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DESIGNING AN INFRAREDESIGN CAMERA

K. Pap, S. Plehati, I. Rajković and D. Žigman

Abstract: In contemporary digital cameras CCD fi elds are sensitive to the visible spectrum part but also 
to the wider spectrum, one that is invisible to the human eye. When researching the construction of an 
infrared (IR) camera, we must take into account that there are two different types: a camera with an IR 
source and a camera without an IR source. This paper is on the research of an IR camera that operates 
in daylight and under artifi cial light source. Barrier fi lters are studied, i.e. their characteristics due to 
which they fi lter a certain part of the spectrum as well as the existing CCD fi elds in digital cameras. 
One of the applications for this design is detection of the INFRAREDESIGN effect on various types 
of material. The basic characteristic of this detection is that it is effected in the near IR area around 
1000 nm.

Keywords: IR, Infraredesign, IR detection, CCD 

1. Introduction
Infrared cameras are used for detecting the infrared part (IR) of the electromagnetic radiation spectrum. 
The IR spectrum is divided in 3 parts according to the International Commission on Illumination 
(CIE): IR-A 700 nm–1400 nm, IR-B 1400 nm–3000 nm i IR-C 3000 nm–1 mm. The IR-A area is 
considered as the near infrared area (NearIR) and in this paper the IR camera design for that part of the 
spectrum is considered. In order to design a camera that would meet the requirements in the NearIR 
spectrum part for the targeted quality detection of the INFRAREDESIGN effect [Pap et al., 2010.] 
with special design for the NIR spectrum part, we shall consider various fi lters, sources of light and 
CCD sensors as the base for this design. After researching various kinds of IR light sources, we will 
set those lights that are good for detecting the INFRAREDESIGN effect. The set area in which we 
consider the light source, fi lters and CCD sensors is from 750 nm to 1075 nm. The value of our area 
for considering spectral characteristics is 1075 nm because CCD sensors are based on silicon and its 
compounds are limited with the upper wavelength of 1100 nm where their relative sensitivity drops 
to zero. Spectral characteristics of CCD sensors will be shown, as well as of fi lters and sources. The 
classifi cation method will be used to determine those factors that will have the best characteristics for 
detecting hidden graphics [Žiljak et al., 2010].

2. Light Source Classifi cation
Light may be created from actuated matter coming from different sources. Atoms and molecules 
forming matter emit light with a characteristic quantity of energy. Emission of light may be 
spontaneous or stimulated. In spontaneous emission matter emits photons having a characteristic 
energy on a suffi ciently high energy level, and the human eye thereby observes certain colors of light 
in frequencies of the visible part of light (characteristic for fi re fl ames). Stimulated emission is when 
in agitated state light photons are disturbed and remote light photons begin to work, usually with 
the same energy and phase as the agitated photons (lasers). The Nd:YAG laser is often used today 
and it consists of yttrium aluminum garnet sticks, atom doped neodymium. Nd:YAG gives infrared 
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emission and is thereby interesting as a source of light for designing IR camera. The active laser 
media is the three times ionized neodymium ions (Nd+3). Neodymium atoms are of similar size as 
yttrium atoms, and so they can replace it in structure. Nd:YAG is a four-degree laser emitting infrared 
light with a 1064 nm wavelength. This laser can be adapted for wavelengths of 940, 1120, 1320, and 
1440 nm. Depending on the power these lasers can have various applications. Due to limitations of 
coherent emission beams, it is not suffi cient for good quality detection of INFRAREDESIGN effect, 
whereas the spectral characteristic of such emission is ideal. The fi rst and second groups of studied 
light sources are mainly fl uorescent diodes – LED : Light Emitting Diode that are special kinds of 
semi-conductor diodes emitting light when there are duly polarized, i.e. when electricity passes 
through them. During direct recombination of the electron-cavity pair, the light photon is emitted. 
Such a property is characteristic for the semi-conductors gallium arsenide (GaAs), gallium phosphate 
(GaP) and silica carbide (SiC). This effect is called electroluminescence. The emitted light’s color 
depends on the semi-conductor, as well as on the substances in it and varies from the infrared and 
over the visible to the ultra-violet spectrum part. Development of LED diodes began with Infrared 
and red diodes produced from Gallium arsenide (GaAs) [Schubert, 2006]. With the development of 
technology and science in respect to material s, shorter wavelengths were achieved for diode light and 
different light colors. In our fi rst group (A – Figure 1) of observed IR-LED diodes we use diodes that 
have top emission with maximum relative energy in the fi rst third of our set area (from 750 to 1075 
nm for INFRAREDESIGN). LED diodes from this fi rst group have maximum emission at around 850 
nm whereas their emission spectrum width goes up to a value from 775 to 975 nm (Figure 1. – A1 to 
A3). This group is not the best one for lighting INFRAREDESIGN protected material. The second 
group of light source (Figure 1. – B1 to B4) are IR LED diodes with maximum relative emission at 
950 nm, whereas their spectral emission is from 880 to 1030. This group is not fully suitable due to 
the maximum relative energy drop to 0.2 at 1000 nm wavelength value, but we can use more LED 
diodes for better emission in order to get higher energy and emission power. Group C (Figure 1-C1-
C3) has different types of emission: C1 – daylight, C2-IR LED laser and C3 – light bulb. This group 
has a good spectral characteristic in the NIR area, i.e. the spectral characteristic of the C3 light bulb 
(0.85 relative energy) and C1 – daylight (approx. 0.44 relative energy) is satisfactory at a 1000 nm 
wavelength. The C2-IR LED laser also has a relatively high relative energy. The problem with group 
C is in certain ineffi ciencies. The disadvantages with C1- daylight are that we are limited mainly 
to open and well lit closed premises and we cannot use this lighting in nighttime for detecting the 
INFRAREDESIGN effect. With light bulb C3 we are not limited with the spectral characteristic, but 
with energy consumption and it’s heating. In order to use this kind of infrared emission it is more 
diffi cult to block the visible spectrum part and thereby we have the problem of size, cooling and 
transportability of such emission. With C2 IR LED lasers we are limited to the spectral width and the 
coherent emission beam where we cannot simply light the area for detection of the INFRAREDESIGN 
effect (a separate specially designed construction is necessary to use this kind of IR emission). We 
come to the conclusion that the best advantages are provided by group B entering close enough to the 
1000 nm wavelength, and providing a whole spectrum of simple, energy-effi cient and transportable 
lighting. Lighting of this group is implemented into most of the commercial cameras for detection in 
the IR area for other purposes too.

Figure 1. Light source classifi cation
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3. IR Filter Transmittance Classifi cation
Optical fi lters are divided into absorption and interference fi lters. Optical fi lters block a certain part 
of the wavelength spectrum or allow them to pass through. There are various groups of wavelengths 
in the visible part that are set also by the belonging spectral colors. Filters are used in photography, 
medicine, for scientifi c, military and other different purposes. Filters are mainly produced from glass 
with different coatings (that set the wavelengths and determine which wavelengths will pass through 
the fi lter).
According to their function absorption fi lters can be divided into: bandpass, short pass/longpass, 
polarizer and various others [Omega Optical, 2008]. In this paper fi lters are classifi ed into three 
groups: G, H and I. Filters from the G group have a characteristic that is initiated at 650 nm or 700 
nm. The characteristic of fi lter G1 is that it blocks the visible spectrum part as early as 600 nm, and 
spectral transmittance is beyond 1100 nm. Filter G1 cuts off the visible spectrum part (cold mirror 
fi lter) i.e. it refl ects the visible spectrum part and transmits only the infrared part. The relative spectral 
transmittance of the G1 fi lter goes up to 90%. G2 is a bandpass fi lter and transmits a band from 700 to 
900 nm with a relative spectral transmittance of 90%. Filter G3 is also a bandpass fi lter with a wider 
band from 700 to 1200 nm, with a maximum spectral transmittance value of 90% from 800 to 850 nm. 
At 1000 nm it has a 60% spectral transmittance. The H group fi lters are fi lters with narrow bandpasses 
(H1 and H2) and there is also fi lter H3. H1 and H2 are narrow bandpass fi lters and they can be used 
for fi ltering that is connected with lasers. The peak values of band transmittance are at 725 nm and 
1065 nm, and the maximum relative spectral transmittance is from 50 to 60%. H3 is a typical fi lter 
that cuts/absorbs the visible spectrum part at 750 nm, and transmits the infrared spectrum part with a 
maximum value of 90% of the relative spectral transmittance. Group I consists of two fi lters (I1 and 
I2). Those fi lters cut/absorb the spectrum visible part and one part of the IR spectrum at 800 nm. I1 
fi lter is transmitting as to IR light with a maximum spectral transmittance over 95% at a wavelength of 
1200 nm. The I2 fi lter has a maximum spectral transmittance of 88% and at 1000 nm it reaches a 60% 
transmittance. This classifi cation shows that the best fi lters for designing an INFRAREDCAMERA are 
the ones from group I and H, namely I1 and H3.

Figure 2. IR fi lter transmittance classifi cation

4. CCD Sensor Classifi cation
Sensor elements that are responsible for the conversion of light photons into electric charge are 
called pixels that consist of photosensitive diodes and the surrounding electric circuits that are used 
for transmittance of electric signals from the pixels towards the exit registers. The main factors that 
infl uence the overall CCD sensor sensitivity are the factor of fi ll, quant effi ciency (QE) and the factor 
of charge conversion. The factor of fi ll is a measure to determine how many light photons actually hit 
the photosensitive layers of each pixel. This factor differs depending on the CCD sensor architecture 
and depends on the fact whether the pixel has micro lens. Although CCD sensors are not the only 
type of technology that allow light detection, they are used in a wide range in the overall consumer 
consumption, for professional goals, medicine, scientifi c and military purposes where their application 
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of digitalized image in the low, average or high image quality, and in wavelengths from UV, over the 
visible spectrum part to the NIR spectrum part.
There are linescan CCD sensors. We are not taking them into consideration and they are basically used 
for shooting stationary objects, for instance in scanners for scanning documents or objects. According 
to their architecture, CCD sensors can be divided into: fullframe, frame-transfer and interline CCD 
sensors. Architecture issues are mainly aimed at dealing with the speed of lighting (picture shooting 
speed). With fullframe CCD sensors the whole sensor is active and it is necessary to have a mechanical 
shutter for image lighting, because if an electronic trigger was used, there would be a smeared or 
obscure picture. With the frame-transfer architecture only half of a sensor is used: while one half is 
processing the picture the other half already makes the next picture’s exposition.
Interline CCD sensors are mainly found in the majority of consumer cameras where the pixel area 
is divided into the photosensitive part, door transfer and register of the charge shift. The quantum 
effi ciency defi nes the relationship as to how well the pixels store the transformed light into electric 
charge. This is the relationship between the photon hitting the pixel and the number of absorbed 
photons that create the electric charge. If, for instance, the CCD sensor has a quantum effi ciency of 
30% at a certain wavelength, then we state that an electron has been created for every third photon that 
hits the pixel photosensitive area. The quantum effi ciency CCD sensor varies in various wavelengths 
and mainly depends on the CCD sensor construction. The charge conversion factor is a measure that 
tells us what voltage we will get according to the electrons stored in the pixel. The reason why we are 
not considering CMOS sensors is the difference between those two technologies in sensor production. 
The advantage of the CCD technology which is a better choice in comparison to CMOS [Litwiller, 
2001] is for the design of a camera that needs to operate in diffi cult conditions with a small light and 
where the ratio between the noise and the useful signal is essential (as the design of our camera for 
the INFRAREDESIGN effect that operates in the IR spectrum). By classifying CCD sensors we have 
divided spectral characteristics into three categories of CCD sensors. The fi rst group of CCD sensors 
is from D1 to D4. CCD sensors from D1 to D3 have an almost divided characteristic and their relative 
spectral sensitivity amounts to about 10% in the visible part of the spectrum whereas in the infrared 
spectrum part it begins to drop as soon as 850 nm and reaches zero somewhere at 1000 nm, namely 
at the wavelength that we use for detection of the INFRAREDESIGN effect. The CCD sensor with 
the D4 characteristic differs from D1, D2 and D3, mainly in the spectrum infrared part where the 
relative spectral sensitivity grows up to 28% at 800 nm and drops to zero also at 1000 nm. This CCD 
sensor is more sensitive in the infrared spectrum part than in the visible part. The second CCD sensor 
group is from E1 to E3. Their characteristics show that those CCD sensors are good for the visible 
spectrum part where relative spectral sensitivity is gained up to 50%, whereas at the beginning of the 
NIR area at 700 nm this sensitivity amounts to 20% and at 1000 nm it is almost zero. The third group 
of CCD sensors from F1 to F3 differs as to design and CCD sensor production. All of them are Back 
Illumination CCDs, and the F3 sensor is a Deep Depletion Back Illuminated CCD [Holland et al., 
2001]. With such production of CCD sensors the results reached for relative spectral sensitivity were 
much better, so that F1 is sensitive in the best part of the visible and NIR spectrum and begins to drop 
only at 850 nm, and at 1000 nm the relative spectral sensitivity is at 8%. With CCD F2 sensors the 
situation is even better; as much as 96% is sensitivity in the overall visible spectrum part, in NIR part 
up to 90% and all the way to 10% at 1000 nm. The sensitivity of the F3 CCD sensor entering the NIR 
part at 700 nm rises up to 95% and it begins to drop only at 850nm. At 1000 the F3 sensor reaches 
the relative spectral sensitivity of the excellent 35%. It is well known that the absorption of silica 
compounds from which CCD sensors are made from goes up to 1100, so it is great success to able to 
reach a 35% sensitivity at 1000 nm.

5. Results reached for designing an INFRAREDESIGN effect detection camera 
In order to design a camera that will detect an INFRAREDESIGN effect well and created with the 
help of the method bearing the same name, we applied the method of classifying spectral light sources 
characteristics, classifi cation of optical fi lters spectral characteristics, and fi nally CCD sensor spectral 
characteristics. Based on the resulting characteristics we can see the cross section of those sources 
of infrared light, those fi lters and those CCD sensors that have the best characteristics as shown in 
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Figure 4. We have discovered that those characteristics depend to a great extent on various production 
technologies, on the type of materials used for producing fi lter coatings, the type of semi-conductor 
element for the light sources, and the manner in which the CCD sensor itself is produced. Figure 4 
shows that for INFRAREDESIGN effect detection it is best to have a camera design that contains I1 
or I2 fi lters, F1, F2 or F3 CCD sensors, and B2, B3 and in some cases the C1 infrared light source.

 

Figure 3. CCD sensor classifi cation

Figure 4. Cross section of  light source, IC fi lter and CCD sensor classifi cations

On basis of certain lights cross section, fi lters and CCD sensors, we have carried out the work’s 
experimental part in order to determine and prove the validity of our classifi cation through experimental 
shots. As an example for experimental shooting we have taken a multi color picture secured with the 
INFRAREDESIGN method which under daylight (400 – 700 nm) shows multi-colored cubes positioned 
alternately in different colors. When we used the G1 fi lter and cut off the visible spectrum part up to 
650 nm, the picture became reddish in color (Figure 5a) and we slowly see the double transition of the 
picture we had seen in daylight and the picture that was set for the infrared spectrum part (1000 nm). 
By shifting to fi lter G3 the detection area was decreased to the 715-1000 nm (visible part up to 715 nm 
is once more cut off. The area is always limited to 1000 nm due to the CCD sensor limit, the detection 
area of which ends there. In Figure 5b we can see that the reddish color becomes darker the more we 
move away from the red part of the visible spectrum, and as we enter further into the infrared spectrum 
part. The next step is transition towards fi lter I1 (Figure 5d), and in our picture we recognize the 
portrait which is quite clear now. The surrounding red color is practically invisible; we see some more 
picture parts we had observed in daylight. The last fi lter we set as the fi nal fi lter we found suitable for 
our camera design was fi lter I2 with which we obtain the narrow area from 850 to 1000 nm (Figure 5e). 
In this area that is only 150 nm wide, the picture is clear, we see the hidden picture we had incorporated 
with the help of the INFRAREDESIGN method. On basis of this experiment we have proven that with 
the help of the fi lter classifi cation method, classifi cation of certain sources of light and CCD fi elds we 
can signifi cantly infl uence the quality of detecting the INFRAREDESIGN effect. Top quality detection 
of the effect is obtained with a top quality design and this detection has been proven by our work. 
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On basis of classifi cation we have determined what fi lter classes, what light sources and which CCD 
sensors are best for designing the camera for INFRAREDESIGN effect detection. 

a) Daylight with 
IR cutoff fi lter 
(500-700nm)

b) Daylight with fi lter 
G1

(650nm-1000nm)

c) Daylight with fi lter 
G3

(715nm-1000nm)

d) Daylight with 
fi lter I1

(800nm-1000nm)

e) Daylight with 
fi lter I2

(850nm-1000nm)

Figure 5. Experimental results after applying G1, G3, I1, I2 fi lters along with C1 light source 
and the D4 CCD sensor in order to detect the INFRAREDDESIGN effect

6. Conclusion
Detection of the INFRAREDESIGN effect is carried out in the near infrared spectrum of light 
wavelengths. In this work we have researched 3 basic designs of an IR camera (IR light, IR fi lter, and 
IR sensor) by classifying spectral characteristics with the help of the classifi cation method in order to 
see which were the most suitable and of best quality in order to get a correctly set detection. In the 
cross section we could see that the best quality detection was designed in the range from 925 to 1025 
nm in the infrared spectrum. We have shown how the production technology of sources, fi lters and 
sensors linked with the infrared spectrum part. The following steps are further follow-ups, evaluation 
and validation of these technologies that continue to develop on a daily basis.
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