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Abstract There was, however, no existing way to import the data
acquired by the laser scanner into Radiance, nor a way to
Accurate, textured, 3D computer models of objects are ofimport the captured textures into Maya. In addition, writ-
increasing interest in many disciplines, e.g. archeology.ing texture images to Radiand¥ C files directly saves
Laser scanners provide a very precise way of gatheringime and complication of converting via a number of inter-
data for such models; however, a number of steps are negnediate stages.
essary before this new laser data can be imported into a This paper is concerned with facilitating and simplify-
computer model that is ready for rendering. ing the process necessary for conversion from the VMRL
This work discusses the processes undertaken to det.0 format files produced by a Minolta 910 laser scanner to
velop a simple to use, seamless method of transformingormats that can be understood by Maya and Radiance. In
raw laser-scanned data (with associated texture informaSection 2 we look at the existing software and the file for-
tion) to the three dimensional modeling systéfaya for  mats under consideration. Section 3 explains how the sam-
further editing, or directly to high fidelity rendering ingh  ple data was collected and then section 4 describes the con-
Radiancdighting visualisation suite. version process employed to convert VRML files to Maya
Keywords: Laser Scanning, 3D file formats, texture map- and Radiance fil_es. Results of the work are in Section 5
ping and our conclus[ons are presented along with avenues of
further research in Section 6.

1 Introduction

It is clear that computer graphics can help us better under-
stand the past by visually recreating archaeological sites
under accurate and authentic conditions [8]. Such graph-
ics are only scientifically valid if the components of the
scene are created in an exact, scientific manner. Meth-
ods such as 3D scanning and rendering with high fidelity
graphics offer a faithful way to recreate scenes from the
past as shown in Figure 1 [4][3]. However, the images they
produce are limited by the data they work with: in many
cases the modeling of complex objects and surfaces us- Figure 1: A High Fidelity Render of a Medieval House
ing modeling packages and artists alone is not sufficiently
accurate. Laser scanners provide a method of capturing
accurate information about object’s surfaces. The Minolta
910 laser scanner [13], which we used, has an accuracy 2  Previous Work
under a millimetre. It also captures colour texture infor-
mation for the model by way of the CCD Technical improvements have greatly increased the accu-
Alias-Wavefront's Maya is used as a powerful 3D mod- racy of laser scanners and the speed with which they cap-
eling package which allows the scanned models to be mature data [5]. Many scanners now also capture texture in-
nipulated after scanning [12]. Radiance is used because fiormation about the target’s surface which can be applied
is a renderer capable of producing high fidelity images byto the 3D model [2]. The increased accuracy makes 3D
accurate lighting visualisation [6]. scanning a useful tool in archeology. It allows accurate
" - records of artefacts to be made and also allows them to be
ellis@cs.bris.ac.uk

1Charge Qupled Device- photosensitive grid, as used in digital cam- pl.J'[ in the context of Fhe" day; for example, Iighting rooms
eras. with contemporary light sources may cast different shad-




ows and cause different contrasts on a subject comparedSCII, which is larger but can be viewed and edited in
with modern lights [7]. a standard text editor. Fortunately the scanner uses the
The VRML standard was proposed in 1994 [17]. One VRML 1.0 ASCII format. VRML files typically have the
facet of the language is that it provided a standard for stor-extension .wrl. All comments within a VRML file are pre-
ing 3D models. VRML version 1.0 is exported by the fixed with a ‘#'. The first line (the header) of a VRML 1.0
scanner. Itis a human-readable ASCII based file standardile is a comment line:
Many 3D modeling programs are capable of exporting to -
VRML files, but only a very small number are capable of #VRML V1.0 ascil
reading in. Th_e two applications we were interested in’The software that generates the VRML files we will be
Maya and Radiance, were not able to read the VRML 1'oconverting then adds a second comment:
files generated by the scanner software.
Maya has aw | 2nma conversion program which con- # Polygon Editing Tool
verted VRML 2.0 files, but not VRML 1.0.Polytrans
and Softimagewould convert VRML 1.0 to Maya but These two lines allow a simple check to be made to ensure
were both financially prohibitively expensive and would the file is valid for further processing. The third line con-
not convert to Radiance’s file formats [14][15]. tains a comment identifying the name of the object. The
This work made extensive use of the VRML 1.0 and important fields we are concerned with are:

Radiance’dl Cfile specifications[17][10][9]. o Text ure2

e Text ur eCoor di nat e2

3 Acquiring Data
e Coordi nate3
The quality of the image produced by a renderer is only as
good as the information given to describe the scene. The e coor dl ndex
scanner captures 3D information about the shape of a sur-
face of a model by measuring the distance from the scan-
ner to points on the surface. With an accuracy of less thanrye fie|ds are case sensitive. If there is no texture infor-
a millimetre the laser scanner can create realistic meshes,ation saved in the file then the Texture2, TextureCoordi-
from objects. After measuring the 3D depth data, the Vivid 62 and textureCoordindex fields will not be present.
910 uses its CCD to capture a 2D image in the same Way e conversion from VRML requires the texture to be

fadig.ital camera does. The CCD relies on ambient light toseparated from the mesh. VRML files are separated into
illuminate the target. sections relating to texture, vertex and face information.
Three components are created from the VRML file:

e t ext ur eCoor dl ndex

e The 2D texture (stored as a bitmap).
e A mesh file (stored in OBJ format).

e A material file (used by Radiance and Maya to tie the
texture and mesh together).

Figure 2: The components of a scanned model 41 Texture Data
The scanner software then matches points on the pho4.1.1 Extracting the VRML Texture

tograph to points in the surface mesh and exports the data ) , )

as a VRML file which contains both the mesh and bitma\p.-rexu?r_e IS saved in th§e>_<t ur e2 field. The_VRML 1.0 )

Figure 2 shows an exploded view of the components, a oppecification allows the file to store all the image data di-

image(A) is mapped onto a 3D mesh(B) and the combineJeCtly inside the file. To identify this, the first line in the

textured mOdel(C) Texture? field is:

i mge <wi dt h> <hei ght> <f or mat >

4 Separating Data The<f or mat > value determines the format of the texture

. . data that follows. The Minolta 910 always uses format ‘3’
The VRML files which are output from the laser scanner \ynich is a three channel (red, green and blue), one byte
contain all the texture and mesh data in one file. Our aimper channel, hexadecimal layout:

is to separate these into three independent files.
VRML files have two formats: the binary format, which OxRRGGBB
has a smaller file size but is only machine readable and e.g. OXFFO000 would be pure red.



The scanner exports VRML files with texture embedded T€Xt ur €2

in them. The texture is a merged composite of all the pho-

tographs taken during the scans that make up the model. el (material file)
The number of these values is dependant on the size of the pug(tezturefile) } Maya
image, the total given by: 0:RRGGBB
< width > x < height > %\
: : T . .mat terial fil )
The first entry in this list is the bottom left because this gicggz tZ:ZeCLLfiJ;Ze)e) } Radiance

represents the origin (0, 0) in the U V coordinate system.
The scan lines then go left to right, bottom to top.

4.1.2 Creating Traditional Bitmap Files VRML format OBJ format

The texture information is read into an array. This canText ur eCoor di nat e2
then be used to create texture files in traditional bitmap

formats e.gPNG, TI FF. Our application was written in Indextopointinimage
. . . . UV —— vtuv

Java [16], so it was straightforward to save these files using

the baSiC Java API. Coor d| nat e3

4.1.3 Creating Pl CFiles zyz, LTSy,

EI Cfiles are the way Rgdiance stores all images, includ—l ndexedFaceSet
ing those of the scenes it has rendered. Because the main
aim of the work was to smooth the pipeline from scanning
an object to rendering it, it made sense to be able to export
Pl Cfiles directly. This means that the images are ready to
be mapped directly onto the object’s surface.

Because th®l Cfile is being created from a file without
any gamma information, a value of 2.2 is assumed. This is
the common value used in PCs [1] and is also the default
value used in the Radiance programs §pn, ratiff to
convertTl FF andPPMbitmaps toPl C) [9].

In a high fidelity image generation, the colour and illu- o Textureonface, , . .
mination values are at least as important as the content, if ij, k=1 ————=1ta/ib/jc/k
not more so. So, rather than just recording one byte for
each of the red, green and blue values,Rh€file system
uses 32 bits. One byte for each of the RGB channels, an
a fourth 1-byte component E, the Exponent. This means
that the ‘dominant’ colour is described most accurately.

As with the Radiance utilities, a pre-calculated table of 4.2.2 Texture Mapping
exponents is stored in memory to save computation time.

coordIndex

Faces
1

a, b, c,— fabc

textureCoordindex

Figure 3: The Conversion Process From VRML to Maya

The modeling program needs to know what texture should
be applied to the surface of the model. VRML uses UV
4.2 3D Data texture mapping (described earlier). In VRML files tex-
421 Vertices tures are listed in the TextureCoordinate? field as a list :

The computer model of the object that has been scanned €:9- ulvi,
is made up of vertices. Each vertex is a point in three- uz vz, ...
dimensional space, so is described by three orthogonal co-

ordinates. In VRML, vertices are collected in the ‘Coordi-
nate3’ field, in a list

Each of these coordinates refers to a colour on the tex-
ture map. The order of this list is important because the
e.g. x1, yl1, z1, x2, y2, z2, ... colour of the faces is given in the ‘textureCoordindex’ by
referring to the point in this list where the coordinates are
to describe the point on the texture map where the colour
information is.
eg. v xlylzl The OBJ format also uses UV mapping. Unlike the
vV X2 y2 z2 VRML format it does not have the capability to store the
texture in-line in the file. At the start of the file the key-

In OBJ vertices are identified separately with a ‘v’ at the
start of the vertex:



wordl oadnt I mtl file tells the program that the material all the information together. Each face starts with ‘f’ and
file identifying the materials used in that object is called then the vertices are listed. If texture information exists
mtl_file. Then, another keywordjsent | material indi- then the reference is placed next to the vertex separated by
cates that materiahaterial from that material file should a'/.

be used to colour the vertices that follow appear on the

lines that follow (until anothensent | or the end of file e.g.

is reached)OBJ files use the same principle to define the f vertexl/texturel vertex2/texture2 vertex3/textures3 ...
texture of a vertex. A list of vertex textures is made and
then referenced later in the face descriptionOBY files
the vertices are separated by at the start of the refer-
ence:

In OBJ files exported by the scanner, no texture informa-
tion associated with the face.

e.g. vt ulvl 4.3 Material Files
vt u2v2 o
Although material files are used by both Maya and Ra-

diance to describe how a texture should be applied to a
In the files exported by the scanner this section is missingmodel, the format of the two files differ.
This means that there is no accurate way of fitting a texture
to the.object..For. examp!e, if the texture.was exportgd as3 31 Maya . MIL files
spherical projection and it was then applied to the object in
Maya with the default method, say cylindrical projection, Maya stores the information about how a material should
then the resulting rendered picture would be incorrect.  be applied to an object in a file separate from the defini-
tion of the object itself. Th&BJ file has within it the pa-
423 Faces rameterd oadnt | andusent| which tell Maya which
material file to use. Comment lines begin with a ‘#, and
So that the object appears as solid rather than a cluster ahe file can define several textures within it, each with the
points, the points are joined into faces. Any number of ver-form:

tices can be joined into a face, but fortunately the scanner

software program only uses between three and five points nNewnt | texture name
per face which simplifies the conversion process. Faces Kd RGB

also have a texture associated with them. This texture is Ka RGB

derived from the textures recorded at each of the vertices Ks RGB

that comprise the face and is then ‘stretched’ over the face. Mp-Kd bitmap file name
In both VRML and. OBJ files the vertices and textures are
referred to by their position in the list of vertices given at
the start of the file. The order in which the vertices are
listed for each face determines which side of the face is
‘inside’ and which is ‘outside’. VRML files have a field
calledl ndexedFaceSet which contains the informa-
tion about faces. It is then separated into at least two part
(the files exported originally only used the two sub-fields
discussed here). THéoor dl ndex field contains the ba- ] ]
sic face data. It lists the vertices making up each face#-3:2 Radiance . MAT files

The list of vertices for each face is terminated with Radiance can import OBJ files and makes use of the

(because the vertex is referenced according to its position,sent | andl oadnt | keywords to load its own mate-

in a list there can obviously be nal). The ‘textureCo- g file, . MAT files are the material description files used

ordindex’ field contains the texture data for the faces de-by Radiance. Again, they are are simple human-readable
scribed in the previouSoor dI ndex field. Consequently  Ascy) files. Comment lines begin with a ‘#".

there must be the same number of faces and the same NUM- 35t as the MTL files describes how a bitmap should

ber of vertices in each face. Order is important again be,q applied as a texture in MayalAT describes how the

cause the first face in this list refers to the first entry in bitmap should be applied in Radiance. However, Radiance
theCoor dl ndex list. This time, instead of vertices, tex- only accepts Pl Cformat files as textures.

tures are listed (i.e. referring to the UV texture listed in

the TextureCoordinate2 field. Again, -1 denotesthe endof # Section 1

a face. InOBJ files the vertices and textures are referred voi d col orpict patt

to by their position in the list of vertices given earlier in 7 clipr clipg clipb \

the file. Again, the the order determines which faces are texture.pic. Lu Lv
'inside’ and 'outside’.0BJ files describe faces by keeping 0

Where:

Ks is the specular coefficient (colour of highlight).

Ka is the ambient coefficient (background or fill light).

Kd is the diffuse coefficient (base colour).

map_Kd provides the name of the bitmap file containing
The texture map.



0

# Section 2

patt pl astic materiaLname
0

0

50.250.250.25 00

The first line of the first section defines canvas as a ma-
terial with a texture applied to it. The second line starts
with a number identifying the number of arguments on the
line (as is usual in Radiance). Tl i p_r /g/b limit the
intensity of the texture map to prevent it from glowing in
the scene. Theicfile is thePI Cfile of the texture which ~ Figure 5: The High Fidelity Render of the Jug Model in a
we extract from the VRML file.Lu andLv specify the ~ Scene Generated in Radiance

mapping system to use, i.e. UV (as described in section

3.2) rather than tiling the texture over the mesh.

. ) . ) complex polygon surfaces. Mapping onto simple planes
The second section defines the matemialerialname o yeq correctly, but not when applied to more compli-

which is identified in the OBJ filg by thegseml key- cated polygons. At the September 2003 Radiance con-
word, as being an opaque (plastic) material of the type CaNtarence version 3.6beta was released with an improved

V?;’]."e' ha:_vmg;het_t?xtutrﬁ prOJIectedfotEFo It '[h(_e Ilas_tr::.neobj 2mesh program. This new release fixes the problem
ot this section identihies the colour of this matenal. ThiS 44 5 when used in conjunction with out software, al-

is largely irrelevant because the texture takes the place oﬁ)ws high fidelity rendering of scanned objects, as shown
any colour value.

in Figure 5.

5 Results )
u 6 Conclusions & Further Work

Once the texture map has been extracted using our ap-

proach it can be mapped onto a model. The scanner softfhe conversion pipeline developed enables texture and 3D
ware can export May@BJ meshes, but they have no tex- data captured by a Minolta scanner to be converted to for-
ture mapping information. Consequently when Maya triesmats which can be used with Maya and soon with Radi-
to map the texture onto the mesh it does not ‘fit', as shownance, enabling the data to be combined with other complex
in Figure 4. Our software extracts the texture mappingmodels and rendered in high fidelity scenes.

information (theText ur eCoor di nat e2 andvt data Maya has a function to reduce the number of vertices in
described earlier). a polygon model. This function works with polygons cre-
ated in Maya, but does not work with the polygon meshes
from the scanner. A variety of methods were investigated
using a small model (with 100 vertices) to try and resolve
this problem: Neither th€&BJ files exported by the scan-
ner or our software can be reduced. Vertex normals were
calculated and included in a file (these are not normally
included by either program because they were deemed un-
necessary) in case this made a difference, but to no avail.
Figure 4: A Jug Model Rendered In Maya Using ScannerCurrently the only way to reduce the size of a model is to

Software[left] and with Texture Map Using our method l0ad the original file in the scanner’s software and reduce
[right] it there. It would be more convenient to include polygon

reduction in our software or write a plug-in for Maya to do
Loading theOBJ file and texture in Maya revealed a mi- this.
nor error in the scanner’s software. Originally the conver- In many archaeological reconstructions it is necessary
sion program was written according to the VRML speci- to consider the period lighting that would illuminate a
fication. Comparing the output bitmap to the texture dis- scene. This means that the effects of modern, artificial
played by the scanner showed that the bitmap was upsiddights captured by the CCD must removed. The complete
down. Adjustments were made to our program to allow model is formed by stitching the separate scans together.
the user to select which way up to export the texture. TheThe problem is that the edges that are stitched at differ-
default setting is now correct for Maya and Radiance. ent distances from the spotlight used to illuminate the ob-
When this technique was being developed, Radiancgect. Consequently, when the texture is merged a tide mark
(version 3.5) was not capable of mapping textures ontoforms at the join. In Figure 6 the left half is more shaded




Figure 6: A bowl showing lighting boundary [5]

than the right and the join is clearly visible. For the most
part, this problem can be overcome by careful, equal illu-

Blais, P. Boulanger, J. Domey and M. Picard, "Ac-
tive Optical 3D Imaging for Heritage Applications”,

In Computer Graphics And Applications 'Art His-

tory and Archaeologypp. 38-50 September/October
2002

M. Levoy, K. Pulli, B. Curless, S. Rusinkiewicz, D.
Koller, L. Pereira, M. Ginzton, S. Anderson, J. Davis,
J. Shade and D. Fulk, "The Digital Michelangelo
Project: 3D Scanning of Large Statues” Siggraph
Proceedings 20Q@2000

mination of the target. However, as the finished compos- [6] Ann McNamara, A. Chalmers, T. Troscianko and

ite model comprises several scans, selecting which scan’s
texture image should be applied to the final model could
improve the results.

A similar problem occurs with highlights on the objects’
surface. If two scans are taken of an object which is rotated
between the scans, one highlight will appear on each tex-
ture map. If the scans are carefully organised to overlap
then the area with the highlight from the first scan can be
replaced by the same area from the second scan without
the highlight. The highlight from the second scan would
then be replaced by the same region in the third scan and 8]
so on. This would be a very useful feature but it would
be hard to implement because by the time the texture has
been merged by the scanner software it is too late to mod-
ify the individual scans. One possible way to approach
this problem would be to export the unmerged image from
each scan then choose the parts of the image that you wan{9]
to apply to the mesh (i.e. those images without the high-
lights).

(7]

(10]
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