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Abstract

In this report, we describe methods of acquiring an ervironment map by image mosaiking. We
focus on technique details of the di®erert algorithms involved. These algorithms include image
matching, homograply estimation, linear image warping and linear self calibration. Many of these
details are distributed in various publications and we here bring them together. Furthermore, these

algorithms are widely usedin other circumstancesand we provide all the C++ code for ead of the
algorithms.
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Figure 1: Build environment map from multiple images

1 Intro duction

The ervironment map is a represenation of all light that readesone point in spaceat a certain
instant of time. It is necessaryto many virtual reality and augmerted reality applications [2, 8,
15, 16, 12]. There are mainly two ways to acquire an environment map. Using wide “eld of view
lensesor imaging devices,suc as Columbia's OmniCam [10, 11], the whole scenecan be captured
in a singleimage. Howewer, the imagesacquired have substartial distortions and the image quality
is low becauseof mapping an ertire sceneinto a xed resolution video camera. Image mosaiking
[8, 15, 16, 14] is another way to cover the whole ervironment by stitching regular imagestogether.
It doesnot needspecial imaging devicesand doesnot compromisethe image quality.

There are three major stepsin image mosaiking. Image alignment determines the transfor-
mations that align imagesto a mosaic. We will show that this transformation is a 2D projective
mapping when the camerarotates around its certer of projection. Onceimagesare aligned, we must
cut the correct portion of an image and paste it into the mosaic. Finally, blending is neededto
eliminate artifacts along image borders. Image alignmert is the most important step and we will
deal with it in great detail.

Regular images have only limited dynamic range, usually 8 bits for ead color channel. Pixel
values of an image don't give the accurate lighting values. To recover the full dynamic range of a
scene,we used the method given by [3]. The method computesthe radiance value (up to a scale
factor) from a set of imagestaken at di®erert shutter speeds. The responsefunction of the camera
is obtained in the process. After we have the responsefunction and the mosaic of a scene,we can
get the ervironment map. The processis shawvn in Figure 1.

Cameraparametersare generally not neededfor image mosaics. But for cylindrical and spherical
panoramas,we have to know the cameraparametersto warp the imagescorrectly. We will describe a
simple linear self calibration method for rotating cameras. Experimert results are given afterwards.
This report is part of our goal of inserting virtual objects into a real scenewith correct lighting
e®ects,which are obtained from the ervironment map. A simple demonstration of this application
is presened in the last part of the report.



(b) Warped images

Figure 2: Three warped imagesof the vision lab

Figure 3: A part of panorama of the vision lab

2 Cylindrical panorama

A cylindrical panorama s obtained by warping and pasting imagestaken from a panning camera.
Each scenepoint x = (x;y;z)" is mapped to the cylindrical coordinate system by
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Three warped imagesusedin constructing a panoramaare shown in Figure 2.

Oncethe imagesare warped, the motion betweentwo imagesis pure horizontal translation (the
di®erenceof panning angles). In real life, there is also small vertical misalignmernt betweenimages
and we needto estimate a 2D translation. A coarse-to- ne matching, using a Gaussianpyramid, is
performedto compute this translation. Figure 3 shaws part of a cylindrical panorama of the vision
lab.

Although the cylindrical panoramais easyto capture and create. It has the disadvantage of
limited vertical "eld of view. Also, the focal length is required to warp the images. In following
sections,we will describe a more generalmodel of image mosaidking.



3 2D pro jectiv e transformation

The imaging processcan be described by the equation
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contains the intrinsic parameters of the camera. E is a rigid body transformation matrix and has
the form m 1
E = R t
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where R is a rotation matrix andt is a 3D translation vector. Assuming the camerarotates around
a xed point, t = 0. Thus the equation 2 can be rewritten as
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We can seethat a 3D to 2D projective mapping now becomes2D to 2D. Let's considera point X;
and its two projections u; and u? in two imagestaken by a rotating camera. We have u; = K Rx;
and u? = KR%;. It follows that

u’= KRR K i tu; = Hu; (5)

The equation meansthat ead point in one image can be transfered to the other by a 3£ 3 linear
transformation. This is why we can paste together seweral imagestaken by a rotating camera. Note
that there is no sudc relationship betweentwo imagestaken by a cameraunder generalmovemert.
The procedure of image mosaidking is now clear. First we choosean imagel in an image sequence
li(i = 0:::n) asthe baseimage. We compute the homographiesH;(i = 1:::n) betweenl;(i =
1:::n) and lo. Each imagel;(i = 1:::n) is then transformed to the coordinate systemde ned by
lo using Equation 5. Theseimagesare blended together in this single coordinate system forming
the mosaic.

4 Image alignment

4.1 Interest points

To compute H in Equation 5, we needto know the corresppndenceshetweenimages. Distinguished
feature points are tracked using a method similar to [13]. Instead of using the corner detector in
[13], we used Moravec's interest operator [9]. We chooseto usethis operator because

2 |t is e®ectie. The detector is basedon an auto-correlation function of an image. It captures
the gray value variation around a point. A point is detected as a feature point if the variation
is big enough. This will help a later correlation basedmatching algorithm.



Figure 4: Feature points extracted by the Moravec operator.

2 |t canbe computed easily Unlik e the corner detector usedin [13] or the Harris corner detector
[4], another widely usedfeature detector, no eigen-\alueshave to be solved.

The Moravec operator works in three steps.

1. Calculate the interest value of a w £ w window certered at (c;r).

Vio= :Z:ztl 1(gC+i;r i gc+i+l;r)2
Vo = p ;z-ikl(gc+i;r+i i Oc+i+lr+i+1 )2
V3 = P ;z-ikl(gc;rﬂ i Ocr+i+l )2
Va = :z. ikl(g<2+ B0 Geritlirg i 1)°

wherek = bw=2c and g is the grey value at (c;r). The interestvalue at (c;r) is

[ Ver = min(Vy; Vz; V3; Vy):

2. The points with big enoughinterest valuesare potential feature points. The threshold should
manifest the outstanding points and can be determined by computing the meanE and standard
deviation %40f all the interest values. In our implementation, we adopt E + 3%asthe threshold.

3. Scanthe entire image. If there are seweral points within a window with interest values above
the threshold, we choosethe one with the biggestinterest value as the feature point.

For numerical reasons,a better H can be computed by featurespoints distributed over the whole
image. Thus, a minimum distance constraint is enforcedafter the feature points have beenchosen.

Figure 4 shows the feature points selectedusing above method. We use7£ 7 windows to compute
the interest valuesand 15£ 15 windows to Tter out non-local-maxima. The distance betweeneadh
point is at least 20 pixels.

The corresponderts betweentwo imagesare then establishedby the following method.

1. Estimate the global o®setbetweenthe two imagesby using a multiple scalecorrelation.

2. For eadt feature point in the rst image, select potential corresponding points in the sec-
ond image using the information of the global o®set. Find the exact corresponding point by
correlating a 9£ 9 window around ead point.



4.2 Computation of homograph y

A 2D homograpty H has 8 degreesof freedom, thus can be computed by 4 correspondences.Let's
consideranimagepair | and|%and let x; = (x;i;yi;1)" andx°= (x%y% 1)T be corresponding points
in the two images. We have

x2= s Hx;;
where s; is an unknown scalefactor. It can be rewritten as

x% = shlx
y? = sihyxi ;
1 = Sih-gl—Xi

whereh];h];hl arethe row vectorsof H. Eliminating s;, we have
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0" xT jyXT

where h is a vector formed by stadking h;;i = 1;2; 3 together. Given n corresponding points, we
have n such equations,which canbewritten asAh = 0. For n > 4 points, this is an over-determined
systemand can be solved in a linear least squaresenseusing SVD. For better numerical results, the
point setsare normalized asin [6].

A maximum likelihood estimation of H (assumingan independert Gaussianerror model) can be
obtained by minimizing the following objective function

h = 0;

dxi;H 2x92 + d(x% Hx;)?
i
The Levenberg-Marquardt algorithm is usedto solve this nonlinear least squaresminimization. The
H computed by the linear method is usedasthe initial guessin the minimization.
The computation of a homograpty is extremely sensitive to outliers. A robust method, RANSAC
[1], is used. It is conductedin the following way.

1. Randomly selecta sample of 4 pairs of points to compute an H.
2. Compute the distance d?(x%; H x;) for every points x; and x?.

3. Compute the number of inliers whosed? is lessa threshold D. Theseinliers consista consensus
setS.

4. If the sizeof S is greater than a threshold T. Re-computeH from points in S and terminate.
5. If the sizeof S is lessthan T, repeat the above stepsfor N samples.

6. After N samplings,re-compute H from the largest consensusset.
There are three parametersto be determined.

2 The number of samplingsN. One choiceis to run through all possiblesamples. In the case
of computing homography, it is C# samplings, n being the number of points. This is a huge
number even when n is moderately big. Instead of trying all possibilities, an N is chosen
accordingto a probability p that a subsetof s points are inliers. Supposew is the probability
that any selectedpoint is an inlier, and then 2 = 1 w is the probability that it is an outlier.
We must at least make N samplingssothat (1j wS)N = 1; p. Thus we have

N = log(1i p)=log(li w®): (6)

In practice, we don't know w or 2 before hand. The following adaptive method is used to
determine N [7].



Figure 5: Correspondencesafter RANSAC is performed.

1. N =1 andcounter = 0.

2. While N > counter, choosea sampleand court inliers. Compute 2 and then N according
to Equation 6 with p = :99. Increasecournter by 1.

2 The distancethreshold D. In [7], it is assumedthat the measuremen error is Gaussianwith
zero mean and standard deviation ¥ henced? is a A? distribution. The probability that a
A? random variable is lessthan any given number t2 is given by the cumulativ e chi-squared
distribution, F (t?), which can be looked up from any standard mathematical table. When set
t? to 0:95, we get D = 5:99%%. This mathematics does not work out in real life becausethe
distribution of the measuremen error is certainly not Gaussian. There are outliers! We got a
big %in our experiment and the consequencavasthat many points fell into a consensusetand
won in the nal decision. In fact, D should be set as a desirable value directly, for example, 2
(pixels). If astringent D is set, it may generatevery small consensussets. If this happens,we
have to relax D. In our implementation, we setD = 1:5D and perform the sampling again.

2 The size of the acceptableconsensusset T. There are two requiremerts for this parameter:
to ensurethat the correct model is found and to satisfy the needsof the "nal smoothing
procedure. If we know 2, an obvious choiceis T = (1 2)n. If we don't know 2, we could set
T to avalue a little bigger than that necessaryfor a smoothing computation.

Figure 5 shaws the correspondencesof two images. Darker points are inliers after RANSAC is
applied.

4.3 Image blending

Even if imagesare perfectly aligned, there are still di®erencein intensity values. This di®erenceis
due to changing cameragain or lens vignette. In order to eliminate the artifacts induced by the
di®erence we weight ead pixel in every image. A natural weighting function is the hat function,

=20 0. . w=2j j.

. _.h
W)=l IEi— 5]

whereh and w are the height and the width of the image. Intuitiv ely, this function giveslessweight
to the pixels along the image edges.



Figure 6: A mosaicof a corner of the vision lab



5 Self calibration

In general,to stitch imagestogether, we can just determine the homographies. However, for cylindri-
cal and spherical panoramas,we have to know the cameraparametersto warp the images. Camera
parameters can be obtained by o2ine calibration. However, in the caseof panorama construction,
we usually have many imagesof the same scene,this allows us to use self calibration techniques.
Moreover, theseimagesare taken by pure panning, in which caseself calibration takesa very simple
form [5].

From equation 4, we have
Hj = KRR 'K 1= KRy K %
where Hj; is homography betweenimagei and imagej. SinceR; is an orthogonal matrix, we have
Hij ! °H =1

where! ® = KKT. This givesus 6 linear equations about ! ®. K can be obtained by cholesky
decomposing! °.

6 Recovering the camera response function

In our application, we want to useacquired ervironment lighting information to compute the illumi-

nation for a graphical object. The standard ray-tracing algorithm will casta ray from a light source
and hit a point on the object. The value of this point in the rendering is determined by the radiance
value of the light sourceand the BRDF of the object surface. Imagestaken at a certain exposure
usually saturate at light sources(pixel value 255) and are under exposedat dark places(pixel value
0). These pixel valuesshould clearly not be usedas the radiance value.

We herebrie®y describe the algorithm preseried in [3]. The expsure X is de ned asthe product
of the irradiance E and the exposuretime ¢ t. A pixel value Z is a nonlinear function f , which is the
responsefunction of the camera,of X . If we know f , we can obtain the irradiance E = f i 1(Z)=¢ t.
The key obsenation is that the domain of the function f is limited, namely at integer points
between[Zmin ; Zmax ]- The algorithm works asfollows. Take P imagesfrom the samevantage point
at di®erert known exposuretime ¢ t;. ChooseN points from ead image. Assuming the radiance
Ei;i = 1:::N for ead pixel is constart. We have

Zy = f(Ei¢t):

Assuming f is monotonic, the above equation can be rewritten as
InfiX(Zj)=InE; +In¢t:
Let g= Infi ! wehave
9(Zij)=InE; + InCt;:

This provides a set of equations, in which Z; and ¢t; are known. The unknowns are E; and
0. Notice that we only needto solve g for the domain of [Znmin ;Zmax ]- If N £ P is bigger than
(Zmax i Zmin + 1)+ N, we can solve E; and g by minimizing the following objective function

X ,
0= [g(Zij ]li INEjj In¢ tj]
i=1 j=1



Figure 7: A set of imagestaken at di®erert shutter speeds

In practice, there is a smoothnessterm addedto the function and weights are assignedto di®eren
9(Zjj ). Theseextensionslead to the nal equations

)(\I XD ) Zm)@ i1 )
0= w(Zi)[9(Zili NEijj In¢t]=+ | [w(z)9%{2)]
i=1 j=1 2= Zmin +1

wherew(z) is the weight function and g®is the secondderivative of g. We usea simple hat function
for w and compute g®via discrete di®erence.

Figure 7 shavs 9 imagesout of 17 we usedto compute g. Figure 8 givesthe recovered response
curvesfor 3 color channels.

7 Discussion

We described methods to create the environment map of a scenefrom multiple images. Our im-
plemertation of the methods runs fully automatically and producesgood results. The environment
map only givesthe light distribution at a single point. If we want to know the lighting at every
point, we needto know the geometry (or structure) of the scene.How to reconstruct the sceneand
combine with environment mapsto form a thorough represettation of the lighting still needsto be
investigated.
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Figure 9: A control program for Sory EVID30 cameras

A Using the Sony pan-tilt camera

The Sory EVID30 camerais a panftilt/zo om camera with great capabilities. The camera can
be controlled via a RS232port. The local documertation of the camera are under /u/bh/sony .
The source code of cortrolling the camerais under /u/nelson/programs/src/robot/pt _Camera
| augmerted the original code with more exposure and focusing cortrols. The sourcecode can be
found at /u/bh/sony . A graphic userinterface (Figure 9) to commandthe camera,show live pictures
and capture imagesis under the samedirectory.

| also wrote a Tcl extension to make batch capture easier. The extended Tcl interpreter is
/u/bh/bin/camtclsh . A typical usageof the extensionis shawn in the following Tcl code, which |
usedto capture the image sequencen Figure 7.
#!/u/bh/bin/camtclsh

# create an instance of the camera
EVID30Cameracam

# create an instance of the capture board using default settings
BT848Capture cap

# init the camera, using the default serial port
cam init

# set auto focus, let the camera focus on the target
cam focus auto

# wait for 2 seconds, let the camera be stable
camwait 2

# set manual exposure and manual focus, thus fix the intrinsic params
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cam exposure manual
cam focus manual

camwait 2

# set the exposure to desired values

camiris 15 ; # equiv. to F2.4

camgain 0 ; # no gain

camshutter 0; # start from default shutter speed, 1/60s

camwait 2

# check if the camerais set to the given state
puts "iris: [cam iris]"

puts "gain: [cam gain]"

puts "zoom: [cam zoom]"

puts "focus: [cam focus]"

# save images to /tmp
cd /tmp

# take pictures at diffrent  shutter speeds
for {set i 0} {$i < 28} {incr i} {

# set shutter speed
cam shutter  $i
camwait 2

# capture a frame at current shutter speed
cap capture

# assign file namesaccording to current shutter speed
set suffix [format "%02d" $i]

# save images as ppmfiles
cap save visionlab${suffix}.ppm

puts "$i finished [cam iris] [cam gain] [cam zoom] [cam focus]"

B A scene viewer for Radiance

Our goalis to render graphical objects using the acquired lighting. We chooseRadiance to perform
the rendering. Radianceis a project that was developed by Greg War Larson at Lawrence Berkeley
National Laboratory for the purposeof creating sceneswith a powerful and °exible lighting model.
Radiance is able to create accurate scenesby using powerful ray tracing techniques, giving the
user per-pixel accuracy Radiance works by taking in a scenedescription from a Te(s) along with
a parameter for a viewpoint and compiles the sceneinto an octree that acts as an excient data
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structure for ray tracing. The octree is then usedto create an image by following ead ray through
an image plane to its source. For easy manipulating of graphical objects, we write a front end,
which we call it a sceneviewer, to Radiance. With this tool, we can easily modify the positions
and re°ectance properties of graphical objects as well asthe light sources.In what follows, we will
brie°y describe how to use Radiance and the sceneviewer.

B.1 Radiance e format

The rst stepin the useof radianceis creating a scenedescription Te. Scenedescription Tes canbe
very complicated soit is suggestedthat one should useMake Tes to make the whole processsimpler.
Here is an example of a Make Te from a scenedescription cortaining a da®dil in the middle of a
room.

# # Makefile for examples #
DEV=x11

daf: daf.oct
rview -o $(DEV) -vp 50 60 40 -vd 0 -0.707107 -0.707107 -vu 0 1 0\
-vh 20 -vww 20 -av .2 .2 .2 daf.oct

daffodil.pic: daf.oct
rpict -vp 50 60 40 -vd 0 -0.707107 -0.707107 -vu 0 1 0\
-vh 20 -vww 20 -x 470 -y 470 -av .2 .2 .2 daf.oct > daffodil.pic

daf.oct: daffodil.xf room
oconv daffodil.xf room > daf.oct

daffodil.xf: daffodil
xform -e -rz -40 -t 50 40 20 daffodil > daffodil.xf

exm: examp.oct
rview -0 $(DEV) -vp 3 2 5 -vd -0.268328 -0.357771 -0.894427 \
-vu 010 -vh 45 -ww 45 -av .25 .25 .25 examp.oct

examp.pic:  examp.oct

rpict -vp 3 25 -vd -0.268328 -0.357771 -0.894427 \
-vu 010 -vh 45 -vw 45 -x 470 -y 470 -av .5 .5 .5 examp.oct >
examp.pic

examp.oct: examp
oconv examp> examp.oct

clean:
rm -f *log; rm -f *POLY; rm -f *log; mm -f *xfirm -f *.oct

This Make'le is usedto ensurethat all of the octreesthat are neededto create pic Tes that can
be viewed are created. Pic Tes are simply views of the scenethat may be viewed at a later time.
Sinceradiance is essetially a ray tracer, it cannot be viewed in real time, making the pic Tes a
necessiy. This Make Te allows for the creation of two di®erert scenes.One sceneis the scenewith
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a single sphereand the other is a scenewith a da®dlil. To launch the spherescene,type \make
exm". To launch the da®dlil scene,type \make" or \make daf'. The scenethat will be usedto
explain how radiance works will be the da®ddil scene.

The da®dil scenebeginswith aTe calleddaf.rad. The Te will not be printed herein its ertirety
sinceall the radiance les can be quite lengthy. daf.rad is full of descriptions of objects in the scene
similar to this...

modifier type identifier
n S1S2S3.. Sn

0

mMR1R2R3.. Rm

This is a primitiv e. All radiance Tes are full of primitiv esthat can describe anything from a
simple polygon to a light source. daf.rad is full of primitiv esthat describe materials, light sources
and polygons. The rst line of the primitiv e describes the object. The secondline and are the
objects argumerts. Arguments are described by rst indicating how many argumerts of a certain
type there are and then listing those argumerts one by one.

The rst argumerts are strings... n S1S2S3.. Sn

The secondare integers. Sinceradiance cortains no integer argumerts, they will be described as
zeroargumerts. 0

The third are real numbers... m R1 R2 R3 .. Rm
In radiance Tes, lines beginning with

2 # indicates a commert

2 | indicates a command

These are examplesof radiance primitiv e types

1. Material

void plastic ivory

0

0

5 0.5 0.4 0.4 0 0.3

Materials have many di®erern types of argumerts. Here, a material of type plastic named
ivory is being described. The argumerts for ivory have no strings or integersand v e doubles.
This is evidert by the rst integer at the beginning of every line after the void plastic ivory
declaration. The v e real number argumerts for ivory represen red, blue, greenfor the color
and secularity and roughnessfor the material property. All of the argumerts have a maximum

value of one.
2. Light
void light fluorescent
0
0
3 16 16 16
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Lights have many di®eren formats aswell. There are many other typesof lights in radiance.
Here we view one of the simplest forms of light. Fluorescer hasno string or integer argumerts
but has three real number argumerts. These three real number argumerts represen the
intensity of the three separatecolor componerts that is emanating from the light source. Red,
greenand blue all have an intensity of 16. Light intensity doesnot have a maximum value.

3. Polygon

fluorescent  polygon fluorl

0

0

12
51 95.75 30
51 95.75 78
30 95.75 78
30 95.75 30

A Polygon is a type of shape in radiance. Polygons have no string or integer argumerts but
have many real number argumerts. The number of real argumerts depends on how many
vertices are neededto describe a simple polygon. In this example, four vertices are neededto
create the polygon °uorl. The number of real argumerts for type polygon must be divisible
by three.

For more information on the rest of the typesin radiance, pleaserefer to the radiance manual.

Along with descriptions of objects in the scene,daf.rad also has a transformation of an object
in the form of a command called xform?

Ixform -e -rz -40 -t 50 40 20 daffodil

xform is usedto transform objects. Sincethe Te da®dlil hasbeeninput, xform will transform
all objects in da®dlil. In this example,-rz signi es a rotation around the z axis and -t signi es
a translation.

The nal xform commandin the daf.rad TTe referencesa Te called da®dalil. Somenew types
of primitiv esare found here.

4. Ring

daf_yellow ring petall

0

0

8
1.2 0.2 0
-0.25 11 0
0 1.2

A ring is of type shape. Rings have no string or integer argumerts but have eight real number
argumerts. The rst three argumerts represern the certer point of the ring, the secondthree
represen the normal point of the ring and the last two are the inner and outer radius of the
ring.

5. Cylinder
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daf yellow cylinder stamenl

0

0

7
0 0 0
0.2 2.8 0.05
0.08

A cylinder is of type shape. Rings have no string or integer argumerts but have sewen real
number argumerts. The rst three argumerts represen the top point of the cylinder, the
secondthree represen the end point of the cylinder and the last argumert is the radius of the
cylinder.

. Cone

stem_green cone base_top

0

0

8
0 0.2 0
0 -0.5 0
0.25 0.1

A coneis of type shape. Coneshave no string or integer argumerts but have eight real number
argumerts. The rst three argumerts are the top point of the coneand the secondthree points
represern the end point of the cone. The next two argumerts specify the beginning and ending
radius of the cone.

. Sphere
stem_green sphere base_bot
0
0
4 0 -0.5 0 0.2

A sphereis of type shape. Shapes have no strings or integers but have four real number
argumerts. The rst three argumerts represen the certer of the spherewhile the last is the
radius of the sphere.

The da®dlil Te also contains new commands.

. Genworm

lgenworm stem_green stem ‘hermite(0,10,5,15,t)' 'hermite(-.5,-15,-20,-10,t)' \
'hermite(0,5,0,5,t)' 15 10

Genworm is usedto link cylinders and spheresto createcurvesthat can have varying diameters.
Using the gerworm command is perfect for the da®dlil scenesince gerworm can be usedto
create a stem.

. Genrev

genrev daf yellow trumpet ‘hermite(0,3,0,-5,t)' 'hermite(0,1.5,4,3,t)' 16 |\
xform -rx -90

Genrevis usedto produce an object of rotation from parametric functions for radius and axis
position. Genrev is used hereto create the top portion of the °ower.

16



Figure 10: Picture of radiance with da®dlil

C Scene View er Program

The sceneviewer program is usedas an additional layer betweenradiance and the user. The purpose
of the program is to allow the userto make changesto a scenewhile viewing the scenein real time
and nally view the sceneafter the change. The ability to changethe ervironment is accomplished
by editing the contents of the radiance scene les. The ability to view the scenein real time is done
by using a small openGL engineto render the radiance scene.Being able to seethe scenewith the
changesthe userhas madeis done by rst saving the changesto the radiance scenele(s) and then
calling radiance to view the "nal image.

C.1 Reading in Radiance Files

The sceneviewer program readsin a radiance sceneby reading the sameinput that the radiance
program uses,namely radiance Tes. Once the user has selectedthe Te to open, the program will
read through the radiance scene le and store these primitiv es. The primitiv esare stored the Scene
Viewer Primitiv e class.

class Primitive
int type, line;
vector<string>  header,
vector<string>  sargs;
vector<int>  iargs;
vector<double> dargs;

The Primitiv e classstorestwo integersto indicate the type and what line the primitiv e camefrom
in the radiance Te. The Primitiv e classalso stores headerand all the argumerts of the primitiv e.
Oncetheseprimitiv eshave beenstored, they are then processedn to a format that the SceneViewer
program can use. The primitiv es are converted to either Shapes or Materials. Materials have the
ability to changethe primitiv esthat they have spavned from directly. Shapes have the ability to
be drawn on the screen. The shapesare then stored into another classcalled Item. Each Te in the
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Figure 11: picture of sceneviewer da®dil

radiance sceneis given an Iltem instance of its own. All of the primitiv e shapesde ned in ead Te
are stored in the corresponding ltem object sinceead radiance Te usually describesa single object
in the radiance scene. These items have the ability to draw all of the shapeswithin them. These
items alsoallow the program to identify which shape the user haschosento edit during the running
of the program.

C.2 Drawing

After a scenehasbeenentered into the program, the useris able to view the scenein real time using
openGL. The radiance sceneis drawn using two classesmDraw and SubWin. ImDraw is usedto
draw the scenein the main window while SubWin is usedto draw in the sub windows. The drawing
of the sceneis a fairly simple process.Starting from the top down, drawing is handle in the following
manner?

1. ImDraw or SubWin calls the draw function of the Item class
2. Item classcalls the draw function of the Shapesthat it stores

3. Shapescall their own draw function. Thesedraw functions draw the polygonsonto the screen.

The ability to draw the sceneper item was usedinstead of drawing the sceneper polygon for a
cleanerrepresenation of the world. The cleaner represertation of the radiance scenealso allowed
the program to handle user selection easier. Since only one item can be drawn at onetime in the
sub window, organizing the world into items was the logical decisionto make. The Item - Shape
drawing structure also made interacting with the program much easiersince the task of choosing
one polygon in a sceneout of many polygonsis easierto do if the user selectsan item rst then a
single polygon from that item rather then having the userlook at all the polygonsin the sceneat
once. In the future, more classeswill be added above the item class. These classeswill allow the
engineto draw the scenemore exciently. One classthat should de nitely be addedis a Zone class.
With the new zoneclass,an enginewill be able to draw only one zoneat a time instead of drawing
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Figure 12: picture of lobby, elewator (transition) and °oor

all zonesat once. This would be helpful to avoid drawing Items that are not in the user view and
can be expandedto save memory as well.

A good example of the useof the zoneclasswould be a scenethat takesplacein a large building
with many rooms. A zone could be speci ed for the items outside of the building, eah room,
elevator and °oor. If the userbeganhis tour of this building outside, the program would only draw
the zonecorresponding to the outside of the building. This zone may have cars, trees and a hollow
represenation of the outside of the building. Once the user enters the doors of the building, the
zoneof the lobby of the building could be drawn and the zone of the outside of the building can be
ignored. The lobby zone can contain desks,peopleand a reception desk. If the lobby has windows
outside, only the viewable portion of the outside world has to be drawn. Creating a believable
window can be done by copying someof the items from the outside zoneto the lobby zoneor with a
simple texture that mimics the view outside of this window. Oncethe userhasentered an elewator to
reach the second®oor, only the elevator zonehasto be drawn while the lobby °oor can be ignored.
Oncethe userenters a °oor, the °oor zonewill be drawn while the elewvator zonewould be ignored.
When the user nally enters a room, the room zonecan be drawn while the current °oor zonecould
be ignored.

Zonescan be usedto save memory by allowing the program to only store a few zonesin memory
at once. Noticeable load times can be hidden by the use of transition zones. Transition zones
can be any areathat is betweenone zone and another. Using the samebuilding example, a good
transition zonecould be the elewator zone. Once a user enters the building, the lobby and elewator
zonecould be loaded. Oncethe usererters the elewator, the second®oor zonecould be loaded while
the elewator lifts the userto the second°oor. While this elewator leavesthe lobby, the lobby zone
could be unloaded from memory.

To work exciently, thesetransition zonesshould not be complicated enoughto slow down the
systemthe program is running on. When designinga transition zone,one should keepin mind that
spare CPU cycleswill be neededfetching the next zonedata from memory. An elewator zonewould
be a perfect example for a transition zonesince elevators are a small, sparseand con ned space.
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Figure 13: picture of program with main, sub and properties windows open (plastic)

C.3 User interaction

The SceneViewer program was deweloped at the University of Rochesterto make the creation and

modi cation of radiance scenesasier. Before this program, userswould have to gointo the radiance
scene les and individually look for the correct primitiv e to change. After the changeis made, the

user would have to call the ray tracer and view the nal input. This processcan be very tedious
and time consuming since many calls to the ray tracer and many changesto the radiance scene
“Tes would have to be madeto achieve perfection. The SceneViewer program improvesthis process
be allowing the userto selecta surfacein real time, make changesto that surfacewith a cortext

sensitive editor and to "nally display the changesthat have beenmade. The program allows the user
to forget things such as what radiance primitiv e looks like or what the argumerts in the radiance
primitiv es stand for. An example of a context editor would be for a simple plastic surface. Every
time the userselectsa polygon represetting a plastic surface,the program will display a window that

labels and displays eat surfaceproperty. Once this window is opened, these surface properties can
be changedknowledgably without the needof knowing what ead argumert in the original primitiv e
represerted.

20



Figure 14: picture of selectionmode button in main

Changing the surface of an object beginswith the user choosing a polygon from the scene.To
selecta polygon, the user simply clicks on a polygon while the program is in selectionmode. This
will bring up a sub window on the item the user has clicked on.

Oncethe user clicks on a polygon, a sub window will open. This window will now showv an item
in the scene.From here, the useragain clicks on a polygon to selectthe polygon he wishesto change
while in selectionmode

This will then bring up a properties window. The user may now changethe properties of the
material.

The user selectionworks without the use of ray tracing. Instead of the cornventional method of
shooting an imaginary ray and seeingwhich bounding shapesthe ray hits, the program simply uses
color-cading to selectthings. When the user clicks on the view port, the program paints the items
on the screen,ead in a di®erent color. Next, the program captures a screenshot of the view port.
From there, all the original colors of the objects are restored. To chedk which item the user has
clicked, the program simply "nds the mousecoordinates the userhas clicked on and cheds the color
of the pixel with that coordinate. The colors are distributed by their index on the vector that stores
all the items in the scene.The “rst item will receive the RGB value 0, 0, 1 since black is resened
for no objects. The next item will be 0, 0, 2 and so on.

This method occurs very quickly so the user does not seethe color change on screen. This
method allows for quick and accurate selectionof shapessincethe useris choosing shapesat a per
pixel level, the samelevel user seesthe sceneleading to a perfect selection. Ray tracing may have
problems when shooting a ray where many shapes seemto intersect. Since pixels are fairly large
comparedto real space,a pixel that is given a color value of an object may not exist at that point
due to the fact that radiance sceneis viewed by usersby pixels. Problems with aliasing may also
occur leading to unexpected results. With the color-coded approad, the user will receive what he
sees.

The disadvantage of the color-cading processhasto do with the fact that oncethe objects are
assignedtheir color, the sceneis actually redrawn. If the sceneis very complex and the system
drawing the scenemay take a noticeable amourt of time drawing from frame to frame. This may
lead to the color-coded view being displayed for a long enoughtime for the userto see. This could
be done using an o® screenbu®er however but more video memory would have to be used. After
the user has selecteda shape, a color assaiated with that shape is known. All that hasto be done
is to changethe color to an index in the vector that storesthe items. Soif the program reports
that the pixel under the mousewasO, 0, 1, this would indicate that the user has selectedthe object
at the rst index of the item vector. The item at the correct position will then be passedto the
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Figure 15: picture of selectionmode button in sub window

Figure 16: picture of property window
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Figure 17: picture of preview button and run button on main window.

sub window. From there, the user selectsthe polygon surface he wishesto changethe properties
of. Selectionis donein the sameway the main window does except instead of assigninga di®eren
color to eadt polygon; a di®ereri color is assignedto ead shape in the vector of shapesstoredin the
item. A color will be reported after the user clicks on the view port. This color will be corverted
into an index for a vector. The shape that is at the selectedindex will then report the material that
it is represening and return this to the sub window program. The sub window program will then
display the correct window basedon the type of material the user has selected. This changein the
material will a®ectall shapesthat usethis material. To view the scenewith the new changessimply
push ?

The problem with context editors is that if no onehascreatedan editing window for an unknown
material, that material will not be able to be changed. Unknown materials can be dealt with by
creating a universal editing window. The universal editing window will allow the userto changeall
the argumerts of the unknown primitiv e. To indicate that a surfaceis unknown, the surface will
smoothly change colors from white to red to white.

C.4 How to add materials shapes

One of the main concernsabout writing a context-based editor is expandability. Becausethe radiance
has many typesof primitiv esnew or old, the program was written to allow a userto add a material
type. Looking through the already made materials should allow enough understanding to create a
new material class. Next, lines must be addedto the imdraw and SubWin les. Finally, a GUI must
be created to accommalate the properties of the material.

To add a material to the program:

1. Add the material source les to the Data/Materials directory
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2 make sure the classimplemerts the Material class,do this by adding public Material
to the classdeclaration

2 add whatever information you needfor this material and make surethat a getDrawColor
funciton exists in the class, along with a constructor that takesin an argumert of type
Primitiv e*an argumert of

2 the blank constructor should be there for convertion
. The getDrawColor function should return the color of the surface,this can be a xed color or
a color basedon someof the argumerts of the primitiv e. For instance, if the rst, secondand

third argumerts represen RGB colors, then the getDrawColor would return the Color based
on thesethree argumerts.

. Create functions that will changethe correct argumerts Primitiv e* for a given property. For
example, if one of the properties is roughnessand roughnessis the "fth double argumert for a
primitiv e, make a setRoughnesdunction that will changethe correct double argumert of the
primitiv e. This Primitiv e object should be accessiblein the new material classsincethe new
classextends Material and Material has a Primitiv e*.

. In Primitiv e.h, add a constart that will represen the new type of material to be added.

. In TelO.cpp, add a constart for the keyword for the new material. Examine the other keyword
constarts for a template. In TelO.cpp there is a function called setPrimType. Add a line in
the following format

else if (words[H_TYPE] == KW_PLASTIC)
Prim->setType(Primitive::PLASTIC);

Where KW _PLASTIC is replacedwith whatever the new keyword constart is and PLASTIC is
replacedwith the newtype constart. The location of the new lines doesnot matter aslong as
the lines conform to the basicif-else structure but for neatness,should be addedin the proper
location basedon the commerts written in the function. For example,if a new material is to
be added, add the lines under where a commert like /*materials*/ exists.

. In imdraw.cpp, add a line in the proper position in the specify_material function in the form
of

else if (prim_type == Primitive::GLOW) {
materials->push_back( new LIGHT_Glow(curr_prim) );

}

with GLOW being replacedwith the new constart. The if-else structure works as follows:

The rst if-elseis usedto specify the type of Material. The if-else within the rst if-else are
for speci ¢ material types. If one hasto, both a new material type and a speci ¢ material can
be added as long as the following changesare madein the Primitiv e.h and TelO Tes.

. In SubWin.cpp in the open.new_window function, add the line in the switch statemert:

case Primitive::GLOW:
children.push_back(new GUI_LIGHT_Glow());

break;
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replacing GLOW with the correct type constart and GUI_LIGHT _Glow() with the correct
constructor of the new GUI for the new material.

9. Create a new GUI that will have functions:

setData(SubWin) //link  to gl\_window

setMaterial(Material) /Nink  to selected material

setindex(int)  //location  of material in vector

update()//updates the GUIto reflect the correct values of the material
show()//displays  the GUI

show(), setindex, setData and setMaterial can be copied from other GUIs providing that the
samevariable nameswere used, it is recommendedthat one works of an already made GUI as
atemplate to avoid rewriting the functions. The only function that hasto be written by hand
is update() and the functions to changethe argumerts of the surfaceproperties.

To add a shape:

1. Add the shape source les to the Data directory

2. 2 make sure the classimplements the Material class,do this by adding public Shapeto
the classdeclaration

2 make sure the following functions are in the class

void print()//used to print information to prompt, not a requirement
void convert(vector<double>  dlist)//used to convert double arguments to useable data
void draw()//lused to draw shape

3. In Primitiv e.h, add a constart that will represen the new type of shape to be added.

4. In TelO.cpp, add a constart for the keyword for the new material. Examine the other keyword
constarts for a template. In TelO.cpp there is a function called setPrimType. Add a line in
the following format

else if (words[H_TYPE] == KW_SPHERE)
Prim->setType(Primitive::SPHERE);

Where KW _SPHERE is replacedwith whatever the new keyword constart is and SPHERE is
replacedwith the newtype constart. The location of the new lines doesnot matter aslong as
the lines conform to the basic if-else structure but for neatness,should be addedin the proper
location basedon the commerts written in the function. For example,if a new material is to
be added, add the lines under where a commert like /*shap es*/ exists.

5. In imdraw.cpp, add a line in the proper position in the specify_shape function in the form of?
else if (prim_type == Primitive::TUBE) {
item.add( new GEOM_Tubegurr_prim, curr_mat ) );

}

with TUBE being replacedwith the new constart and GEOM _-TUBE with the new classwith
the sameargumerts.
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C.5 Scene View er future

The SceneViewer program still has much work that needsto be done. As of this momen, textures
are not supported. The real time enginefor the program is not very powerful. Somefeatures! would
like to add to the engine are the ability to display fully textured, lit and bump mapped polygons.
The drawing library the program usesis what is holding bad the dewelopmern of thesefeatures. A
new drawing library will be replacingthe old onein the future. Along with the engine,the program
could usea GUI for unknown materials along with a better structure for drawing scenes.The idea
of using zonesand portals will de nitely needto be implemented along with a level of detail system
sincescenescan be quite complexand the enginewill have more demandson it as more featuresare
addedto it.
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