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ABSTRACT

In present, various type of sensors such as LIDAR and ultrasonic are used widely
in mobile robot for located itself in localization method. Likewise, an image processing
technic, 2D QR code reader in ISO/IEC 18004 standard also used as a landmark position
to increase a precision of localization for the robot. This research proposed the method
of 2D QR code detection by apply red frames on 2 differences size of the QR code
landmark for increase the ranged of reading the code and reduced steps from the
conventional detection method. Moreover, the distance between the camera and the
landmark was interpreted by a distance vector. The method was deployed on an
embed system, Raspberry PI 1.2GHz CPU speed. An experiment was conducted on a
system of mobile robot with a distance 0.2 to 1.1 meters from landmark to the camera
and the move speed of robot is 0.4 meters per second. Hence, it is faster than the

conventional method.
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UM 2.3 nsszysmumidlagldgndneds

2.4 Extended Kalman Filter

ndayynisseuiuitiavewiuguane 2 wuu mandgmitvisfensyiudeya
& ad & W = o oA | % A a ] ax v v a
193 2 Fludeyaifediu ievamediudeyaiinnuunnses Ingisnisilasuanuiey
A9 Kalman Filter
Kalman  Filter 1Jun1suszanueduisaaiugosssuunaln  Jeaansadily
Ussgnaldusvanasusanusigndyansuniuvsainantedninlunisnsinin
Motion Model tJuaunisiieldvinuneaniuziaziiatu lnsanunsadeuluguves

WanTuRd@uny Gaussian Noise @auauni1si (2.3)
X = Atxt_l + Btut + 6t (23)

= & ¢ d‘ = ¢
LU® xt e xt_l LULINLADTLEAANEDIULNLIAN t LaY t-1 ut RRIYIRIBENBN

' '
o o a

<) a ¢ { { v V=Y
ATEIAIUAUNLIAN tA; Wuwunsndiieldlunismaianiuzananiuznountiilaglidduiu

A [

mdsmununsodyginsuniu B, iuumindiieldlunisauinaniuzdaluaineds

[ |

& A v & . . Aa a ¢
muny 8, Dudyarasuniusuugulaeauyiliidu Gaussian noise Aiflanadedugued

A7) q

Observation Model #Ms@un157 (2.9)
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zy = Cexe + 0y (2.4)

<, | oAy v Y] s & a ¢ v o & ]
Zt LTJUW']V]VL@"U']ﬂﬂ']T]@Qqﬂlﬂjumﬁ@i Ct LWUUNINDUAAIAIMNANNUTTEUIN

.

Au yyvo a & o | ag v d . .
WinlatuAanueiiiig t oy WDudyaasuniuwuudulaeauyAlviilu Gaussian noise
A a ¢
nuALaasLduAuY

TDLANA 1958917 19 Extended Kalman Filter AU Kalman Filter A ® Extended
Kalman Filter 3 Motion Model hag Observation Model lu1 0 Uil af FuLT Ld uniuannis

(2.5) kag (2.6) Yirn1sUsEUANNANANULUENUINTITY

xe = g(ug, Xe—1) + 6 (2.5)
Zt = h(xt) + O-t (26)

dane3fiuves Extended Kalman Filter awnsauanaduglalén (Pseudo Code) fail

extende_kalman_filter(uy_q, Z¢—1, Us, Z¢)
U = g(Ue—1,Ue)
I = A 1AL + R,
Ke = 2,CT(CZCl + Q)™
He = He + Ke(ze — h(ue))
e = (I — K C)Ee
return pg, X;

K, @A Kalman Gain
[y AOANENIULIINNTUTEUN

¥, AnA1 Covariance 9MNN5UTEUNU

2INDANDINY
ur = g(Up—1,us)
LUNISAUIAL O M ANTUS U AL TNAIN AL NLIASIN DU

I = AZe 1AL + R,

ANIUMNAINTTUAS UL UAUBIAN Covariance 3NNE@NNT15UB4 Motion Model



14

Ky = Z,CT(C.E.CT + Q)™

AUIUNIAT Kalman Gain  wiisldiduminisasiiviinannainisuseununazaniale

Mnuas Ingldaunisain Observation Model S A1 Covariance Mvlasuwlad

Ut = te + Ke(ze — h(ue))

MAINNSUSEUIUINNALANE9LNNUN Kalman Gain S¥1319A1IN15USEUN0 WagANRINn

AT

L = (I - KtCt)Zt
ANUINNNIAT Covariance U89n15UIEU8

2.5 M591uUIslan 2 A

Zbar 10U open source library @1%5Un1581UU13 1A AWUY EAN-13/UPC-A, UPC-E,
EAN-8, Code 128, Code 39, Codabar, Interleaved 2 of 5 Wag@3815LAA. LABAITHIITNN
9 ¢ o Yy A o ] | Y a 5 v
NS NWAUDIRIUITLAALNDTINITEIUATILUUITLAR FIaIU1T00TI9MIA015LARLALABNTT
m593911 Finder pattern lngfionstdiuseninedidulazdooudn 1:1:3:1:1 iweldnsragoudn
\Ju Finder pattern 91N1WUYININ15952311 Alignment pattern Lﬁ@‘lﬁmmmﬁ?mﬁﬁ@ Timing

pattern 1Juduildvanvuauesusas Tndayaiionsirnuiignieswiug

5UN 2.4 lassasivesiienslan
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2.6 NSATUIUSTZEZUINAINATWUISLAR 2 LR

LINLADS VOITEHENNNINUALTLUANNIT Loy = (Py Py, f) 108 1= 1, ., & d 115U
funafivalaannndesesuislén 2 37 f feanuenniavendss P, ABYAVBILNU X P,
ugeuaawnu y L, unnnesvesszesnie ogslsinuduniaws nnmesaunsanans
I@lageainans K Snhodufinewaneiadiuns Friunnnesvesszezniaasuandily
aunsii (2.7) Tne L= (X,Y:2) e?faL‘TJuL’mL@@%meqﬂuﬁ%mﬁw%a Imi%’azummum’mgﬂﬁ

2.5 lnglddiugamusui 2.6

5UN 2.5 szuuununldlumsiunnssesseninnaeduazfielsian

Ly, = KiLys, (2.7)

i

o
v YU v K IS

¢ a Yy = a & 1Y)
LINLADT L ﬂ@ﬂ’J’INEJ’I’J‘UENU’IﬂﬂWZNL‘LJ‘IJE‘LJ?{Lwaﬂuﬁ]ﬁia PNUUIIATNIDLVYURNNTT

ANUAUNITANNSUNITODUNY

Ly, —Lp,| =L (2.8)
|Lp, — Lp,| =L (2.9)

|Lp, = Ly,| = V2L (2.10)
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Wethaun1si (2.7) - (2.10) 19INSWAaNnIs aslaaeiwmus Ly, Lo, Ly 18109 3
PUIMIPAAUIAIN TEUETENINNAIRAAUGT IRz UTEBYNd09R A1 lAN

HAUDITTUNULIELAR 2 TR Taudvaun1sedy Tnedlenudniegauuwinssuu e

[ e & [ < ! A = P Y & ¥
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ax + by + cz = 1 anansaldlunisuiaunisi.11)
Ly, - (a,b,c) = 1(i=1.23) (2.11)
AU (2.11), Normal vector f® L, = (a, b, ¢)

21n Normal vector L, Bng8arnmasinaaniuwulssuIuIadaInislan 39@1u15e

WInNmesAINaNNImILNNndeInseyiiumesianle

JUN 2.6 a1dusuniiavesuslan 2 TRdmsunisAuinssesing
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3.1.4 aunsal

Raspberry Pi 3 Broadcom BCM2837 64-bit Quad-Core ARM Cortex-A53 ARMv8
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Camera RPi Camera (B) Rev.2.0.
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Abstract— Generally, most mobile robots use many sensors
such as Lidar, ultrasonic, ctc. to identify the position of cach
mobile robot. The computer vision is a popular tool for robots to
analyze the features of visible picture. 2D QR code with ISO/IEC
18004 standard is used in the detection of image processing. This
paper proposes the development of 2D QR code detection by
using the red square, reducing some process in conventional
detection. The two different blocks of 2D QR code are proposed
in this paper to explain the range of decoded one. This method
decreases the sampling time of decoded method. Moreover, the
distance, which is between the center of camera and the visible
2D QR code, is specified by the distance vector, defining the
position of detected device. This technique is used in the
Raspberry PI board at 1.2 GHz clock. The conventional QR code
and the proposed technique are compared with the experimental
results to evaluate the performance of the proposed method.
Experimental results confirm that the time usage of proposed
method is faster than the conventional method around 5 times
(0.2 millisecond). In addition, the maximum of detected range is
around 0.2-0.8 meter. The experimental results illustrate that the
proposed method is effective and flexible.

Keywords- mobile robot; fast self-localization; OR code with
ISO/IEC 18004

L INTRODUCTION

At the present time, the self-localization of mobile robot
has been used and developed in many researches for long time,
[1-2]. Generally, the self-localization can be calegorized into
two mains. First the localization is based on “Odometry™ or
Decad Reckoning, which is casy method to develop the
algorithm by using an encoder. This technique is fast real time
processing but it is quite low precision. Second the localization
is based on “Landmark Recognition”, like GPS, IMES and
Lidar etc. The estimated position of robot is more accurate for
this technique, [3]. The Lidar is an accurate sensor to detect the
environment around the robot, then the signal is converted to
the map in order to identify the position of robot, [4]. However,
the Lidar scnsor may not be accuratc cnough, odomceter such as
encoder is combined with the system and proposed in [5]. The
researcher applies the Kamal filter to find the position from
Lidar and to cstimatc position from encoder, after the signals
are calculated the final location of robot to create the map. This
technique of localization may lose the direction if the created
maps are big and similar. Therefore, the landmark is used to
overcome the inherent problem of error integration in encoder
and the loss of direction in Lidar, [6]. The rescarcher fixes the
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ultrasonic scnsor to identify the landmark and to minimizc the
position error. Their ultrasonic sensors are fixed around their
robot body. The results show that the landmark is the effective
method to solve the problem and combines with both Lidar and
encoder to get more accurate localization.

The landmark wildly uses in image processing, which is
QR code with standard of ISO/IEC 18004. The position is
calculated from the reference point, which is compared with
the collected image of the industrial camera. There are some
researches for using the 2D code for localization, for example
R. Zheng and K. Yuan [7] design 2D code (MR code), which is
an cfficient artificial landmark system for indoor mobilc robot.
A real time detection-recognition algorithm is used in this robot
to make the robot robust and effective. In addition, H.
Kobayashi [8] adapts QR code for localization, which is a full
sell-containedness. The researcher can solve this problem and
kidnapped robot problem in beginning test. The localization is
effective for their 2D landmark, however this technique still
requires the computational time to process the image for
finding the 3 reference point in 2D QR code. In addition, when
robot uscs in this method, robot has to bc limited the speed.
Therefore, this paper focuses on how to reduce the
computational time and how to build the localization module,
based on 2D QR code. Normally QR code has the reference
point in this stage however the position of robot can be
mecasurcd by calculated the distance vector between the
reference point of the camera and the collected image of
camera. If the camera of robot can detect the 2D QR code, the
robot will decode and calculate the precise position of the robot
at the same time. Moreover, we apply the red square to reduce
the searching process of three reference points in 2D QR code.
This concept is experimented on the Raspberry PI3 with 1280 x
960 pixels.

The result shows the proposed technique that implement on
the real system is more effective in terms of the fast QR code
tracking and wide length. Furthermore, this proposed method is
better than conventional QR code decoder in term of real time
localization.

The paper describes the 2D barcode design in scction 2
after the proposed method and algorithm arc demonstrated in
section 3. The experiment of real system shows in section 4.
Finally, the rescarcher discusses and makes conclusion in
section 5.
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