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/ * SOFT- DECI SI ON VI TERBI DECODER */
/* Copyright (c) 1999, 2001 Spectrum Applications, Derwood, MD, USA */
/* Al rights reserved */
/* Version 2.2 Last Mdified 2001.11. 28 */

#i ncl ude <al |l oc. h>
#i ncl ude <mat h. h>

#i ncl ude <stdio. h>
#i ncl ude <stdlib. h>
#i ncl ude <val ues. h>

#i ncl ude "vdsi m h"

#undef SLOWACS
#def i ne FASTACS
#undef NORM

#defi ne MAXVETRI C 128

voi d deci2bin(int d, int size, int *b);

i nt bin2deci (int *b, int size);

int nxt_stat(int current_state, int input, int *menory _contents);
void init_quantizer(void);

void init_adaptive_quant(float es_ovr_nO);

int soft_quant(float channel _synbol);

int soft_metric(int data, int guess);

int quantizer _tabl e[ 256];

voi d sdvd(int g[2][K], float es _ovr_nO, |ong channel | ength,
fl oat *channel _output _vector, int *decoder_output_mtrix) {

int i, j, I, Il; /* loop variables */
long t; [* time */
I nt nmenory_contents[K]; /* input + conv. encoder sr */
i nt input[ TWOTOTHEM [ TWOTOTHEM ; /* maps current/nxt sts to input */
i nt output[ TWOTOTHEM [ 2] ; /* gives conv. encoder output */
i nt nextstate[ TWOTOTHEM [ 2] ; /* for current st, gives nxt given
i nput */
int accumerr_netric[ TWOTOTHEM [ 2] ; /* accunul ated error netrics */
int state history[ TWOTOTHEM [K * 5 + 1]; [/* state history table */
int state_sequence[K * 5 + 1]; /* state sequence list */
i nt *channel _out put _matri x; [* ptr to input matrix */
i nt binary_output[2]; /* vector to store binary enc output */
i nt branch_out put[2]; /* vector to store trial enc output */

int m n, nunber_of states, depth_of trellis, step, branch_netric,
sh_ptr, sh_col, x, xx, h, hh, next_state, |ast_stop; /* msc variables */

/* khkkhkhhkkhkhhkhhkhhhkhhhhhhhkhhhkhhhhhhhkhhhkhhhkrhhhkhhhkihhkrkhhkhkhhkhkrhkhkrkhhkhkikkhkrkkk ik kikix*k* */
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/* nis 2"l =2 for rate 1/2 */
n = 2;

/* m(menory length) = K- 1 */
m= K- 1;

/* nunber of states = 2"(K - 1)

nunber _of states = (int) pow 2,

= 2"m for

n;

k =1 */

/* little degradation in performance achieved by limting trellis depth
to K* 5--interesting to experinment with smaller val ues and neasure

the resulting degradation. */

depth_of trellis K * 5;

we don't need a flag */
*/
defined in values.h */

/* initialize data structures */
for (i = 0; i < nunber_of _states; i++) {
for (j = 0; j < nunber_of _states; | ++)
input[i][j] = 0;
for (j =0; j <n; j++) {
nextstate[i][j] = O;
output[i][j] = O;
}
for (j =0; J <= depth_of trellis; j++) {
state _history[i][j] = O;
}
/* initial accumerror_netric[x][0] = zero */
accumerr_netric[i][0] = O;
/* by setting accumerror_metric[x][1] to MAXI NT,
/* so | don't get any nore questions about this:
/* MAXINT is sinply the | argest possible integer,
accumerr_metric[i][1] = MAXI NT;
}

/* generate the state transition matri X,

- input matrix shows how FEC

encoder

out put matri x,
bits lead to next state

and i nput matrix

- next_state matrix shows next state given current state and input bit

- out put
encoder state and encoder

matri x shows FEC encoder out put
input bit--this wll

bits given current presuned

be conpared to actua

received synbols to determne netric for corresponding branch of trellis

*/

for (]
for

0; j
(1 0; I <n; I++) {
next _state = nxt_stat(j,
input[j][next_state]

< nunber of states;

j+) A

/* now conpute the convol utiona
state nunmber and the input value */

branch_out put [ 0]

:O’
branch_output[1] = O;
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for (i =0; i <K i++) {
branch_out put[ 0] ~= nmenory_contents[i] & g[O0][i];
branch_output[1] ~= nmenory _contents[i] & g[1][i];

}
/* next state, given current state and input */
nextstate[j][l|] = next_state;

/* output in decimal, given current state and input */
output[j][I] = bin2deci (branch_output, 2);

} /* end of | for |oop */
} /* end of j for loop */

#i f def DEBUG
printf("\nlnput:");
for (j =0; j < nunber_of _states; j++) {

printf("\n");
for (I =0; | < nunber_of _states; | ++)
printf("%2d ", input[j][Il]);

} /* end j for-loop */

printf("\nQutput:");
for (j = 0; jJ < nunber_of states; j++) {
printf("\n");
for (I =0; | <n; |++)
printf("9%2d ", output[j][I]);
} /* end j for-loop */

printf("\nNext State:");
for (j = 0; J < nunber_of states; j++) {
printf("\n");
for (I =0; | < n; |++4)
printf("9%d ", nextstate[j][Il]);
} /* end j for-loop */
#endi f

channel _output_matrix = malloc( channel _length * sizeof(int) );
i f (channel _output_matrix == NULL) {
printf(

"\nsdvd.c: Can't allocate nmenory for channel output_matrix! Aborting...

exit(1);
}

/* now we're going to rearrange the channel output so it has n rows,
and n/ 2 columms where each row corresponds to a channel synbol for
a given bit and each colum corresponds to an encoded bit */
channel _| ength = channel _length / n;

/* interesting to conpare perfornmance of fixed vs adaptive quantizer */

/* init_quantizer(); */
i nit_adaptive_quant (es_ovr_n0);
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/* quantize the channel output--convert float to short integer */
/* channel _output_matrix = reshape(channel output, n, channel | ength) */
for (t =0; t < (channel _length * n); t +=n) {
for (i =0; I < n; i++)
*(channel output _matrix + (t / n) + (i * channel length) ) =
soft _quant ( *(channel _out put _vector + (t +1i) ) );
} /* end t for-loop */

/* khkkhkhkhkkhkhkhkhkhkhkhkhhhkhkhhkhkhkhkhkhhhkhkhkhkhkhhhkhhhkhkhkhkhkhhhkhhhkikhkhk khhkhkhkhk khhk kikk kikkk,kkk kx*x*% */

/* End of setup. Start decoding of channel outputs with forward
traversal of trellis! Stop just before encoder-flushing bits. */
for (t = 0; t < channel _length - m t++) {

if (t <=m
/* assune starting with zeroes, so just conpute paths fromall-zeroes
state */
step = powm(2, m- t * 1);
el se
step = 1,

/* we're going to use the state history array as a circular buffer so
we don't have to shift the whole thing left after each bit is
processed so that neans we need an appropriate pointer */

/* set up the state history array pointer for this tinme t */

sh_ptr = (int) ( (t +1) %(depth_of _trellis + 1) );

/* repeat for each possible state */
for (j = 0; J < nunber_of_states; j+= step) {
/* repeat for each possible convol utional encoder output n-tuple */
for (I =0; | <n; I++) {
branch_netric = 0O;

/* conpute branch netric per channel synbol, and sumfor al
channel synbols in the convol utional encoder output n-tuple */

#i f def SLOMACS

/* convert the decinmal representation of the encoder output to binary
*/

deci 2bi n(output[j][!1], n, binary_output);

/* conpute branch nmetric per channel synbol, and sum for al
channel synbols in the convol utional encoder output n-tuple */
for (Il =0; Il <n; I1++) {
branch_metric = branch_netric + soft_netric(
*(channel _out put _matrix +
( I'l * channel _length +t )), binary_output[IIl] );

} /* end of "Il" for loop */
#endi f

#i f def FASTACS
/* this only works for n = 2, but it's fast! */
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*/

/* convert the decinmal representation of the encoder output to binary

bi nary_out put [ 0]
bi nary_out put [ 1]

( output]|

j1[1] & 0x00000002 ) >> 1,
output[j]]

[
] & 0x00000001;

]
I

/* conpute branch nmetric per channel synbol, and sum for al
channel synbols in the convol utional encoder output n-tuple */
branch _nmetric = branch_netric + abs( *( channel output_matrix +
( 0 * channel _length +t ) ) - 7 * binary output[0] ) +
abs( *( channel output_matrix +
(1 * channel _length +t ) ) - 7 * binary_output[1] );
#endi f

/* now choose the surviving path--the one with the snaller accunl ated
error metric... */
if ( accumerr_metric[ nextstate[j][l] ] [1] > accumerr_netric[j][0]

branch_metric ) {

/* save an accunul ated netric value for the survivor state */
accumerr_metric[ nextstate[j][l] ] [1] = accumerr_netric[j][0]

branch_netri c;
/* update the state history array wth the state nunber of
t he survivor */

state_history[ nextstate[j][I] ] [sh_ptr] =7j;

} /* end of if-statement */
} /* end of 'I' for-loop */

} /* end of 'j' for-loop -- we have now updated the trellis */

/[* for all rows of accumerr_netric, nove col 2 to col 1 and flag col 2 */

(j =0; J < nunber_of states; j++) {
accumerr_metric[j][0] = accumerr_netric[j][1];
accumerr_metric[j][1] = MAXINT

} /* end of "j' for-loop */

now start the traceback, if we've filled the trellis */

if (t >= depth_of _trellis - 1) {

/* initialize the state_sequence vector--probably unnecessary */
for (j =0; J <= depth_of trellis; j++)
state_sequence[j] = O;

/* find the elenent of state_history with the mn. accum error netric */
/* since the outer states are reached by rel ativel y-inprobable runs

of zeroes or ones, search fromthe top and bottomof the trellis in */
X = MAXI NT;

for (j =0; j < ( nunber_of states / 2 ); j++) {
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jlror ) o

*/

t he

from

if ( accumerr_metric[j][0] < accumerr_metric[nunber_of states - 1 -

XX = accumerr_nmetric[j][0];

hh = j;
}
el se {
XX = accumerr_netric[nunber_of states - 1 - j][0];
hh = nunber_of states - 1 - j;
}
if ( xx < x) {
X = XX;
h = hh;
}
} /* end 'j' for-loop */
#i f def NORM

/[* interesting to experinment with different nunbers of bits in the
accunul ated error metric--does performance decrease with fewer bits?

/* if the smallest accum error nmetric value is > MAXMETRIC, nornali ze
accum errror netrics by subtracting the value of the snallest one

all of them (making the smallest = 0) and saturate all other netrics
at MAXMETRI C */
if (x > MAXMETRIC) {
for (j = 0; j < nunber_of_states; j++) {
accumerr_netric[j][0] = accumerr_netric[j][0] - Xx;
if (accumerr_netric[j][0] > MAXMETRI C)
accumerr_metric[j][0] = MAXVMETRI C;
} /* end "j' for-loop */
}
#endi f

/* now pick the starting point for traceback */
state_sequence[depth_of trellis] = h;

/* now work backwards fromthe end of the trellis to the ol dest state
inthe trellis to determ ne the optimal path. The purpose of this
is to determne the nost likely state sequence at the encoder

based on what channel synbols we received. */

for (j = depth_of _trellis; j >0; j--) {

sh_col =j + ( sh_ptr - depth_of trellis );
if (sh_col < 0)
sh col = sh_col + depth_of trellis + 1

state_sequence[] - 1] = state history[ state sequence[j] ] [sh_col];
} /* end of j for-1loop */

/* now figure out what input sequence corresponds to the state sequence
in the optimal path */
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*(decoder _output_matrix + t - depth_of trellis + 1) =
i nput[ state_sequence[0] ] [ state_sequence[l] ];

} /* end of if-statenent */
} /* end of 't' for-loop */

/* khkkhkhhkkhkhhkhkhkhkhhkhhhkhhhhkhkhhkhhhkhkhhhkhhhkhhdhkrkhkhkhkhhhkhhhkhkhhkhkhhkhkrhhk khhkhkikkhkikkk ik kikix*k* */

/* now decode the encoder flushing channel-output bits */
for (t = channel _length - m t < channel length; t++) {

/* set up the state history array pointer for this time t */
sh_ptr = (int) ( (t +1) %(depth_of _trellis + 1) );

/* don't need to consider states where input was a 1, so determ ne
what is the highest possible state nunber where input was 0 */
| ast _stop = nunber _of _states / powm(2, t - channel _length + nm;

/* repeat for each possible state */
for (j =0; J < last_stop; j++) {

branch_netric = 0O;
deci 2bi n(output[j][0O], n, binary output);

/* conpute netric per channel bit, and sumfor all channel bits
in the convol uti onal encoder output n-tuple */
for (Il =0; Il <n; II++) {
branch _nmetric = branch_netric + soft_netric( *(channel output_matrix

(Il * channel _length + t)), binary output[lI] );
} /* end of "Il' for loop */

/* now choose the surviving path--the one with the smaller total

netric... */
if ( (accumerr_netric[ nextstate[j][O] ][1] > accumerr_netric[j][O0] +
branch_metric) /*|| flag[ nextstate[j][0] ] == 0*/) {

/* save a state nmetric value for the survivor state */
accumerr_netric[ nextstate[j][0] ][1] = accumerr_netric[j][0] +
branch _netric;

/* update the state_history array with the state nunber of
the survivor */
state_history[ nextstate[j][O] ][sh_ptr] =j;
} /* end of if-statenent */
} /* end of '"j' for-loop */
[* for all rows of accumerr_netric, swap colums 1 and 2 */

for (j = 0; j < nunber_of states; j++) {
accumerr_metric[j][0] = accumerr_netric[j][1];
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accumerr_metric[j][1] = MAXINT
} /* end of 'j' for-loop */

/* now start the traceback, if i >= depth_of trellis - 1%/
if (t >= depth_of _trellis - 1) {

/* initialize the state_sequence vector */
for (j =0; j <= depth_of trellis; j++) state_sequence[j] = O;

/* find the state_history elenent with the m ni mumaccum error netric */
X accumerr_netric[0][0];
h = 0;
for (j =1, j < last_stop; j++) {
if (accumerr_netric[j][0] < x) {
X = accumerr_metric[j][0];
h =j;
} /* end if */
} /* end 'j' for-loop */

#i f def NORM
/* if the smallest accum error nmetric value is > MAXMETRIC, nornali ze
t he
accum errror netrics by subtracting the value of the smallest one
from

all of them (making the smallest = 0) and saturate all other netrics
at MAXMETRI C */
if (x > MMXMETRIC) {
for (j = 0; j < nunber_of _states; j++) {
accumerr_netric[j][0] = accumerr_netric[j][0] - Xx;
if (accumerr_netric[j][0] > MAXMETRI C) {
accumerr_netric[j][0] = MAXMETRI C
} /* end if */
} /* end "j' for-loop */
}
#endi f

state_sequence[depth_of trellis] = h;

/* now work backwards fromthe end of the trellis to the ol dest state
inthe trellis to determ ne the optinmal path. The purpose of this
is to determine the nost |ikely state sequence at the encoder
based on what channel synbols we received. */

for (j = depth_of trellis; j >0; j--) {

sh col = + ( sh_ptr - depth_of trellis );
if (sh_col < 0)
sh _col = sh_col + depth_of _trellis + 1

state_sequence[j - 1] = state_history[ state_sequence[j] ][sh_col];
} /* end of j for-loop */

/* now figure out what input sequence corresponds to the
optimal path */
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*(decoder _output_matrix + t - depth_of trellis + 1) =
i nput[ state_sequence[0] ][ state_sequence[l] ];

} /* end of if-statenent */
} /* end of "t' for-loop */
for (i =1, i < depth_of trellis - m i++)

*(decoder _output_matrix + channel _Iength - depth_of trellis + i) =
input[ state_sequence[i] ] [ state_sequence[i + 1] ];

/* free the dynamcally allocated array storage area */
free(channel _out put_matri x);

return;
} /* end of function sdvd */

/* kkkhkkhkkkkhkkhkhkhkkkikikkkhkkkk*k

END C]: SDVD FUNC'I’I O\I EE IR IR b S b b b b I S b b b S R S I b */

/* this initializes a 3-bit soft-decision quantizer optimzed for about 4 dB Eb/ No.
*/

void init_quantizer(void) {

int i;
for (i =-128; i < -31; i++)
guanti zer _table[i + 128] = 7;
for (i =-31; i < -21; i++)
quantizer _table[i + 128] = 6;
for (i =-21; i < -11; i++4)
quanti zer_table[i + 128] = 5;
for (i =-11; i < 0; i++)
guanti zer _table[i + 128] = 4;
for (i =0; i < 11; i ++)
guanti zer_table[i + 128] = 3;
for (i = 11; i < 21; i++)
quantizer _table[i + 128] = 2;
for (i =21; i < 31; i++)
quantizer _table[i + 128] = 1,
for (i = 31; i < 128; i++)
guanti zer_table[i + 128] = 0;

/* this initializes a quantizer that adapts to Es/No */
void init_adaptive_quant(float es_ovr_n0) {

i nt

fl oat es,

es

i, d;
sn_rati o,

1

si gma;

sn_ratio = (float) pow(10.0, ( es_ovr_nO / 10.0 ) );
sigma = (float) sqrt( es/ ( 2.0 * sn_ratio ) );

d=¢(int) ( 32 * 0.5 * sigm );
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for (i =-128; i < ( -3 * d); i++)
quantizer_table[i + 128] = 7;

for (i =( -3*d); i <(-2*d); i++)
quantizer _table[i + 128] = 6;

for (i =( -2*d); i <(-1*d); i+t
guanti zer _table[i + 128] = 5;

for (i =( -1*d); i <0; i+4)
quanti zer_table[i + 128] = 4;

for (i =0; i <(1*d); i++)
quanti zer _tabl e[i 128] = 3;

+

for (i = (1*d); i
guanti zer _tabl e[i

N

(2*d); i++)
128] = 2;

+

N

for (i = ( 2*d); i (3 *d); i+

guanti zer_table[i + 128] = 1;
for (i = ( 3 *d); i <128; i++)
quanti zer_table[i + 128] = O;

/* this quantizer assumes that the nean channel _synbol value is +/- 1,
and translates it to an integer whose nean value is +/- 32 to address
the | ookup table "quantizer_table". Overflow protection is included. */
int soft_quant (float channel _synbol) {
i nt Xx;

x = (int) ( 32.0 * channel _synbol );
if (x <-128) x = -128;
if (x > 127) x = 127,

return(quantizer_table[x + 128]);

[* this nmetric is based on the algorithmgiven in Mchel son and Levesque,
page 323. */
int soft_metric(int data, int guess) {

return(abs(data - (guess * 7)));

/* this function calcul ates the next state of the convolutional encoder, given
the current state and the input data. It also calculates the nmenory
contents of the convolutional encoder. */

int nxt_stat(int current_state, int input, int *menory_contents) {
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int binary _state[K - 1]; /* binary value of current state */
i nt next_state binary[K - 1]; /* binary value of next state */

i nt next_state; /* decimal value of next state */
int i; /* loop variable */

/* convert the decimal value of the current state nunber to binary */
deci 2bi n(current _state, K- 1, binary_ state);

/* given the input and current state nunber, conpute the next state number */

next state_binary[0] = input;
for (i =1; i < K- 1; i++)
next _state_binary[i] = binary_state[i - 1];

/* convert the binary value of the next state nunber to decinmal */
next _state = bin2deci (next_state_binary, K- 1);

/* menory_contents are the inputs to the nodul o-two adders in the encoder */

menory_contents[ 0] = input;
for (i =1;, i <K i++)
menory_contents[i] = binary_state[i - 1];

return(next_state);

/* this function converts a decimal nunber to a binary nunber, stored
as a vector MSB first, having a specified nunber of bits with |eading
zeroes as necessary */
voi d deci2bin(int d, int size, int *b) {
int i;

for(i =0; i < size; i++)
b[i] = 0;

b[size - 1] = d & 0x01

for (i =size - 2; i >=0; i--) {
d =d > 1;
b[i] = d & 0x01;

/* this function converts a binary nunber having a specified
nunber of bits to the correspondi ng deci mal nunber
with inprovenent contributed by Bryan Ewbank 2001.11.28 */
i nt bin2deci (int *b, int size) {

int i, d;
d = 0;
for (i =0; i < size; i++)
d += b[i] << (size - i - 1);
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return(d);
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