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Agnieszka TOMAKA, Krzysztof SKABEK

AUTOMATIC REGISTRATION AND MERGING
OF 3D SURFACE SCANS OF HUMAN HEAD

The article presents a method of registration ofs8Eace scans obtained from different viewpoimd a
method to merge them properly into one 3D photdgrap patient head for orthodontic diagnosis. Owkta
concentrates on obtaining automatically the preeisd repeatable examination results. So far metludds
registration and merging range images into a 3Diqgraph was performed semi-automatically by a dedli
person. The presented method is automatic and loastie analysis of redundant and uncertain data.

1. INTRODUCTION

The development of surface scanning systems desigianly for the industry sooner or later
will lead to application of this technique for meali purposes. But before this technique can be put
into practice its accuracy must be tested, parasetesystems for 3D scan acquisition must be
established and procedures for further data proggssust be determined in order to assure precise
and repeatable examination results. Finally paaerpplications of this methodology should be
considered and a relevant computer system impledenthe examination results of scanner
accuracy, and the scanning procedures of patieetts presented in [1], the possible application in
facial feature analysis was shown in [3], the impdatation of a computer system for scanner
supported orthodontic diagnosis is described in [4]

So far the process of registration and merging sc¢ato a 3D photograph was performed
semi-automatically by a qualified person. The m@sk of the person was to choose the most
reliable points and faces on each scan obtained &single direction. This tiresome process was
followed with registration and merging of scans #meh visual verification of the yielded shell was
done. When the merged surface occurs folding,yaurltoo much holes appears the whole process
had to be repeated. Even if the results are aduepthe repeatability of the process cannot be
guaranteed. In the article we present a automagithoa for registering and merging range images
of human head into 3D photograph.
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2. SCANNING DEVICE AND TECHNIQUE OF 3D SCANNING

Conditions for scan acquisition system should bes®ered before preparing the algorithm of
automatic registration and merging of range imaly#solta VI9i scanner with lens of focal length
14 mm (MEDIUM) and workstation with RapidForm soéine were used in IITIS PAN to facilitate
the scanning of patients [1]. The scanner can obtgin data of these surfaces which are visible
from its observation point. In order to scan theolghobject it must be rotated. Scanning of
inanimate mater can be done with a rotary table ifformation of table rotation is used to find
initial positions of each scan in further proceduoé data registration. But, when we scan human
faces or, moreover, child faces it is importanstabilize a patient position. That is the reasoy wh
we decided to move the scanning device arounddhert whose position remains unchanged. One
of the system parameters is the number of scanshvgihiould be acquired. The article [1] concluded
that the best way to obtain full coverage of thenan head is to choose 7 observation points placed
evenly on the observation circle as shown in figS@ch number of scans yields some redundancy
but assures that each important part of the fadaciis scanned.

Fig. 1. Positioning of the observation points
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The process of surface integration begins with irh@d range images directly from the
scanner device (see fig. 1). Then the initial posing using the prior information about the device
alignment is performed. Additionally the main awisrotation and a global location of observation
points are roughly predicted. After that the roygpbsitioned scans are initially. The initial
registration makes it possible to calculate finsifp@ns of the observation points as well as the
main axis of rotation. The next step is filtratiohthe registered range images and segmentation
into discrete parts — strips — depending on thé&seaerreliability. Only the most reliable strips are
taken into the fine registration in the way to hathe whole object covered. After the fine
registration we add pieces of less reliable stipg not covered places of the registered reliable
mesh so that we obtain the structure completelye@m/ with surfaces (as far as there is enough
input data to cover the whole object). The finaktégs merging the registered and fulfilled meshes
into one shell.

4. INITIAL POSITIONING OF RANGE IMAGES

There are two operation strategies of Minolta \@@anner. The first one is operation with a
rotary stage. The scanner has a stable and calibpatsition then so it is easy to calculate the axi
of rotation and the angle between the followinggeanmages is set as an output of the stage
controller. These values makes it possible to ¢aletthe initial transformation of an object on the
rotary stage to the global coordinates. The transition compensating the rotation of the stage is
done by the scanner software itself so the obtaireede images can be easily registered.
Unfortunately the usage of the rotary stage in adseatient scanning is not possible because of
relatively large size of the object (a patientmadl as vibrations of the moving stage which often
made the patient change his position during thenexation.

The second strategy assumes that the object ddemowe, but the scanner changes its
position. The range images are stored in theirl looardinate systems (fig. 3a). The registration of
such structures are tiresome as the automatictratip® procedures usually limit the range of
searching for similarities on surfaces. So we neeiahitially position the range images before the
first registration.

a)

Fig. 3. Range images: a) imported from a scannawice,
b) initially positioned, c) initially registered) divided by threshold planes

As an entrance to the registration process we hawhells. Initially we establish the
approximate position of each shell in the globabrdmate system. There are some assumptions
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done for the scanning process and they are useditd positioning of shells. Scanner device has a
fixed vertical angle (nodding movement) to the ea&bouts =30°. It is also assumed that scans
are acquired around the object with the horizoatalle 45° . The fourth scan gives the frontal part
of the head (see fig. 1), hence the horizontal elegh be calculated ag =i [45°-135, where

i =0...6 are stages of the acquisition process. At thenmégg the scans are given in local
coordinate system whose origin is located in theseolation point of the scanner device
C, = (000) and the scanning axis is specified by ve&r [0 {fQj. 4a). For each range image
S its intersection with the scanning ax@s is specified aD, =0, n S . There is another parameter

which supports calculation of the rotation centrehe global coordinate system, it is radius of the
patient head. We pick its value experimentally et 6 cm for children and 8 cm for adults.
Under such assumptions the system can automatitialiybute the scans in the global coordinates
(fig. 4b) as well as calculate the main rotatiomsaand draw the scanning axes which connect the
rotation centre and the location of the scannewp@nt. The main rotation axis is calculated as a
resultant of vector products consisted of the rmagining scanning vectors and the middle of
rotation is established in the averaged converggoaat of the scanning vectors. In this way we

obtain the rough transformation of the range imad@egs 3b) and that is enough to do the proper
initial registration (fig. 3c).

a) b)

Fig. 4. Scanner locations in relation to range iesa@) just imported,
b) initially registered

5. REGISTRATION OF RANGE IMAGES

There are two different approaches to register gangages: sequential and simultaneous.
First approach considers on two range imagesiateadnd the registration process is performed for
successive pairs of range images that are ovedappgpace. The sequential registration is repeated
until all images are used. After each partial regt®on the position of the registered structure is
fixed. The simultaneous approach involves all rainggges in the registration process at one time.
The registration error is diffusively distributedvey all overlaps of each range image. The
disadvantage of the first approach is that thestegion error, introduced due to data noise, is
propagated and accumulated in the next steps gfrteess, but in case of registration of a few not
noisy range images it can be effective.
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The registration uses points as matching units whih point-to-point distance metric [2].
Basically the algorithm uses a framework of thenpiie ICP algorithm. The aim is to minimize
globally an objective function for each pair in eas sequential approach or for all range images in
case of simultaneous approach. We try both seqlemtd simultaneous approaches.

Unfortunately the initial registration is not endutp do the proper merging using surface or
volume methods because some artefacts (downcastsulgs, etc.) appear in places of the
overlapping surfaces (see fig. 5). However, sutéfacts are not the result of faulty behaviour of
the merging methods, but they depend on: noisesange images, the limited accuracy of the
scanning device especially for strongly inclinedef®, the angular distance from the scanner axis or
simply movements of the patient during the scanniagther we deal with such troubles (except
the last one) by filtering the range images anahielating the redundant and not reliable structures.

Fig. 5. Artifacts on the merged surfaces: a) bjes@r merging, c¢) d) volume merging

6. FILTERING UNCERTAIN DATA

Two ways of filtering noisy data can be disting@dhin this point: (1) removing faces
inclined to the observation axis stronger thanwemgiangle, (2) considering as doubtful faces that
lay beyond an angle between two observation lited &re next on both sides to the current
observation line. The second point is extendetieadask of range image segmentation.
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Fig. 6. A single shell of head measurement (a) auitlreduction,
(b) with reduction at 20°, (c) with reduction aP3@) dependence between the face inclination
threshold and the number of visible faces/vertices

First we consider the inclination of surfaces witlgard to the observation axis. As it was
described in [1] the accuracy of scanning devicebéster for surfaces perpendicular to the
observation axis and decreases for stronger irttlfaees. Thus we use the method of reducing
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faces inclined stronger than a given angle. Uswadytake the value of the angle as 20 degrees and
as we see in fig. 6d) it is a balance between hgpgdo much data and considering noisy structure.
Also we get rid of structures that lay below thelnas they are not necessary to create the madel. |
case of shell in fig. 6a) 10% of the bottom parthe structure was cut off (fig. 6b,c).

7. SEGMENTATION OF RANGE IMAGES

Fig. 7. Segmentation of range images regardingetebility of surfaces

According to our method the range image can beldd/into strips regarding the reliability of
surfaces (fig. 7). The reliability of surfaces isjportional to the angular distance to the vertical
plane containing the scanning vector. Such strageggnnected to a feature of the scanning device
that the best accuracy is obtained in the middithefscanning area [1]. The segments of the range
image are selected in a discrete manner so thaistiaguish strips with reliability: 100% (marked
in red colour in fig. 7), 70% (orange), 50% (yelloand 30% (violet). The most reliable strips of
each shell are taken to the final global registratEach strip is taken to the fine registratiothva
piece of the neighbouring structure such that gigtence of the overlapping region is assured.

8. STRATEGY OF STRUCTURE MERGING

The scans are merged together after being broaghtrégister (transformed into a common
coordinate system). The determination of scanniagameters and rules for merging scans from
different viewpoints are described in detail in.[Ak the final registration involved only the most
reliable parts of range images at this step thecstre is filled by adding the less reliable padas
places that are not covered. It is important tectehe best coverage from the remaining parts and,
to avoid redundancy, not cover the same area ddiraes.

Fig. 8. The merged structure
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We look through not registered doubtful parts dfstlells and add these elements (vertices) that
fulfil the following conditions: (1) the distana® to the nearest reliable part (vertex) is more than
mm and(2) the distance, to the line connecting the observation point drertearest reliable part
(vertex) is more than 1.2 mm. The threshold valofed; andd, appointed experimentally in the
way to cover the most possible area and, on ther didgind, to avoid redundancy.

The basis to the merging are the structures welgtieatest relevancy value (marked in red in
fig. 8), these structures are fulfilled with pieag#fssmaller relevancy (marked in orange, yellow in
fig. 8). As the output we obtained the homogenduscgire shown in fig. 8. The process has been
tested on several faces.

9. CONCLUSIONS

The main advantages of the described method areu¢bmatic integration of range images
facilitates the tiresome work of technician, (2peatability — for the same range images and the
same parameters the result is the same, (3) agcigaexcellent in areas where the weight of
relevancy reaches 100%, there are slight downoastse borders between strips and in holes filled
using less relevant structures. The integratiorordlym depends mainly on the quality of
registration and a stable position of patientsfithe great importance. Some downcasts can appear
in case of movements of the patient during the exation.

Further works are planned in connection with thijestt: (1) taking the average position of
border structures in the merging, assuming thedraaicka, eg. 1 cm, (2) adding the unified texture
to the resultant structure so we will obtain thenptete 3D photograph, (3) usage of continues — not
discrete — weights to represent the relevancy mfctires, (4) applying free form deformation
methodology [5] to deal with unstable position atipnts.
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