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Localization of people using thermalcamera — Charvét & Drahansky

Detecting and Locating People Using Low-Cost Thermal
Imaging Camera

Michal Charvat & Martin Drahansky

Brno University of Technology, Faculty of Information Technology, Centre of Excellence
IT4Innovations, Czech Republic

Abstract. The paper is a short version of a bachelor’s thesis, which will be available later this year. As we are
approaching times of Industry 4.0 and smart homes, there is a need for automatic reliable mechanism for de-
tecting living beings and there are many use cases—from aiding clderly people with their everyday life to
increasing safety in dangerous workplaces by guarding hazardous areas. We propose a method for counting
and locating people using single low-cost thermal camera module and Raspberry Pi-like computer. This paper
describes the process of necessary hardware configuration of the whole system and a software solution to the
problem of detecting and locating people, which is based on applying human temperature filter, image pro-
cessing with object detection using OpenCV and 3D scene reconstruction with known environment parameters.

This approach — even in its simplest form — provides accuracy over 90 % on our data set with various possibil-
ities for improvement.

1. Motivation

Detecting and locating people has found its usage in many areas of everyday life. It is used
for queue management in shops and often in marketing for determining best product place-
ment based on a model constructed with data of customer movement, where they spend ma-
jority of time, what path they tend to take etc. Another usage is in smart homes. Having
information about people‘s presence, location and/or pose, we can control their environment
to ease their everyday life such as helping elderly people with turning machines on or disa-
bling them when there is a high chance of them forgetting to do so. One of the most important
areas, where living beings detection is used, is undoubtedly workplace safety mecha-
nisms—hazardous areas guarding at train stations, in heavy machinery and industry halls.

For purposes of detecting / locating people several technologies are nowadays being used;

+ Infrared/laser beam interruption for counting people,

» Laser light burst travel time for counting people,

* 3D stereo video analysis,

* Projecting structured light and image analysis for depth vision,
+ GPS/ WiFi/ Bluetooth smart devices tracking,

* Monocular video analysis.

Using thermal imaging camera module to help solving this problem in real world situations
belongs to the monocular video analysis section and brings several advantages when com-
pared with other approaches. To begin, we need only a single camera: there is no need for
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extremely precise calibration as with stereo vision or structured light projection. Further- or this project we have ch
osen an Orange Pi PC2' runni i
ing Armbian OS? (Ubuntu |
6.04

more, we can detect but also locate living beings. Infrared/laser beam or light travel are based), which is not only a ch
usually used only for count objects entering and Jeaving the room. The biggest advantage The board is running quad_cor:%;fli)bm also a more powerful brother of the Raspb ;
however, is that by using thermal camera it is impossible to perform facial or person recog- Raspberry Pi-like boards it has 40 : cl,: Colrt iy 553 CPU with 1 GB RAM and as Ebl:l'zv]iil
nition. This makes this approach more suitable for places wherc privacy plays an important . In this project we are interested in %P[e:;dl(ljzg 11]:5 connected to various hardware modul:es
role like workplaces or homes. 1‘_1:3 ge‘:;i"e video frames from the thermal camcraagiir\?:lztrley?()dmis ﬁlat soEblo s to Conm)i

: y the processor. T . rom the high 1 ;

e s i T T:g CPU has also enough processing power to ngla' evel UNIX system
2. Hardware part of the system ! camer ys. This turned out to be crucial for maintaini Intain smooth oper-
a module when transferring video frames ntaining synchronization with the

This chapter describes all hardware parts of the project along with a necessary procedurc on

how to set up the whole system to be able to receive frames. Aliwinner H5 Quad-core Cortex-A53 64

Ethemet chip

40 Pin headers
2MB NOR flash

2.1 Thermal camera module
IR Receiver

In this project we use a Lepton®™ 3 thermal camera module made by the company FLIR. The

LWIR camera module is smaller than a dime and provides decent images with its 160 by
120 pixels resolution. Captured frames are transferred in either RGB88S (24bit) or Y 14 raw USB OTG One USB 2.0
gray-scale format. Lepton camera module communicates via two interfaces. It uses F°C in-
terface for receiving commands from the master device and 20 MHz SPI for transferring —
video frames. Camera Interface R
2.2 Master controlling device Orange Pi —
In order to be able to communicate with the module we had to choose an appropriate low THoLa8-20
level computer that is also powerful enough to operate SPI interface running on relatively

Powsr(5V 2A DC)

high frequency 20 MHz. This fact or a necessary video buffer size (38.4 kB fora single video
70 MHz clock speed HOMU  mic Video output and sudio output

frame) disqualified many well-known boards like the Arduino (max
but only 2 kB RAM). It seemed only reasonable to choose single-board computer of a Rasp- Debug TTL UART 1GB DDR RAM

ooy 245 Nlustration 3. O i
- OrangePi PC2 computer overview, source: (official website) http://
J//wWww.orangepi.org/or-

angepipe2/images/orangepipe2_info.jpg

2.3 Enabling hardware modules on Orange Pi

Most of the times operating system -

S—— B 8 that.are available for Raspberry Pi-li

| ———— d;ns(t);l;:{f; thkS I.C or SPI disabled by default amf pinsythatl;ﬁz :;)sll;is tC(()jme

machines using so called de I_)‘"S‘-_Onc can access these hardware modules on UNIX rc ed to

like ioctl(). If there is not a d‘”f?eb n /dev/*_dlrectory and control them with standard énljmg

B e modide e evice for a particular hardware module listed in th * Fa”S
isabled. ¢ /dev/* dircc-

Illustration 2. Lepton 3

[Nustration 1. Lepton 3
thermal module

thermal camera module with
breakout board

1 Orange pi ficial si
ge Pi PC2 official site http://www.orangepi.org/orangepipc2/

2 Ambian i
OS for OrangePi PC2 https://www.armbian.com/orange-pi-pc2/
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3. Camera communication software library

Once the proper functionality of both I’C and SPI interface was confirmed using an Arduino
board as a loop-back device, next step was to develop a software library for controlling the
camera and for capturing frames. Unfortunately, none of the ready-made solutions found on-
line would work for the newer Lepton 3 camera because cither they would be incomplete or
programmed for previous version of the camera — Lepton 2 whose VoSPI (video over SPI)
C hardware modules protocol is not compatible with the newer one that we are using. Besides, many existing
Ilustration 4. Listed devices corresponding to SP1and [2C ha libraries are pointing out to problems with losing synchronization with the camera. Since the
camera requires quite fast SPT transmission (20 MHz), it is necessary to use short wiring —

. ke < is no officially docu-
Enabling these modules happens not to be a S.lm(i)l:; t:;ib?::nf;e:gc\rrzry from one operating no longer than 15 ¢m. If possible — use additional capacitors and pull-up resistor on the SCK
mented straightforward proceéure. Steps reqmrenable the modules for Armbian operating line close to the camera and most importantly, use highly efficient code that is able to process
system t0 another. Bits and pieces o hol“'f t10 ;erbian forums. incoming data with minimal delay. As a part of the project, we introduce vdl2lepton3 library
system had to be collected throughout multiple written in fast C++ with dual packet buffering that works in hand with a virtual video loop-
back device val2loopback®. The v412lepton3 library writes frames from a Lepton 3 camera
e figuration to {he operating system _ i module into a virtual video device, which then provides accessibility to the video stream for
ware module con an be done using SO Cé

; : II standard UNIX tools like ffinpeg, gstream, vic. The video can also be streamed over a
i device tree. This ¢ : a : : . g : e s :
ules of the processor vlved nee:fgﬁig);h;l; Joaded at startup and used by the k;:r{;;l to cr;::;z network. Capturing library supports both RGB888 and Y 14 formats and its implementation
tree overlays — compiled co : ian OS comes with severa over ' allows for easy frame post-processing extension only by overriding a single method. One of
ST he Armbian co - . . . . - .

needed hardware mpdule pin m‘l_ppmg;]? Esc the provided DT overlay at startup. This can its major properties is speed — it does not lose synchronization with the camera while trans-
already included. First step }Ehe/r; is tt;) Omb)-:angnv o ferring video frames.

/ e " axt: .
be achieved by modifying the /oo

s — a device tree (DT) is a way of describing hard-

As was mentioned in previous paragraph kernel. In order to enable hardware mod-

overlays=spi-spidev

i i_bus=0
param_spidev_spi_
pararn_spidev_max_freq:100000000

1 dev/spidev0.0
This will use a provided precompiled SPI device tree overlay f(;’rl m_aptphl:% E;!Z ;; eivfcsooting
o ' i h device visible m >
ice i stem DT. In case there 15 no Suc e praig ey
d;vtxcf):;;;or:;syt;at the provided precompiled DT overlay 'ipl_sp‘[}?e‘; :-Z \l,?;ggrgveZlay ik
-y ay of decompiling the _
se one must take the longer way o ; o : e DT
e :‘n ﬂ:-ii: Ci‘;ecompiling it back and only then will the device hopc?ﬂztgg)car
TSCO“ :1%:3 oferlliy files are stored in the /boot/dtb/allwinner/overlay/ ir .
omp

i i 3 iler:
They can be decompiled to a text form using device tree compl

Illustration 5. Lepton 3 video frame captured by
v4[2lepton3 in raw Y14 format after linear nor-
malization

Illustration 6 (colored). Lepton 3 video
frame captured by v412lepton3 in RGBS&S
format colored using fusion palette after inter-
nal histogram image normalization

¢ dtc -1 dtb -0 dts -0 cpu-prefix-spidev.dts cpu~prefix—spidev.dtb0

Configured and recompiled: The library is publicly available in a git repository® and also contains lepton3.py script that
allows for controlling the camera using commands. The script uses smbus2® python library
to access I°C device in the system DT and contains prepared infrastructure for sequential
reading/writing and setting random registers in the camera. This way it is fairly easy to add

$ dtc -1 dts -O dtb -0 cpu~prefix—spidev.dtbo cpu‘prefix—spidev.dts

status” of the module to

In this case the only thing needed to be changed in the overlay was ,,

Jokay”.

3 Official v412loopback virtual video device git repository https://github.com/umlaeute/v4121oopback
4 Official v412lepton3 library git repository https://gitlab.com/CharvN/v4l2lepton3

5 Smbus2 python library for controlling 12C devices https://github.com/kplindegaard/smbus2
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4. Image processing and object detection
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technique used for 3D scene reconstruction used in this projec
(<

4.1 Pixel values to temperature format (Y14 gray scale), whose pixels are
5 : ime i Orme ? "

Once we have (,)bt? 1fr11c:d gof;?rgl:t:r:;i;sz\fwe must create a mapping ﬁ.mctl(t)n t;itg;,)z(:-rtl
unaltered values 0 lll?i mperature. Although the Lepton 3 module has radlf)metfy eraturf;
flux and an S gioﬁwtry in a sense that we would be able to receive hcfl'fllpe e
it is .not in fact true ff‘1 ¢ directly. Its radiometry mode only compensaies forf(; alei i
readings from Fhe . rature difference so that its raw output does not get affec ki
L d always produces same data with respect t0 mwmm% r device
change _Of i atur:‘ 2-mmc:ra it is convenient to use an exteme.il spot thcrmorfle e "
flux. With Fhls ind of ¢ h N the MLX90614¢, Using this device, we can create 4 p .

for calibration purposcs such as lues produces by Lepton module and actual temperaturc.

i ction between flux va - 4 apping function was
mgppmg_fu? does not require extréme precision, which is why the mapping
This projec

empirically approximated using a linear function.

2.8} L
3347 + amblent temp

imated temperature
Iustration 7. Python function converting pixel flux value to an approximate p
ustraty .
4.2 Tmage processing . e
rocessing technigues play a very important role in thc:i d;c:(;c!ttl(izl T el o

;]/I‘lla%e It)"them are based on the OpenCV library (python portef) ne

o i i or ,
in 2he area of image processing alongside the numpy library for py

ing function, we
crature mapping function,
i ith raw flux values and temp R
. already have an Image wi a0 1e R e
" \:’ert pix)t;ls into temperature values and crea.’tc a bmj{ly ::lsi&(ljl B ol
al CO' human temperature range using the numpy.!lnRange nf aréas oy
et k on the captured image, we need to provide values for
binary mas

I

S fMLXQGﬁM_,revUOLpdf
datasheet htlpsw‘fwww.sparkfun.comfdalasheclsl Sensors/ Temperature
6 Thermometer datas) :

i i cv-python
7 Python binding for the OpenCV library htrps:ﬂ'lpypl.pyﬁhsn.orgfpypﬂopem. P
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temperature range. Zero value cannot be used because this would negatively affect normal-
ization process later on. Using the inverted binary mask we fill these areas with the higher
value of lower range limit and global minimum pixel value. Now we can merge the original
image with temperature mask applied and the second image with minimal values in areas
outside the temperature range. In summary we have replaced all areas of the image with

values outside the specified human temperature range by the lowest reasonable value so that
we do not decrease dynamic range of the image.

Since this method is using primarily object or shape detection algorithm it is reasonable to
perform normalization. We find global minimum and maximum pixel value in the image
and map the values linearly between lowest and highest possible values. In fact, we are also
lowering the resolution from 14 to 8 bits. In the next step we utilize OpenCV functionality
and we perform adaptive binary Gaussian thresholding. Cv2.adaptiveThreshold takes two pa-
rameters and they were empirically set to 90 for box size and -30 for constant difference. As
aresult, we get a binary image (black and white) displaying white compact shapes of objects

in human body temperature range on a black background of temperature of the environment.
See top left figure of illustration 8.

In order to remove noise in the image, we use morphological transformations also available
in OpenCV library. Firstly so called ,,opening™ transformation was used which is erosion
followed by dilation with kernel size 2 and secondly ,,closing” with kernel size 5 which is

dilation followed by erosion. These transformations remove noise in the image and make all
found shapes more consistent and compact.

Adaptive gaussian threshold: 93,-30 Dilation & Erosion 5x5
-

160

20 40 50 80 100 120 140

0 60 B0 100 120 140

Min box area: 400 Normalized image.

._‘l

20 40 60 B0 100 120 140 40 60 B0 100 120 140

Ilustration 8. Process of applying gaussian thresholding, filtering using morphological transformations and

finding contours for border boxes
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The core of the detection method lies in OpenCV’s function findContours. The function re-
turns a list of contours found in the image. These contours are edge points of compact shapes
ded to apply this function only on binary image for best

B Camera

found in the image. It is recommen
results. In order to differentiate between person and random small objects or noise, we cal- 500 | mEE Detected people
culate border box arca for every contour and based on a set threshold value we can filter out
small objects that are most likely not people. Furthermore, by using oriented arca, we¢ can %00
discard black shapes on white background which would correspond to a cold object in front
of a warm one (we only want warm objects on cold background). By acquiring a list of 300
border boxes around detected persons we can naturally determine their count.
200 4
Adaptive gaussian threshold: 93,30 Ditation & Erosion 5X5
o 100 4
20 20
L]
° b
o 100 200 300 e

Ilustration 10. Rec
i Rcmnhtructc_d scene from top view. Dark dot repr
. brighter dots detected people presents teamers,

o 20 40 &0 8o 100 120

4 20 40 B0 go 1oo 120 140

Then, if we inv a

> ert the matrix and

. apply a N s

i Siioe, We Aeable 1o cast ravs ﬁpp y a reverse transformation from screen space to objec

it 6ok or headol g om the camera origin to the observed room i Baject

the floor or we can calcul a detected person. We can then assume a person i e

| culat i . = ni . :

£ ¢ with an average person height to collapse the rayS iS[td e

nto a single

pOlnt ln 0 ]d Sp&C h. }‘,
. 18 i

' € are dble to approxlmate person ] Ca[ion 1 h S¢

WOT ) I wa Wi 1 (8] n tl C‘!b lbed

Min box area: 400 Normalized image.

L 5. Conclusion

o 0 40 B0 80 100 120 140 o 20 80 100 120 140
1

Even though the j
project should have b imari
Tp & o : een primarily focused on techni i
Ly tE (;1::;5: ;?'r006531ng and ways of detecting people, a bi;lqzi, dfl fie"em o
ity -d ssary hardware part — creating a working,intcrfap fi el ve
capture and control mechanisms. This part has be eneoafilly e
s en successfully ac-

Tllustration 9. Another example of the process of detecting people

4.3 Scene reconstruction

At this point we have bounding boxes around detected persons with image coordinates from

a camera whose position is known in world space. Using the pcrspective—n-point algorithm,
we are able to determine rotation and position of the camera in world space based on pairs:
3D world coordinate and 2D corresponding image coordinate. This functionality also cOMeES
with OpenCV and alongside the mapping points we also need matrix of intrinsic camera
parameters. This matrix can be constructed with focal length in each axis and resolution. In

our case, we calculate focal length fx, fy from horizontal and diagonal field of view, which is

a known parameter of the Lepton 3. In this project we are not taking into count radial nor

tangential distortion of the camera in this case. Cv2.solvePnP function returns rotation and
n space (perspective pro-

translation vector, representing transformation from object to scree
able to acquire rotation matrix using Rodriguez algo-

jection). From rotation vector, we are
om obiject to screen space using a single matrix.

rithm and express the whole transformation fr

complished. We have fi i
z ully functional high |
camera module, which c: ‘high level python seript for controlli
6l infmstmctsileca; allso be easily extended to support more comm;:;:ﬁ l:c I
vdDlcpton C:i+ libraq.,o single _frame Cfapturing python script along wil;hb’t at;ks o he
o pens various options for image processing. We can e
option — using C++ librayryuslintgfpy;hon or if we need sequential caﬁture we :zcess fr;lmﬂs

. at feeds frames int i : 1 USp Taotel
process vid . ‘. mnto a virtual video devi

co frames using standard Unix tools or stream them oi\lfevme from where one can
E cr a network.

However, there is undoubtedly a lot
o . of space and opportunitics to i
describeﬁ o [?elep :gét:t:::rsk;)f th; detcn_:tion algorithm. The me[hogp;:;c? ?:?hci)s(te?qcunem
i S Ef-r et‘:tly in ovcr‘90 % of the cases on our data set o]l ((;JeCtha“d
?Omplex = i ;01:;(:&1‘1' sometlmf:s work better and can be morf‘: relia‘slcc tznd
i n{m.e ! is case, [ ‘t?chcve that including other techniques mi »
B e YLD es;l)e‘(:lally implementing motion trackin 1 i fmght
er the probability of false positives. Then there are it‘::ruad m‘*rcﬁse
pproaches

49
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for object detecung. One of them — S0 called YOLO (You Only Look Once) —isa technique
based on a convolutional neural network and it is the current state-of-the-art in real-time
object detection. This would be the ultimate solution to the problem of people detection,
big data set 10 be trained on and will not be as effective as current

however it requires a
hall be a subject for further research in this topic.

solution for unusual poses. This approach s
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