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Development of an Embedded Device with Motion Detection

by Dynamic Background Subtraction Using High-level Synthesis

SHINYAMADA KOHEI'! AKIRA YAMAWAKI'+?)

Abstract: In general, hardware processing is suitable for embedded systems because of its high performance
and low power consumption. High-level synthesis automatically converts high-level languages into hardware
description languages, which facilitates hardware development. In this study, dynamic background subtrac-
tion and other sub-modules were converted to hardware by high-level synthesis to develop an embedded
system with a motion detection function. In this study, we examined the high-level synthesis orientation de-
scription and confirmed its effectiveness. By optimally controlling each hardware by software, we succeeded
in pipelining each processing unit. As a result, when the image size was QVGA and the number of time-series

images was 4, 194 fps was achieved.
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Fig. 1 Overall Structure of the Proposed System.
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Buffer 1 QVGA, VGA | <Writing Buffer 1 QVGA, VGA | <Current
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Fig. 2 Accessing the Ring Buffer.
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uint32_t bgs_med

(u32 *data_base, u32 *disp_frame, int top,
ug th bgs, int x0, int ye){

#pragma .. // Port Config

u8 buff_sort[FRAME_NUM];

u8 pix_diff;

int 1, j, k;
int idx;
u32 cnt = @;

for(i=0; i<IMG_H; i++){
for(j=0; j<IMG_W; j++){
#pragma HLS PIPELINE IT=1
for(k=0; k<FRAME NUM; k++){
idx = (top+k)%(FRAME_NUM+1);
buff_sort[k] = PastPIX

pix diff = CurrentPIX - GetMedian(buff sort);

if(pix_diff >= th_bgs){
pix diff = @xff; cnt++;
telse{
pix_diff = 0x00;
b

disp_frame[(i+y@)*DISP_W + J + x0]
= To_u32(pix_diff);
}
}

return cnt;

3 BIVERES MY 7 by =T
Fig. 3 Pure Software of Dynamic Background Subtraction.
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uint32 t bgs med

(u32 *data_base, u32 *disp_frame, int top,
u8 th_bgs, int x@, int y@){

ftpragma .. // Port Config

u8 buff_sort[FRAME_NUM]; Buffer Introduced to
u8 buff_line[FRAME_NUM][IMG_W];| Speed Up Processing

#pragma HLS ARRAY PARTITION var=buff sort comp dim=0
#pragma HLS ARRAY PARTITION var=buff_line comp dim=1

ug pix_diff; Array Partitioning
int 1, J, k;
int idx;

u32 cnt = 0@;
. . . Write to Line Buffer
for(i=@; i<IMG H; i++){
for(k=0; k<FRAME_NUM; k++){
idx = (top+k)%(FRAME_NUM+1);
for(j=0; j<IMG_W; j++){
#pragma HLS PIPELINE II=1
buff line[k][j] = PastPIX line;
¥
}

for(j=0; j<IMG_W; j++){

#pragma HLS PTPELINE TT=1

for(k=0; k<FRAME_NUM; k++){
buff_sort[k] = buff_line[k][]];

} ®

pix diff = CurrentPIX —\Gﬁdian buff_sort);

if(pix_diff >= th bgs){ Copy the Data
pix_diff = oxff; cnt++; from Line Buffer

lelse{ to Array for Sorting
pix_diff = 0x08;

}

disp frame[ (i+y@)*DISP W + j + x0]
= To_u32(pix_diff);

¥
b

return cnt;

® 4 BHERES BEEY 7 Y27
Fig. 4 Restructured Software of Dynamic Background Sub-

traction.
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void trim_cam_img
( u32 *src_cam, u32 *dst_trim, int size ){
#pragma .. // Port Config

int i, j;
int trim_w, trim_h;

Select Image Size

switch(size ){
case 1: // 1 -> QVGA
trim_w = QVGA_W;
trim_h = QVGA_H;

break;

default: // default -> QVGA
trim_w = QVGA_W;
trim_h = QVGA_H;

}

// Copy trimmed image to "dst_trim”
for( i = 8; i < trim_h; i++ ){
#pragma HLS LOOP FLATTEN OFF
for( j = 0; j < trim_w; j++ ){
#pragma HLS PTPELINE II=1
|dst_trim[ j o+ i*trim_w ]

= src_cam[ j + i*CAM_W ];

} ’ Write Trimmed Image

) to Ring Buffer

5 MUIUIA—FYT7HEBHAY 7 027

Fig. 5 Software for Generating Trimming Hardware.

wvoid disp_ring_buf
(u32 *p_data, int size, u32 *disp_frame, int xB, int y@){
#pragma .. // Port Config
int i, j;
int w, h;

Select Image Size

switch( size ){

case 1: // 1 -» QVGA
w = QVGA_W;
h = QVGA_H;
break;

case 2: // 2 -» VGA
w = VGA_W;
h = VGA_H;
break;

default: // default -> QVGA
w = QVGA_W;
h = QVGA_H;

¥

for(i=0; ic<h; i++){

#pragma HLS PIPELINE II=1
for(3=0; jaw; j++){

disp_frame[ ( 1 + ye@ ) * DISP_W + 7 + %0 |
= pdata[ 1 *w+ J ];

} :
} Write to Display Frame

6 TARTLAMNA—F Y =27ERHAY 7 by =7
Fig. 6 Software for Generating Display Output Hardware.
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= Display for
visual confirmation

FPGA Board
Zybo Z7-10

CMOS Camera
OV9655

7T HEIX BRSBTS RT L
Fig. 7 Developed Embedded Camera System.
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- SLICE(*) : SLICE of Hardware for comparison
- SLICE(Ref) : SLICE of Reference Hardware
- BRAM(¥*) : BRAM of Hardware for comparison
- BRAM(Ref) : BRAM of Reference Hardware
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