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Performance Comparison of Implementation Technologies for
Image Quality Enhancement Operations on Android Platforms

Ju-Ho Lee*, Goo-Yeon Lee**, Choong-Kyo Jeong***

Abstract

As mobiles devices with high-spec camera built in are used widely, the visual quality
enhancement of the high-resolution images turns out to be one of the key capabilities of the mobile
devices. Due to the limited computational resources of the mobile devices and the size of the
high-resolution images, we should choose an image processing algorithm not too complex and use
an efficient implementation technology. One of the simple and widely used image quality
enhancement algorithms is contrast stretching. Java libraries running on a virtual machine, JNI (Java
Native Interface) based native C/C++, and NEONITM SIMD (Single Instruction Multiple Data) are
common implementation technologies in the case of Android smartphones. Using these three
implementation technologies, we have implemented two image contrast stretching algorithms -
linear and equalized, and compared the computation times. The native C/C++ and the NEONTM
SIMD outperformed the native C/C++ implementation by 56-78 and 50-76 time faster respectively.
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(Figure 1) (a)Linear contrast stretching,
(b)Equalized Contrast Stretching
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(Figure 2) Android JNI Framework
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<#E 1> FEHIAR dayFE AP ZE
Algorithm Linear contrast stretching Equalized Contrast Stretching
Histogram for ( i = 0; i < number_of_pixels; ++i )
Creation Histogram[Inputlil]++;
highThresh = max(Histogram);
lowThresh = min(Histogram); .
sum = 0;
fi 1=01< 256, ++
d = 2550 / (highThresh-lowThresh); or (1201 )
Lookup . . C o {
for (i =0; 1 < lowThresh; ++i ) . .
Table LUTH] = 0 sum += Histogramlil;
il =0
Creati LUTIHL = s b f_pixels * 255
reation for (i = lowThresh; i < highThresh; ++i ) . 05 il = sum/number_of_pixels
LUTI] = (i-lowThresh) * d; y "
for ( i=255; i >= highThresh; —-i )
LUTI] = 255;
Pixel for (1 = 0; 1 < number_of_pixels; ++1 )
Mapping Outputli] = LUT[Inputlill;
<Table 1> Pseudo-code of the contrast stretching algorithm
<E 2> W AR
Input uint32+ input // ARGB883 Bitmap (Input)
uint32 Histogram_R[256];
uint32 Histogram_GI[256];
uint32 Histogram_B[256];
uint8 r[number_of_pixels];
uint8 glnumber_of_pixels];
Variable uint8 blnumber_of pixels];
declaration
uint8x8_t afac = vdup_n_u&(255);
uint8x8_t rfac = vdup_n_u&(0;
uint8x8_t gfac = vdup_n_u8(0;
uint8x8_t bfac = vdup_n_u8(0);
uint8x8x4_t argb;

<Table 2> Variable Declaration
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uint32# input // ARGB888 Bitmap (Input)

for (i =0; i < number_of_pixels; ++i ) {
rli]l = (inputlil] >> 16) & OxFF;
glil = (inputli] >> 8) & OxFF;
bli] = inputli] & OxFF;
++Histogram_RIr[ill;
++Histogram_Glg[il];
++Histogram_BI[blil];

}

for (1= 0; 1 < number_of_pixels; i += 8 ) {
argbh = vld4_u8((uint8 *)(input+i));
vstl_u8((uint8 *)(r+p), argb.vall2]);
vstl_u8((uint8 *)(g+p), argb.vallll);
vstl_u8((uint8 *)(b+p), argb.vall0]);

}

for (i = 0; i < number_of_pixels; i += 8 ) {
++Histogram_RIr[j1];
++Histogram_Glg[j1];
++Histogram_BI[bljll;

}

<Table 3> Native C/C++ and NEON code for histogram creation

<E 4> 4 WAL 9T YA C/CH+ ZESL NEON 2=

uint32# output // ARGBS888 Bitmap (Result)

for (i = 0; i < number_of_pixels; ++ ) {

output[i] = O0xFF000000 | (r[i] << 16) | (g[i] << 8) | blil;
}

for (i =0, i < number_of pixels; i += 8 ) {
argb.val[3] = vdup_n_u8(255); // alpha is fixed (255)
argh.val[2] vid1_u8((unit8 *)(r+i));
argb.valll]l = vId1_u8((unit8 *)(g+i));
argb.vall0] = vldl_u8((unit8 *)(b+i));
vstd_u8((uint8 *)(output+i), argh);

<Table 4> Native C/C++ and NEON code for pixel-mapping
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<X 5> HAE 7]7] &4 g
Device | Manufacturer | Processor | Memory
EVO Dual-Core
HTC 1GB
4G 1.2GHz
Galaxy Dual-Core
< Samsung 12GHz 1GB
Vega Dual-Core
Sk 1GB
Racer Y 1.5GHz

<Table 5> Test device specifications
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- Equalized contrast stretching
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