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An FPGA Implementation of Parallel Hardware Architecture for
the Real-time Window-based Image Processing

S.H. Jin"-J U Cho™m- K. H. Kwon™ - J. W. Jeon™"

ABSTRACT

A window-based image processing is an elementary part of image processing area. Because window-based image processing is
computationally intensive and data intensive, it is hard to perform all of the operations of a window-based image processing in real-time
by using a software program on general-purpose computers.

This paper proposes a parallel hardware architecture that can perform a window-based image processing in real-time using FPGA
(Field Programmable Gate Array). A dynamic threshold circuit and a local histogram equalization circuit of the proposed architecture are

designed using VHDL(VHSIC Hardware Description Language) and implemented with an FPGA. The performances of both implementations
are measured.
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WINDOW4_HANDLER:
process(PIXEL_CLK)
begin
if falling__edge(PIXEL_CLK) then
Window(4,1) (= Window(5,1);
Window(4,2) (= Window(5,2);
Window(4,3) (= Window(5,3);
Window(4,4) (= Window(5, 4)
Window(4,5) (= Window(55
end if;
end process;

(38! 3) =2 HH Ho process 72
(Fig. 3) process statement for controlling the window buffer

LINE1_HANDLER:
process(PIXEL._CLK, LINE_SHIFT, Input_X)
begin
if (LINE_SHIFT = '1’) then
Linel_AddrB (= conv__std__logic__vector(l, 10);
elsif falling_ edge(PIXEL_CLK) then
Linel_AddrB (= conv__std__logic__vector(Input_X+1, 10);
end if;
Window(5,1) (= conv__integer(Linel_DoutB);
end process;

LINE2 HANDLER:
process(PIXEL_CLK, LINE_SHIFT, Input_X)
begin
if (LINE SHIFT = ‘1) then
Linel_DinA (= (others =) '0');
Linel_AddrA (= (others =) '0’);
Line2_AddrB (= conv__std_ logic_ vector(1, 10);
elsif falling_ edge(PIXEL_CLK) then
Linel_DinA (= Line2 DoutB;
Linel_AddrA (= conv__std__logic__vector(Input_X, 10);
Line2_AddrB (= conv__std__logic__vector(Input_X+1, 10);
end if;
Window(5,2) (= conv__integer(Line2_DoutB);
end process;

LINE5_HANDLER:
process(PIXEL_CLK, LINE_SHIFT, Input_X)
begin
if (LINE_SHIFT = '1’) then
Lined_DinA (= (others =) '0');
Lined_AddrA (= (others =) '0');
elsif falling_ edge(PIXEL_CLK) then
Line4_DinA (= CURRENT_PIXEL;
Line4_AddrA (= conv__std_ logic_ vector(Input_X, 10);
end if;
Window(5,5) (= conv__integer(CURRENT_PIXEL);
end process;

(O 4) 274210l M Mo process T2
(Fig. 4) process statements for controlling the scan-line buffer
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(12 6) S5 SHAHE e AT A
(Fig. 6) Dynamic thresholding applied image.
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(Fig. 7) Block diagram of dynamic threshoiding circuit with
cascaded noise reduction circuit
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(32 10) Ztolztls &5 DFE HE Al
(Fig. 10) Raw dark image acuuned from camera

(3% 1) =8 o|AET LWas ZAu gat
(Fig. 11) Local histogram equalization applied image
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(Fig. 12) FPGA-based image processing System

CE 1) gdzdy
(Table 1> Synthesis result

gate dole B2 A Azto] AeHTE AL T
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A Hiolg2 3|2
A Bypass circuit
Complete architecture 990 slices
FPGA percentage 1%
BRAMSs percentage 4%
Maximum frequency 128974 MHz

B. & =283 37
B. Dynamic thresholding circuit
Complete architecture 1210 slices
FPGA percentage 2%
BRAMs percentage 4%
Maximum frequency 45701 MHz

C &2 ¢t =gE S5 435 3=
C. Dynamic threshold circuit with noise reduction
Complete architecture 1361 slices
FPGA percentage 2%
BRAMSs percentage 6 %
Maximum frequency 45113 MHz
D. =8 s|2E0 WHs 52
D. Local histogram equalization circuit
Complete architecture 3883 slices
FPGA percentage 8%
BRAMSs percentage 119%
Maximum frequency 16576 MHz
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(Table 2> Performance comparison.
A S ZH3S 3|2
A. Dynamic thresholding circuit

HW circuit* SW program#=x

Window size 5%5 5x5
0.121 sec
8.264 fps

Processing timex 0.008 sec

Maximum fps 112511 fps

B. &g Ut XTEE X ZHS =
B. Dynamic threshold circuit with noise reduction

HW circuit* SW programs*

5% and 3x3 5%5 and 3x3
0.132 sec

Window size

Processing time* 0.008 sec

Maximum fps 111.307 fps 1575 fps

C. = o|2E1H HEs 3=
C. Local histogram egualization circuit

HW circuit#* SW programs#

Window size 8x8 8x8
Processing times 0.024 sec 1.315 sec
Maximum fps 40.898 fps 0.760 fps

* 1 frameoll gk A4t A7
++ VHDL Implementation
w++ Visual C++ Implementation
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