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Two merhods for measuring shapes of objects are 
proposed. One is for convex shape measurement, the 
other is for cylindrical shape. These methods are based on 
the sllr-ray projection m e l h d .  A thin slit h e m  Iigh! emitted 
from a laser is projected onro the wrface of an ohject. By 
moving or rotating an object and recording. the images, a 
three-dimensional i rna~c is  constructed, Although 
conventional analysi~ of a three-dimensional image requires 
laree mcmory space and lonp processing tinle. This 
proposcd rnelhod reduces memory space and processing 
lime. Only two two-dimenqional hrame memories are 
required. One i s  the memory for recording a characteristic 
vaFuc such as the maximum brightness In each pixel. The 
other is for recording a datum such a? the dkplaccment of 
!he object rabEe or !he rotaling angle of the ohjea rabIe when 
the pixel poinl has the chancteriuic value. 

In  recent years, the interest in three-dimensional 
41.i l) l~ Iltcnwrcrnen( of objects has been increasing in many 
i~~tlualrlal applications such as robot vision, computer- 
a~ded design. apparel desip, deformation analysis. and 
so on [ I]-[4]. 3-D shape measurement is  very Imponant 
and useful In such fields. Many techniques have been 
developed for obtaining 3-D shapes using image 
processing, 

The slit-ray projection method is one of the most 
available one [2][3][4]. Using this method, 3-D 
infomalion of the shape can be ohtained with simple 
calcularion. The conventional slit-ray projection method, 
however, still have fundamental problems. One of khem is 
thar infomailon of !he shape can he obtained only on the 
projected line of the slit ray. To measure the shape of the 
full surface, many images are taken and a three- 
dimensional image cornposcd of them is anaFy7~d. Arakb et 
nl. [3\  developed a special position sensor array to detect in 
hiph speed !lit position of the projected slit ray. I t  is,  
l~r>wvevcr, very expensive. If the conven~ional CCD camera 
ir used. it requires large memory space and long processing 
Illnr. Hnwcver. i t  1 %  not always necessary for at1 of the: 
11.11.1 1 6 ,  tK kcpi Tor a long time. I S  only necesslties are 
I \lt.;rcictI from them, the requisite memory space and 
pwbcc*islng time can be reduced, and the information of the 
41,1pc r:ui he ilbtaincd more minutely. Uequp~ et at. [l] 
i!eveloped a 3-D shape rnearuremcnz system using an image 
encoder by checking the maximum brightness on each pixel 
point. Thc memory rpace and calculatian time is reduced. 

In this paper, the idea is generalized and expanded 
to the convex shape and cyl~ndrical shape mewuremenl. 

t THEORY OF EXTRACTION OF 
CHARACTERlSTiCS 

Let us consider a shape measurement method based 
on h e  dit-ray projection method. The geometric relation of 
the setup for il is shown in Fig.1. A hori7.ontal thin slit 
beam light emirted from a l a w  i s  projected onto the sutfacc 
of an object. The thiesholding and thinning of the image of 
the heam light obtained by a CCD camera wirh a vertical 
optical axis pives a contour line of  the z-direction or the 
objec!. By moving the abjcct table along the verrical axis 
i.e, r. axis and recording the images, many contour lines of 
the object which show the ~ h a p c  of the ohjeck are ohta~ned. 
In conventional shape rneasurcmenl. all of  the Image.; are 
recorded and analylad as a three-dirnen~ional irnagc. so it 
requires large memory space and long processing time. 

In this pawr, a new Image prcessing method by 
extraction of characteristics 1s proposed For zhese 
measurement. An example for a three-dimensional shape 
analysis is shown in Fig.? . The system conslsts of a CCD 
camera, an object table. and an image processor with a 
calculation circuit for extractian of characteristics and rwo 
lwo-dimensional frame memories at teasr. One is the 
memory for recording the characteristic value such as the 
maximum brightness in each pixel. The other is for 
recording another measured value such as the displacement 
of rhe object table when the pixel point has the characteristic 
value. 
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Fig.1 Serup and flow chart for the ahape analysis 



In this method. The image of the contour line is 
d i g i ~ i ~ ~ d  on an image processor. The brightness OF the 
image IS compared w~rh  the memory of the characteristics in 
each pixel. I T  t t ~  hri~htness of the obtained Image i s  larger 
than thc one on rhe Lrsr memory for the characteristic 
value, the brightness of the obtained imape is newly 
recorded i n  the memory of the characteristic vatue and 
another measured value i.e. the displacement nf the objeck 
table is recorded in the same pixel point on the second 
memory. These operations are repealed in all pixel points 
of the image. After this process. the current image 
r)l,l.~lnert hy r i  camera is discarded. 
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Fig.2 Setup for convex shape measurement 

Changing rhe condition such as the displacement of 
I : 1i11llc. llre operations described a h v c  we repeated. 
'.;..t n~ljvinp the table From the top of  the object to the 

' t i  Ihe uharadcsi~tics and another menured value are 
~ ~ ~ : u ~ r r t r . r i  in the two two-dimensional memories. The 
~~nrl i le  of the ohject can be calculated from the second 
memory. As a result using this method. the requisite data 
can bc extracted from the thrcc-dimensional image 
composed of a large number of two-dimensional images 
without large memory space and long proce~sing tlme. 

3 PRINCIPLE OF SHAPE MEASUREMENT 

3.1 CONVEX SHAPE MEASUREMENT 

In order !o perfarm noncantact shape measurement 
for convex objects, an automated measurement system 
illustrated in Fig.1 is developed. Ttte pmess  to obtain the 
characterist~cs and the displacement of the object table 1s 
de~cribed in Sec.2. The spatial coordinates uf the object 
are obtained from the memory for the displacement of the 
nhject table wing the follow~ng equation<. 

tr hcrc., r is  the reciprocal of the magnification factor in 
image plane. XA' and y ~ '  are the coordinates of the point A 
projected by the h a m  on the image plane. z, i s  the 
displacement of  the table. 

The profike of the full surface of the object can be 
described by calculating the ahove equations far all pixel 
points. 

3.2 CYLINDRICAL SHAPE MEASUREMENT 

I t  is  impossible 10 measure Ihe shape o f  cylindrical 
objects with concave along z axis uslng the method 
described i n  Sec.3.1. A new method i s  proposed for such 
cylindrical shapes. The setup i s  shown in Fig.3. The top 
vjew of the setup is shown in Fig.4. I t  requires two frame 
memories as well as in the convex shape measurement. 

A venical thin s l~ t  beam light is projected onto the 
surface of the object on a turning table. The axis of the 
zumlng table ts in the plane of the kam light I T  the abject i s  
removed. The deformed thin light ts recorded hy a CCD 
camera whose optical axis IS horizontal and crosses the 
ham at acenain angle 8. 

For measuring rhc ful l  surface of the objecl, the 
images of the slir h a m  on the object are recorded at every 
constant angle while the turning table is rotated. In this 
case. howcver. the possibility that the beam positions at 
different rotating angle? are on the same pixel poinr is high 
as shown in Fig;.5(a)-(d). Only one darum on the same 
pixel poinr i s  valid and the other data are discarded. In 
order to avoid the many superpodtinns nn the same point. 
the images are shificd horiaon~ally in proportion to the 
rotating angle shown in Fig.S[e)-(h). The firs! memory 
has the maximum brighlncss in each pixel. and the second 
one memorizes the mtnting angle o f  rhe mble when the pixel 
point has the maximum hrigh~ness. 

Imaqt, processor 
Fig.3 Setup for cylindrical sh;ip measurement 
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Fig.4 Top view of the setup 
for cylindrical shape measurement 
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Fip.5 Process for shifting images 

These operations are repeated until the images of the 
beam over the full surface are recorded. The rotatlng angle 
pitch or the pixel size of the image IS adjurted so thar the 
total shir~ed pixel nemkr i? coincide with the horizontal 
pixel number af  the image after rotating 360' . As 
conside~d from Fig.4, the spaiial coordinates of the point 
R projected by the heam is  calculated by the position A' of 
1 1 1 ~ .  pnln! pmjeclcd by the beam on the image plane using 
1 ' 1  I~+llowinp equations. 

where. tg is the radius of the point B. zg is  the verlical 
posit~on of the point B. x ~ '  and y ~ '  are the x-directional 
and the y-directional distances from  he origin 0' on the 
image plane to the point A' respectively. @R is the angle of 

the point B. g, is the angle recorded in the memory of the 
rotating angle of !he table. 

The profile of the full surface of the object can be 
descrihd by repeating the calculations of Eqs.(4)-(6) for 
all pixel points. 

4 APPLICATIONS 

Two examples of applications based a n  the above 
~nk.thods are presented. One is the measurement of rhe 
\hiipc of  a hemisphere. The other is [he measurement of the 
, l ~ . ~ p c  of an above-knee socket. 

4.1 SHAPE MEASUREMENT FOR 
d HEMISPHERE 

A hemisphere is put on the object table shown in 
Fig.?. A horizontal thin slit k a m  emitted from a laser rs 
prnjected onto the surface of the nhject. The contour line IS 
viewed by a CCD camera. R y  moving !he tahfe at every 
0.2(hnm. the image is obtained and operated descrikd in 
Sec. 4.1. One of the images of the contour line of the 
specimen is shown in F1g.6. The result of the shape 
measurement ir shown in Fig.7. 

Fig.6 An imace of the contour linc of thc objec~ 
(z,= E O.lh~m) 

4.2 SHAPE MEASUREMENT FOR A N  AROVE- 
KNEE SOCKET 

An atmvc-knee socket for an amputee is put on the 
turning table shown in F~g.3.  A vcnical thin slit team light 
emitted from a l a ~ e r  is projected onto the surface of the 
socket. The Line is viewed by a UCD camera. Ry rotating 
lthe turning table at every 1 degree. the image is  obtained 
and operated as descrikd in Scc 3.2. Each image ohtnined 
by changing rhe anele of the turning rablc is shifted 
rightward horizontally by a pixel every 2 dcgrecs 
correspondingly. One of the images of the thin beam 
projected onto the specimen is shown in Fig.8. The image 
of the rotating angIc of the turn~ng table is shown In Fig.9. 
The size of the image analyzed i s  180 x 240 (pixel). The 
result of the shape measurement i s  shown as a cross- 
sectional shape in Fip. 10. The direction of the shiR of the 
images is the right. 



Fip.9 Image nf the mtiiting anylc ol tltr lurning table 
90' 

270' 
Fig.10 Cross-sectional shape of the object 

(rightward shlt'l, at z=Qmm) 

As shown in Fig. 10, There are an area where the 
informarion a b u t  rhe shape are sparse. I t  i s  caused by the 
coincidence nf the movement nf the h a m  line on the image 
plane and the movement hy shifting the image. As a result. 
r l ~ ~ .  points projected by the h a m  on the image plane 
.~?.cuinlda!e on the same point again and again, 

T o  obtain [he shape information uniformly. the 
Iinspu .;Z~iRed leftward are obtained. and rhe maximum 
h~r_rIirne.ir rn each pixel point are recorded respectively. 
Thc rcsult of the shape measurement with shirring the 
Images leftward is shown as a cross-sectional shape in 
Fig. I I. After the calculations of the shape. these r e s u l ~  
obtained hy shifting rightward and leftward are superposed. 
The resulr cornhined two results i s  shown in Fig.17. I t  
shows a uniform data density distribution. Like this, the 
shape of the cylindrical object ir easi!y ohtained. 

90' 

Fig. I2 Cross-sectional shape of [he objecr 
(combined Fig. 10 with Fig. E 1 ) 

5 CONCLUSIONS 

A new image processing method by extraction of 
characteristics i s  proposed. Two memurement systems are 
developed for convex shapes and cyl~ndrical shapes. Using 
this method, high speed and accurarc shape meawternent 
are performed. In the system for cylindrical shapes, the 
shape of cylindrical cbbjecr can k obtained accuriitely and 
uniformly by shifting Images rightward and l e f  ward and 
analyzing reqpectively. 
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