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¥_% - 4-connectivity and 8-connectivity

—Two pixels are said to be 4-connected to each other if they are neighbors via any of
the four cardinal directions (N, E, S, W).

—Two pixels are said to be 8-connected if they are neighbors via any of the eight
directions (N, NE, E, SE, S, SW, W, NW).

—An object is said to be 4-connected if any of its pixels can be reached from any

other pixel of the same object by traversing via 4-connected pixel pairs.
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1. Initialize the image pixels:
1, if pixel x,y is black

Label the pixels d, , = i
abel the pixels d,, {O, if pixel X, y is white

2. Forward pass:
For each object pixel: d, , = min(dW ,dyw»dy ,dNE) +1

3. Backward pass:

For each object pixel: d,, = min(d de +1Ldg +1,dg +1,dg, +1)
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(b) 4-distance transformed image
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(c) 8-distance transformed image
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Step 1. Distance transform

Step 2. Detection of the skeletal points
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1. Neither the N-S (north-south), nor the W-E (west-east) neighbor pairs are such

that one belongs to | and another to A.

2. Any of the triples in the set { N-NE-E, E-SE,S, S-SW-W, W-NW-N } are

such that the diagonal neighbor belongs to C, while the remaining two belong to
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Zhung and Suen(T.Y. Zhang and C.Y. Suen, “A fast parallel algorithm for thinning
digital pattern,” Communications of the ACM, Vol. 27, No. 3, pp. 236-239,1984)
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// thinning.h

// thinning of binary image

// MIAT Lab, Kaohsiung, Taiwan

// Algorithm of Zhung and Suen(1984)
// revised by CHEN Ching-Han, 2004.11.09

bool thinning(uc2D &ima)
{
bool success = false ;
bool success2 = false;
int count ;
int count2;
int num_transitions ;
int transitions ;
uc2D temp_array,temp;
temp_array. Initialize(ima.nr,ima.nc);
temp.Initialize(ima.nr,ima.nc);
for (int i = 1; i < ima.nr-1; i++) {
for (int j = 1; J < ima.nc-1; j++) {
count = O;

num_transitions = 0;

// check for N(p)
if (Gima.m[i][J] == 255) {



if (ima.m[i-1][j-1] '= 0)

count++;

if (ima.m[il[j-1] '= 0)
count++;

if (ima.m[i+1][j-1] '= 0)
count++;

if (ima.m[i+1][j] '= 0)
count++;

if (ima.m[i-1][j] '= 0)
count++;

if (ima.m[i+1][j+1] !'= 0)
count++;

if (ima.m[i][j+1] '= 0)
count++;

if (ima.m[i-1][j+1] '= 0)
count++;

if (count = 8) {
// 2 <= N(p) <= 6
if (count >= 2 && count <= 6) {

ifCGma.m[i-1][j] == 0 && ima.m[i-1][j+1]

num_transitions++ ;

ifGima.m[i-1][j+1] == 0 && ima.m[i][j+1]

num_transitions++ ;

ifGma.m[i][J+1] == 0 && ima.m[i+1][j+1]

num_transitions++ ;

ifGma.m[i+1][j+1] == 0 && ima.m[i+1][j]

num_transitions++ ;

ifGma.m[i+1][Jj] == 0 && ima.m[i+1][]J-1]

num_transitions++ ;

ifGima.m[i+1][Jj-1] == 0 && ima.m[i][J-1]

num_transitions++ ;

ifGma.m[i][J-1] == 0 && ima.m[i-1][}J-1]

num_transitions++ ;

ifCima.m[i-1][j-1] == 0 && ima.m[i-1][J}]

num_transitions++ ;

/7/75(p) = 1
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if (num_transitions == 1) {
// it p2 * p4d * p6 =0
it Cima.m[i-110]1 == 0 || ima.m[i][j+1] == 0 ||
ima.m[i+1]1[§] == 0){
// if p4 *p6 *p8 =0
ifCima.m[i]J+1] == 0 || ima.m [i+1]1[j] == 0 ||
ima.m[i]0j-1] == 0) {
temp_array.m[i][j] = O;

success = true;

}
else
temp_array.m[i][j] = 255;
}
else
temp_array.m[i][J] = 255;
}
else

temp_array.m[i][j] = 255 ;
}
else
temp_array.m[i][J] = 255 ;
}
else
temp_array.m[i][J] = 255;
}
else

temp_array.m[i][j] = O;

}

//copy thinned image back to original
for (int a = 0; a < ima.nr; at++) {
for (int b = 0; b < ima.nc; b++)

ima.m[a][b] = temp_array.m[a][b];

// step 2 of the thinning algorithm
for (int k = 0; k < ima.nr; k++) {

for (int 1 = 0; I < ima.nc; I++) {



count2 = 0;
transitions = 0;
if (ima.m[k][1] == 255) {

if (ima.m[k-1][1-1] '= 0)

count2++;
if (ima.m[k][1-1] '= 0)

count2++;

if (ima.m[k+1][1-1] '= 0)

count2++;

if (ima.m[k+1][1] '= 0)
count2++;

if (ima.m[k-1][1] '= 0)
count2++;

if (ima.m[k+1][1+1] '= 0)

count2++;
if (ima.m[K][1+1] '= 0)

count2++;

if (ima.m[k-1][1+1] '= 0)

count2++;

if (count2 1= 8) {

if (count2 >= 2 && count2 <= 6) {
ifGma.m[k-1][1] == 0 && ima.m[k-1][1+1]

transitions++ ;
ifCima.m[k-1][1+1]

transitions++ ;

if(ima.m[k][1+1] ==

transitions++ ;
ifCima.m[k+1][1+1]

transitions++ ;

if(ima.m[k+1][1] ==

transitions++ ;
ifCima.m[k+1][1-1]

transitions++ ;

if(ima.m[k][1-1] ==

transitions++ ;
ifCima.m[k-1][1-1]

transitions++ ;

0

0

0

0 && ima.m[K][1+1]

&& ima.m[k+1][1+1]

0 && ima.m[k+1][1]

&& ima.m[k+1][1-1]

0 && ima.m[K][I-1]

&& ima.m[k-1][1-1]

0 && ima.m[k-1][1]
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if (transitions == 1) {
// it p2 * p4d * p8 =0
ifCima.m[k-11[1] == 0 || ima.m[kK][1+1] == O ||
ima.m[k][I1-1] == 0){
// if p2 * p6 * p8
if(ima.m[k-11[17 == 0 || ima.m[k+1][I1 == 0 ||
ima.m[k][I1-1] == 0){
temp.m[k][1] = O;
success2 = true;
}
else
temp.m[K][1] = 255;
}
else
temp.m[K][1] = 255;
}
else
temp.m[K][1] = 255;
}
else
temp.m[K][1] = 255;
}
else
temp.m[K][1] = 255;
}
else
temp.m[K][I] = O;

for (int a = 0; a < ima.nr; at++) {
for (int b = 0; b < ima.nc; b++)
ima.m[a][b] = temp.m[a][b];
}
if(success || success?2) return true;

else return false;
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void main(Q)
{
uc2D ima;
int nr=120,nc=120;
ifstream in("bin.raw",ios: :binary);
ofstream out(*'thin.raw');
ima.Initialize(nr,nc);
for(int i=0;i<ima.nr;i++)for(int j=0;j<ima.nc;j++)
ima.m[i][j1=in.get();
bool continue;
while(1)
{
continue = thin(ima);
if(continue==0)break;
}

for(int i=0;i<ima.nr;i++)for(int j=0;j<ima.nc;j++)out<<ima.m[i][j];
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