Radiation of non-gray bodies

The emissivity of metals is directly dependent on the
wavelength and temperature of the material and therefore, if
we filter the input device to a particular wavelength, we can
commit errors of measurement, which explains the shift Wien
law of spectrum (2) see. Figure 5
Now we will talk about PIR – passive infrared detectors figure 2. The term 'passive' in this instance means the PIR
does not emit any energy of any type but merely sits 'passive'
accepting infrared energy through the 'window' in its housing.
The heart of the sensor is a solid state chip made from a
pyroelectric material.

Fig. 3 All balance of radiations of real body
The real body as opposed to absolutely black body is not
able to radiate all the energy and this is therefore given by
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The energy from absolutely black body using StefanBoltzmann law is (1)
where H0 is all intensity of radiation (W/m2), S1 is square of
body, T is absolute temperature of body and δ0 is StefanBolzman konstant (3)
In real situation, when the body is grey, then the energy from
object 1 to Fresnel lens is
QB = δ0 . S1.( ε1 . T14)
Where ε1 is coefficient of emissivity of body 1 (-)
Energy coming to Fresnel lens is

Fig. 5 Fails of temperature measurement caused

QB1 = δ0 . S1.( φ1 .

Detector

4

3

(8)

ε1 . T14)

(9)

Where φ1 is angle coefficient (-)
Energy coming through Fresnel lens is

2

QL = δ0 . S1.(τ1

φ1 . ε1 . T14)

(10)

Where τ1 is coefficient of penetration of plastic Fresnel lens
(2) (-)
Then the energy coming through filter to pyroelectric chip is
QS = δ0 . S1.(

τ2 τ1 φ1 . ε1 . T14)

(11)

Where τ2 is coefficient of penetration of filter (3) (-)
Finally

Fig. 6 Principle of detector with Fresnell lens

QM= QS(α

On the figure 6 pyroelectric detector (4) in this configuration
intended to monitor radiation coming trough optical filter (3)
with a wavelength near 10 microns and trough Fresnel lens
(2).

+ ρ + τS

+ δ0 . SS

εS . TS4)

(12)

where QM is methodical energy, α is coefficient of polarization
of pyroelement, ρ is coefficient of reflection τS is coefficient
of penetration and δ0 . SS εS . TS4 is energy back emitted

Real way of energy is shown on figure 7.

Voltage in output of pyroelement is

4 QS 3

QL

1

2 QB1

Uout = kpe . QM

QB

(13)

and kpe is constant of sensitivity
of pyroelement ( V/W)
Similar situation we can see, when we use mirror, see figure 3.

Fig. 7 All way of energy with Fresnel lens
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QS1
QB3
2

QB

5

4

especially useful radiation (3), which comes from the object
(4), whose movement and existence we want to detect.
Another source of variable light (8) is the sun (7) and ambient
influences. The last source of radiation (6) is a stable source of
background radiation (5) and when it has slow changes of
temperature, it can be useful for detecting intruders.

2

QB1

1

QB2

Fig. 8 All way of energy from source to pyroelectric element
using mirror
Grey body (1) emits energy QB to plastic shield 2
QB1 = δ0 . S1.( φ1 . ε1 . T14)

(14)

Where ε1 is coefficient of emissivity of body (1) (-) and φ1 is
angle coefficient (-)
Energy coming through plastic shield is
QB2 = δ0 . S1.(τ3 φ1 . ε1 . T14)

Fig. 9 All source of radiation of PIR detector
The main problem for exact measurement of PIR detectors is a
source of infrared radiation, whose properties would be
precisely defined and adjustable. The heat-emitting sources
are characterized by broad spectral range, where the spectral
maximum is shifting to the rising temperature resource from
the far-infrared region to region near the visible spectrum. The
aim is to measure the temperature of the source of thermal
imager, to determine the spectral maximum amount of energy
emitted by source of radiation in our case, the EK-8520
produced by Helioworks see. Figure 10 The actual structure
consists of a metal casing 2, in which the holders fixed helix
1, followed by a gold mirror placed third Radiation after
reflection is rectified according to Figure 4 For some types of
window is covered with a transparent material that has
characteristics of the optical filter.

(15)

Where τ3 is coefficient of penetration of plastic schield 2 (-)
Then the energy coming to mirror (2 )
QB3 = δ0 . S1.( ρ 1 τ3 φ1 . ε1 . T14)

(16)

Where ρ 1 is coefficient of reflection (-) of mirror. This is
most important property of the system, because false emission
is absorbed and measured emission is reflected.
Then the energy coming through filter to pyroelectric chip is
QS1 = δ0 . S1.( ρ 1 τ3 τ2 τ1 φ1 . ε1 . T14)

(17)

Where τ2 is coefficient of penetration of filter 3 (-)
QM1= QS1(α + ρ + τS + δ0 . SS εS . TS4)

(18)

where QM1 is methodical energy, α is coefficient of
polarization of pyroelement, ρ is coefficient of reflection τS is
coefficient of penetration and δ0 . SS εS . TS4 is energy back
emitted
Voltage in output of pyroelement is
Uout = kpe . QM

(19)

and kpe is constant of sensitivity
of pyroelement ( V/W).
Fig. 10 Heat IR source EK-8520

We have to realize measure workplaces with
instruments for measuring of radiation and optical

In Figure 9 we can see all radiation sources, which are able to
detect motion detector (2) and its pyroelement (1). It is
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properties of sources and sensors. The workplace is
symbolically illustrated in Figure 11 and consists of a
regulated DC power supply 2 with the possibility to limit
the maximum current to avoid damage of the IR
radiation source. In the brass holder 3 is placed source
IR 8520 EC so that the emitted infrared radiation
reflected from the inner gold- plated dish so that is not
overshadowed by brass holder and is all directed to the
brass plated tube 4 in the direction of the IR camera. The
metal tube is 10 cm long, the camera is placed at 15 cm
distance from the source of the EC 8520.

Fig. 11 Measuring workplace with thermal imager

Main technical specification of infra camera

Issue 6, Volume 5, 2011

586

INTERNATIONAL JOURNAL OF CIRCUITS, SYSTEMS AND SIGNAL PROCESSING

Main specification of IR source EK-8520
Key Features:
Kanthal Filament with Emissivity of 0.7
No Window
Internal Gold Plated Parabolic Reflector
Industry Standard TO-8 Package
Electrical Specifications:
Peak Voltage = 3.0 V DC
Peak Current = 1.48 A
Peak Power = 4.4 W

measured for IR emitters without windows and surface of the
inner tube flat S1 = π. D2 / 4 = 2.54 cm2.
The values for filter 2 with range IR camera for the + 200 to
+ 800 ° are in table 2. The values of QB and λ max are then
calculated according to formulas (3) and (5).
Table 1 Measured values temperature for filter 1
Filte
r
1, 2

Fig. 12 Current vs Voltage of EK-8520

Current

Power

Temp

EmitEn

λ 1max

U[mV]

I[mA]

P[W]

T1[oC]

QB [W]

[μm]

1

321,2

140,0

0,0450

24,60

0,0794

9,733

1

404,0

170,0

0,0687

25,60

0,0805

9,700

1

554,0

240,0

0,1330

31,30

0,0868

9,518

1

748,0

320,0

0,2394

35,60

0,0918

9,386

1

986,0

430,0

0,4240

45,80

0,1045

9,086

1

1 149,0

500,0

0,5745

58,10

0,1216

8,748

1

1 580,0

690,0

1,0902

75,60

0,1494

8,309

1

1 831,0

790,0

1,4465

88,90

0,1736

8,004

1

2 108,0

900,0

1,8972

110,30

0,2184

7,558

1

2 949,0

1 260,0

3,7157

140,60

0,2960

7,004

Table 2 Measured values temperature for filter 2
Filte
r
1, 2

Voltage

Current

Power

Temp

EmitEn

λ 1max

U[mV]

I[mA]

P[W]

T1[oC]

QB [W]

[μm]

2

1 412,0

610,0

0,8613

281,80

0,9580

5,222

2

1 674,0

730,0

1,2220

315,50

1,2128

4,923

2

1 879,0

810,0

1,5220

355,40

1,5766

4,611

2

2 146,0

930,0

1,9958

404,70

2,1326

4,275

2

2 361,0

1 020,0

2,4082

456,60

2,8646

3,971

2

2 473,0

1 070,0

2,6461

482,30

3,2899

3,836

2

2 878,0

1 240,0

3,5687

528,60

4,1737

3,615

2

3 253,0

1 390,0

4,5217

574,30

5,2098

3,420

2

3 252,0

1 390,0

4,5203

578,10

5,3038

3,404

The temperature dependence of the input power the source of
infrared radiation EK 8320 is shown on Figure 3 and the
dependence of the maximum wavelength of the source
temperature on Figure 4.

Fig. 13 Radiant Exitance
III. PROBLEM SOLUTIONS
Measured values for filter 1 for measuring
temperatures in the range - 20 to + 250 ° C, emissivity ε1 =
0.7 for kanthal wire are placed in table 1. The values was
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δ0
Lλ
λ

φ1
τ1
τ2
ρ1
I
E
R
T
A
Fig. 14 Dependency T=f(P) for filter 1 a 2 of IR camera

[2]
[3]
[4]
[5]
[6]

[7]

Fig. 15 Dependency λ max=f(T) for filter 1 a 2 of IR camera

[8]

CONCLUSION

The graph in figure 14 shows that the quantity of heat
energy that passes through the filter 1 is less than the amount
of heat that passes through the filter 2, which is mainly due to
characteristics of the filter of IR camera. Simultaneously QB
energy radiated at low emitter power consumption is lower,
that is caused that a certain quantity of heat energy of kanthal
spiral at lower temperatures is taken into surround and
absorbed into the brass holder.
The graph in figure 15 shows the dependence of λ
max = f (T) and demonstrate, that at lower temperatures the
maximum wavelength is shifted to the area about 9 mm, while
at temperatures above 400 ° C is a maximum range below 4
mm. This is especially useful for security applications, where
we need accurately define the characteristics of the IR source
and then we can use it for testing of PIR detectors and
directional characteristics statically and dynamically with
possibility measuring of transition action.
V.
Q0
S1
T

[9]
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coeff. of penetration of Fresnel lens

-

coeff. of penetration of filter
coeff. of reflection
incident radiation
emissivity
reflection
transmission
absorption

-
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