
Build your own infrared camera

 Dark Vision
The human eye is sensitive to a narrow range of wavelengths that 

make up the visible light spectrum, but not to the infrared range. 

However, a Rasp Pi outfitted with an IR camera module offers a 

low-cost solution for taking photographs using infrared light.  

By Bernhard Bablok

visible light (Figure 1). Depending on the 
source, visible light lies between 380 and 
700 nanometers (nm). Infrared light occu-
pies the region above and up to 1,400nm. 
This form of light remains invisible to the 
human eye, but photo diodes on the sensors 
of a camera are sensitive to it. As a result, 
electronics can make infrared light visible to 
humans.

Every wavelength has a different refraction 
index. Lenses made from specialty glasses 
correct these indexes so that images can be 

The unusual tonal values found in in-
frared photography offer a new per-
spective on the world. So-called IR 
cameras are costly, and converting a 

normal camera to function as an IR camera is 
expensive. The NoIR camera module for the 
Raspberry Pi [1] lets you build your own in-
frared camera.

Theory
Infrared light sits on the electromagnetic 
spectrum [2] right next to what humans call 
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captured in focus. This correction process is 
easier when the image includes only visible 
light. Moreover, infrared light that has been 
made visible on an image leads to unaccus-
tomed shifts in color.

Camera manufacturers therefore put a 
band elimination filter in front of the sensor 
to prevent infrared light from coming 
through. The typical camera can only be 
used in a limited fashion for infrared photog-
raphy. An additional filter layer, the Bayer fil-
ter, is built in alongside the IR band elimina-
tion filters. Consisting of red, blue, and green 
fields, this additional layer turns the light 
sensors that would otherwise be color blind 
into color-sensitive sensors. The camera or 
the RAW converter mixes the color values of 
the pixels by interpolating the values.

If the pixels of a Bayer filter were porous 
only with respect to colors, there would be 

no need for an IR band elimination filter, 
and there would be no IR photography. 
However, a Bayer filter lets light pass and 
overlap in different places along the spec-
trum depending on the color. As a result, in-
frared images appear more or less colorful 
in accordance with the porousness of the 
color pixels.

A DifferenT infrAreD 
filTer
Although the NoIR module for the Rasp Pi 
does have a Bayer filter, it does not have one 
for infrared. The wavelength range that 
reaches the sensor is therefore significantly 
larger. The fact that the range is larger means 
that photographs captured by the sensor turn 
out with too many red tones (Figure 2). Ap-
parently, the red sensor pixels are the most 
sensitive in the IR range. However, only the 

Figure 1: The infrared region of the light spectrum is not visible to the human eye even though it can be used 

to create impressive photographic effects. (Image source: Wikipedia)

Figure 2: The NoIR photograph has far too many red tones because it 

lacks a band elimination filter.

Figure 3: A 720-nm filter blocks the normal light in this photograph. As a 

result, the camera captures only the infrared wave range.
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activate support for the camera, set the lan-
guage and keyboard layout, and arrange for 
the computer to boot in the command line.

Assigning a permanent IP address makes 
for convenient access to the camera via the 
(local) network. Testing the component parts 
for functionality is accomplished via the

raspi still ‑o test.jpg

command. Then, you should copy the test file 
onto the PC and review the first picture pro-
duced by the camera. As an alternative, you 
can install the Linux image viewer fbi to view 
the photograph directly on the touch display 
(Listing 1).

The insiDes
In addition to the core components of the 
camera, the operating system should in-
clude an SD card for storing images. You 
should consider having a card with a fair 
amount of storage capacity. Pi3g offers a 
half-sized SD card [7] that doesn’t stick out, 
making it easier to fit the camera compo-
nents into a case.

A small WiFi dongle, such as the Edimax 
EW-7811UN, can assume communication 
with the outside world, making it possible to 
download pictures. A dongle is not abso-
lutely necessary, but it does make copying 
pictures onto the PC much easier.

Finally, you need a power supply. Infrared 
photography usually only works when there 
is a lot of light. Thus, you can use an off-the-
shelf charger, like those used to charge mo-
bile phones, for mobile charging capabilities. 
The charger will need to deliver the 1.2Ah re-
quired by the Rasp Pi.

The Anker Astro E5 shown in Figure 4 of-
fers good capacity and can easily power the 
Raspberry Pi for several hours. However, it 
does have one disadvantage, namely, it has 
an on button but no off button. As a result, 
the user has to disconnect the cable leading 
to the Rasp Pi or risk having a computer that 
has been shut down because the battery was 
sucked dry. The solution to this shortcoming 
is to solder an off switch onto a USB cable.

The CAse
You will soon be controlling the camera en-
tirely via the touch display. A stiff cardboard 

infrared range of the electromagnetic spec-
trum plays a role in IR photography. Thus, 
the camera needs an additional band elimi-
nation filter capable of filtering out normal 
light (Figure 3).

Specialty stores carry these filters, often 
labeling them wrongly as infrared filters. In 
fact, a filter like this is actually the exact op-
posite of an infrared filter. The wrongly la-
beled filter does not block the IR range but 
instead everything outside of the IR range. 
Filters come in several versions (e.g., 715, 
720, and 830nm); the number assigned to 
each version equals the maximum wave-
length at which the filter will block light. A 
lower number means that a greater amount 
of visible light from the upper wavelength 
range comes through. Theoretically the 7xx 
filters can be used for fake color infrared 
photography. The 830nm filter on the other 
hand only lets information regarding light 
intensity pass through. Here, the color pix-
els of the Bayer filter let almost the same 
amount of light pass through.

everyThing you neeD
Table 1 includes all of the components that 
you will need to construct an infrared cam-
era. In addition to the Raspberry Pi, the most 
important items are the touch display and 
the NoIR camera module. You can connect 
the module to the suitable port on the Rasp 
Pi by following the instructions.

I chose to use the 2.8-inch touch display 
from pi3g [4] introduced in a previous arti-
cle [5]. The basic installation without camera 
software works about the same as for a nor-
mal setup. A modified image provided by the 
touch display manufacturer contains all of 
the drivers necessary for installation [6].

A good way to install the display is to start 
by connecting a network cable, logging in, and 
then calling the normal configuration with the 
sudo raspi‑config command. Here, you can 

Part Price (EUR/$)
Raspberry Pi (model A, B, or B+) 34/36

2.8-inch touch display (320x240) 50/35*

NoIR camera module 26/25

SDHC card (16GB) 12/10

WLAN module (Edimax EW-7811UN wireless USB adapter) 9/9

Step-up ring, 30-37mm (depending on filter type) 6/5

IR720 filter (Delamax 37mm IR720) 25/20

Battery pack (Anker Astro E5) 32/40

Case 0-30/0-30

Small USB cable for the power supply 5/3
*U.S. price is for Adafruit PiTFT [3].

table 1: Component List

$ sudo apt‑get update

$ sudo apt‑get install fbi

$ sudo fbi ‑T 1 ‑‑noverbose ‑a test.jpg

listing 1: Viewing the Image with Fbi
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box or something similar that is easy to mold 
and shape can be used to create a case proto-
type. Remember that the case will need to 
provide good ventilation.

One challenge in putting the camera to-
gether is finding a threaded connector for the 
camera module that you can use to attach the 
filter. A normal step-up ring can serve as a 
connector (Figure 5). The camera I built for 
this article includes a 30 by 37mm step-up 
ring, which in turn permits the use of a filter 
with 37mm threading. You might want to con-
sider using a connector that is somewhat 
larger, because then you can choose from a 
larger selection of filters and lenses.

You should attach the step-up ring for the 
filter on the side of the camera case that is 
opposite the touch display. Once you have 
finished putting the camera together, the re-
sults look like a cross between an old medi-
um-format camera and a modern compact 
camera (Figure 6).

The ConTrol sofTwAre
Up to this point, the touch display has been 
ignored. Instead, the camera was configured 
over the Internet. When you’ve finished 
building the Rasp Pi camera, however, it 
should start its “firmware” and display a live 
image in the viewfinder. Adafruit [8] offers a 
Python application for its own touch display 
that also functions with other displays.

Theoretically, this version should work, 
but it is plagued with performance problems 
and also lacks a number of useful functions. 
Therefore, you will find a modified version of 
the software online [9]. To install the soft-
ware, unpack the archive and copy the con-
tents to /usr/local/picam. Additionally, you 
will need two more Python packages (List-
ing 2). Adafruit recommends version 0.8 for 
python‑picam. For the modifications I made 
for this article, I used version 1.8.

The touch display appears as an input de-
vice and is designated event0 under /dev/
input. Depending on the existence of any 
other connected devices, the touch display 
might be designated event1 instead. It is a 
good idea to assign a permanent alias for the 
device by creating an /etc/udev/rules.d/ 
95‑ads7843.rules file and filling it with the 
lines from Listing 3.

Usually, you can derive the exact name for 
the device from the output of sudo dmesg. In 
my project, one line of the content that ap-
pears is input: ADS7843 touchscreen as /de-
vices/ … . After re-starting, /dev/input/touch-
screen should appear as a symbolic link to 
the input device.

Figure 4: A mobile battery can power the Raspberry Pi for hours when out of range of an 

electrical outlet.

Figure 5: A step-up ring makes it possible to attach a so-called infrared filter to the camera 

module.

Figure 6: The finished camera looks like a hybrid made from a compact and medium format 

camera. For purposes of illustration only, the battery that is normally integrated into the case, is 

shown separately.
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right-hand button lets you display all images 
you have captured. The remainder of the 
touch display serves as a quasi-button, in 
that it functions as the shutter. Thus, the way 
to take a picture is to select the image you 
want to capture and then touch the display. 
You will need to hold the camera as still as 
possible when taking a picture because of a 
slight shutter delay. In the original Adafruit 
software, this delay amounted to several sec-
onds for the first image.

Technically speaking, the preview image 
consists of continuously captured and up-
dated photos. The current generation of the 
display renders in the CPU. Therefore, the 
Python camera program continuously cap-
tures images in an endless loop that is used 
to update the display constantly.

It can be helpful to poke around in the Set-
tings menu and familiarize yourself with 
what you can do there. For example, in addi-
tion to the size of an image, you can deter-
mine storage location, effects, and, in my 
customized modified version of the software, 
the white balance [10]. The special memory 
location Dropbox can send the images to the 
cloud immediately after they are captured. To 
set up this feature, you should configure an 
upload script as described in the Adafruit 
documentation.

In spite of the improvements I made, the 
modified control software remains rudimen-
tary. This means that the scope of functions 
actually available on the camera cannot be 
fully utilized. However, extensions for the 
software can be implemented without too 
much effort, as I have done [10], thanks to 
Python and the program framework provided 
by Adafruit. It would make sense, for exam-
ple, to think about implementing the storage 
of raw sensor data [11].

finishing ProCess
The automatic cloud upload feature appears 
to be merely a gimmick – unless you are will-
ing to wait after capturing an image for the 
software to load some 5MB via a mobile 
phone you have connected. It makes more 
sense to download images onto your home 
computer as you would with a normal cam-
era and then edit the images there. With an 
integrated WiFi dongle, you don’t need to 
play around with a memory card. The fol-

The final modification 
of the system involves set-
ting up the camera soft-
ware to start automatically 
after a boot. To do so, you 
should enter the lines 

from Listing 4 in the /etc/rc.local file and 
finish with exit.

If you want to close the camera software 
later with the corresponding menu option, 
then the system will also shut down. For pur-
poses of testing, you should comment out 

the second line of List-
ing 4. To restart the cam-
era software, you will 
have to log in via SSH and 
execute the first command 
via sudo.

oPerATing The 
CAmerA
The camera displays a pre-
view image with two but-
tons overlaid on the touch 
display (Figure 7). The 
left-hand button leads to 
the settings menu that 
also allows you to shut 
down the camera. The 

# /etc/udev/rules.d/95‑ads7843.rules

SUBSYSTEM=="input",  ATTRS{name}=="ADS7843 touchscreen", 
ENV{DEVNAME}=="*even*", SYMLINK+="input/touchscreen"

listing 3: Assign a Permanent Alias

$ python /usr/local/picam/cam.py

$ shutdown ‑h now

listing 4: Automatic start of camera 
software from /etc/rc.local

$ sudo apt‑get update

$ sudo apt‑get install python‑picam

$ sudo apt‑get install python‑pyexiv2

listing 2: Additional Python Packages

Figure 7: A touch of the finger on the touch display creates 

photographs. The symbol to the lower right opens the gal-

lery. The one on the left opens the settings.

Figure 8: GIMP lets you optimize the color values of the image channel by channel.
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lowing command offers a simple way to load 
the images onto a Linux computer:

$ rsync ‑av ‑‑remove‑source‑files U
  pi@<picam>:/home/pi/Photos/

You can replace the computer name <picam> 
with the IP address or the hostname of the 
camera. Once transmission is successful, the 
command immediately deletes the images 
from the camera.

The infrared images made by the Rasp Pi 
camera appear to be almost black and white 
and are washed out somewhat. This is be-
cause the NoIR module has not been opti-
mized for use with IR photography [12]. Al-
though the band elimination filter is absent, 

the focal length has not been modified. Users 
who want more satisfactory results can un-
screw the lens a little.

As described at the outset, IR images con-
tain color data, at least when you are using a 
filter that has a blocking frequency under 
750nm. However, the color channels in a 
Rasp Pi camera differ only slightly from one 
another. Even so, you can get creative with 
an image by loading the photo into GIMP, se-
lecting Colors | Levels, and separately modi-
fying the area using the small triangle on 
each channel (Figure 8).

After making this first corrective action, 
you can exchange the red and blue channels 
via the channel mixer (Figure 9). The pro-
gram exchanges both channels completely. 
To make this process easier, copy the con-
tents of Listing 5 into a file like swap‑red‑ 
blue in the directory ~/.gimp‑2.8/chan‑
nel‑mixer. By going to Tools | Color Tools | 
Hue-Saturation, you can increase or decrease 
the intensity of individual colors.

Many additional techniques exist for im-
proving an image. For example, you can in-
crease contrast or sharpening. You can also 
transform the images into black and white. 
All you need to do is use GIMP to remove the 
last color remnants via Tools | Color Tools | 
Desaturate.

All in all, you can achieve some surprising 
results with a Rasp Pi camera and some image 
editing. You will find that even very expensive 
infrared cameras produce images with a softer 
mood, so you should not worry if this also 
happens with your Rasp Pi camera and its less 
sophisticated lenses and sensors.

ConClusion
If using the Raspberry Pi camera makes you 
realize that you enjoy IR photography, then 
you might want to try refitting an existing 
camera [13]. Provided the refitting is per-
formed by certain service providers, some 
camera manufacturers even continue to ob-
serve their guarantees after the refit. Nor-
mally, a camera you’ve built yourself cannot 
compete in terms of image quality, function-
ality, and cost, with consumer cameras, even 
simple compact cameras. However, the com-
parison looks very different for IR cameras, 
because a camera refit alone can run be-
tween $400 and $600.

The Raspberry Pi IR camera offers an eco-
nomical introduction to this niche specialty 
in photography. Additionally, building the 
camera can be a lot of fun. Where else could 
you find a camera that gives you complete 
control over firmware?  ● ● ●

Figure 9: Exchanging channels in the channel mixer: 

You can exchange the blue and red channels of the 

infrared image to achieve different effects.

# Channel Mixer Configuration File

CHANNEL: BLUE

PREVIEW: TRUE

MONOCHROME: FALSE

PRESERVE_LUMINOSITY: FALSE

RED: 0.000 0.000 1.000

GREEN: 0.000 1.000 0.000

BLUE: 1.000 0.000 0.000

BLACK: 1.000 0.000 0.000

listing 5: Channel Mixer Config File

[1]  NoIR camera module:  
http://  www.  raspberrypi.  org/ 
 products/  pi‑noir‑camera/

[2]  Electromagnetic spectrum:  
http://  en.  wikipedia.  org/  wiki/ 
 Electromagnetic_spectrum# 
 Range_of_the_spectrum

[3]  PiTFT: http://www.adafruit.
com/product/1601

[4]  pi3g touch display: http://  my. 
 pi3g.  com/  en/  quick‑start/ 
 raspberry‑pi‑display‑addon/

[5]  “Touch Displays” by Bern-
hard Bablok, Raspberry Pi 
Geek, issue 07, pg. 32,  
http://  www. rasp‑
berry‑pi‑geek.  com/  Archive/ 
 2014/  07/  TFT‑touchscreens‑fo
r‑the‑Raspberry‑Pi

[6]  Raspbian image from pi3g: 
http://  files.  pi3g.  com/  display/ 
 140902‑display1.  8‑web.  zip

[7]  Half-sized SD card:  
http://  www.  pi3g.  com/ 
 product/  pi‑card‑16‑gb‑c6‑half
‑size‑sd‑card/

[8]  Adafruit camera software: 
https://  github.  com/  adafruit/ 
 adafruit‑pi‑cam/

[9]  Code online: ftp://ftp.linux‑
magazin.com/pub/listings/
raspberry‑pi‑geek.com/09

[10]  Adafruit instructions:  
https://  learn.  adafruit.  com/ diy
‑wifi‑raspberry‑pi‑touch‑cam

[11]  Rasp Pi camera project:  
https://github.com/bablokb/
adafruit‑pi‑cam

[12]  Details for the camera mod-
ule: http://  elinux.  org/  Rpi_
Camera_Module

[13]  IR primer:  
http://  www.  lifepixel.  com/ 
 infrared‑photography‑primer

inFo

Bernhard Bablok works in Man-
aged & Operations Services SE 
at Allianz as an SAP HR devel-
oper. He enjoys music, cycling, 
and hiking and also working with 
Linux, programming, and mini-
computers. mail@bablokb.  de

the author

pi NoiR Camera Module

41

Features

issue 09 RaspbeRRy pi Geek


