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Abstract 

In this study, an algorithm for detection of the spec- 
ified object pose is proposed. In input data are range 
images being accumulated in a process of which a stere- 
ovision moves arbitrary. .4n improvement genetic al- 
gorithm (GA) is applied to the model base matching. 
Since it thought that viewpoint movement brings dy- 
namic environment to  GA, to  cope with the multi-peak 
problem and changes of an evaluation function, two 
concepts, "breed" and "competitive coexistence" are 
introduced to GA. For performing robust matching, a 
generation technique of an evaluation space using the 
3D morphological operation is proposed. Finally ex- 
periments are performed, and the validity of algorithm 
is shown. Figure 1: Assumption system 

1 Introduction 
2. Complex 3D objects can also be registered as a 

In t,his study, a method for detecting a pose of 3D template by useing a polygonal model having an 
object is proposed, and it is purpose to mount to wel- arbitrary mesh form. 
fare and home robots. 3D object recognition is an im- 
portant subject of the computer vision research, and so 3. In order to perform a robust detection, evaluation 

various methods have been proposed[l]-[5]. Technical space is constructed by using recursive dilation on 

subjects in our study are summarized as follows: the 3D morphological operation. 

1. Input data are range images including omissions 
of distance information because of a mistake in 
detecting correspondence point between azimuth 
difference images. 

2. Cluttered 3D scenes in which there are plural ob- 
jects are search targets. 

3. Location and orientation (there are 6 parameters.) 
of the object specified by a user can be detected. 

4. Range images are accumulated in a reconstructed 
3D space because a stereovision moves around the 
search space, it is assumption that our system is 
mounted to  welfare or home robots. 

An assumption system is illustrated in Fig.1. The 
view-point (4,, , O,, )  can move on the sphere covering up 
the search space. 

For above-mentioned technical subjects, we pro- 
posed an algorithms having following specialties: 

1. The improvement genetic algorithm (GA) is ap- 
plied to the model base matching (3D to 3D). 
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4. The viewpoints where the specified object is most 
distinctly visible during viewpoint movement are 
searched. 

5. Viewpoint movement brings dynamic environment 
to GA. Therefore, in order to  cope with the multi- 
peak problem and changes of an evaluation func- 
tion, two new concepts, "breed" and "competitive 
coexistence" are introduced to GA. 

2 Experiment Setup and Data Flow 

We have made a system having above-mentioned 
specialties on an experimental basis. The system va- 
lidity is shown by experiments with using real images. 
The experiment equipment is shown in Fig.2. The sys- 
tem is assembled by a 3-eyes stereovision camera, a 
rotation table, a personal computer and etc.. If the 
stereovision and the rotation table are controlled about 
angle and height, a range image similar to  the assump- 
tion system as shown Fig.1 can be obtained. Stuffing 
plural objects into a transparent case, a cluttered 3D 
scene is constructed. 

Data-flow of input range images is shown in Fig.3. 
Input images are converted to orthogonal projection 
images (Fig.3(c)) using an experimental calibration 
function, and then input to a voxel space (Fig.3(d)). 
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Figure 2: Experiment setup 
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Figure 3: Data flow 

hloreover, this binary voxel space is converted to an 
evaluation space (Fig.3(e)) using the 3D morphologi- 
cal operation(1t is 3.2 for details.). The stereovision 
camera moves around a search space and range images 
are accumulated in this voxel space. A target may not 
appear from an initial viewpoint. Therefore, the view- 
point is moved, and it is necessary to  perform in the 
same time viewpoint movement and matching process. 

3 Method 

3.1 Approach 

With huge search space, GA is available. But it has 
a weakness for the multi-peak problem[6],[7]. Conse- 
quently, for diversifying a population, a search space 
is divided into plural subspaces. The subpopulation 
acting to detection independently in each subspace is 
defined as "breed" in this study. An illustration that 
breed is set up are shown in Fig.4. In actual search 
process, it is necessary to globally search, until the 
specified object becomes visible, and focus on the sub- 
space in which there is the target object when it is 
visible. Therefore, we propose that the number of pop- 
ulation in each breed is adjusted corresponding to each 
breed's fitness changing under the influence of a view- 
point movement. That is to say, the population of a 
breed having a relatively high fitness increases in num- 
ber, and it decreases in converse case. Because that 
breeds struggle for existence, we called this method 
"competitive coexistence". This new operation im- 
proves the efficiency of search. Moreover, it is possible 
to perform view-point movement and matching process 
in the same time. 

(a) World coordinate system (b)  L.ocal coord~natc system 
center~np on breed punt  

Figure 4: Division of search space 

3.2 Definition of Fitness 

In using the model-based matching, the evaluation 
rules of an individual have to  be defined. In this study, 
a fitness level between a model object and a certain 
region in the re-constructed voxel space is evaluated. 

A model template is registered tls polygonal apexes 
data, and it is converted to  voxel data when match- 
ing process is performed. Making reference to a depth 
buffer that is used for rendering, the polygonal model 
is quantized. Thus, a polygonal model having an arbi- 
trary mesh form can be registered independently of an 
input data format from a vision sensor. 

The model template data with arbitrary location 
and orientation are superimposed on the voxel space 
re-constructed by input range images. Then, counting 
the number of overlapping voxels (==volume value 1) is 
a simple method for evaluation, but using this method; 
the fitness value does not increase, until the model ob- 
ject adequately matches the re-constructed object cor- 
responding to it in the voxel space. Therefore, the score 
space based on the re-constructed voxel space is pro- 
posed. The score space has the same structure of the 
voxel space. First, if a voxel in the range data space is 
1 as a volume value, the same coordinate voxel in the 
score space is substituted by maximum score L. Then, 
other voxels are assigned to the score value with dis- 
tance from the voxel having L. The score value of each 
voxel is given by Eq.(l) .  

D: = (D:-~ CB K )  D~ = D; - D:-, (1) 
i =  (1,2,3 , . . . ,  L - 1 )  

Score D o : = L  D ; = = ( L - i )  

These equations indicate recursive dilatation of the 3D 
morphological operation; where K is a structure ele- 
ment whose size is incremented by 1. Namely, as the 
dilatation operation is performed rrlcursively, it starts 
from the voxels having score L, and new voxel sets (D,) 
with i times dilatation are substituted (L - i )  as the 
score value. Concrete fitness value is given by Eq.(2), 
using the proposal score space. 

fitness = - 

n is total number of voxels (=volume value 1) con- 
structed with polygon surfaces of the model object, 
and S, is score value about each voxel belonging to 
the model object in the score space. 



3.3 Generation of Matching Model 

Although the 3D model base matching method deals 
generally with only six matching parameters concern- 
ing translation and rotation, t,he viewpoints where the 
specified object is most distinctly visible during view- 
point movement are also searched in our system. When 
model template is converted to voxel data by reference 
of a depth buffer, the viewpoint setting is important. 
In this study, because the viewpoint moves, in order 
to construct a matching model, it is necessary to link 
depth buffer data from multiple viewpoints. Since the 
target object is not all visible from viewpoints, refer- 
ence viewpoints should be chosen. In this paper, three 
viewpoints are chosen from last four viewpoints. The 
one viewpoint that isn't chosen is decided by gene 'v' 
built in a chromosome. 

3.4 GA Operations 

A method for coding a phenotype to a genotype 
is important in GA. In this study, a phenotype has 
seven parameters indicating translation (x, y, z ) ,  rota- 
tion (q5,0, $)and 'v', and a genotype is a bit line com- 
posed by 0 and 1. In this study, the elitism method 
is used for reproduction. The uniform crossover is 
adopted for crossover operation. In mutation opera- 
tion, a bit value is turned over (Otol or 1toO) with 
mutation rate. 

The 3D information on a scene is accumulated be- 
cause a camera moves in the arbitrary directions from 
an initial viewpoint. Therefore, a fitness function can 
be updated on each generation. hloreover, it is a differ- 
ent point from general GA. In this study, a viewpoint 
moves every Tg generations. The flow of processing is 
explained according to numerical order in Fig.5. 

1. An individual group is generated about every 
breed and the fitness in an initial viewpoint is cal- 
culated. 

2. In the breeds in activity, selection, crossover, and 
mutation processing are performed, and a new in- 
dividual is generated. A matching model is gener- 
ated using viewpoint information and the fitness is 
calculated. The breed with the maximum fitness 
more than a threshold Th, fixes a standard view- 
point to the present viewpoint. The lesser breed 
than the others stops activity at every T,/2 gen- 
eration. 

3. Processing is ended when the set-up search term 
G generation comes. In this case, it does not mean 
completing search. 

4. When the superior breed into which the maxi- 
mum fitness exceeds threshold Tho exists, view- 
point movement is stopped, and search processing 
is monopolistically performed about this breed. 

5. When a search is performed for G, generations 
in this superior breed, and the maximum fitness 
more than threshold Th, is obtained, processing 
is ended as the completion of detection. Viewpoint 
movement is resumed when it is not able to detect. 

6. If this generation is not the cycle of a viewpoint 
movement, processing flow returns to processing 
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Figure 5: Flwochart 

(2). In the case of the generation with viewpoint 
movement, the range image obtained from a new 
viewpoint is added to re-construction space, and 
the score space is updated. Furthermore, every 
breed's population is updated according to their 
own maximum fitness. The gene corresponding to 
parameter v is also updated. Finally, the breed 
of hibernation is revived. Processing flow returns 
to processing (2) after the above environmental 
change. 

As mentioned above, according to the degree of en- 
vironmental adaptation, activity and hibernation are 
set up for every breed. And the number of individuals 
which can be survived is further adjusted according to 
the maximum fitness of the breed. The number of in- 
dividuals of the breed r in generation g which can be 
survived (p,,,) is given by the formula (3). 

- f -ratiog -,,, (p-max - p-min) P9,r - 
+ p-min (3) 

f -ratio,-,,, is the relative ratio of the maximum fitness 
in the generation (g - c) of breed r. p,,, and p,,, 
are the maximum and minimum numbers of permission 
individuals, respectively. 

4 Experiment 

An example of an experiment result is shown in 
Fig.6. Stuffing plural objects into a transparent case, a 
cluttered 3D scene is constructed. In this experiment, 
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applied to the model-based matching. GX with these 
ideas was able to  cope with the multi-peak problem and 
a change of the environment. Experiments using the 
proposal technique with real images were conducted, 
and t,he validity of algorithms was shown. It is con- 
cluded that the proposed algorithm is suit,able for an 
active robot vision. 
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the stereovision camrra was fixcd, arid the rotation ta- 
ble was rotated 30 degree per 10 generations during 
searching. The object consisting of two primitive mod- 
els (cone and cylinder) was the target. In Fig.6, the 
image of progress and result is a view from a view- 
point from which the target object is most distinctly 
visible (please compare the image of Fig.G(a) and im- 
ages on the right line of Fig.G(c)). The parameter used 
for the experiment is shown in Table 1. Another result 
is shown in Fig.7. From these figures, it is shown that 
pose detection become successful by our method even 
though reconstructed search space includes omissions 
of distance information. 

5 Conclusion 

In this paper, an c.xterri;il world recognition system 
of robots coexisting with lil~maris was discussed. And 
the algorithms for detecting 3D objects using range 
information were investigated. In order to construct 
more robrlst detcctiori system, GA with the addition of 
two ideas ("brecd" and " cornpetit ive coexistence" ) was 
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