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Novel method for solving maximum inscribed circle
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Abstract : A novel method has been proposed according to the minimum criterion for solving maximum in-
<ribed cirdle. Two mathematical formulae have been developed for the establishment of the center of the
maxi mum inscribed circle for the profile measured in such a way that acircle is decided by putting the coor-
dinate valuesof the three points selected from the profile measured into the formulae developed. These three
pointsform an acute triangle. The formulae can be used two or three times. Another point selected from
the profile replacesone of theformer three pointseach time. According with the minimum criterion, thefi-
nal circleisjust the maximum inscribed circle, of the profile measured when the whole profile measured is
outsde the circle. A flow chart of program and two examples are given in the paper. Thereis no principle

error or method error in the results caculated by the formulae.
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1 Introduction

To evauate precisgly the roundness error of
mechanical parts according with MIC, it is key to
decide the MIC (s center of the profile measured ,
but it is difficult to do © because thereis no mathe-
matical formula available now. To get the desred
results for roundness error evauating, data ob-
tained from measurement devices must be anayzed
usng appreciate computer - based an agorithm,
and this agorithm must follow the specifications
laid down in the Standards. Moreover , the algo-
rithm must be dficient, reliable in evaluating
roundness error. In the past decade, many meth-
ods have been developed to obtain the maximum in-
<cribed circle lution of roundness error.

Liu Shugui , et a.!*! proposed a approach to
obtain the maximum inscribed circle by calculation-
a geometry method. Chetwynd!?! adopted limacon
approximation for the circle and formulated the cir-
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cularity problem as a linear programming problem.
Samuel ®! used computational geometric techniques
to eval uate roundness. Shunmugan'®! has suggested
a new dmple approach cdled the median tech-
nique , which gives minimum value of circularity
error. Cui Changcai , et a.!® employed a genetic
algorithm in roundness error evauation. Bourdet
and Clement!®! used a small diglacement screw
model to get an approximate lution based on the
minimax criterion. Murthy!”! proposed a two - di-
mengona (2 - D) smplex search method. The
search is easy to code and eficient. Timothy We-
ber , et al.®! employ a unified linear approximation
technique for roundness error evauation. La and
wang!®! proposed a computational geometric tech-
nique to olve the roundness problem, but their -
lution fall s short of finding the minimum radia sep-
aration. Le and Lee!™! ao described a smilar ap-
proach. Roy and Zhang''!!

based on
[12]

proposed a lution

the gmilar technique. Jyunping

Huang
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proposed an exact olution usng Voronoi diagrams.
Tsukada et a.!* used the Neldermead smplex
method to evduate the circularity. Wen - Yuh Jy-
we et d. [ constructed three mathematical models
to olve the min - max problem for evauating
151 proposed a new
strategy for improving the computationa eficiency

roundness. Jyunping Huang

of evauating roundness.

In this paper , a novdl method —intersectant
chords method, is proposed. The mathematica
formulae, educed from the method , for the precise
lution of maximum inscribed circle are given.
The M IC of the profile measured can be eadly ca-
culated by udng the mathematical formulae two or
three times. The excellence of the method proposed
here isthat thereis no principle error or method in
the results caculated by the formulae, differing
from any other method mentioned above.

2 Principle

The badc principle, deciding the center of
maxi mum inscribed circle by the method presented
in this paper , can be described as follows: First ,
draw acircle. The center of the circleisthe inter-
ection point of the vertica bisectors of two inter-
sectant chords, which have same one end-point , on
measured profile, for example P, P; and P, P; are
two intersectant chords, O;M is the vertical bisec
tor of PLPs, OjNisthat of P, P;, and Ojisthein-
tersection point of O;M and O;N in Fig.1(a). The
radiusof the circle is the distance from the center
to these three points regectively , and these three
pointsform an acute triangle. Second , check to see
whether the whole measured profile isoutd de abso-
lutely the circle or not. Findly, replace one end
point of these two intersectant chords by point
Pmin if it is not and start next caculate cycle until
the whole profile measured isoutsde the circle. It
is necessary that the three end-points of the inter-
sctant chords must form an acute triangle at all
time, for example point Pmin replaces P3in Fig. 1
(@). Thefinal circleisjust the maximum inscribed

circle of the profile measured when the whole pro-
file measured isoutsde the circle (shownin Fig. 1

(b)) .

PA}T

(a) A prima reference cirde

(h
~\.

(b) The MIC of the profile measured
Fig.1 Principle of method proposed

=Y

3 Deciding the center of maximum
inscribed circle

3.1 Mathematical model

Asfor roundness error evaluation, except the
method of least- quare circle, there is no formula
available now to caculate directly the center of ref-
erence circle. S, first of al, the mathematica
model , from which the formulae to cadculate the
center of reference circle can be deduced, should be
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built up.

In Fig.1,itissupposed that point O and O,is
regectively the center of measurement system and
maximum inscribed circle, Py, Piand Pz are the
three contact points at which the measured profile
contacts with the maximum inscribed circle. Then
the mathematical models to decide the center of
maximum insribed circle as well as to evaluate
roundness error can be built up asfollows:

Oi(Xi,Y) = F(P1, P2, P3) , (D

fr= M -, (2)

n= J(Xn- X)2+ (Y- Y2, (3

o= (X - X)2+(Yi- Y2, ()

3.2 Formulae
Hereinto ,
n - the maximum number of the points mea
sured on profile;
ri - the distancefrom the point P, on the pro-
file measured to point O, (i =1,2...,
n);
fi - the roundness error value evaluated ac-
cording with maximum inscribed circle.
In Fig. 1, it is supposed that the coordinate
valuesof point P (i =1,2,3), M, Nand O are
repectively Xjand Y;, Xy and Yy, Xyand Yy,
Xjand Y;. Then the formulae, which are used to
decide the center of maximum inscribed circle by
intersectant chords method , can be deduced as fol-

lows:

(5)

(6)

. = (Ym - YN) (Yaz- Y1) (Y3- Yo) + Xu(Xa- Xg) (Ya- Yp) - Xy(Xz- Xp) (Yz- Yig)

a (Xzg- X)) (Yz- Y2) - (Xz- X2)(Yz- Y1) '

Y_:(XN- My) (X3 - X1) (Xz- X3) - Yu(Yz- Y1) (Xg- Xp) + Yy(VY3z- Yp)(Xz- Xj)

. (X3- X)) (Yz- Y2) - (Xz- X2)(Yz- Vi) '
3.3 Seps nally, one endpoint of thes two intersectant

The process to obtain the center of maximum
inscribed circle can be divided into four steps.
First , sdlect three pointsfrom the profile measured
in that way in Fg. 1 to obtain two intersectant
chords. Second, calculate the coordinate values, X;
and Y;j, of the intersection point O; of the vertica
bi sectors of these two intersectant chords as well as
radius sequence { r;} (i = 1,2,
formula(5) , (6) and (4) , taking X; and Y; asthe

center of the circle. Third, check to see whether

n) by usng

the whole profile measured isoutsde the circle. Fi-

chordsis replaced by point Pn, if it is not, and
next calculation repetitionis started. It is necessary
that the three end-pointsof the intersectant chords
must form an acute triangle at al time, for exam-
ple point P3 is replaced by point Pmin in Fg. 1
(a). Theoverlap segment from second step to final
step is run repeatedly until the whole profile mear
sured is outsde the circle. The circle obtained fi-
naly is just the maximum inscribed circle of the
profile measured. The flow chart to caculate the

maxi mum inscribed circleis given in Fig. 2.
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Select points £, R, and P,

.|

-

Calculate the center of circle using
formula (5) and (6)

'

Calculate {r,), i=1,2, ---, 7

{

Is the circle maximum
incribed circle?

Replace one of points A B or Py using
Prn keeping the condition that the three
points form an acute triangle

|
i

Calculate roundness error by
formula (2)

Fg.2 How chart for caculation for maximum inscribed

cirde

4 Examples and results

The novel method has been tested with the
data of two practical profiles available in the gp-
pendix in this paper. The C language program,
based on the agorithm presented here, finds accu-
rately the maximum inscribed circle of the profiles.
The results caculated are showed in Fg. 3 and
Tab. 1.

Tab.1 Results
Profile’ s number Profile 1 Profile 2
The center coordinate X, 0.000 -1.661

va ues of maximum

incribed cirde " -0.039 -1.661
I 1 max 111.961 114.349
r 88.039 88.031
Roundness error f, 23.922 26.318

(b) Profile 2
Fg.3 Maximum insribed circle established by dgo-
rithm proposed for two practica round profiles
5 Concdugon

In this paper, the mathematicd models de-
pending on the method proposed here are de
<ribed. Al , conddering the need of computer
programmers, the agorithm to decide maximum
inscribed circle is developed. Without the conver-
gence problem and linearizing error in optimal
methods, the algorithm given here provides a novel
strategy for the precise lution of maximum in-
<ribed circle. Asfor the sdection of prima three
points, it merdy afects the time gpent on running
the program, but it has no relation with the fina
results. However , the effect is baby-d5ze. The pre-
cison of the resultsisonlyrelated to the last bit of
the variable used in program. The method pro-
posed in the paper has been used in the apparatus
for roundness error measurement , and its efficiency
and reliability has been proven by the practica ap-
plication.
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Appendix
Profile 1 Profile 2
No. X Yi No. Xi YI
1 0.000 100. 000 1 0.000 100. 000
2 10. 143 102. 985 2 10.031 101. 848
3 20.810 104.617 3 20. 405 102. 582
4 31.721 104.571 4 30.964 102.074
5 42.511 102. 631 5 41.516 100. 227
6 52.769 98.724 6 51.843 96. 992
7 62.096 92.933 7 61.716 92. 365
8 70.153 85. 482 8 70.906 86.399
9 76.711 76.711 9 79.196 79.196
10 81.674 67.028 10 86.399 70.906
11 85.093 56. 858 11 92. 365 61.716
12 87.155 46.585 12 96.992 51.843
13 88.145 36.511 13 100. 227 41.516
14 88. 409 26.819 14 102.074 30. 964
15 88.293 17.562 15 102.582 20. 405
16 88.090 8.676 16  101.848 10.031
17 88.000 0.000 17  100.000 0.000
18 88.090 -8.676 18 97.189 -9.572
19 88.293 -17.562 19 93.575 -18.613
20 88. 409 -26.819 20 89.314 -27.093
21 88. 145 -36.511 21 84.549 -35.021
22 87.155 -46.585 22 79.393 -42.436
23 85.094 -56. 858 23 73.929 -49.398
24 81.674 -67.028 24 68. 203 -55.973
25 76.711 -76.711 25 62.225 -62.225
26 70.153 -85.482 26 55.973 -68.203
27 62.096 -92.933 27 49, 398 -73.929
28 52.769 -98.724 28 42.436 -79.393
29 42.511 102. 631 29 35.021 -84.549
30 31.721 104.571 30 27.093 -89.314
31 20.810 104.617 31 18.613 -93.575
32 10.143 102. 985 32 9.572 -97.189
33 0.000 100. 000 33 0.000 100. 000
34 -9.460 -96. 052 34 -10.031 101. 848
35 -18.208 -91.540 35 -20.405 102. 582
36 -26.336 -86.817 36 -30.964 102.074
37 -34.026 -82.145 37 -41.516 100. 227
38 -41.510 -77.660 38 -51.843 -96.992
39 -49.018 -73.361 39 -61.716 -92.365
40 -56.726 -69. 120 40  -70.906 -86.399
41  -64.711 -64.711 41 -79.196 -79.196
42  -72.928 -59. 851 42  -86.399 -70.906
43  -81.200 -54.256 43  -92.365 -61.716
44  -89.229 -47.694 44 -96.992 -51.843
45 -96.631 -40.026 45 -100.227 -41.516
46 -102.979 -31.238 46 -102.074 -30.964
47 -107.864 -21. 456 47 -102.582 -20. 405
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48
49
50
51
52
53
54
55
56
57
58
59
60
61
62
63
64

-110.
-112.
-110.
-107.
-102.
-96.
-89.
-81.
-72.
-64.
-56.
-49.
-41.
-34.
-26.
-18.
. 460

946
000
946
864
979
631
229
200
928
711
726
018
510
026
336
208

-10.
-0.
10.
21.
31.
40.
47.
54.
59.
64.
69.
73.
77.
82.
86.
91.
96.

927
000
927
456
238
026
694
256
851
711
120
361
660
145
817
540
052

48
49
50
51
52
53
54
55
56
57
58
59
60
61
62
63
64

-101.
-100.
-97.
-93.
-89.
-84.
-79.
-73.
-68.
-62.
-55.
-49.
-42.
-35.
-27.
-18.
-9.

848
000
189
575
314
549
393
929
203
225
973
398
436
021
093
613
572

-10.
.000
.572
18.
27.
35.
42.
49.
55.
62.
68.
73.
79.
84.
89.
93.
97.

031

613
093
021
436
398
973
225
203
929
393
549
314
575
189




