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Fig.2 Example of 2D shape data

(c) are range data before and after the rotation. A range
sensor would be located at positive z axis. The sampling
direction is positive y direction, z coordinate indicates
range data. Let py, .., p, and Py, .., P, be sampled points
before and after the rotation respectively. We assume
that the following four points py, P, pa, and P, are free
from self-occlusion, that is, they exist on both range
data (see Fig.2); the initial guess uses those points.

P1, P ¢ The left and right end points of the range data
before and after the rotation respectively.

Pay Py ¢ The closest points to the sensor before and after
the rotation.

The initial guess execuates the following steps 1)~3) and

Fig.3 illustrates the process using the range data (b)

and (c) of Fig.2.

1) Compute R; and t; so that B, is on p; and P, is on
a corresponding point in pa, .., p,.

2) Move Py, .., P, by R, and £, and compute [, + [,
where [, and [, are lengths from p, and P, to their
nearesi points in the other range data respectively.

3) Repeat 1) and 2) for i = 2,..,m and R, and ¢, are
chosen when [, + [, is minimum.

Correction: In the initial guess, R; and t; is com-
puted so that p; and P, will be transferred to their cor-
responding points in the other range data (let py be the
corresponding point of P, ). The corresponding points
are not always coincident, thus the two range data may
not fit well by the computed R, and ¢;. The correction
process corrects By and 5 in the following steps 1)~3):
1) Move Py, .., P, by R, and t; and compute corre-

sponding points ¢, of p, from the transffered points
Py, Polori=1,...k.

2) Compute R; and %, which minimize an evaluation

value w, define as

— el
wy= 3 Pl
1<k

3) Repeat 1) and 2) until w, converges.

RANGE IMAGE INTEGRATION

The range image integration estimates transfer pa-
rameters between two range images before and after an
object rotation in 3D space. The parameters express
the transfer from the range image after the rotation to
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Fig.3 Initial guess of Ry and t,
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Fig.4 pj and Py},

one before the rotation, and they are represented by a
3 % 3 rotation matrix Ry and a 3D translation vector #;.
The range image integration consists of the initial guess
and the correction of them. The initial guess estimates
R; and t; from the integration of the 2D shape data of
which the range images consist, and the parameters are
corrected using an iterative method.

Data structure of range image: A laser-scan-type
range sensor{3] is used for range image acquisition; the
sensor is mounted on a linear slider and slided perpen-
dicularly to the laser scan plane. The sensor coordinates
are as follows; the laser beam is scanned in the positive y
direction, and z coordinate indicates a range value. The
linear slider moves the sensor in the positive ¢ direction
at the interval of D). Thus, the value of z is kD where
k is an integer. When = = kD, let pf (i = 1,..,n) and
{F*} be sampled points and the set of them before the
rotation, and P¥ (j = 1,.., Nx) and {P*} be sampled
points and the set of them after the rotation.

Initial guess: The initial guess estimates the trans-
fer parameters Ry and t; from R, and #; computed in
the 2D shape integration. Rj3 and ¢ are functions of
0:,0y,0: 2,1y, and ¢, where 8,,0,, and 8, are rotation
angles around z,y, and z axes respectively, and 1,1,
and {. are translations in z,y, and z direction. R; is a
function of #, and 2, is a function of ¢, and .. In the
initial guess, 6, and 8, are put zero and 8,.¢,,t, and ¢,
are estimated in the following steps 1)~3) :

1) Compute R,,t; and w; from the integration of 2D
shape data {p"} and {P™}.

2) Repeal 1) for m = n —5,..,n + 5, and when w,
is minimum let 60 ¢ #01) and ") be 8, of R,
(m—n)D, and t,,t. of t,, respectively.

3) Repeat 2) for n = n,,..,n,, and 6,,t,,t,, and 1, of
R; and t; are given by the averages of 6"),t(") 1("),
and t{™ respectively.

To use all of the 2D shape data of the range images is

time consuming. We specify the integrated area by n,

and n.; uneven profile is desirable.
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Fig.5 Experimental result (1)

Correction: Two range images approach each other
by R3 and t; estimated in the initial guess, but they
don’t fit well due to the deviation between z axis of the
sensor coordinates and the rotation axis of the object.
The correction corrects Ry and #3 using the end points
p} and PJ{,JI of the range images as shown in Fig.4. They
are equivalent to p;, P, used in the 2D shape integra-
tion, and supposed to be free from self-occlusion. The
correction process is the following steps 1)~3) :

1) Move the range image after the rotation by Rs and
t; and find the corresponding points ¢' and @’ of
p} and P}, from the other range data, respectively,
fori = il,fg,<..jl = j],j}, e

2) Computes R3 and 13 which minimise an evaluation
value wy define as

w= Y Be+ ¥

1=1,42,. I=Ia,.

2
Py @

3) Repeat 1) and 2) until w; converges.

To use all of the end points is time consuming; we spec-
ify the end points by 1y,1;,.. and j;, 72, .. .

EXPERIMENT

This section demonstrates experimental results of the
integration of 2D shape data and range images.

2D shape integration: Fig.5 and 6 show the in-
tegrations of synthesis 2D shape data. In Fig.5, the
object(a) is a curved shape. (b)~(e) are its range data
which are computed rotating the object every 40 degrees
clockwise around the origin. The sampling interval of
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Fig.6 Experimental result (2)

Table 1 Computation result of B, and ¢,

Range data|f,(deg.) 1y e
1& 2 39.960 |—0.06499|—0.06584
2&3 39.985 | 0.04603 | 0.03141
3&4 40.027 | 0.24556 | 0.08844

the range data is 1 in y direction. The range data (b)
and (c), (¢) and (d) , and (d) and (e) are integrated
respectively. (f) shows the result of the initial guess in
the integration of (d) and (e). They don’t fit well. (g)
shows the final result, in which the range data (c)~(e)
are transferred by the computed R; and t; to fit the
range data (b). The final result is very similar to the
object profile (a). Table 1 shows the computation re-
sults of #;,t, and t,. The true value of 8, is 40.0 degrees,
and those of t, and t. are zero.

In Fig.6, the object(a) is polygonal. (b)~(g) are range
data, (h) shows the integrated result. It is also similar
to the object profile (a).

Range image integration: Fig.7 and 8 show the
integrations of real range images, which are acquired as
mentioned before; the sampling interval D is 2mm.

In Fig.7, the object is a doll face. The range images
(a)~(d) are acquired rotating the doll. The rotation
axis is not fixed nor parallel exactly to z axis of the
range image. The range images (a) and (b) , (b) and (c),
and (c) and (d) are integrated respectively. In the initial
guess, the 2D shape data of the nose area are utilized
by specifying n, and n,. In the correction, three end
points of each range image are selected. (e) shows the
integrated image in which the range images (b)~(d) are
transferred by the computed R, and 3 to fit the range
image (a). The rage images are integrated smoothly.



(a) Range image 1

(c) Range image 3

(b) Range image 2

Table 2 Average deviation between
corresponding points (mm)

iteration | range image | range image | range image
time 1& 2 2&3 J&A4
0 1.841048 2.108812 3.763281
1 1.415769 1.718943 1.739073
2 1.026666 1.575727 1.430396
3 0.849592 1.477355 1.419609
4 0.838444 1.473005 1.419609
5 0.838444 1.473005 1.419610

Table 2 shows an average length from the selected end
points to the other range image. After 3 or 4 iterations,
the values are converging and they are smaller than the
sampling interval D (2mm).

Fig.8 demonstrates another experiment. The object
is a toy plane. The range images (a) and (b) are the
head and tail of it. Though the range images are not
acquired rotating the object, this technique is applicable
by using the range image (a) as one before the rotation,
and the range image (b) as one after the rotation. (c)is
the superimposed image, and (d) shows the integrated
image. (e) illustrates a process of the 2D shape integra-
tion in the initial guess,

SUMMARY

This paper described the range image integration. It
consists of the initial guess and the correction of the
transfer parameters between two shape data. The initial
guess process is based on 2D shape integration under the
locational condition between the range sensor and the
object. After the initial guess, the transfer parameters
are corrected using an iterative method. The correction
makes the locational condition easier. The experiments
show the possibility of practical use. The motivation of
this research is a model construction for our 3D object
detection system[4]. The data transformation from the
integrated range image to the model data is the feature
work.
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(e) Integrated result

Fig.7 Experimental result (3)
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