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Introduction

During the last decade, modeling, reconstruction and
visualization of 3D models became widely used in such
fields as industrial engineering and manufacture, medicine,
game development, etc. Among different methods for
acquisition of 3D objects, one is based on scanning them
with alaser in 3D.

The 3D laser scanner is a simple device used to
transform real-world objects into their 3D representations
in the virtual space. In the ssimplest configuration, the laser
scanner includes four basic components. a rotating table, a
laser light source, a video camera, and a data processor
such as a PC (Fig. 1). More advanced setups involve more
cameras and laser light sources (see, e. g., [1]).

During scanning, the video camera captures the laser
beam seen on the surface of the scanned object. This beam
is then detected in the video frames. Further processing
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Fig. 1. A simple 3D laser scanner

requires extracting the laser beam’s center-line and
forming a point cloud. That latter allows reconstruction of
the 3D object using special methods [2].

Different algorithms have been proposed to ensure
extraction of the center-line in 2D images with high
precision, which determines the quality of the point cloud.
Some of these algorithms are based on skeletonization by
eroson — an iterative procedure with the number of
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iterations proportional to the largest dimension of a certain
featurein theimage[3].

Another technique for skeletonization, known as the
medial axis transform (MAT), yields good results for
continuous images. However, its performance degrades
with images composed of a finite number of pixels [4].
Generadly, the results obtained with the MAT agree well
with those provided by the sequential erosion.

A technique using the unbiased detector of curvilinear
structures allows detecting the center-line with sub-pixel
accuracy [5]. The technique uses eigenvalues and
eigenvectors of the Hessian matrix obtained from the
image.

More recently, an algorithm was proposed combining
certain aspects of the distance-transform technique as well
as iterative thinning and Voronoi diagram [6]. There are
also other methods based on the object geometry or wave-
front propagation (see, e. g., [7] for areview).

In this paper, we present a technique suitable for
detecting the center-line of a laser beam with subpixel
precision in 2D images. The detected center-line is to
satisfy the following criteria:

1. smoothness — no scatter of the points allowed;

2. continuity — the center-line must be continuous
along itsregion;
centeredness — no intersection with the line's
edges allowed.

3.

Detection of Linesin 1D

Our technique is based on the nonlinear multiscale
line filtering method that uses two shifted kernels of the
first order Gaussian derivatives combined in a nonlinear

way [8]. First, the left and right edge detectors, E;(x) and
E; (x), respectedly, are applied:

Ey (x)= -G (x+s), @

)

where G.(x+s) denote the shifted kernels of the first
order Gaussian derivatives; o — is the standard deviation of
the Gaussian distribution and o = s, parameter s depends
on the width of the line profile w.

Er (x) =G5 (x-s),



The filter's response at location x for the line profile
f(x) isgivenas
min[Pos{E; (x)® f(x)},Pos{E; (x)® f(x)}], (3

where Pog(x) isthe positive part of x.

008

006

004

-
e
9 |
)

Fig. 2. (a) — kernels of left (E;) and right (E;) edge detectors, (b) —
the filter's response to a bar-shaped profile with a sharp peak at
its center

Kernels of the left and right edge detectors are shown
in Fig. 2, a whereas Fig. 2, b displays the filter response to
a bar-shaped line profile with a sharp peak at its center.

Initialization of Parameter s

As mentioned before, o = <. Kernels of the left and
right edge detectors depend on s that, in turn, is a function
of w. Thus, both kernels are determined solely by the width
of the line profile w.

Fig. 3. Maximal filter response to a bar-shaped profile estimated
by varyingw and s

To revea the relationship between s and w, the values
of these parameters were varied experimentally, and the
maximal filter response to the profile was calculated as
shown in Fig. 3. Since the filter response is relatively low
for narrow profiles, detection of the center-line in this case
is expected to deteriorate.

The relationship between s and w is seen more clearly
when the data is plotted in 2D (Fig. 4). The relationship is
rather linear and it is approximated by the equation:

s(w) = 0,4482- w— 0,002. 4

Fig. 4. Parameter s as afunction of w and the approximating line

Using the suggested implementation for s (see
Equations (1) and (2)), both edge detectors E;(x) and

E, (x) as well as the filter in general depend only on the
width of the line profile.

Detection of Linesin 2D

This filter implementation uses 2D kernels; otherwise
it is analogous to the 1D case. A scaled Gaussian function
and its derivatives in x and y directions are used to
implement the left and right edge detectors:

Eix(x, )= -G (x+5,y), (5)
Eiy(x y)=-Gg(x,y+s) (6)
Erx(x y)=Gx(x-sy) (7)
Ery (X y)=Gg/(x, y-s), ®)

where Gg, and Gg, are the first derivatives of the 2D

Gaussian functionin x and y directions, respectively.
Filtering procedure is applied iteratively for a discrete
number of directions (the steerable filter [9]) followed by
selection of the direction with the maximal value.
Center-line of the laser beam is detected by finding
the local maxima in the filtered image. Thisis achieved by
calculating the first and second derivatives of the filtered
image. The condition F'(x,y)=0 yields the points of
local maxima and minima, whereas F"(X,y) <0 ensures
that the point under consideration is a local maximum.
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Approximating the points of local maxima by a smoothing
spline extracts the center-line of the laser beam with
subpixel accuracy.

Fig. 5. Image of the elephant statue acquired by a digital video
cameraduring laser scanning

In general the method can be applied by following
these steps:
1. Calculate image scale space by convolving image
with Gaussian smoothing kernel;
2. Apply left and right edge detectors (Eqg. 5 - 8) for

a discrete number of directions (0, %, %,

3% ):
a Select maximal value
b. Apply minimum operator on positive
parts of image scale space (3)
c. Repeat (2) for al image points
3. Search for local maxima by calculating firs and
second order derivatives,
4. Approximate points of
smoothing spline.

local maxima by

Results

The suggested technique was tested on images
acquired by a digital video camera. Scanning with the laser
was performed in half-light.

Fig.5 shows an image of the elephant's statue
acquired by a digital video camera during laser scanning.
To reduce distortions, the image was convolved with the
2D Gaussian kernel. The trace of the laser beam is much
lighter than the rest of the image. Center-line of the laser
beam closely follows its trace on the statue’s surface.

a b

Fig. 6. Sample zoomed regions of the image: (a) demonstrates the
ability of the technique to detect the center-line of the laser beam
with subpixel accuracy, and (b) shows that the technique also
handles well end of theline

Using the technique described here, the center-line of
the laser beam is detected with subpixel accuracy
(Fig. 6,d). This is important for laser scanning in 3D.
Furthermore, the technique handles well ends of lines in
images (Fig. 6, b), which gives an advantage over some
other methods of skeletonization.

Fig. 7 shows the effect of applying a filter to an image
with two separate laser beam traces. This demonstrates the
possibility of detecting more than one center-line of the
laser beam using the proposed technique.

Fig. 7. Filter applied to an image with two separate lines

The method was implemented using MATLAB®.
Filtering procedure applied on 640x480 test image takes
30,1 s. Filtering speed can be reduced to 3,4 s by applying
the method only on region of interest (360x380) in image.

Conclusions

This paper presents a technique for detecting the
center-line of alaser beam in 2D images. Detection of the
center-line is an integral part of the laser scanning in 3D
process.

The technique uses the so-called left and right edge
detectors — a filter made of a nonlinear combination of the
shifted first-order Gaussian derivatives. The filter depend
only one parameter — the width of the line profile.

Filtering is performed in an iterative fashion for a
number of directions to select the one with the maximal
value.

The center-line of the laser light trace is detected by
finding the local maxima in the filtered image. These occur
at the points where the first-order derivative of the filtered
image is equal to zero and the second-order derivative is
negative.

The center-line of the laser beam closely follows its
trace on the surface of the scanned 3D object.
Approximating the detected points of the local maxima by
a smoothing spline allows achieving subpixel accuracy.
The technique also performs well at the line ends in
images, which offers a clear benefit compared to other
skeletonization methods. Furthermore, the technique
enables detection of the center-lines of multiple laser
beamsin asingle 2D image.
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V. Matiukas, D. Miniotas. Detection of Laser Beam’s Center-line in 2D Images // Electronics and Electrical Engineering. —
Kaunas: Technologija, 2009. — No. 7(95). — P. 67—-70.

Modeling, reconstruction and visualization of 3D images is crucia in such fields as industrial engineering and manufacture,
medicine, game development, etc. A physical object can be transferred to 3D virtua space by using a 3D laser scanner. Quality of the
3D model of the object scanned strongly depends on that of the laser beam’s center-line detected in the 2D image. A technique for
detection of the laser beam’s center-line in a set of 2D images is presented. It uses two shifted kernels of the first-order Gaussian
derivatives combined in a nonlinear way. Filtering is performed in a number of directions to select the one with the maximal response.
The laser beam’s center-line is identified by the local maxima in the filtered image through evauation of its first- and second-order
derivatives. The technique was tested on images with a laser trace left on the object scanned. Ill. 7, bibl. 9 (in English; summaries in
English, Russian and Lithuanian).

B. Matnykac, /I. Munuorac. Boliejenne neHTpaibHOii JHUHUH JIA3ePHOTO JIy4a B IByXMePHBIX H300paskeHusAX // DIeKTPOHHKA
" 1ekTporexHuka. — Kaynac: Texnouaorus, 2009. — Ne 7(95). — C. 67—70.

MopenupoBaHue, peKOHCTPYHUPOBAHUE M BU3YalIu3als TPEXMEPHBIX M300pKCHHU SBISAIOTCS BaXKHBIMH B TaKMX 00JIACTAX, Kak
HPOMBIIUICHHAS TEXHHKA, MPOU3BOJCTBO, MEIMIMHA, MHIYCTPUS KOMIBIOTEPHBIX Mrp M T. A. OIHUM U3 CHOCOOOB IEpeMelIeHUI
peansHOro 00beKTa B TPEXMEPHOE BUPTYaIbHOE IMPOCTPAHCTBO SIBISIETCS NPUMEHEHHE TPEXMEPHOTO Ja3epHOro ckanHepa. IIpu sTom
KauecTBO MOJYYCHHON TPEXMEPHOIT MOJIENH 00BbEKTa CHIIBHO 3aBHCHUT OT KaueCTBa BBIACICHHUS LICHTPAJIBLHOM JIHHUK JIa3E€PHOTO JIy4a B
JBYXMEPHOM H300paxkeHUH. [Ipe/cTaBieHHbI METO/| MpeIHa3HauCeH JUlsl BBIJCICHUS LCHTPAIBHOU JIMHHUH JIa3epHOTO Jiyya B Habope
JIBYXMEPHBIX H300pakeHH. B MeToe Hcnonb3yeTcs: GUiibTp B BUJC HEJIMHEHHONW KOMOMHALIMU IBYX CMCIIEHHBIX siICp HPOH3BOIHBIX
HEepBOro Mopsi/ika HOPMaJILHOTO pactpeneneHust, PuiabTparys oCyleCcTBIsETCs 0 HECKOJIbKUM HAIPABICHHAM C LIeJIbIO BbIOOpa TOH, Y
KOTOpOH OTKIMK Haubonbimii. IleHTpanpHas JMHUA Ja3epHOro Jy4a OOHApYXMBAeTcs IO JIOKaJIbHBIM MAaKCUMyMaM B
HpOQHIBTPOBAHHOM N300PAKEHUHU TIPH ONPEENICHUH €ro MPOM3BOHBIX IIEPBOIO M BTOPOTO HOPSIKOB. METOJI IPOBEPEH Ha NPAKTHKE
Ul U300paKeHUH ¢ OTIEeYaTKOM JIa3epPHOro Jiyda Ha CKaHHpyeMoM obOwekte. M. 7, 6ubn. 9 (Ha aHrimiickoM s3bike; pedepaTsl Ha
QHTJIMHCKOM, PYCCKOM U JINTOBCKOM f13.).

V. Matiukas, D. Miniotas. Lazerio spindulio centrinés linijos i§skyrimas dvimadiuose vaizduose // Elektronika ir
eektrotechnika. — Kaunas: Technologija, 2009. — Nr. 7(95). — P. 67-70.

Trimagiy vaizdy modeliavimas, rekonstravimas ir atvaizdavimas yra svarbus tokioms sritims, kaip pramoniné inzinerijair gamyba,
medicina, kompiuteriniy zaidimy pramoné ir t.t. Fizinj objekta perkelti i trimate virtualiaja erdve galima naudojant erdvinj lazerinj
skaitytuva. Taip gauto trimacio objekto modelio kokybé labai priklauso nuo lazerio spindulio centrinés linijos isskyrimo dvimagiame
vaizde kokybés. Aprasomas metodas, skirtas lazerio spindulio centrinel linijai isskirti dvimaciy vaizdy rinkinyje. Taikomas filtras —
dviegjy perstumty branduoliy, sprasomy pirmosios eilés Gauso skirstinio isvestinemis, netiesiné kombinacija. Filtruojama keliomis
kryptimis ieskant tos, kuriai gaunamas maksimalus atsakas. Centriné lazerio spindulio linija filtruotame vaizde randama pagal
lokaliuosius maksimumus, skaiciuojant jo pirmosios ir antrosios eilés isvestines. Metodas patikrintas praktiskai vaizduose su lazerio
spindulio pédsaku ant skaitomo objekto. I1. 7, bibl. 9 (angly kalba; santraukos angly, rusy ir lietuviy k.).

70



DOI: 10.5755/j02.eie.10048



