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clear

RS coding parameters [3, 7]
3; % Number of bits per symbol
= 2"m-1; % Codeword length
3; # Message length
prim_poly=11; #FIAZIHN prime poly = x"3+x+1 = [1 0 1 1] = 11

B B #

# Original Data
data = [1 2 4]; # 001 010 100 % 3% {=

# Take RS coding using [n, k] RS code with primitive polynomial of prim_poly
encData = rsEncoder(data, m, n, k, prim_poly);
de_encData = gf2dec(encData,m,prim_poly);

# Take RS decoding wusing [n, k] RS code with primitive polynomial of prim_poly
decData = rsDecoder (encData, m, n, k, prim_poly);
de_decData = gf2dec(decData,m,prim_poly);

# Calculate Error
Error = sum(data-de_decData) # Confirm zero
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# rsEncoder: datalZxfL TV —-—RFNVuoE 5z EH

#m: 1YY ARALVSHEZODOEY P, n: FEAABOY VERALE, k: SN OA Y VST v
AIVE, prim_poly: JH 1A% H A

function encData = rsEncoder(data, m, n, k, prim_poly)

# data? o GF(2°m), JHHBZ HA prim_poly 2L 724 5 A n 7 IKE 5 %2 F Wk

msg=gf () ;

b n,k] U= BV 0E S FEOERS TR E

gp=rsgenpoly ();

# RS coding

encData=rsenc () ;

Y — A 32— K 2: rsEncoder.m

# rsDecoder: rxDatallxf L TVYU—FKVuoEryi#Esi
tm: 1Y VYARILDBEZHLOEY P, n: DY v
AIVE, prim_poly: JHIHZ H A

& FEAT
RV, k: EAEANDOFY YV F LYY

function [decData| = rsDecoder (rxData, m, n, k, prim_poly)
# rxData’? 5 GF(2°m), U % H A prim_poly IZ UL A5 4 1 7 K H % /F K
msg=gf () ;

#n,k] )= Y OE REOERS R £ (o
gp=rsgenpoly ();

# RS decoding

decData=rsdec () ;

Y —A3— R 3: rsDecoder.m




%
hgf2dec.m

%Convert a Galois Field Array into a Decimal Array.
%The calling syntax is:

% [DecOutput] = gf2dec (GFInput ,m,prim_poly)

%Inputs:

YA GFInput: gf Array input

yA m: integer between 1 and 16 used in GF(2°m) array

% prim_poly: integer representation of the primitive polynomial used by GF
%0utputs:

% DecOutput: Decimal Array
%
function [DecOutput| = gf2dec (GFInput ,m,prim_poly)
[row, column| = size (GFInput);
GFInput = GFInput(:)’;’% force a row vector
GFRefArray = gf([0:(2"m)-1] ,m,prim_poly);
for i=1:1length(GFInput)
for k=0:(2"m)-1
temp = isequal (GFInput(i),GFRefArray(k+1));
if (temp=—1)
DecOutput (i) = k;
end

end
end
DecOutput = reshape(DecOutput, [row, column]);

YV —A3— K 4: gf2dec.m
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clear

RS coding parameters [3, 7]

m = 3; 7, Number of bits per symbol

n = 2"m-1; % Codeword length

k = 3; # Message length

prim_poly=11; % 1 % IH X prime poly = x"3+x+1 = [1 0 1 1] = 11,

H OH OH O H

# Original Data
NumData = 10000; # Represents how many times send m bits
data = randi([0 n], NumData, k); # transmission data (make NumData x m matrix)

# Modulation parameters
M = 2; # modulation order (Binary Phase Shift Keying: BPSK)

# Channel parameters

c_model = ’awgn’; # We support ’awgn’, ’fading_posteq’, ’fading_preeq’, ’error-free’
snVec = (0:10)’; # channel SNR in dB

K = 0; # K-factor in dB: Ratio between the powerin the direct path and the other

# Variable for BER stats
ber_Coding = zeros (1, length(snVec)); # Store BER with RS coding
ber_NoCoding = zeros (1, length(snVec)); # Store BER without RS coding

# RS encoding
encData = rsEncoder(data, m, n, k, prim_poly); # Take RS coding
de_encData = gf2dec(encData,m,prim_poly); # GF(2°3) numbers to decimal numbers

# Modulation
modData = modulator (de_encData,m,M); # modulation with BPSK
for i = 1:length(snVec)
# Transmission
rxSig = channel (modData, c_model, snVec(i), K); # Deliver via wireless channels
# Demodulation
rxData = demodulator (rxSig,n,M); # demodulate bits from the received symbols
# RS decoding
decData = rsDecoder (rxData, m, n, k, prim_poly); # Take RS decoding
de_decData = gf2dec(decData,m,prim_poly);

# Calculate BER
ber_Coding (i) = error_calc(data, de_decData, m); # Calculate BER

### No Coding Results

# Modulate original data
modData = modulator (data,m,M); # modulation for original data with BPSK
for i = 1:1length(snVec)

# Transmission

rxSig = channel (modData, c_model, snVec(i), K); # Deliver via wireless channels
# Demodulation
rxData = demodulator (rxSig,k,M); # demodulate bits from the received symbols

# Calculate BER without RS coding
ber_NoCoding (i) = error_calc(data, rxData, m);
end

Plot the evaluation results (M ZELEE L T Z I W)
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function modData = modulator (encData, m, M)

[numData, Codewords| = size(encData); # extract number of rows and columns
modData = |[|; # For results
for i = 1l:numData
r_data = encData(i,:); # extract row vector
r_mod = []; # temporal results
for j = 1:Codewords
bits = de2bi(r_data(j), m); # decimal to bit representation

mods = pskmod (bits, M); # BPSK
r_mod — [r_mod ; mods]; # store modulalted symbols (to make Codewords x m
matrix)
end
modData = [modData ; r_mod]; # Make matrix of modulated symbols (Codewordsx*
numData x m matrix)
end
Y —A3—F 6: modulator.m
function demodData = demodulator (transData, n, M)
[numData, Codewords| = size(transData); # extract number of rows and columns
demodData = |[]|; # For results
for i = 1:n:numData
r_data = transData(i:i+n-1,:); # Extract n * m matrix to demodulate codeword
symbols = pskdemod(r_data, M); # hard decision demodulator
demods = bi2de (symbols).’; # make row vector with the demodulated symbols
demodData = [demodData ; demods|; # For making NumData x n matrix
end

Y —A3d— K 7: demodulator.m




function transData = channel (modData, channel, SN_dB, K)

[row, column| = size(modData); # extract number of rows and columns
# Fading effect according to K-factor

m_channel = sqrt (K/(2*(K+1)));

v_channel = sqrt(1/(2%(K+1)));

Pn = 10.°(-SN_dB/10); # Noise Power
# effective Noise

Noise = complex(randn(row, column) .*sqrt(Pn/2), randn(row, column) .*sqrt(Pn/2));
# fading effect
amp = abs(v_channel .* complex(randn(row, column), randn(row, column))+m_channel);

# In AWGN channel
if strcmp(channel,’awgn’) — 1
transData — modData + Noise;
# In Fading channel with ZF pre-equalization
elseif strcmp(channel,’fading_preeq’) — 1
transData — amp .* modData + Noise;
# In Fading channel with ZF post-equalization
elseif strcmp(channel,’fading_posteq’) — 1
transData = modData + Noise ./ (amp + 1e-20);
# No noise: for test

elseif strcmp(channel,’error-free’) — 1
transData — modData;
endif

Y —A3d— K 8: channel.m

function ber = error_calc(data, decData, m)

# vectorize original data
v_data = data(:);

# vectorize decoded data
v_decData = decData(:);

# Obtain the corresponding original bits and decoded bits
orig_bits = de2bi(v_data, m);
dec_bits = de2bi(v_decData, m);

# Calculate number of bit errors
error_bits = abs(orig_bits - dec_bits);

# Obtain bit error rate
ber = sum(error_bits(:)) / length(error_bits(:)) + 1E-6;

Y —A3d— K 9: error_calc.m
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clear

RS coding parameters [3, 7]

3; % Number of bits per symbol

2°m-1; 7 Codeword length

3; # Message length

prim_poly=11; %EIAZIHNX prime poly = x"3+x+1 = [1 0 1 1] = 11

BB
Il

#load grayscale image

# data: m-bits row vectors for transmission

# h, w: height and width of the image

[data, h, w| = imLoader("foreman_mini.jpg", m, k);

# Modulation parameters
M = 2; # modulation order (Binary Phase Shift Keying: BPSK)

# Channel parameters

c_model = ’awgn’; # We support ’awgn’, ’fading_posteq’, ’fading_preeq’, ’error-free’
snVec = (0:10)’; # channel SNR in dB

K = 0; # K-factor in dB: Ratio between the powerin the direct path and the other

# Variable for BER stats
ber_Coding = zeros (1, length(snVec)); # Store BER with RS coding
ber_NoCoding = zeros (1, length(snVec)); # Store BER without RS coding

# RS encoding
encData = rsEncoder(data, m, n, k, prim_poly); # Take RS coding
de_encData = gf2dec(encData,m,prim_poly); # GF(2°3) numbers to decimal numbers

# Modulation
modData = modulator (de_encData ,m,M); # modulation with BPSK
for i = 1:1length(snVec)

# Transmission

rxSig = channel (modData, c_model, snVec(i), K); # Deliver via wireless channels
# Demodulation
rxData = demodulator (rxSig,n,M); # demodulate bits from the received symbols

# RS decoding
decData = rsDecoder (rxData, m, n, k, prim_poly); # Take RS decoding
de_decData = gf2dec(decData ,m,prim_poly);
# Image decoder
decImage = imDecoder (de_decData ,m,h,w);
imwrite (decImage ,strcat ("./image/im_coded_sn_",int2str (snVec(i)),". jpg"));
# Calculate BER
ber_Coding (i) = error_calc(data, de_decData, m); # Calculate BER
end

### No Coding Results

# Modulate original data
modData = modulator (data,m,M); # modulation for original data with BPSK
for i = 1:length(snVec)

# Transmission

rxSig = channel (modData, c_model, snVec(i), K); # Deliver via wireless channels
# Demodulation
rxData = demodulator (rxSig,k,M); # demodulate bits from the received symbols
# Image decoder
decImage = imDecoder (rxData,m,h,w);
imwrite (decImage ,strcat ("./image/im_no_code_sn_",int2str (snVec(i)),".jpg"));
# Calculate BER without RS coding
ber_NoCoding (i) = error_calc(data, rxData, m);
end

# Plot the evaluation results
# 2L | — D %E K TOK

Y —A3—F 10: assignment3.m
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function [data, h, w| = imLoader(filename, m, k)

[rgb, immap, alpha| = imread(filename); # load color image

im_gray = double(rgb2gray(rgb)); # convert to gray-scale image

[h, w| = size(im_gray);

im_bits = de2bi(im_gray(:), 8); # obtain 8 bits of the gray-scale image

[N_pixels, bitDepth| = size(im_bits);

N_row = (N_pixels*bitDepth)/m;

im_data = bi2de(reshape(im_bits, [N_row, m|)); # obtain decimal vector with N_row x
1

data = reshape(im_data, [N_row/k, k|); # obtain decimal vector with N_row/k x k

Y —A3d— K 11: imLoader.m

function decImage = imDecoder (decData, m, h, w)

dec_im_data = de2bi(decData(:), m); # convert decimal value into m bits

N_row = (length(decData(:))*m) / 8;

dec_im_bits = reshape(dec_im_data, [N_row, 8]); # convert decoded bits into 8 bits
decImage = reshape(bi2de(dec_im_bits), [h, w|); # convert vector into h x w image
decImage = uint8(decImage); # convert into uint8 value for display

Y —A 32— K 12: imDecoder.m
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