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Shape Measurement and Representation of 3-D Curved

Objects using Simple Back-Projection Algorithm
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Abstract

The new computer vision system which can reconstruct contours of parallel fault planes

with horizon of 3-D curved objects has been developed.

With the system, the shape of

3-D objects was measured by Simple Back-Projection algorithm which is a fundamental one

in C.T. (Computed Tomography).

And, the curvature in differential geometry characterizes any curve.

Devising it, the

method to represent each contour of 3-D curved objects with the system is described in this

paper.

I. Introduction

In recent times a great deal of interest has
been shown in the recognition of three dimen-
sional objects since the feuasibility of ‘Auto-

Man® which attached eyes, cars and hands on
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the computer suggested by C.E. Shannon and
M. Minsky, members of Artificial Intelligence
Group in America (1958).[1]

The pioneer research for the recognition
with the computer had been conducted by
L. G. Roberts in MIT (1965){2] He had obtain-
ed input pictures using the TV camera and
characteristic points of polyhedral solids by
Spatial Differential Method, and experimented
the recognition with line drawing from them.
The paper proposed fundamental problems
for the recognition of polyhedral objects, which
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has been based on the recognition of solids.

In order to recognize the object, machine,
that is robot, must be able to obtain informa-
tions about its position, feature and configura-
tion. For it, the vision system must be attached
to the robot to enable to do measuring spatial
coordinate parameters of objects.

The vision system can be distinguished
broadly in two ways. One is Gray Level
Method which deals with informations of 2-D
images, and another is Range Finding Method
of 3-D ones3)[41(5]

it is the fundamental concept of the latter
that humans use a great variety of vision-
based depth cues.[6] A vision system which can
extract depth informations from images obtain-
ed by various view points was developed by
Y. Sato in Japan (1978).07] )

He aimed at the motion stereo vision that
the effect of stereo vision could be taken
by the movement of observation points. His
algorithm has a merit in the accuracy, but
when spatial coordinate parameters are de-
cided, takes a long time for solving simultane-
ous equations for the use of the statistical
inference called least square method.

In this paper, the sequential variation
of vision direction which is the important re-
quisite of the motion stereo vision is con-
ceived. Also, the new computer vision system
* which was theoretically introduced in con-
ference on KIEE [1983] has been deveiop-
ed.(8] With the system, we obtain contours
of parallel fault planes with horizon by which
introduced the Simple Back-Projection (SBP)
algorithm in C.T. (Compued Tomography),(8]
and then, pile them up. Consequently, the
shape of 3-D curved objects is measured.

In addition, devising the curvature in dif-
ferential geometry characterizes any curve,[g]
the representation method of 3-D curved
objects with the system is described in this
paper.

Finally, the and
results with the system are shown.

measured represented
II. Shape Measurement

1. Principle of Measurement (Simple Back-
Projection)
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Principle which measures any horizontal
section of 3-D curved objects is explained as
foliows.

Image Plane

g1

L
! L

— N B!
Fig. 1. The coordinate system for the measure-
ment.

Where S is a source point,
O, an origin of the system

P, a part which the light isn’t appeared

on the image plane,

L, a distance between S and O,

1, between 0 and the plane, and #
any rotated angle.

As shown in Fig. 1, if any object is rotated
in angle f§, projection data can be obtained at
one point on a screen. If P1 (xl, yl) is a point
of the object, projection data are given by

xp =4
(L+Q)(Y]cos g — X, sin 6)

X, cos 0 +Ylsin6 +L

yp(e, XI, yl) =

from eq. (1], component x is constant with
¢, but on the other hand y varies in depending
on the @. If 8 is varied from 0° to 360 ° with
the equiangle interval, projection data as many
as the number of sampling are obtained.

The method which constructs the horizontal
section of 3-D objects using each projection
data produced in such a principle is SBP which
is a fundamental algorithm in C.T.

A back projection equation is derived from
data, eq.(1). This is given by

is

(1)

—X_sin §+Y _cos@-Lsin 8
100, %, v )= P i
xpcos 6+Ypsin6+Lc059
LYy
+ £ Yy, @

X5 cosf + Ypsin9+Lc059
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Where, xp and yp are projection data. There-
fore, the function f is determined by 8, Xy, and
Y And then, the following equation may be
obtained

1 for f(t9,xb,yb) € P

P(x,y) = |
|0 for f(8, xy, y,) € P

(3)

where, as shown in Fig. 1, the region P is the
part where the light isn’t appeared on the
screen.

We will reconstruct a section of the object
if P(x,y) is composed with rotating 8 from O°
to 360° with the equiangle interval.

The principle is shown in Fig. 2 (a) and
its computer simulation in Fig.3 (b). Fig.3 (a)
is a supposed original image.

(a) SBP (b) Edge detection

Fig. 2. The principle of SBP.

(a) A supposed original image.
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(b) A result by SBP.
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(c) A detected edge in (b).

Fig. 3. Computer simulation of the principle.

2. Edge Detection

The contour is obtained from a 2-D image
which is taken by SBP. The methods that
detect the edge are Laplacian Method, Gradiant
Method, Sobel Technique, and etc.

In this paper, 3 X 3 masking method was
employed. {10 [11] The center of the mask
forms in 3 X 3 small pixels range with 8 or 4
[t is the method that puts always
the center on the edge, and then, that moves it
siep by step.

connection.
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(a) Detection of (b)3 x 3 Mask
a first point

(c) Search of a
next point

Fig. 4. Edge detection (3 x 3 masking method).

Using the 8 connection, first, the image
scanned as shown in Fig. 4 (a). And then, a
first edge point Pl is searched. Next, there is
a description about the (n + 1)th edge point
Pn+1 after Pn has done.

Suppose P, to [I n—1), J(n—l)] and P
to “(n), 1%1)]. Then, the direction of Py _4

to Pn can be known from the following equa-
tion.
X=ln-1n-T(n) (4)

IY=J(n_1)—~ J(n)

And whether the proceeded pixel is white
or not is detected as shown in Fig. 4 (b).

After P, is detected as this, relating
equations with IX and IY are

IX=IX + IY 5)
JY=1Y - IX

Then, if JX and JY are zero or —1 or 1, put
as they stand, and if —2 or 2, replace with —1
or 1, respectively, Doing so, the position of
the next detected edge point Pn+1 will be
calculated in order as in Fig. 4 (¢). The prin-
ciple of the edge detection is shown in Fig, 2
(b) and its computer simulation in Fig. 3 (c).

III. Computer Vision System
1. Block Diagram of the System
The block diagram of the vision system is
shown in Fig. 5.

Illustration of the system is as follows.
Eye of the observer in the system is CCTV
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Laser Source

Screen

CCTV

Mirror
Camera

Turntable
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i
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l Analog
Monitor

[ GE N }————L Microcemputer(AM1) }———4 Digisector
Digital
Monitor
Display
Microcomputer(AM2) Monitor
Fig. 5. Block diagram of the measurement
system,

camera used commonly. By using Digisector
the camera can be easily interfaced with Apple
Microcomputer (AM1) which manages input
pictures and projection data. Main micro-
computer (AM2) calculates SBP from data and
plots results, and represents objects.

AMI1 sends operating signals to the camera
and displays digital images to a digital monitor
translated input pictures that show in an
analog one through Digisector. And then, it
detects projection data from digital images and
sends them to AM2.

After the end of these processes, AM1 sends
operating signals to a turntable and lets it turn
with equiangle intervals. And then, AMI
sends operating signals to the camera and
repeats the former processes.

Light source is a He-Ne gas laser. Let
scan laser beam to a mirror with a generator,
then, a slit fan beam is made by the reflected
beam. This slit source irradiates to an object
which lies on the turntable. A projection
data image shows on a screen.

2. The Computer Vision Svstem

The computer vision system based on the
block diagram is setted up as shown in Fig, 5.
The total system is shown in Fig. 6.

Eventually, we measure the 3-D object
quantitatively as pile up the reconstructed
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Screan Turn table

CCTV _Camera

Table 1. Sampling components x, y and z of
a measured object in Fig. 7 (b).

He-Ne Gas component component

x y z x y z

2002704928 20,5924487
16. 7696091 12,1390625
18.8975581  -9.45336434
LATT94937 -20,5924487

A H T VY P IS AT TYT 9 70
16.0844279 18.2896782 0
2B.9813398 -13.4449381 10
L1 R HISTN 8
~18.7598091  -12,1390825 -26.0844279  -18,2896781 T
-t8. 875584 9.45338827 -29.8815399  13.444928 0
cl.59670086  15.3536329 13 273583884 30.4234454 -

Generator

(LR PR

12,448295 9.14620243 18 28.979397% 17,5810283 83
T4, 1449884 -6, 20743032 18 27.715395¢ -12.842417 33
169670091 ~15.358327 ie 273581887 -30.4234454 8

\ - (124482856 -9.14620234 18 | -24.9795574  -17.5310792 g3
\Microcomputer(AM2) LA 1A498R4 5. 20743037 18 | -27.7193959 128420 83

-1.8871425 17.3118707 3 ~2.3i585042 23, 2130704 %

M 14,0639787 19.2758312 M 18, 9454574 13.61208 %
15.9311492 -7, 0484541 3 202611098 =9, 60122248 9%
. L. 1.28714751 -11.2178747 N 221585248 SR %
Fig. 6. A computer vision system. SLOSIITT 027831 3L | 1@ MSASTH 135100000 96
S1S.92LI9L 7L 04184554 3 S21.2811098 960122283 %
SL07811468  19.937372: 44 -1.5157952 13.3903658 10¢
16.2272128 11.7683862 4" 10.8384471 8,00787002 109
) . . - 18.3053281 -8. 15898509 4 12,2542474 ~5.38243557 109
sections measured from the object with con ROTBLATI 19903722 4k | LSISTSY -(3.39c80s5 109
-16.2272136 -11,758288 “ -10.8384471  -9.00785997 109
es.
stant spaces . . ) . -18. 3. 168386 A 23N S TBTSET 109
The experimental result is shown in Fig. S s eewnen s
; ] i 22,207 8. 7 87 12, 4432856 3. 14620243 a2
7. Fig. 7 (a) shows an ob]eCt, and Flg. 7 (b) 24,7900321 -11.3533451 57 16140988 -6.20743032 122
! 2,56229803 -27.1457201 57 1.8987¢091 -15,2524327 122
its plot of the result, and components x, y SRITG SWE 57 | uamsh e 11
3 . S14.7900321 14,357845 37 - 3 22
and z of the measured object are in Table 1. P sl %
K . . o . :
In this experiment, # is 15 in an equiangle
interval. And the distance L between the well-measured 3-D object should unambiguous-
source and the center of truntable is 735 in ly specify the object, Since surfaces are what is
millimeters, 1 between the center and the seen, these representation are important for
screen 245.5. The interval of component z computer vision,
is13 A general technique for approximating

surfaces with four-sided surface patches is
that of Coons (1974).!% Coons specifies the
foursides of the patch with polynominals.
Although this is appropriate for synthesis,
it is not so easy to use for analysis. This is
because of the difficulty of registering the
patch edges with image data.

In the other hand, the volume of many
biological and manufactured objects is natural-
ly described as the ‘‘swept volume” of a 2-D
set moved along some 3-space curve. General
sweeps are quite a popular representation in
computer vision, where G.J. Agin and T.O.
Binford go by name generalized cylinders

(a) An object (b) Its result (sometimes ‘‘generalized cones’), [3]
And, there is a method for the description
Fig. 7. A measurement result of a 3-D curved and identification of curved objects. Y. Sato
object. considered the shape of a curved object as a

surface which is an accumulation of horizontal
section boundaries. He described the coeffi-

IV. Curvature and Representation ‘cients of a Fourier series expansion as the
representative function.!?
The enclosing surface, or boundary, of a In this paper, we devise that the curvature

e — (65)
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characterizes any curve. Because surface
element coordinate points of an object were
measured by the computer vision systcm

curvatures be obtained from them.

Fig. 8. Curvature.

Consider a curve as shown in Fig. 8. Let Yy
and t2 be the tangents, n; and n, the normals,
at two neighboring points P1 and P2 on the
curve, Let the point of intersection of the
two normals be at M. Clearly, the angle be-
tween the tangents is equal to an one between
the normals. That is,

L(tlt2)=[_(n1n2). (6)

Let P2 approach Pl along the curve, and
calculated the ratio between the angle n; n,
and the distance between the two points of the
curve, This ratio approaches a limit,

fim L(n n ) .
AlcRTV— T S @)

P1P,

o

This limiting value K1 5 is called the curvature
of the curve at the point Pl’ From eq. (7),
it is derived as follows,

L(n]n7) sin(nln,,)
K = fim < - lim P
127 mips 40‘_—5155—“ [T _—EIF;——‘
i P]P2
PIPZ - MP P D
O MP,.PP, (8)
1 1

— hm —
-0 MPp T oI,

As shown in eq.(8), K is the reciprocal of the
length r of the line-segment that is the com-
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mon limit of the two segments MP1 and MP2
of the normals.

The quantity r is also obtained in another
way, as follows. We draw a circle through Pl
and two neighboring points of the curve, If
the two neighboring po:nts approach Pl* the
circle should expect that the center of the
iimiting circle is at the limiting position of
the point of intersection M of the normals,
and that its radius is therefore equal to r.

Table 2. Centers of curvatures, radiuses of curva-
tures and curvatures of a bottom contour
of the object as shown in Fig. 7.

centers of curvature radiuses of
curvatures
curvature
* v
-5.320433E8 HRIF IR 22.54862% L0442539055
~4.83634659 -1 43484518 22.0802255 L0452893935
484088507 1.400156% 11.999899¢ 0833360425
-3.515022 -3.67591558 20.50444 0484156815
T.66497104E-07 5, TH02Z6SAE-07 164822377 LGbUTADIE
2.45855018 4,48593756 11, 4401262 L0BT43181TT
1720042 - 173829261 16.2279957 L0bLE21904S
1.3118268) L 23017339% 15.932972¢ 063159314
1,27659572 2509891657 155421901 (843409964
36498 SLSBHATS 20,1732243 0425708579 ’
730261538 RASH TN 25.1993187 4396977907
-1,00885997 15, 9555043 0526742981
Y 5.643117E7 L150331726
2. 2719991606 16. 4923385 L0L08342146
18 l'ﬁ”’c ) L(B019153€-AT 16, 4827267 L 0806342164
444181851 2.817 24004 21.5390923 0464272118
- BOSI4RSL t6.8551887 . 0597289117
-4.90851818 12.1908851 0820305175
-1 BSIE0T [ANRLITAN 0582100729
4, 24535426608 7 17.1791572 L058210073
-2.52801457E-47 171791562 .U56210089%
-Z.6300204T I ? 12.2258972 049975797
LE031129¢ 1.04924513 12.538903% LG5701610%7
13.9201994 -5, 10899544 275553084 (341594212
1rm
3 03 1 it 2 25
]
10 <<
- T
= <r_.
&
= f
(a) Curvatures. K,
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(b) Radiuses of curvature, r = 1/K.

Fig. 9. Piotting the curvature.
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This circle is called the circle of curvature
of the curve at Pl’ its center is called the
center of curvature, and its radius r, the radius
of curvature; The shape of a 3-D curved object
is represented in following figures and a table.

The centers of curvatures, radiuses of
curvatures and the curvatures which calculate
by the algorithm are shown in Table 2. In
addition, results of curvatures are plotted in
Fig. 9. Fig. 9 (a) is plotting the curvatures,
and Fig. 9 (b) plotting the radiuses of the
curvatures, which a contour is bottom of
Fig. 7 (b).

V. Conclusion

The method for the shape measurement of
3-D curved objects was based on the SBP
alrorithm, Contours of the parallel section
with horizon was obtained by this algorithm,
and then, the objects could be measured by
piling them up. Fully, this method might be
reconstructed the ones constructed with the
convex section, but the ones with the concave
one could not be done.

And, the shape of a 3-D curved object was
experimentally represented by the computer
yision system. A study on the recognition is
proceeded. .

The procedure of the recognition may be
as follows. Model bases of objects are memori-
ed in computer or diskettes with curvatures.
An object which should be recognized is
begun the measurement of the curvature,
and then, the calculated information is com-
pared with models by graph-searching pro-
cedure.!® This procedure is to use a popular
searching method in Artificial Intelligence.
By using the above procedure, the position,
feature and configuration of the objects may
be recognized.

The shape measurement of
objects using SBP can be applicated in storing
objects quantitatively or designing of dress or
studying ol antiquties. etc.

3-D curved
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