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Abstract 
Measurement data obtained from an inspection system 

need to be analyzed using appropriate algorithms to esti- 
mate dimensional errors and to obtain reliable inspection 
results. This paper proposes a hybrid algorithm based on 
computational geometric and simplex search techniques to 
determine the dimensional errors in manufactured compo- 
nents. The proposed hybrid algorithm works in two stages. 
First, it establishes a measurement coordinate system using 
basic computational geometric techniques such as convex 
hull and Voronoi diagrams. Next, the proposed hybrid algo- 
rithrn modifies the initial measurement coordinate system by 
the simplex search technique. This helps to reduce the error 
between design and measurement coordinate systems. Af- 
ter determining the measurement coordinate system, the di- 
mensional errors in the inspected components are estimated 
to verify the conformity of manufactured components to the 
design and tolerance specifications. In the present work, the 
proposed algorithm has been successfully implemented for 
inspecting the automobile chassis module. The required 
measurement data are obtained from a laser vision system 
developed for inspecting the automobile front chassis mod- 
ule that comprises the subframe and lower arm assembly. 
The measurement data from the subframe are used for es- 
tablishing the measurement coordinate system, The dimen- 
sional errors in the lower arm are determined using the 
measurement coordinate system, established earlier. The 
details of the algorithm and the results obtained for the sam- 
ple data are presented in this paper. The dimensional error 
values obtained using the proposed algorithms are com- 
pared to those obtained using the least-squares method. 

Keywords: Laser Vision System, Hybrid Algorithm, Compu- 
tational Geometry;, Simplex Search 

Introduction 
Present-day automobiles are manufactured to of- 

fer maximum comfort to the driver and passengers. 
To achieve this, the components produced and their 
assemblies must strictly adhere to dimensional and 
positional specifications. Any errors in the compo- 

nents or in their assembly will affect the performance 
of the vehicle. Automobile components can be 
manufactured with advanced computer-aided manu- 
facturing methods to satisfy the design specifications. 
These components have to be inspected using com- 
patible inspection machines and procedures to verify 
them. The laser vision based inspection systems 
have, of late, gained popularity in the modern auto- 
mated inspection process because of their inherent 
capability for accurate measurement. 

It is essential in product manufacturing to deter- 
mine if a manufactured object meets the design re- 
quirements from which the object is made (Li and 
Gu 2004). To achieve this, measurement data ac- 
quired from inspection systems have to be mapped 
with the design coordinate system after localiza- 
tion, and the dimensional errors in the manufac- 
tured part have to be estimated. Traditionally, 
localization has been achieved by presenting the 
parts at a desired position and orientation using 
special tools such as fixtures or other parts presen- 
tation/orientation devices. This process is usually 
expensive, time consuming, and needs great effort 
for the design and manufacture of the required fix- 
tures (Sahoo and Menq 1991; Menq, Yau, and Lai 
1992). In recent years, localization has been done 
by mathematically aligning the design coordinate 
system (DCS) and measurement coordinate system 
(MCS). Generally, this problem is formulated as a 
minimization problem using the least-squares 
method (LSM), considering the sum of the squares 
of the distances between measured points and de- 
sign points (Lee, Yang, and Lee 2004; Huang, Gu, 
and Zernicke 1996). 

Computational geometric techniques are being 
increasingly used in solving geometric problems 
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because of their  intuit ive appeal. Choset  and 
Nagatani utilized the computational geometric con- 
cepts of generalized Voronoi graphs for simultaneous 
localization and mapping of a robot environment 
(Choset and Nagatani 2001; Lisien et al. 2003). A 
new technique for online localization based on a lo- 
cal Voronoi diagram generated from a laser range 
scan was presented by Blanco, Boada, and Moreno 
(2001). Boissonnat and Fl6totto (2004) used the com- 
putational geometric concepts for defining a coordi- 
nate system associated with a set of points scattered 
on a surface. 

Chelouah and Siarry advocate that hybrid algo- 
rithms are more efficient and expedient in arriving 
at the necessary optimal solution. To develop an ef- 
ficient algorithm for optimization problems, the 
promising area likely to contain a global minimum 
has to be fLrst identified by exploring the whole search 
domain. When a promising area is detected, appro- 
priate tools should be utilized to obtain the optimum 
as accurately and as quickly as possible. However, 
no one method is effective in performing both these 
tasks (Chelouah and Siarry 2003). Malamas et al. 
(2003) described the neuro-fuzzy hybrid algorithms 
as a useful tool in solving a variety of industrial vi- 
sion problems for parts inspection. A variety of in- 
dustrial vision applications, such as cork quality 
inspection (Chang et al. 1997), identification of me- 
chan ica l  componen t  d imens iona l  to lerances  
(Sarkodie-Gyan et al. 1997), integrated-circuit prod- 
uct quality control (Malamas et al. 2003; Chen 1995), 
and so on, have used hybrid algorithms with fuzzy 
and neuro-fuzzy systems. Various other software 
tools such as neural networks, fuzzy logic, and ge- 
netic algorithms have also been used for processing 
the data obtained from measu remen t  systems 
(Malamas et al. 2003; Cucchiara 1998; Goulermas 
and Liatsis 1998). However, these tools suffer from 
slow convergence and cannot utilize local informa- 
tion (Chelouah and Siarry 2003). 

Though LSM is based on sound mathematical 
techniques and is widely used for the evaluation of 
geometric and dimensional tolerances, the deviation 
values and geometric tolerances determined by LSM 
will be generally larger than the actual ones, besides 
a possibility of the rejection of good parts. To over- 
come this and arrive at a reliable solution quickly, a 
hybrid algorithm has been proposed utilizing the 
computational geometric and simplex search tech- 
niques. In the present work, the proposed algorithm 

has been implemented for estimation of dimensional 
errors in an automobile chassis module (shown in 
Figure 1), which comprises the subframe and the 
lower arm assembly. The laser measurement data for 
the subframe and the basic computational geomet- 
ric concepts of convex hull and modified Voronoi 
diagram have been utilized for establishing the ini- 
tial coordinate system. A simplex search technique 
has been used for minimizing the total dimensional 
error between the design and measurement points. 
The design and measurement coordinate systems are 
mapped using the 3-D transformations. The positional 
accuracy of the points on the lower arm, which is 
very crucial in an automobile chassis, is determined 
based on the coordinate system established using the 
proposed hybrid algorithm. The dimensional error 
values obtained for the automobile front chassis mod- 
ule using the proposed algorithm are compared to the 
error values estimated using the least-squares method. 
The various steps involved in the proposed algorithm, 
details of inspection of automobile front chassis mod- 
ule, and the results of error estimation for the sample 
data are presented in this paper. 

Laser Measurement System 
The laser vision system used in the present work 

is custom made for inspecting the automobile front 
chassis module (Lee, Yang, and Lee 2004). A gan- 
try robot is modified by mounting a laser vision sys- 
tem on the movable arm, as shown in Figure 2. The 
laser vision system unit consists of a laser source, a 

Figure 1 
Automobile Front Chassis  Module 
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Figure 2 
Laser Vision System 

by relating the pixels of the 
image captured by the CCD 
camera with the correspond- 
ing 3-D points. Initially, the 
laser light is focused on the 
target at a specific angle and 
the CCD camera captures the 
image. This procedure is re- 
peated at equal angular inter- 
vals of  120 deg. The  
coordinates of the point of  in- 
tersection of the laser line and 
the circle at the intersection of 
white and black region are 
obtained, as shown in Figure 
3b. These three points of  in- 
tersection obtained on the tar- 

get are used for determining the circle and the center 
of the target. The coordinates of the center of the tar- 
get and the target size are used for obtaining the mea- 
surement data at the required inspection point. This 
procedure is repeated at all of the inspection points. 

CCD camera, and LED light sources. The LEDs, ar- 
ranged around the laser source, illuminate the target 
to enhance edge detection capability of the system 
without being affected by ambient lighting. A target 
is mounted on the hole whose center is the required 
point to be inspected, as shown in Figure 3a. The 
laser ray emitted by the source is directed at the tar- 
get through a projector lens and a scanning mirror. 
The CCD camera captures the image of  the target. 
Coordinates of  the measured points can be estimated 

(a) Target mounted at measurement points 

Target 

ion 

(b) Image of target captured by CCD camera 

Figure 3 
Measurement Using Laser Vision System 

Establishing Initial MCS and DCS Using 
Computational GeometricTechniques 

The measurement and design coordinate systems 
are in different reference coordinate systems. The 
measurement  data obtained from the laser vision 
based measurement  system have to be processed 
further so that they can be compared directly with 
the design specifications and can verify the dimen- 
sional accuracy of the manufactured components. 
Computational geometric concepts are utilized for 
setting the initial coordinate systems for measure- 
ment  and design points, and the procedure is ex- 
plained in this section. 

The first step of the proposed hybrid algorithm 
(diagrammed in Figure 4) includes establishing the 
initial measurement coordinate system using mea- 
surement data. 

Setting the Initial Measurement 
Coordinate System 

The initial measurement coordinate system (MCS) 
for the measurement data is established by deter- 
mining the initial measurement plane. To establish 
the initial measurement plane and the z-axis, a 3-D 
convex hull of the measurement points is determined 
(see Figure 5). The convex hull of a set of points in 
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Step 1 

Step 2 [ 

Establish initial I 
Measurement 
Coordinate 

System (MCS~ 

I Establish Design 
Coordinate 

System (DCS) 

\ / 
Map initial MCS and DCS to a reference 

coordinate system 

1 
Step 3 [Minimize error in mapping using simplex search I 

Step 4 I 
1 

3D transformations to bring MCS to DCS 

Step 5 ] 
1 

Determination of dimensional 
accuracy 

1 

Figure 4 
Various Steps Involved in Hybrid Algorithm 

space is the boundary of the smallest convex do- 
main that contains all of the points of the set. For 
determining the convex hull of the measured points, 
the divide-and-conquer algorithm has been used in 
the present work (Preparata and Shamos 1985; 
Preparata and Hong 1977). 

After constructing the convex hull, a pair of faces 
and the farthest vertex for each face are determined. 
A pair of parallel planes resting on each face and 
passing through the other vertex is considered, and 
the perpendicular distance between them is deter- 
mined. One among the pairs of planes with a mini- 

Measurement 
p l a n e ' ~ ' ~  

~--~" _:~ Parallel 
3-D convex ..t-" ' ' i"~ ~ -"---1 -:~ planes 

hull 

mum distance is considered for establishing the mea- 
surement plane, as shown in Figure 5. The plane 
parallel to these planes and bisecting the perpendicu- 
lar distance between them is taken as the initial mea- 
surement plane. If all of the data points are coplanar, 
the plane containing the data points will be consid- 
ered as the required plane. A vector perpendicular 
to the initial measurement plane is considered as the 
direction vector along the z-axis. 

The x and y axes and the origin of the MCS are 
determined using the concept of the Voronoi dia- 
gram. The Voronoi diagram for a set of given points 
can be constructed by considering a plane perpen- 
dicular to the edges of the convex hull and which 
passes through its midpoints, as shown in Figure 6. 

Line L~2 shown in Figure 6 is the line of intersec- 
tion of the perpendicular plane and the measurement 
plane that was determined earlier. Further, the edges 
P2P 3 and PIP 5 adjacent to the edge PIP_, are consid- 
ered, and their mid points Pra23 and Pmsl are deter- 
mined. The planes perpendicular to lines P2P3 and 
PIPs, passing through the corresponding midpoints 
are constructed. Lines L23 and L 5 ~ represent the lines 
of intersection of these planes with the measure- 
ment plane. After obtaining lines LI2, L23, and Ls~, 
the points of intersection, VI23 and VI25, of lines L23 
and Ls~ on line L~2 are determined as shown in Fig- 
ure 6. The nearest intersection point VI25 from the 
midpoint Pm~2 is considered as the Voronoi center, 
and the line from Vl25 to Pml2 is considered as the 
Voronoi edge and is retained for constructing the 
complete Voronoi diagram. 

t~ 

Figure 5 
Convex Hull and 

Measurement Plane 

Figure 6 
Setting Measurement Coordinate System Using 

Modified Voronoi Diagram 
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This procedure is repeated for all the edges, PzP3, 
P3P4, P4Ps, and PsPv The complete Voronoi diagram 
with Voronoi vertices V~, Vz, and V 3 and the Voronoi 
edges is shown in Figure 6. The Voronoi diagram 
obtained using the above procedure is referred to as 
a modified Voronoi diagram (MVD). After construct- 
ing the MVD, the Voronoi centers V~, V._, and V3 are 
considered for setting the origin, and the Voronoi 
edges are considered for setting the x and y axes of 
the initial MCS. For instance, when V~ is considered 
as the origin, the vector along the Voronoi edge V~, 
P..z is considered as the x-axis, and the line perpen- 
dicular to it is taken as the y-axis. 

The measurement coordinate system can be rep- 
resented by Eqs. (1) to (4): 

X =[u,,,,u,,u~=] 

,,w.,,w.] 
oo --(x..a.,z,.) 

where 

xm, L, zm 
Umx~ Umy~ Umz 

Vm.v, 12my, Vm z 

Wmx, Wmy, Wmz 

Om 
Xm, y,~, Zm 

(I) 

(2) 

(3) 

(4) 

x, y, and z axes of initial MCS 
direction cosines of vector along x- 
axis 
direction cosines of vector along y- 
axis 
direction cosines of vector along z- 
axis 
origin of initial MCS 
x, y, and z coordinates of origin of 
initial MCS 

Sett ing the Design Coordinate System 

Using the procedure explained in the previous 
section, the design plane and z-axis are established 
after constructing the 3-D convex hull of the design 
points. The MVD of the design points is used for 
setting the origin and the x and y axes for the design 
coordinate system (DCS). (The parameters of the 
DCS will not be altered further; hence, it is called 
"DCS" and not "initial DCS.") The design coordi- 
nate system is represented by the parameters shown 
in Eqs. (5) to (8): 

Y~=[v~,,v~,.,va=] (6) 

Z,,=Fw w w l  (7) 

o ,  = ( x , ,  y,,, z,, ) 
where 

X~, Yd, Z~ 
Ua~r~ Udy, l~d: 

V dr , V ~,, V dz 

W dv~ W dy, W dz 

0 d 

Xd, Yd, Zd 

(8) 

x, y, and z axes of DCS 
direction cosines of vector along x- 
axis 
direction cosines of vector along y- 
axis 
direction cosines of vector along z- 
axis 
origin of DCS 
x, y, and z coordinates of origin of 
DCS 

Determining the Final MCS Using 
Simplex Search 

The simplex search method is used for modifying 
the initial coordinate system such that the deviation 
between the design and measured points is a mini- 
mum. The geometric figure formed by a set of n+l  
points in an n-dimensional space is called a simplex. 
In the simplex method, the values of the objective 
function at the n+l  vertices of  a general simplex are 
compared to move the simplex gradually toward the 
op t imum point during the iterative process (Rao 
1996; Nelder and Mead 1965). 

Usually, the initial conditions are selected appro- 
priately for the process of  efficient localization. How- 
ever, in the present case, the initial MCS and DCS 
(established using computational geometric tech- 
niques explained in the previous sections) are con- 
sidered as initial input so that the required solution 
is reached more efficiently. It can be noted from the 
equations of the initial MCS [Eqs. (1) to (4)] and the 
DCS [Eqs. (5) to (8)] that 12 parameters (nine pa- 
rameters for defining the orientation of the three axes 
and three parameters for specifying the position of 
the origin) are required for defining each coordinate 
system. If the simplex search is applied to the present 
system, then the number of  unknown variables for 
each coordinate system will be 12 (n), i.e., u,~, u,~, 
Urn., V,=, Vmy, Vmv W,~, W~, W,, z, X m, y,,, and z~, and the 
simplex formed will be of the order of 13 (n+l). Such 
a simplex system with a large number of unknowns 
will take a long time to arrive at the convergence 
value. Moreover; the simplex system may not always 
arrive at the optimal solution. Hence, in this paper, 
the problem is reduced to a system with four un- 
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knowns (order of simplex is five) by modifying the 
problem as explained in the following sections. 

Transformation of  Initial MCS to Reference 
Coordinate System 

To reduce the number of search parameters, the 
initial MCS and DCS are transformed to a reference 
coordinate system (RCS). The transformations are 
carried out in such a way that the x, y, and z axes of 
the initial MCS coincide with the RCS. In this condi- 
tion, the measurement plane mentioned in a previ- 
ous section will coincide with the x-y plane of the 
RCS, and the origin of the initial MCS will coincide 
with the origin of the RCS (0, 0, 0). In the present 
case, the Z-axis of both the initial MCS and the ref- 
erence coordinate system concur. The transforma- 
tion of the initial MCS to the RCS is carried out by 
using transformation matrices as shown in Eq. (9). 

] --X m 

1 0 -Ym 
Tm= 0 1 - , .  

o o  

V ma" V rnv Pro: 
Rm ~ 

W mx Wm y W mz 

0 0 0 

(9) 

The measurement plane determined using the 3- 
D convex hull method (explained previously) is set 
in such a way that the deviation of  the measured 
points from this plane is a minimum (see Figure 5). 
Hence, it is not necessary to apply the simplex search 
process to the z-axis parameters of the initial MCS. 
The unit vector along the z-axis of the RCS is repre- 
sented by Zm [0, 0, 1 ]. Consequently, the number of 
parameters required to be considered is reduced from 
12 to six (i.e., u,,,, u,,,y, v,,.~, Vmy , Xm, Ym), a s  given in 
Eqs. (10) to (12): 

Xm : ' I  N .... Umy,O 1 ( 1 0 )  

Y =IV ,V ,0] (11) 

0 m = (x ,y,..O) (12) 

All of the coordinate systems considered here are 
orthogonal coordinate systems with each axis per- 

pendicular to the other. In the present case, as the z- 
axis of the initial MCS and RCS coincide and are 
already defined, if any one of  the x or y axes is 
known, the other can be obtained by the cross prod- 
uct of the given axis and z-axis. Therefore, the num- 
ber of parameters to be considered for applying 
simplex search is further reduced to four (i.e., u,,~, 
u.,y, x,,,, Ym or v.~,., I'm,, , Xm, Ym)" 

Transformation of  DCS to RCS 

To estimate the deviations of the measurement and 
design points, the design coordinate system is also 
transformed to reference coordinate system by us- 
ing the transformation matrices as shown in Eq. (13). 
The transformation of the initial MCS and DCS is 
represented as step 2 in Figure 4. 

i1 0 0 ] 
--X d 

0 1 0 -ye 
T " = O 0  1 _  d 

0 0 0 

l Ud~ lady Ud: 

Vdx Vd v Vd z 
S d ~ 

Wdx Wdy Wd z 

0 0 0 

(13) 

The objective function to be minimized using the 
simplex search process is the sum of deviations of 
individual coordinates of the measurement and the 
corresponding design points at the reference coor- 
dinate system. The optimization is done using sim- 
plex search so that dimensional error between the 
transformed measurement and design points at the 
reference coordinate system is a minimum. Minimiz- 
ing the error in mapping by using the simplex search 
technique is represented in Figure 4 as step 3. The 
initial MCS is modified based on these parameters. 
The whole procedure is repeated for all initial MCSs 
determined earlier at each Voronoi center. The pair 
of  measurement and design coordinate systems for 
which the sum of deviations is a minimum is taken 
as the required MCS and DCS. This measurement 
coordinate system is referred to as the modified MCS, 
or simply MCS. 

Mapping the MCS and DCS 
Mapping the modified measurement coordinate 

system and the design coordinate system is done by 
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carrying out the necessary 3-D transformations. The 
MCS is transformed to DCS using the transforma- 
tion matrices as shown in Eq. (14). When the MCS 
and DCS are mapped, the dimensional error in the 
measured points can be obtained by direct compari- 
son. These steps in the hybrid algorithm are shown 
as steps 4 and 5 in Figure 4. 

U t ~ V,fl War 0 

tta 5, V c 6, W dv 
R a = 

Ud z Vd z Wd z 

0 0 0 

Td= 0 1 

0 0 

(14) 

position when the z-coordinate is -70.6. It is prac- 
tically difficult to position the arm at this position 
and make the measurement. To overcome this prob- 
lem, the procedure described below is adapted. The 
lower arm is mounted on a selective compliance 
articulated robot arm (SCARA), as shown in Fig- 
ure 8a. The SCARA robot is used for moving the 
lower arm to different positions, such as positions 
1, 2, and 3, as shown in the Figure 8b. The angle of 
rotation of the lower arm is about 15 deg from ini- 
tial position (position 1). The measurements are 
taken at these three positions, namely, points Pms~, 
Pros_-, and Pro53, for the left arm, which correspond to 
point Ps. The same procedure is repeated for right 
arm, and points Pro61, Pra62, and Pro63 are  obtained 
corresponding to the point P6. The coordinates of 
points P5 and P6 on the lower arm are determined 
using this data. 

Inspection of Automobile Front 
Chassis Module 

The proposed hybrid algorithm has been used for 
estimating dimensional errors in an automobile front 
chassis module. The front chassis module assembly 
comprises the subframe (inspection points Pl to P4) 
and front lower arm (inspection points P5 and P6)- Fig- 
ure 7 shows the pictorial drawing with design dimen- 
sions and tolerances of the front chassis module along 
with the strut mounted on the lower arm through a 
king pin and a ball joint. The design and tolerance 
specifications of all the required inspection points are 
given in Table 1. The position of points P5 and P6, 
where the king pin and ball joint assem- 
bly is mounted, is very crucial as it in- 
fluences the performance, driving safety, 
comfort, and dynamics of the automo- 
bile. Points P~ to P4 are used for estab- 
l ishing the required measu remen t  
coordinate system, and the dimensional 
error in points P5 and P6 is estimated us- rd_~ ,~  v 
ing this coordinate system. 

Inspection Procedure 

The position of points P~ to P4 on the 
subframe is measured  di rect ly  by 
mounting a target on the holes at the 
required inspection points. However, in 
the case of points P5 and P6 on the lower 
arm, the design specifications define the 

Determination of Dimensional Errors  

The required MCS and DCS are determined using 
the proposed hybrid algorithm, using the data of 
points on the lower arm (points P1 to PaL To make 
direct comparison of the dimensions with the design 
specifications, the coordinates of points P5 and P6 
need to be determined when the Z-coordinate is - 
70.6, as given in the design specification. To obtain 
the x and y coordinates of point Ps, a circle C~ with 
center Pc5 is constituted using the measurement data 
points Pros J, Pro52, and P,~3, which corresponds to the 
left lower arm (point Ps), as shown in Figure 8b. A 
plane parallel to the z-axis passing through the de- 
sign point Pd5 with z value equal to -70.6 is estab- 

King pin and ball2 

Strut mount 

~ Lower arm 

Sub fram, 

r~ (42~ "~,-.w~,~,e~ r,, ~_as:~*-~ -,~ e*,- _vo.¢,~ 5 

Figure  7 
Automobi le  Front  Chassis Module with Design Dimensions  and Tolerances 
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Table 1 
Sample Laser Measurement Data 

Point No. .r (ram) y (ram) z (mm) 
Pl 
P, 
P3 
P4 

PmsI 
P5 Pros: 

Pro53 

Pro61 
P6 Pros_, 

Pm63 

1187.9673 -386.9768 -393.0784 
1187.7644 -1022.8022 -392.8982 
127.9625 -1199.0031 -297.0490 
128.3077 -211.2180 -296.9763 
734.2061 -1428.6924 -.468.1184 
734.2061 -1424.8511 -419.3108 
734.2061 -1424.8511 -516.9259 
734.3928 20.1416 -468.3070 
734.3928 16.3003 -419.4994 
734.3928 16.3003 -517.1145 

lished. The required measurement point Pr,5 is the 
intersection of the circle C, and plane PL 1, as shown 
in Figure 8b. This procedure is repeated for the right 
arm (Pro61, Pra62, and Pm6.0 and the point Pro6 is deter- 
mined. After determining the points Pro5 and Pro6, the 
dimensional errors in these points are calculated by 
comparing the x, y, and z coordinates of each point 
with the design specification. 

Results and Discussion 
The design specifications of the inspection points 

of the subframe and lower arm assembly (points Pl 
to P6) are given in Figure 7, while the sample mea- 

SCA 
r( 

(a) Lower arm mounted on SCARA robot 

C~ 

f 
Position 2 P,,~ 

I k  

Position 1 P,,a-. ~ - ' - - - - ~  P::~ 

Position 3 P ,~  ti 

P-,"-L_ 
PL~ PLI~ 
Z=- -7¢.6 

(b) Determination of point P5 on lower ann 

Figure 8 
Inspection of Lower Arm 

Table 2 
Dimensional  Errors in Measured Points 

Dimensional Error (nun) 

Least-Squares Present 
Point Method Method 

No. x y : x y 

P, -0.7075 0.5724 0.0129 0.1481 -0 .1540-0 .0780  

P2 --0.2323 -0.7146 0.0722 -0.3075 0.2021 0.192 

P3 0.4695 1.0722 -0.0755 -0.1896 0.2539 -0.0475 

P4 0.4703 -0.9301 -0.0097 0.5478 0.3860 -0.1143 

P5 0.6058 1.0235 0.0000 -0.7190 -0.7005 0.0000 

P6 1.2424 -1.2075 0.0000 0.6784 0.7417 0.0000 

surement data obtained from the laser vision system 
is shown in Table 1. The coordinates of the points 
are obtained after carrying out the necessary trans- 
formations using the method proposed in this paper. 
The 14 dimensional errors in the measured points 
are determined using the present algorithm (Table 
2). The dimensional error values are also compared 
with those obtained by the least-squares method 
(Lee, Yang, and Lee 2004). In the least-squares 
method, the measurement plane is obtained by con- 
sidering the sum of the squares of the deviations of 
the measured points. The origin is determined by 
dividing the line joining the mid points of P,P2 and 
P3P4 in the ratio of 438:622. In the present work, the 
dimensional errors are estimated by calculating the 
deviation of individual x, y, and z coordinates of each 
point from the design specification. 

The observations show that the deviations esti- 
mated using the proposed method are significantly 
smaller than those obtained by LSM. It is evident 
from the error values of points P, to P4 that the hy- 
brid algorithm reduces error in setting up the MCS 
and DCS. Also, the dimensional error values of points 
P5 to P6 are smaller compared to the values obtained 
by LSM. Table 2 shows that when the least-squares 
method is used for estimation of dimensional errors, 
the deviation of some of the coordinates is larger 
than the specified tolerance limits. This may lead to 
the risk of the part being rejected. The present algo- 
rithm reduces the risk of rejecting the good compo- 
nents by offering more reliable results. Thus, reliable 
inspection reports can be generated by reducing the 
error in setting the coordinate systems. 

Conclusions 
In this work, a hybrid algorithm is presented for 

analyzing the data obtained from a laser vision in- 
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spection system. The algorithm shows that the com- 
putational geometric techniques along with simplex 
search techniques can be effectively used for local- 
ization and mapping the measurement and design 
coordinate systems with reduced error. The computa- 
tional geometric techniques are used for establishing 
the initial measurement coordinate system, and the 
search technique is used for reducing error in setting 
the measurement and design coordinate systems. 

The proposed algorithm is successfully imple- 
mented for the inspection of an automobile chassis 
module. The results show that by using the proposed 
method the error in setting the measurement coordi- 
nate system is reduced. Also, the present method gives 
smaller error values compared to the least-squares 
method. Because initial conditions applied to the sim- 
plex search are obtained using computational geo- 
metric techniques and are close to the convergence 
value, the solution is arrived at quickly. 

If the manufacturing systems and processes are 
reliable and are under strict control, the dimensional 
inspection and the 100% inspection of parts can be 
eliminated. However, in the laser measurement sys- 
tem, where the proposed algorithm is implemented, 
the system is employed for 100% dimensional in- 
spection of  automobile chassis modules to ensure 
quality, as these parts are supplied by subcontrac- 
tors. The proposed algorithm can also be used for 
localization and mapping of measurement and de- 
sign coordinate systems in automated inspection. 
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