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Abestract — A procass for marker detection which inwelves
adaptive thresholding, region-modeling and mapping has a
challenge of recognizing marker in noisy space. We proposs
accurate and computationally efficient algorithm in detecting any
number of marker within moderate tilt in camera image.

I. INTRODTUCTION

15ual code marker, taken with mohle phone camera, 1=
prone to have nolsse m pictores with 1tz himmated resclution
A marker 1 a picture can also be arbatranly rotated and talted.
Hance the challense 1= how to recogmize the marker wath
accuracy despite poor mmage qualifty, varymg ilhwmmation
markars’ size and cnentzhon. Speed 1 obtamine data from a
markar 15 sigmficant as well because a marker should quackly
load the information a user would hike to obtamn
In this paper we discuss a systematic sequence of procedures
m detectinz marker, followed by other atternpts m solving the
problem Fundamental flow of alzonthm was mamly adopted
from [1].

II. APPROACH
The flow chart usad for detection aleorthm 15 shoum mm
{Fiz.1).
Here 15 the outline of m files with ther fimctions 1 detail.

- detect_codem : It 1= the mam fonction that implerments
the overall process and retums data and pomtz of the
upper left comer alement.

- gdaptive_threshoidingm : It apphes adaptmve
threcsholdme techmique and refums bmary mase
separated by threshold valus.

- fit ellipse.m - It fits the remon mto ellipse and provides
rotation ansle, length of ax1s, center points.

- draw _ellipse.m : It 15 used for debusming mode to plot
glipze to be fit mside gmde barz from ellpse
mformation.

- draw_feafure.m : It draws and plots circles bazed on the
mformation of long smde bar with certamn search ranse
for three comer elament=.

- find_carner stone.m : It finds a comer element from a
center point within certain range and returns the label of
region fthat conmtamms the  bmary  pmel
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Fig. 1 Marker detection procedure flow chart

-  mapping_image.m : It performs projectrve mapping
from code to image that retuns 11 by 11 posthons mside

the marker.
- resd datsm - It reads data from posthons obfamed
through projectve mappins.

- bwiabel_modm : It upsradss speed as fo examimng
region of the zame label. This 15 2 modified version of m
file using bwlabel? fimction mside budabel m fimetion

- ycher markerm : It comverts EGE mare to YO r
mmage and claz=ify the region mte two according to the
simalanty of 1ts CbCr components with the marker.

- oblaining ycborm : It 15 a separate fimchon from the
procedure that caleulates the mean and standard
deviation of color compeonents ChCr.

. ALGORITHM

A Gray =caling and adaptive thresholding

We first convert an RGE mage to a grayscals imaze by using
rebleray Matlab fimetion. Uszing this function turms out to be
less mowy than applving the coefficients 1 ITU standardized
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Fig. 2 {From training_5 image) Example of binary image
created after adaptive thresholding.

formmla Then adaptrre thresholdme method described m [1]
adapted from [2] 1= emploved to separate foreground from
backzround vath nomeuform 1llomimation. Constant thresheold
value does not work 1n detecting markers because camerz
mages have varying brighfness over the imaza
Caleulatmz a2 mowvmmz average of  the
1

: % width = = 450 = 60 pixels, the cutput binary image T(a)
with (t= 13) percent darkmess 1= :
100 —:}
100 - 5
T(n) =0 othermize

Tim)=1 i p <hin)-
where p 15 the current gray value, h{n) 1= the average of

last

g (n) and g_(n- width}, and g _(n) i3 an approximate

average of the last s pixels at current pomt az m [1].
Thus the final linary imare denctes our target of interest as 1
and { otheroase (Fig. 2).

B. Classifying regions into bars / dots / others

Gmde barz (GE  hereafier) and comer elements {CE
hereafter) are mdicators of a marker, thus the aim 15 fo obtan
poathon of two bars and three dots before reading dafa from a
markar.

1) Finding bars: Smee the size of the marker varies, we made
use of the fact that two fixed GBs do not chanse m the ratio of its
width and height After labelng the remons of which the
member of pixels satisfies above the threshold of 20 pmxels, we
modaled those regions mfo ellipsez. Fepions that modeled mto
ellipses ara then good candidates for GB=. Fithime mto elhpsze
provides us with some ments 1n that we can measure the rotation
of the sllipss, and the ratio of wadth to heizht 1= retamed the
zame regardless of itz angle of rotation. We adopted the code for
fittins mto ellipze from [3]. The lensth of long ams, short s,
and 1tz cenmter pronides critical mformation mn later processes
where calculaton about relabion between the bars and dots 15
mrvelved.

More specifically, within the resions 1dentifiad wath the same
label, we set the rezion as a bar of wiuch the ratic of long s to

| o]

L1 \ LE i Short GB

Skt
Julde
bur

cyy = CE 1’
CE T’

Fig. 3 Two markers are conceivable in each direction.

short axis lies m the range of 2.7 o 10. True ratio for long and
short mmde bar 15 7/1 and 3/1 respectrely, but we allowed
margms considernng the distortion from nmoize 1n an mage.

2) Finding dofzs: With the region that 1s not bar, the potential
CEs are every dot that has the wadth to height raho of
approxmaztely 171, Since dotz can be zsen as a circle, without
the course of modeling mto elhpse, the length of the region 1=
mezsured 1 honzontal and verhical dirachon and if two lensths

ara within some tolerance it 1= defined as a dot.

C. [dentifying a saf of bars and corner elements

One marker 1= recogmzad with twe GBs zhened
perpendicular to each other and three CEs: one CE that stretch
from two GBs respectrvely and the other one that hes on the
vartex datermmned by the parallelogram defined by three points-
two CEs and one pomt mn the short GB. (Fig. 3)

First step 1= to start by finding a set of two bars perpendicular
to each other. Among the barz defined m the abowve (B),
assurne that ths 15 the long GB, we search for short GB m two
directions. For a fixed long GB, two marker positions are
concervable (Fiz 3) If a bar winch hes wathin 90 degrees (wath
some folerance) 13 found, next step 13 to mspect 1f the potential
bar’s short ax1s and long axis are wathin the range compared to
long GB: n terms of short zas, a short GE's should be m 60%
to 140% of the lonz GE's short zas (true ratio 1= 1 because they
both cccupy 1 pmxel vadth); m terms of lonz axs, a short GB's
width to height ratio should be wathin 3/7 to £.9/7 ratio with long
GE. {cf troe ratio 15 37 without marzin)

With the information of long s of two GB= , ansle batween
them and direction, we zet the range so that each of three CEz i
m=ide. We treated pomts 1n mase plane a= vectors from the
enzn. CE2 can be found by extending a peak point wir t. center
pomt of the long ax= to 5/3.3 wath the direction specified: 1e.

21zpl m(Fiz. 4). To detect CE3, we extended another paak
pomt az we did m pl, which 1= p2 m (Fig. 4). Then CE3 1=
located by rotatme pl wrt pl about the angle bebtween bars.
CEl = formed by rotated from p2 writ pl about the angle
batween bars deducted from 130 degrees. We set 5% margm to
the anzle betasen bars to the outward directon smnce wath
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Fig. 4 Finding three CEs in parallelogram.
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Fig. 5 lllustration of searching: center points of search are
set with New CE1 and New CEZ3 directing a bit outward. The

search is done following a spiral cord shape (increasing in
% direction first, then in y direction, decreasing in x
direction, then in y direction, and repeating this process
until hit with value 1).

varving tltmes alons the marker it 15 reasonable to find from
outzide of the parallelogram. (Fiz. 4)

In searching for the posthon of the CE=, we ot search range
for each CE. Each search ranze was decided accordms to its
uncertamfy: for CEL, it 15 3 times the short axs of a GB, CE2
bemg 1 times the short axis of a GB, and CE3 bemng 1.2 times
the short ous of 3 GE. Since CEL 15 directly obtamed on the Ime
ofits lone s of the long GE, 1t has the least uncertainty within
the range whersas CEl 1= most distant from any other certain
points this acquire the ligzest search ranza.

The zearch 1z conduocted m such a manner to follow spiral
curve trajectory. It mmveshipates the bmary pixal starhine from the
center points (Wew CEl, CE2, New CE3) within 1tz search
ranza untl it hits the pixel value of 1 1 the bmary mage. (Fiz.
z
).

A zet of marker after searching result 15 shown m (Fig. 6): two
ellipzes mdicate lone(graen ellipse) and short{blue elhpse) GEBs
and three cmcles mdicate the ranze of plausible CEs.
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Fig. & (From training_6 image} A set of marker with two
ellipses{green one is long GB and blue one is short GE)

and cormesponding three CEs with its search range

symbolized as commesponding radius in each circle{in pink
circles).

D). Projective mapping

Ome needs at lsast 4 pomts to descmbe a rectansle. We
assumed that 1] pomfs m any line of the marker 13 equally
spaced and the lines are affine. Thus 1dea of projectrve mappng
from code coordinate to 1rarge parallalosram 1= amploved from
4]. After threa CEs search regions being met with bmary valoe
1, caleulating the center point, 1.8 the mean valie, 15 done withm
the remon which mchidss that pomt.

With three verfices of the marker bemnz found, 1t 15 bettar to
assizn ancther mdicator point as the center of the short B than
calculating one of two peak pomts of the short GB (Fiz. 7).

Bv adjusting coefficients m projectnie mappimg method 1 [4],
we obtain set of equations that map (um).vn)) m kmown 11 by
11 marker coordinate mnto 1mage coordinate, ([ x{m), vin) ),
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Through this process, 11 by 11 points m a marker are mapped
mfc comespondmsz pomts I 3 marker regardless of it=
onentztion. MhMore specifically, the mappine performs well for



