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Abstract

An efficient parallel algorithm designed for
graphic processing unit (GPU) is proposed in this
paper to resolve the distance transform problem in
a binary image. Given an /Axw binary image /
consisting of n objects, the shortest Euclidian
distance from each pixel to all these » objects are
computed. Our parallel shortest distance scan
(PSDS) algorithm extends the ideas of the
conventional parallel prefix scan algorithm. It
scans rows in parallel from left to right and from
right to left to compute the shortest distance from
each pixel to the nearest object in the same row.
Then, it scans columns in parallel bottom-up and
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top-down to compute the perpendicular distance
from each pixel to the object in the same column.
Then, it searches columns in parallel bottom-up
and top-down to determine the shortest distance
from each pixel to the nearest object in the whole
image. The performances of the PSDS algorithm
running in GPU is compared against that running in
CPU, an enumerative algorithm running in GPU
and CPU. The performances of PSDS in GPU
using CUDA via different of
numbers of threads and blocks are also discussed.
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Euclidean distance transform, image processing
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__device__ void GPU_scan(float *share)
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1.1 {if Tid > 2% then share[out][ Tid ] =

share [in][ Tid — 2% @

share [in][ Tid ] ;
else

share[out][Tid] = share [in][ Tid ] ;
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1.3 swap(in, out) ;
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Horn 4 698 B kA1 A Tid 4% 2 P AT
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__device__ void scan_DT(float *share)

I{for(d=1to logzn do)

1.1 {if Tid > 2* hare[ouf][Tid] =
min(share[in][Tid — 2*'] + 24",
share [in][ Tid]) ;
else
sharel[out][Tid] = share [in][ Tid ] ;
1.2 _syncthreads() ;
1.3 wap(in,out) ;
14 output share [ouf][Tid] ; // share T4k

W 7 Ty S A Ty AR W IR AL A P BL R Bk
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2.1. {for(j=Tid;j<w; j+= —18

block &4 thread #)

2.1.1. {share [out][Tid] = I [i][/] ;
2.1.2. if(Tid == 0)
share [out][Tid] = scan_fix(

TG 1 EG-1D) 5
2.1.3. __syncthreads() ;
2.1.4. scan_DT (1, share) ;

}
}
3. __syncthreads() ;
I/ A% %
4, for (i=Bid ; i<h; i+=block ##)
4.1. {for (j=Tid+w-1-2*Tid:j>0;j —=
—18 block &y thread #t)
4.1.1. {share [out][Tid] = I [i][/] ;
4.1.2. if(Tid == 0)
share [out][Tid] = scan_fix(

TG G+ 5
4.1.3. __syncthreads() ;
4.1.4. scan_DT (1, share) ;

}
}

5. output 7} / I &hF—FiEHE B —
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share | (out, 0) | (out, 1) | (out, 2) | (out, 3) [\/
9 & & 74 Fu s

REERE R TR =R
BN MBS a, b
#wmda

__device
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}
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__global _ void GPU _UD_scan(float *I)
1. {extern _shared float share[] ;
/e T AR
2. for (j=Bid ; j<h; j+= block #a#)
2.1. {for (i=Tid;i<w; i+= —4& block
4y thread #)
2.1.1. {if( [][j] < )
share [ouf][Tid] =0 ;
else
sharelout|[Tid] = I [i][] >
2.1.2. if(Tid == 0)

share [out][Tid] = scan_fix(
share [out][Tid] , D [i - 1][j]):

2.1.3. __syncthreads() ;
2.1.4. scan_DT ( D, share) ;
}
}
3. __syncthreads() ;
/1) EAR 3R
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4.1.1. {if( I [{][J] < )

share [out][Tid] =0 ;

else

share [out][Tid] =1 [i][j] ;
4.1.2. if(Tid == 0)

share [out][Tid] =

scan_fix(share [out][Tid] ,
Uli+110/D

4.1.3. __syncthreads() :
4.1.4. scan DT (U, share) ;

}

i
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