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A perfectly parallel thinning algorithm (PPTA) is proposed. It can generate per­
fect skeletons, which consist of end points, break points, and hole points only. Exper­
imental results show that the proposed PPTA can also preserve image connectivity, 
produce thinner skeletons, and is faster than many existing thinning algorithms. For 
example, it is twice as fast as one of the fastest parallel thinning algorithm by Holt, 
Stewart, Clint and Perrorte. 
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1. INTRODUCTION 

Vectorization is a full function in a raster-to-vector drawing conversion system, 
which converts a broad range of paper drawings into points, lines, arcs, and circles 
ready for input directly to a CAD database. There are two steps for vectorization, 
namely: (a) Thinning, which transfers raster drawings to skeletons; (b) Vectorizing, 
which converts raster data (skeleton) to CAD data (vectors). An example of a 
vcctorizer is shown in Appendix A in which (A) is an original drawaing; (B) is the 
skeleton; (C) is the CAD drawing with vectors. 

It is well-known that "thinning" plays a very important role in image processing, 
pattern recognition, and for the quality of the vcctorizer. For a comprehensive 
survey, see Ref. 4, and for most recent developments, see Refs. 8 and 9. However, 
one normally cannot directly use some existing thinning algorithms for vectorizing 
because there may remain redundant pixels in resulting skeletons. Therefore, one 
needs either to redesign the algorithm, or to do some additional work to remove the 
redundant pixels after thinning. It means that one should use perfectly 8-connected 
curve algorithms.7 Unfortunately, however, according to Ref. 1, "up to now, no 1-
subcycle/iteration parallel thinning algorithms have been successfully developed 
which can produce the perfectly 8-connected curve". In this paper we attempt 
to solve this open problem by proposing algorithm PPTA to produce perfectly 8-
connected curves. 

2. DEFINITIONS AND NOTATIONS 

A binary digitized drawing can be denned as a matrix Q, where each element, 
q[i, j], is either 1 (dark point) or 0 (white point) and these points are pixels. Here 
we assume that the drawings consist of these elements which have value 1. 

Definition 2.1. 8-neighbors of a pixel p are identified by the eight directions 
shown in Fig. 1. The four pixels, p[0], p[2], p[4] and p[6] (i.e. north(p), east(p), 
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south(p), and west(p)), are called the direct neighbors. The four pixels, p[l], p[3], 
p[5], and p[7] (i.e. north-east(p), south-east(p), south-west(p), and north-west(p)), 
are called the indirect neighbors. 

p [7 ] p [0 ] p [ l ] 
p [6] p p[2] 
p [5] p [4 ] p[3] 

Kig. 1. Pixel p and its neighbors. 

Definition 2.2. Neighbor number of p, NN(p), is the number of nonzero neighbors 
of current pixel p: 

7 

NN(p) = ]T p[k] 
k = 0 

Definition 2.3. Weight number of p, WN(p), is defined as follows: 

7 

WN(p) = Y^ P[k] * 2* 
k = 0 

M = WN(Q) means m[i, j] = WN(q[i, j}) for all i and j . For 3*3 window the 
weight numbers are between 0 and 255 as shown in Appendix B. A set which 
consists of all weight numbers is called WS = {0, 1, . . . , 255}. 

Definition 2.4. Connection number of p, CN(p), is defined as follows: 

CN(p)= Yl pM*G#+l]Vp[fc + 2]) 
k = 0,2,4,6 

where p[k] means 1 - p[k\, p[8] = p[0]. From [6], we have 

CN(p) = 0 p i s the i n t e r i o r ( h o l e ) or i s o l a t e d point 
= 1 p i s the edge po int 
= 2 p i s the connect ing p o i n t 
= 3 p i s the branching p o i n t 
= 4 p i s the c r o s s i n g p o i n t 

Definition 2.5. End point set ES = {WN(p) \ p in Q and NN{p) = 1}. 

ES = { 1 , 2 , 4 , 8 , 16, 3 2 , 64 , 128} 

Definition 2.6. Break point set BS = {WN(p) \ p in Q and CN{p) > 1}. From 
Appendix B, 
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BS = BS2 + BS3 + BS4 
BS2 = { WN(p) I p in Q and CN(p) = 2} 

= { 9 , 10, 11 , 17 , 18, 19, 25 , 26 , 27 , 3 3 , 34 , 35 , 36 , 37 , 3 8 , 
39 , 4 0 , 4 4 , 4 5 , 4 6 , 47 , 49 , 50 , 5 1 , 57 , 58, 59 , 66 , 68 , 7 0 , 
7 2 , 7 3 , 75 , 7 6 , 78 , 8 2 , 90 , 9 8 , 1 0 0 , 1 0 2 , 1 0 4 , 1 0 5 , 1 0 7 , 1 0 8 , 1 1 0 , 

1 1 4 , 1 2 2 , 1 3 0 , 1 3 2 , 1 3 4 , 1 3 6 , 1 3 7 , 1 3 9 , 1 4 0 , 1 4 2 , 1 4 4 , 1 4 5 , 1 4 7 , 1 4 8 , 1 5 0 , 
1 5 2 , 1 5 3 , 1 5 5 , 1 5 6 , 1 5 8 , 1 6 0 , 1 6 1 , 1 6 3 , 1 6 5 , 1 6 7 , 1 7 3 , 1 7 5 , 1 7 6 , 1 7 7 , 1 7 9 , 
180,182,184,185,187,188,190,194,196,198,200,201,203,204,206, 
210,218,226,228,230,232,233,235,236,238,242,250 } 

BS3 = { WN(p) I p in Q and CJV(p) = 3} 
4 1 , 4 2 , 4 3 , 7 4 , 1 0 6 , 1 3 8 , 1 4 6 , 1 5 4 , 1 6 2 , 1 6 4 , 1 6 6 , 1 6 8 , 1 6 9 , 1 7 1 , 1 7 2 , 

1 7 4 , 1 7 8 , 1 8 6 , 2 0 2 , 2 3 4 } 
B S 4 = { WN{p) I p in Q and CN(p) = 4} 

= { 170 } 

Definition 2.7. Hole point set HS = {WN{p) \pmQ and CN(p) = 0}. 

HS = { 0 , 8 5 , 8 7 , 9 3 , 95 , 1 1 7 , 1 1 9 , 1 2 5 , 1 2 7 , 2 1 3 , 2 1 5 , 2 2 1 , 2 2 3 , 2 4 5 , 2 4 7 , 2 5 3 , 2 5 5 } 

Definition 2.8. Removal point set RS = { WN(p) | p in Q and CN(p) = 
1 and NN(p) > 1 } 

RS = WS - ES - BS - HS 
= { 3 , 5 , 6 , 7 , 12 , 13 , 14, 15, 20 , 2 1 , 22 , 2 3 , 24 , 28 , 29 , 

30 , 3 1 , 4 8 , 5 2 , 5 3 , 54 , 55, 56, 60 , 6 1 , 6 2 , 6 3 , 65 , 67 , 69 , 
7 1 , 7 7 , 7 9 , 8 0 , 8 1 , 8 3 , 84 , 86, 88 , 89 , 9 1 , 9 2 , 94 , 96 , 97 , 
9 9 , 1 0 1 , 1 0 3 , 1 0 9 , 1 1 1 , 1 1 2 , 1 1 3 , 1 1 5 , 1 1 6 , 1 1 8 , 1 2 0 , 1 2 1 , 1 2 3 , 1 2 4 , 1 2 6 , 
129,131,133,135,141,143,149,151,157,159,181,183,189,191,192, 
193,195,197,199,205,207,208,209,211,212,214,216,217,219,220, 
222,224,225,227,229,231,237,239,240,241,243,244,246,248,249, 
251,252,254 } 

Definition 2.9. Unremovable point set URS = ES + BS + HS = WS - RS. 

Definition 2.10. Skeleton SS is a set of black points which cannot be deleted by 
some thinning algorithms. 

Definition 2.11. Perfect skeleton is a skeleton which consists of end point, break 
point, and hole point only. The perfect skeleton defined here is an irreducible 
set (sometimes also referred to as the perfect 8-connected curve, see e.g. Ref. 7). A 
thinning algorithm is perfect if it transforms patterns or images to perfect skeletons. 
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3. PPTA: A PERFECTLY AND FULLY PARALLEL THINNING ALGORITHM 

During the past 20 years, researchers designed a lot of thinning algorithms. But 
"fully parallel thinning algorithms can have difficulty preserving the connectivity of 
an image.2" In this section we try to design a perfectly and fully parallel thinning 
algorithm and to prove that it preserves the connectivity of the input pattern or 
image, and produces the perfectly 8-connected curve (perfect skeleton). 

Rosenfeld proved that a parallel thinning algorithm preserves the connectivity if 
only simple points are removed in iterations.5 '6 A pixel is called simple if changing 
it from " 1 " to "0" does not change the connectivity of Is in its neighborhood. Based 
on these concepts, the thinning algorithm can be described as follows: The parallel 
algorithm removes only one type of border point - north, south, east, or west at a 
t ime.2 '7 This is 4-subcycle/iteration algorithm which is certainly not very efficient. 
However, the authors did not give an actual approach to detect simple points for 
2-subcycle/iteration and fully parallel thinning algorithms (later on we will give an 
algorithm to detect simple points for fully parallel thinning). 

A major problem to detect the simple point for fully parallel algorithm is collision. 
A collision occurs if there are simple points in the neighbors of simple point p such 
that p is no longer simple if the simple neighbor points are removed in the same 
iteration. For example in Fig. 2, p is not simple when p[0] is removed. 

p [ 7 ] p [ 0 ] p [ l ] 
P [6 ] p p [2] 
0 0 0 

Kig. 2. A collision example. 

An algorithm "SimplePoint" which can detect the simple points for avoiding colli 
sions is fully parallel iteration is shown in Fig. 3. 

const WNset:array[0..255] of in teger = ( 
{000} 0 , 0 , 0 , 2 , 0 , 6 , 1 , 8 , 0 , 0 , 0 , 0 , 1 , 5 , 1 , 5 , 0 , 0 , 0 , 0 , 1 , 5 , 1 , 5 , 0 , 0 , 0 , 0 , 1 , 5 , 
{030} 1 , 5 , 0 , 0 , 0 , 0 , 0 , 0 , 0 , 0 , 0 , 0 , 0 , 0 , 0 , 0 , 0 , 0 , 1 , 0 , 0 , 0 , 1 , 5 , 1 , 5 , 1 , 0 , 0 , 0 , 
{060} 1 , 5 , 1 , 5 , 0 , 2 , 0 , 2 , 0 , 2 , 0 , 2 , 0 , 0 , 0 , 0 , 0 , 6 , 0 , 6 , 1 , 3 , 0 , 4 , 1 , 0 , 1 , 0 , 1 , 3 , 
{090} 0 , 4 , 1 , 0 , 1 , 0 , 1 , 3 , 0 , 4 , 0 , 4 , 0 , 4 , 0 , 0 , 0 , 0 , 0 , 7 , 0 , 7 , 1 , 3 , 0 , 4 , 1 , 0 , 1 , 0 , 
{120} 1 , 3 , 0 , 4 , 1 , 0 , 1 , 0 , 0 , 2 , 0 , 2 , 0 , 2 , 0 , 2 , 0 , 0 , 0 , 0 , 0 , 6 , 0 , 6 , 0 , 0 , 0 , 0 , 0 , 6 , 
{150} 0 , 6 , 0 , 0 , 0 , 0 , 0 , 6 , 0 , 6 , 0 , 0 , 0 , 0 , 0 , 0 , 0 , 0 , 0 , 0 , 0 , 0 , 0 , 0 , 0 , 0 , 0 , 0 , 0 , 0 , 
{180} 0 , 6 , 0 , 6 , 0 , 0 , 0 , 0 , 0 , 6 , 0 , 6 , 1 , 1 , 0 , 2 , 0 , 2 , 0 , 2 , 0 , 0 , 0 , 0 , 0 , 6 , 0 , 6 , 1 , 1 , 
{210} 0 , 2 , 1 , 0 , 1 , 0 , 1 , 1 , 0 , 2 , 1 , 0 ,1 ,0 ,1 ,1 ,0 ,2 ,0 ,2 , 0 , 2 , 0 , 0 , 0 , 0 , 0 , 6 , 0 , 6 , 
{240} 1 , 1 , 0 , 2 , 1 , 0 , 1 , 0 , 1 , 1 , 0 , 2 , 1 , 0 , 1 , 0 ) ; 
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function SiraplePoint(p:integer):B00LEAN; 
begin 

HNpoint:= WN(p); WNnorth:= WN(north(p)) ; 
HNeast:= WN(east(p)); WNwest:= WN(west(p)); 
WNnortheast:= WN(north-east(p)); 
SimplePoint:=FALSE; 
case HNset[WNpoint] of 

1:SimplePoint:=TRUE; 
2:if (HNset[WNnorth]=0) then SimplePoint:=TRUE; 
3: if (WNset[WNvest] =0) then SimplePoint:=TRUE; 
4: if (WNset[WNnorth]=0 and WNset[HNwest]=0) then SiraplePoint:=TRUE; 
5:if (WNset[WNeast] =0) then SimplePoint:=TRUE; 
6: if (WNset[WNnorth]=0 and WNset[WNeast]=0) then SimplePoint:=TRUE; 
7: if (WNset[WNnorth]=0 and WNset[WNeast]=0 and WNset [WNwest]=0) 

then SimplePoint:=TRUE; 
8: if (WNset[WNnortheast]=0) then SimplePoint:=TRUE; 

end; {case} 
end; 

Fig. 3. A simple point detection algorithm. 

Now based upon the above observations, we are ready to design a perfectly and 
fully parallel thinning algorithm PPTA as follows: 

Procedure PPTA; 
begin 

repeat 
NothingChanged := TRUE; 
for i:=l to iO do for j:=l to jO do 
if (q[i,j]>0) and SimplePoint(q[i,j]) then 

begin q[i,j]:=0; NothingChanged:= FALSE; end; 
until NothingChanged; 

end; 

Fig. 4. PPTA: Perfectly and fully parallel thinning algorithm. 

Note that in the above algorithm, Q(q\i, j], where i = 1. . .i0; j = I.. .jO) is the 
original pattern or image. 

From the above observations, we can show two key properties of PPTA algorithm 
in the following theorems, namely PPTA preserves the connectivity and produces 
perfect skeletons from input images or patterns. 

Theorem 1. PPTA preserves the connectivity. 
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Proof. To design an algorithm for detecting all simple points without collision in 
fully parallel iteration, we can divide removable point set RS into the following four 
subsets, based on which we can prove this theorem in four cases: 

NorthSet = { p I p in RS and p[0] = 0 } 
EastSet = { p I p in RS and p[0] = l and p[2]=0 } 
SouthSet = { p I p in RS and p[0]=l and p[2]=l and p[4]=0 } 
WestSet = { p I p in RS and p[0] = l and p[2]=l and p[4]=l and p[6]=0 } 
RS = NorthSet + EastSet + SouthSet + WestSet 

For example, in Fig. 5, n l , . . . , n4 are in the NorthSet; e l , . . . , e4 are in the 
EastSet; s i , . . . , s6 are in the SouthSet; and w\ and w2 are in the WestSet. 

| p I n l I n2 I n3 I n4 I e l I e2 I e3 I e4 
| | | 1 | | | | 
| 0 0 HO 0 Oi l 0 Oil 0 Oi l 1 OlO 1 1|0 1 OlO 1 1 
|0 n l 111 n2 111 n3 Oil n4 Oil e l Oil e2 Oil e3 01 1 e4 0 
10 1 111 1 110 0 Oil 1 010 1 010 0 0 | 1 0 Oil 1 0 

|WN(p) I 30 | 124 I 192 I 240 I 209 I 67 I 97 I 115 
|WNset[WN(p)]I 1 1 1 | 1 | l l I I 2 | 3 I 4 

| p I s i I s2 I s3 I s4 I s5 I s6 I wl I w2 
| | | 1 | 1 | | 
| 0 1 HO 1 110 1 OlO 1 OlO 1 OlO 1 HO 1 111 1 0 
l l s i HO s2 111 s3 111 s4 111 s5 1 10 s6 l | 0 o l l | 0 w2 1 
10 0 010 0 HO 0 111 0 Oi l 0 110 0 Oi l 1 Oi l 1 0 

|WN(p) I 71 I 15 I 77 I 101 I 109 I 7 I 55 I 181 
|WNset[WN(p)]I 2 1 5 | 6 I 4 I 7 1 8 | 5 | 6 

Fig. 5. Sample pixels and their window numbers. 

We will detect all simple points for each subset as follows. 

C a s e 1. If all simple points are from NorthSet, then there are no collisions in 
parallel i teration7 and all points in NorthSet are simply called north-0. 

nor th-0 = { 6, 12, 14, 20, 22, 24, 28, 30, 48, 52, 54, 56, 60, 62, 80, 
84, 86, 88, 92, 94, 96,112,116,118,120,124,126,192,208,212, 

214,216,220,222,224,240,244,246,248,252,254} 
NorthSet = north-0(41 poin ts ) 

I 
I Window 
I 

I 
I Window 
I 
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Case 2. If all simple points are from NorthSet and EastSet, some collisions occur 
between point p (from EastSet) and neighbors of p (from NorthSet). As an example, 
e2 in Fig. 5 is not simple if north(e2) is simple, el is simple if north(e2) is in URS(see 
Definition 2.9). We give a simple point condition for that kind of points: 

e a s t - n = { p | p in EastSet and p[0] in URS } 

east-n is a set of simple points in which p is in EastSet and north(p) is in URS. There 
are 11 points (see below) in north-O. e2 (WN)(e2) = 67. WNset(WN(e2)) = 2) is 
one of them. Similarly, we can detect all other simple points in east-0, east-u; and 
east-n-w as follows: 

(a) ea s t -0 = { p I p in EastSet } 
= { 193,209,217,225,241,249 } 

(b) e a s t - n = { p I p in EastSet and p[0] in URS } 
= { 3 , 65, 67, 129,131,195,211,219,227,243,251 } 

(c) east-u; = { p I p in EastSet and p[6] in URS } 
= { 81 , 89, 97,113,121 } 

(d) eas t -n-u i = { p I p in EastSet and p[0] in URS and p[6] in URS } 
= { 83, 91 , 99,115,123 } 

EastSet = eas t -0 + eas t -n + east-u; + east-n-u ' (27 points) 

Case 3. If all simple points are from RS except WestSet, then there are collisions 
between p (from SouthSet) and the neighbors of p (from NorthSet and EastSet). 
We detect all simple points in SouthSet as follows: 

(a) south-n = { p I p in EastSet and p[0] in URS } 
= { 69, 71,133,135,197,199,229,231} 

(b) south-e = { p I p in EastSet and p[2] in URS } 
= { 13, 15} 

(c) south-n-e = { p I p in EastSet and p[0] in URS and p[2] in URS} 
= { 5, 77, 79,141,143,205,207,237,239} 

(d) south-n-u; = { p I p in EastSet and p[0] in URS and p[6] in URS} 
= {101,103} 

(e) south-n-e-u) = { p I p in EastSet and p[0] in USR and p[2] in URS 
and p[6] in URS} 

= {109,111} 
(f) south-n-e = { p I p in EastSet and p [ l ] in USR} 

= { 7} 
SouthSet = south-n + south-e + south-n-e + south + n-w + 

south-n-e-it) + south-n-e (24 points) 

Case 4. If all simple points are from RS, then all simple points in WestSet are 
west-e and west-n-e. 
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(a) wes t -e = { p I p i n WestSet and p[2] in URS } 
= { 21 , 23, 29, 31 , 53, 55, 61 , 63} 

(b) west-n-e = { p I p in WestSet and p[0] in URS and p[2] in URS } 
= {149,151,157,159,181,183,189,191} 

WestSet = west-e + west-n-e (16 points) 

Combining these four cases, we get an algorithm to detect all simple points in fully 
parallel iteration as shown in Fig. 3, where WNsct[WN(p)] is: 

W Nset[W N(p)] = 0 p i s an unremovable point 
= 1 p i s a simple point 
= 2 p i s a simple point if p[0] in URS 
= 3 p i s a simple point i f p[6] in URS 
= 4 p i s a simple point i f p[0] and p[6] are in URS 
= 5 p i s a simple point if p[2] in URS 
= 6 p i s a simple point if p[0] and p[2] are in URS 
= 7 p i s a simple point if p[0] and p[2] and p[6] are in URS 
= 8 p i s a simple point if p [ l ] in URS 

T h e o r e m 2. PPTA algorithm produces perfect skeleton. 

P r o o f . To prove a perfect skeleton we only make sure that all points in removable 
point set RS are deleted when the iteration is terminated. PPTA does that because 
we remove all possible simple points of RS in each parallel iteration. 

4. COMPARISONS OF THINNING ALGORITHMS 

To compare the parallel speed, we code algorithm PPTA and HSCP 3 in PASCAL 
language, and run on an IBM P C computer. The tested results of four examples 
(Appendix C) are shown in Fig. 6. These experimental results show that the pro­
posed algorithm is about twice as fast as an HSCP algorithm. 

PPTA Algorithm HSCP Algorithm 

Leaf tl 2.5 * tl 

Body t2 2.0 * t2 

Character A t3 2.4 * t3 

Character B t4 3.3 * t4 

Fig. 6. The comparisons of PPTA and HSCP. 
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5. CONCLUSIONS 

We propose a fast and fully parallel thinning algorithm (PPTA) which preserves 
the connectivity of patterns and produces thinned and perfect skeletons. Using the 
same idea, it is easy to design perfectly 2 subcycle/iteration and 4 subcycle/iteration 
thinning algorithms. 
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APPENDIX B. 256 weights. 
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LilU Û U P u P i 

1 4 « 141 

12 



A NEW PARALLEL THINNING METHODOLOGY 1009 

APPENDIX C. Testing drawings. 

Qk*r*ct*r k Cbaract*r * 
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