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Abstract

Converting RGB (red-green-blue) images to gray-scale is one of the important and fundamental issues
in the field of image processing, so many algorithms have been developed to achieve this purpose. These
algorithms are used in the most of the machine vision applications pre-processing unit to recognize face,
target and objects. In the nearly all image recognition processes, the frame rate of the images which are
applied to the system through the digital cameras, is too high; Therefore, in order to achieve real-time
processing, the speed of algorithm calculations must be increased. Field programmable gate arrays
(FPGA) chips are one of the choices to process algorithms by hardware rapidly. The advantages of these
chips are the possibility of hardware implementation of procedures by concurrent and parallel processing
algorithms and fully combinational logic circuits. In this research to reduce the calculation error, we
used a fixed-point system, and we have a tradeoff between the accuracy and the used logic-blocks. This
will help us to manage the hardware resources perfectly. In this article, we design and compare different
methods to convert color image to gray on inexpensive FPGA chip. By using the combining color
components method with fixed-point calculations (the fractional part of the image components
coefficients are 8/15 bits, and in the calculations, the fractional part of numbers 8 bits), the mean square
error (MSE) index for the Lenna 512x512 grayscale image was 0.0184 and 105 logic block (LB) units
were used to implement the corresponding hardware.
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/I Methode 1
/I RGB INETGER
/I Coeficent fractional part 7 bit
module ShiftAndAdd_Mod2(
input [7:0] red_i,green_i,blue_i,
output wire [7:0] grayscale_o );
wire [7:0]R_N, G_N, B_N;
wire [8:0] Sum_RGB,;
assign R_N =red_i;
assign G_N = green_i;
assign B_N = blue_i;
assign Sum_RGB = {3'b000, R_N[7:2]} + {6'h000000, R_N[7:5]} + {7'b0000000, R_N[7:6]} +
{2'b00, G_N[7:1]} + {5'b00000, G_NI[7:4]} + {6'b000000, G_N[7:5]} +
{5'000000, B_N[7:4]} + {6'0000000, B_N[7:5]} + {7'b0000000, B_N[7:6]} ;
assign grayscale_o = (Sum_RGB[8] == 1) ? 8'b11111111 : Sum_RGB[7:0];
endmodule
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Figure (1): The hardware of the first proposed method for n=7

Table (2): The number of LB used in the first proposed hardware and the MSE, MAX-ABSER indexes with the faulty pixels percent
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Figure (2): Comparison of original Lena image with the grayed image by floating point operation on the computer and output the first
proposed hardware for different fractional bits, a) Original color image “Lenna", b) Grayscaled "Lenna"image using floating point operation,
¢) 1 bit for fractional part, d) 2 bit for fractional part, €) 3 bit for fractional part, f) 4 bit for fractional part, g) 5 bit for fractional part,

h) 6 bit for fractional part, i) 7 bit for fractional part
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Gray = (0.30*R+0.59*G+0.11*B)
if n=7 = Gray=0.0100110B*R+0.1001100B*G+0.0001110B*B
Gray = (0.0100110B*R+0.1001100B*G+0.0001110B*B)*2 /2’

_ (0100110B*R+1001100B*G+0001110B*B)

Gray 57

Gray = shr((0100110B*R+1001100B*G+0001110B*B),7) (\0)
Temp = shl(R,1)+shl(R,2)+shl(R,5)+shl(G,2)+shl(G,3)+shl(G,6)+shl(B,1)+shl(B,2)+shl(B,3) %)
Gray = shr(Temp,7)+Temps \Y)
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/I Methode 1 optimized
/I RGB INTEGER
/I Coeficent fractional part 7 bit
module ShiftAndAdd_ModRGB_7bit_V2(
input [7:0] red_i,green_i,blue_i,
output wire [7:0] grayscale_o0 );
wire [7:0] R_N, G_N, B_N;
wire [8:0] Sum_RGB;
wire [15:0] Temp;
assign R_N =red_i;
assign G_N =green_i;
assign B_N = blue_i;
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assign Temp = {7'b0000000, R_N, 1'b0} + {6'b000000, R_N, 2'h00} + {3'b000, R_N, 5’00000} +
{6'000000, G_N, 2'b00} + {5'h00000, G_N, 3'b000} + {2'b00, G_N, 6'0000000}+
{7'b0000000, B_N, 1'b0} + {6'n000000, B_N, 2'b00} + {5'n00000, B_N, 3'b000};
assign Sum_RGB = Temp[15:7];
assign grayscale_o = (Sum_RGB[8] == 1) ? 8'b11111111 : Sum_RGBJ7:0];
endmodule
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Figure (3): The hardware of the optimized first proposed method for n=7
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Table (3): The number of LB used in the optimized first proposed hardware and the MSE, MAX-ABSER indexes with the faulty pixels
percent

FSlas Ol po (11Kbe glas g ool oy Jol (goleainy 38w ;0 oul 00y T4 i S ol dlaxi (V) Jeus

MYxHY W YOO U+ 5 S5y cdvadteo &S
sl e X 359 sleaddge 4,
] sl Sl sl Sl
Pl s ol _ i Sl S s _ i sl S sy
N A B T PR IR "
) b Sl - OPgdde ooy ™ CPgdke
\4 Of < IYOY \ AR NN A ORI

Sl 08, ¥ gl3l ar ounds dine Jol (goledudn P9y sl 65l Blediw Joilo (29,5 Sy gl 1(F) S5
Figure (4): The output grayscale image of the optimized first proposed hardware module for n=7
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/I Methode 2
/I RGB INTEGER
/I Components and Coefficent fractional part 8 bit
module ShiftAndAdd_ModRGB_8bit_V3(
input [7:0] red_i,green_i,blue_i,
output wire [7:0] grayscale_o );
wire [15:0] R_N, G_N, B_N;
wire [16:0] Sum_RGB;
assign R_N ={red_i, 8'h00000000};
assign G_N ={green_i, 8'b00000000};
assign B_N ={blue_i, 8'000000000};
assign Sum_RGB = {3'h000,R_N[15:2]}+ {6'h000000,R_N[15:5]}+ {7'b0000000,R_N[15:61} +
{9'b000000000,R_N[15:8]}+{2'b00,G_N[15:1]}+{5'b00000,G_N[15:4]} +
{7'b0000000,G_NJ[15:6]}+{8'n00000000,G_N[15:7]}+{9'b000000000,G_N[15:8]} +
{5'000000,B_N[15:4]}+{6'0000000,B_N[15:5]}+{7'b0000000,B_N[15:6]};
endmodule
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Figure (5): The hardware of the second proposed method, considering 8 bits for fractional part of RGB components

Table (4): The number of LB used in the second proposed hardware and the MSE, MAX-ABSER indexes with the faulty pixels percent
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Table (5): Reducing the bit size of full adders input oprands
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Figure (6): Comparison of original Lena image with the grayed image by floating point operation on the computer and output the second
proposed hardware for different fractional bits, a) Original color image "Lenna", b) Grayscaled "Lenna"image using floating point operation,
c) 1 bit for fractional part, d) 2 bit for fractional part, €) 3 bit for fractional part, f) 4 bit for fractional part, g) 5 bit for fractional part, h) 6 bit

for fractional part, i) 7 bit for fractional part, j) 8 bit for fractional part
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/I Methode 2 optimized
/I RGB INTEGER
/I Components and Coefficent fractional part 8 bit
module ShiftAndAdd_ModRGB_8bit_V4(

input [7:0] red_i,green_i,blue_i,

output wire [7:0] grayscale_o );

wire [8:0] t1, t2, t3, t4, t5, 16, t7;

wire [9:0] s1, s2, s3;

wire [16:0] tempx;

wire [10:0] tempy;

assign t1 = {100, red_i} + {1'b0, green_i};
assign tempx[0]  =t1[0];

assign t2 ={1'b0, green_i} + {1'b0, t1[8:1]};
assign tempx[1] =12[0];

assign t3 ={1'00, blue_i} + {1'b0, t2[8:1]};
assign s1 ={1'b0, t1} + {1'b0, t3};

assign tempx[2]  =s1[0];

assign t4 = {100, red_i} + {1'b0, blue_i};
assign s2 ={1'00, t4} + {1'b0, s1[9:1]};
assign tempx[3]  =s2[0];

assign t5 ={1'00, green_i} + {1'b0, blue_i};
assign s3 = {1'b0, t5} + {1'h0, s2[9:1]};
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assign tempx[4] =s3[0];

assign tempx[5]  =s3[1];

assign t6 ={1'00, red_i} + {1'b0, s3[9:2]};
assign tempx[6]  =16[0];

assign t7 ={1'00, green_i} + {1'b0, t6[8:1]};

assign tempx[15:7] =17;
assign tempx[16] = 1'h0;
endmodule
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Figure (7): The hardware of the optimized second proposed method

Table (6): The number of LB used in the optimized second proposed hardware and the MSE, MAX-ABSER indexes with the faulty pixels
percent
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Figure (8): Shifting right the fixed-point number, a) Component value, b) Shifting right component 3 bit, c) Shifting right component 10 bit
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/I Methode 3
/I RGB INTEGRE
/I Components fractional part 8 bit and Coefficent fractional part 15 bit
module ShiftAndAdd_ModRGB_7hit_V5(
input [7:0] red_i,green_i,blue_i,
output wire [7:0] grayscale_o );
wire [15:0] R_N, G_N, B_N;
wire [16:0] Sum_RGB;
wire [10:0] Result_Sum;
1
assign R_N ={red_i, 8'b00000000};
assign G_N ={green_i, 8'h00000000};
assign B_N ={blue_i, 8'000000000};
assign Sum_RGB = {3'h000, R_N[15:2]} + {6'0000000, R_N[15:5]} + {7'b0000000, R_N[15:6]}
{10'b0000000000, R_N[15:9]} + {11'000000000000, R_N[15:10]}
{14'b00000000000000, R_N[15:13]} + {15'b000000000000000, R_N[15:14]}
{2'b00, G_N[15:1]} + {5'b00000, G_N[15:4]} + {7'b0000000, G_N[15:6]}
{8'b00000000, G_N[15:71} + {9'b000000000, G_N[15:8]}
{14'b00000000000000, G_N[15:13]} + {16'b0000000000000000, G_N[15:15]}
{5'b00000, B_N[15:4]} + {6'h00000, B_N[15:5]}
{7'b00000, B_N[15:6]} + {12'b000000000000, B_N[15:11]}
{14'b00000000000000, B_N[15:13]};

+ + + + + 4+ + +
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Figure (9):The hardware of the third proposed method, considering 15 bits for fractional part of RGB components coefficents

Table (7): The number of LB used in the third proposed hardware and the MSE, MAX-ABSER indexes with the faulty pixels percent
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Figure (10): The output grayscale image of the third proposed hardware module
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/I Methode 3 optimized booth
/I RGB INTEGER
/I Components fractional part 8 bit and Coefficent fractional part 15 bit
module ShiftAndAdd_ModRGB_7bit_V5(
input [7:0] red_i,green_i,blue_i,
output wire [7:0] grayscale_o );
wire [15:0] R_N, G_N, B_N;
wire [16:0] Sum_RGB;
wire [10:0] Result_Sum;
assign R_N ={red_i, 8’b00000000};
assign G_N ={green_i, 8°’b00000000};
assign B_N ={blue_i, 8°’b00000000};
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assign Sum_RGB = {3°b000, R_N[15:2]} + {6°b000000, R_N[15:5]} + {7°b0000000, R_N[15:6]} +
{10°b0000000000, R_N[15:9]} + {11°600000000000, R_N[15:10]}
{14°600000000000000, R_N[15:13]} + {15’5000000000000000, R_N[15:14]}
{2°b00, G N[15:1]} + {5’b00000, G N[15:4]}

{6°b000000, G_N[15:5]} — {9°b000000000, G N[15:8]}
{14°600000000000000, G_N[15:13]} + {16°b0000000000000000, G N[15:15]}
{4°b0000, B_N[15:3]} — {7’b00000, B_ N[15:6]}

{12°6000000000000, B N[15:11]} +{14°b00000000000000, B_ N[15:13]}:

+ + + + + +

endmodule
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Figure (11): The hardware of the third proposed method optimized by Booth method

Table (8): The number of LB used in the third proposed hardware optimized by Booth method and the MSE, MAX-ABSER indexes with the
faulty pixels percent
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Table (9): Coefficients of combined colors
=P L) il e :(R) Jgux

0 1 1 0 0 1 1 0 1 1 0 R <o o

1 0 1 1 1 0 0 0 1 0 1 [CRUYRW.}

1 1 1 0 0 0 0 1 1 0 0 B cu po

C M w G G R R B w R G
shr(B,2)+shr(G,2) = shr(B+G,2) (xY)

Gray = (0.30*R+0.59*G+0.11*B)

if n=15 = Gray=0.010011001100110B*R+0.100101110000101B*G+0.000111000010100B*B

Gray = shr(R,2)+shr(R,5)+shr(R,6)+shr(R,9)+shr(R,10)+shr(R,13)+shr(R,14)+
shr(G,1)+shr(G,4)+shr(G,6)+shr(G,7)+shr(G,8)+shr(G,13)+shr(G,15)+ Y)
shr(B,4)+shr(B,5)+shr(B,6)+shr(B,11)+shr(B,13)

Gray = shr(R,2)+shr(R+B,5)+shr(R+G+B,6)+shr(R,9)+shr(R,10)+shr(R+G+B,13)+
shr(R,14)+shr(G,1)+shr(G+B,4)+shr(G,7)+shr(G,8)+shr(G,15)+shr(B,11)

M = R+B, = G+B, =M+G

Gray = shr(R,2)+shr(M,5)+shr(\//,6)+shr(R,9)+shr(R,10)+shr(\//,13)+ 9]
shr(R,14)+shr(G,1)+shr(C,4)+shr(G,7)+shr(G,8)+shr(G,15)+shr(B,11)
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/I Methode 4
/I RGB INTEGER
/I Components fractional part 8 bit and Coefficent fractional part 16 bit
module ShiftAndAdd_ModRGB_7bit_V5(
input [7:0] red_i,green_i,blue_i,
output wire [7:0] grayscale_o );
wire [15:0] R_N, G_N, B_N;
wire [16:0] Con_RB, Con_RG, Con_BG;
wire [17:0] Con_RB_G;
wire [16:0] Sum_RGB;
wire [10:0] Result_Sum;
assign R_N ={red_i, 8'b0000000};
assign G_N ={green_i, 8'n0000000};
assign B_N ={blue_i, 8'00000000};
assign Con_RB = {1'h0, R_N} + {1'b0, B_N};
assign Con_BG ={1b0, B_N}+ {1'b0, G_N};
assign Con_RB_G = {1'h0, Con_RB} + {2'h00, G_N};
assign Sum_RGB = {3'h000,R_N[15:2]} +{6'000000,Con_RB[16:5]} +{7'b0000000,Con_RB_G[17:6]} +
{10'b0000000000,R_N[15:9]} +{11'000000000000,R_N[15:10]}
{14'b00000000000000,Con_RB_G[17:13]}+{15'h000000000000000,R_N[15:14]}
{2'000,G_N[15:1]}+{5'h00000,Con_BG[16:4]}+{8'pb00000000,G_N[15:7]}
{9'0000000000,G_N[15:8]}+{16'h0000000000000000,G_N[15:15]}
{12'b000000000000,B_N[15:11]};

+ + + 4

endmodule

Olfe Wl Bl (o0 V8 colyd p)lez gy 5 g S0l Lags 0oy dige pow pg slagig, po Laid a5 bl
5 00iiS max plas glaazly slass) g)l8lccnn slaz,b ,o cad 00y JWay dhis gloSel olaws Jai 511, g, aw oyl
Cowl 0ol 438 )5 IS4y pou (golpiion g, ,0 a5 (YY) dlal,y 0 050 aglae SK0SG b (Conly G 4y S b0iS asl>

VY



Sl pl — Sloaen pome (Gge [ (5 polal Lo

oaS goz pled V7 Loy el (e pon (s0leiiin B9, 50 9B 0 odalie oS lral> 11 5 caiiS rex ples VA
Vool oad aid 5 IS 4 plem golpiinn (Bg,y ,o a5 (V) dlal, jo Ll cils quales Lo cin 80isS Lrayl> VY 4 g
VO fgozxe ;0 a5 K0 odiiS x> pled VY ol yjen 4 (K, leadge Sbaw 5 obgo oS 5 ol Cyz caiiS pax plos

g oo 0d8line 0aiiS Ll VY g ouls couiS re plos

—— =
oo
F=rea e it ey HHEFo—
= e —= AR H = —
Bsties asjee i mlinle
] E =1 P
i E=mE; Sgmmum e S Rk S
BRI =
=
fi
==
o+ H——o 3 [
—a =0l H—0—
= HitE T
L
RE% = —
e =0
=

Pl 53l sy b Lo 5l Bl 1(0Y) S
Figure (12): The hardware of the forth proposed method

Table (10): The number of LB used in the forth proposed hardware and the MSE, MAX-ABSER indexes with the faulty pixels percent
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Table (11): The number of LB used in the hardwares of all proposed methods and other reffrences and the MSE, MAX-ABSER indexes
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. Lightness
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. Average

. Weighted mean

. Luminosity

. Multi core processors

. Advanced risc machine

. Digital signal processors

. Graphic processor unit

. Application-specific integrated circuit

. Field-programmable gate array

. Single instruction, multiple data
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. Logic Block
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. Simulink

. Xilinx system generator hardware description language coder
. Shift and add
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. National television standards committee
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. Max absolute value of the error

. Faulty pixels percent
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