














































































































































































































































































































vehicle_length <= 5 && vehicle length > 0
T1P+0.02 == T3P; B

class = 4;
e class = 3;

ena
vehicle length > 5
T1P+0.02 == T3P;
class = 5;
se class = 3;
end
elze class = 0;

else class = 0;
nd

class = 9;
elseif A23> 3
class = 11
else class = 0

i
’

class = 12;
else class = 0;
end
otherwise
class = 14;

Code developed on REECE device

DAQ _1CHcont.c:

[x dekdkkxk g dokkkkdok gk hk dkkkkdd APDAD

ok ok ok sk e ok ok bk kK ok ok ke ke bk bk kb sk b bk ok kR kex &/

FRk ko Rk A

e e ke ke ke ke ok Rk Rk ok ek

e e g ok

rer exampler vErdrdd

PR
s cl@ F kR Nk Rk R ko Ak ok ko ke k]

J o kk ek ek ke

sampling rate; 1KS/s, number of converstions;
g thresholid; 2048

#inc
finclude <stdli
#include <math.h>
#include <time.h>
#include <string.h>
// diamond driver in
#include "dscud.h"

o
&1

X_AD_CHANNEIL, NUMBER

// var declarations

BYTE result; // returned error code

DSCB dscb; /7 handle used to refer to the board
DSCCB dsccb; // structure containing board settings
DSCADSETTINGS dscadsettings; // structure containir
DSCAIOINT dscaioint; // structure containing auto-
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DSCS dscs; /7 used for interrupts.
DFLOAT voltage;
char volts[3#];

ERRPARAMS errorParams; // 3 e for returning errcr code and error string
int intBuff; Ve variables of int
; longBuff; /7t variabl long
float floatBuff; 14 & variables floa
num_conversions =
stop_after_ transfers
current transfers;
i last_total transfers;
last_transfers;
new_sample count;
i= 4 /7 neous counter
k = ;
num;
OS_DEFAULT BASE ADDR
//Main func
int main ()
{
J P e — s smmsssser e e s
// I. DRIVER INITIALIZATION
/7
/7 Initializes the DSCUD library.
s
/' "/ P nresas seasieenensiaen e seereees sesseses P ——

if ( dscInit ( DSC_VERSION ) != DE NONE )
{
dscGetLastError(&errorParams),
fprintf ( stderr, ° ¢

.
\n",

dscGetErrorString(errorParams.ErrCode), errorParams.errstring i
return 0;

/7 BOARD INI

4

/7 Initialize the LIOS board. This function passes the various
/7 hardware parameters to the driver and 2ts the hardware.

/; //

[/ mmm—— sam

7y

printf ( "\r

dsccb.base_address = HELIOS_DEFAULT_ BASE_ADDRESS;
dsccb.int_level = I

if ( dscInitBoard ( DSC_HELIOS, &dsccb, &dscb ) != DE_NONE )
{

dscGetLastError (&errorParams) ;

fprintf ( stderr, "d rd error: %is

XOox: %8

dscGetErrorString (errorParams.ErrCode), errorParams. errstrlng Y
return U;

INITIALIZAT

Yy e the structu the AD conven settings and
7 ss 1t to the

/7

// e
printf ( "\

memset (&dscadsettings, @, sizeof (DSCADSETTINGS)) ;

dscadsettings.range = RANGE_10;

0¥} oLP only has a 10V physical range. This
o
TEY.

uct member is for backward compatik
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dscadsettings.range = RANGE 10;

dscadsettings.gain = @;
dscadsettings.load cal = ©;

dscadsettings.current_channel = {i;

if ( ( result = dscADSetSettings ( dscb, &dscadsettings ) ) != DE NONE )
{
dscGetLastError (&errorParams) ;
fprintf ( stderr, ° € \
dscGetErrorString (errorParams. ErrCode), errorParams errstrlng ),
return O;

}
/7 Interrupt settings

1y

printf (
memset (&dscaioint, , sizeof (DSCAIOINT)) ;
dscaioint.num_conversions = num_conversions;

/7 If all 16 channel are operational the

dscaioint.conversion_rate = if
rate=rate/l6

dscaioint.cycle = 1;

dscaioint.internal clock Ly
dscaioint.low_channel = o;

dscaioint.high_channel = &;

dscaioint.external gate_enable = {; // can enable it if need be

dscaioint.internal clock gate = i; // can enable it if need be
dscaioint.fifo_enab = [;
dscaioint.fifo_depth = 18245

// Dump Threshold here iz the
/7 kernel space is copi

structure submitted in user space.

dscaioint.dump_threshold =

// allocate space r k =

// our samples bu‘leltT@an

dscaioint.sample values = (DSCSAMPLE*)malloc( sizeof (DSCSAMPLE) *
dscaioint.num conversions );

if ( ( result = dscADSampleInt ( dscb, &dscaioint ) ) != DE_NONE ) // Do the

g process and if result is zero that means no error happend
{
/- th function is going to sample the input and put it in bu: passed in

aioint. {team)

//an erx hap i so log it.
dscGetLastError(&errorParams),
fprintf ( stderr, "dschA

dscGetErrorString (errorParams.ErrCode), errorParams.errstring )-
free( dscaioint.sample values ); // remenber

er

MEmory
return {;

PP ALLSS LTSS
cerrupt status

SIELELLL L
/7 Check
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LII0TE7 1077777777777 77777
dscs.transfers =
dscs.overflows = i;

dscs.op_type = OP_TYPE INT;

current transfers = {;
last_total transfers = 7;
last_transfers = @;

do

{

do
{ dscGetStatus(dscb, &dscs);
dscSleep (SLEEP_TIME) ;
}while(dscs.total_ transfers - last total transfers < i{);

printf (g

if ( dscs.overflows )

{

pringf ("
break;
}
if ( dscs.total transfers == last total transfers )
{
printf (" SLEEP TIME) ;
break;
}

new_sample_count = dscs.total transfers - last total transfers;

LE
us
.8 bigger

cular buf
% ch

circulaxr buf

e
if ( new_sample_count > num conversions )
{
printf (" §
new_sample_count - num conversions);
break;

current transfers = dscs.transfers;
last_total transfers = dscs.total transfers;
if ( current transfers > last_transfers )
{ B printf ("poi
for ( i1 = last_transfers; i < current_transfers; i++ )

{

if ( dscADCodeToVoltage ( dscb, dscadsettings,
dscaioint.sample values[i], &voltage ) != DE_NONE)
{
dscGetLastError (&errorParams) ;
fprintf( stderr, "<
dscGetErrorString (errorParams.ErrCode), errorParams.errstring );
free ( dscaioint.sample values );
return U; -

}

sprintf (volts, "%
socket client(volts);

} else if ( current transfers <= last_transfers )

{ printf ("point2\n");
for ( i1 = last_transfers; i < num_conversions; i++ )
{
if ( dscADCodeToVoltage ( dscb, dscadsettings,
dscaioint.sample values[i], &voltage ) '= DE_NONE)
{

dscGetLastError (&errorParams) ;

fprintf( stderr, * HCodeToV
dscGetErrorString (errorParams.ErrCode), errorParams.errstring );

free ( dscaioint.sample_values )i
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return o

sprintf (volts,’
socket_client(volts);

}

1", voltage );

for (i = U; i < current_ transfers; i++ )
{ printf ("poin
if ( dscADCodeToVoltage ( dscb dscadsettings,
dscaioint.sample_values[i], &voltage ) != DE_NONE)
{

dscGetLastError (&errorParams) ;

fprintf( stderr, "
dscGetErrorString(errorParams.ErrCode), errorParams.errstring );

free ( dscaioint.sample values );

return i,

}
sprintf (volts, "%4.
socket client(volts);

L

, voltage );

}
}
last transfers = current transfers,
// cond {This is

currently _ing } t : 4
if ( last total transfers >= stop_after transfers )

{
break;

}
}while ( 1 );

free( dscaioint.sample values );
dscFree() ;

i

printf ( "\

return {;

socket client.c:

/% H ke e e ke ke sk k ke ko Rk R gy

flJ°ﬂ1 ok ok de ok ok ko

R

1% Kok Xk ow

#define ADDRESS "/root/con" /* addr to connect */

void socket_client (char voltagel[])

{
char c;
FILE *fp;

er int i, s, len;
sockaddr_un saun;

/~L
= will
*
}/
if ((s = socket(AF UNIX, SOCK STREAM, ©)) < &) {
perror ("client: o B
exit (1);
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this connection is
= AF UNIX;

/%
* Try to €6 : For th to
* succeed, lready have bound
. ;

add ssued a listen()

argument in
re, not jus
ket name.

tes the “"length" of
the length

len = sizeof (saun.sun_family) + strlen(saun.sun path);

if (connect(s, &saun, len) < ) {
perror (" ")
exit (1)

/7 Sending the string containing voltage value to server

send (s, voltage, strlen(voltage), {);

F 16 soCck
close(s);

socket server.c:

7k dek etk e ok ek ek ok ok ok ok ek ek kb g

ek s Bh bt e FASEEEES LT T L TR L

ok ke sk ok ek ok ok Rk

R R R R R S

con"  /* addr to conne */
pthread mutex t a_mutex = PTHREAD MUTEX INITIALIZER;

FILE* handle;

void Classification(int pulse_number,
velocity)

{

FILE* handleres;

float Mvelocity = velocity/i. 447
time_t t = time (NULL);

% vehicle_length, float T1P, £

= *localtime (&t); //defining time

to add to

class;
switch (pulse_number)

{

case
class = 1;
break;
case 4:
if (vehicle_length <= && vehicle_length > U) /7 Some general bounderies

ide

are taken from FHWA traffic monitoring Table 4-A-1




and bounderies are assuemd and maybe adjusted to have

better pexf
else 1f (vehlcle _length <= I && vehicle_ length > )
{
if (T1P+{.0Z2 == T3P)
class = 4;
else class = 3;
}
else if (vehicle length > %)
{

if (T1P+i.0Z == T3P)
class = %;
else class =
}
else class =
break;
case ©:

if (A23 < )
class = ;
else if (A23> 7)
class = 4;
else class =

break;

case ii):
if (A23 < 7)
class = %;
else if (A23> )
class = i:;
else class = 0y
break;
case ;
if (A23 < )
class = 1{;
else if (A23> A)
class = 1z;
else class = U7
break;
default:
class = .4;
break;

}

handleres = fopen("/
fprintf(handleresﬁ

& 5 f,
\n", tm. tm _year + 900, tm.tm mon + !, tm.tm mday, tm. tm_hour,
tm tm mln, tm tm sec, class Mveloc1ty pulse number) ;

.,

48 Vel i

i i tm tm _year + 15030, tm.tm mon + i, tm tm mday, tm. tm hour, tm tm min,
tm tm_sec,class,Mvelocity,pulse_number) ;
fclose(handleres)

id *Feature Extraction (i:
sification
{ prlntf( |
float *vehlcle data,
vehicle data=test;
int data_pointer =
zeros_cons=.1{00u0,en_class
T int number of starts = ¢, number_of ends = [,previous_pulse = -1
+,length _data;
3t
stﬁspikel,st_spikeZ,st_spike3,st_spike4,st_spikeS,st_spike6,st_spike7,st_spike8,st_spike9,st_s
pikelO,st_spikell,st_spikelZ,st_spikelB,st_spikel4,st_spike;
int
en_spikel,en_spike2,en _spike3,en_spiked,en_spike5,en_spike6,en_spike7,en_spike8,en_spike9,en_s
pikelO,en spikell,en_spikel2,en splkelB en_spikeld;
£ sample_period = i/sampling rate, velocity={, Awidth =

,counter,i, signal statel = ¢, signal state2 = {,

', pulse number =

1t sampling rate = LOUC
6Z,vehicle_length, t13,T1DB, T3D
double pi = 4.0%atan(L.0), theta = M PI/4 ;
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=0, T3P = $,A23 = {; // period of 1lst and 3zd pulses

int detection, ones cond = i;

//printf (s \n"};
length_data (int) floorf (vehicle datal[i]); // The length of data is added to
cdata array rst field)

while(ones_cond)

{
for(counter=data%pointer;counter<length_data+‘;counter++) //E to examine
points and extract vehicles
{

if (data_pointer == | && counter == data_pointer)

point index (if multiple vehicles are present
i=1;

else 1 = i+ ;

threshold for pulse

if (vehicle data[i] > ©.1) //positi

{(adjustable)

signal_state2 = signal_statel;
signal_statel = ;
zeros_cons = [;

}

else if (vehicle data[i] < =-0.2%) //ne
threshold for pulse detection

{

signal_state2 = signal statel;
signal_statel = -1.;
zeros_cons = i

}
else zeros_cons = zeros_cons+.; // counter for consequitive zeros
to W to a p or a vehi ends
if (signal_statel && signal_state2 != signal_ statel) // Pulse detection
; i of data sanmples
if (counter > (previous_pulse + (.0l /sample period))) //duration since
last pulse {(to avoid multiple ¢ the same pulse)
{
pulse number = pulse number + [;
switch (pulse number) //detection

{ case
st_spikel = counter;
break;
case 7:
st_spike2 = counter;

then assume that it's the first axle of an arriving vehi

velocity = (Awidth*tan(theta))/((st_spike2-

st _spikel)*sample period) ;

break;
cage

st_spike3 = counter;
break;
case 4:

st_spiked = counter;
break;
cagse o:

st_spike5 = counter;
break;
case

st_spike6 = counter;
break;
case

st_spike7 = counter;
break;
case

st_spike8 = counter;
break;
case

st_spike9 = counter;
break;
case §
st_spikel0 = counter;
break;
case
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//When

igh speed

{

st_spikell = counter;

= counter;

st_spikel3 = counter;

break;
case 14:
st_spikeld = counter;

break;

default:

if (pulse_number >4
st_spike = counter;
else
perror ("E
exit(l);
}

break;

}

previous_pulse = counter;
number_of starts = number of starts+l;

}

if (zeros_cons*sample period >

to

call an end of a pulse (based on axle pay attention,

switch (pulse number)
{

case 1:

en_spikel = counter-zeros_ cons;
break;
case .:

en_spike2 = counter-zeros_cons;
break;
case I:

en_spike3 = counter-zeros_cons;
break;
case 4:

en_spiked = counter-zeros_cons;
break;
case [:

en_spike5 = counter-zeros_cons;
break;
case 7

en_spike6 = counter-zeros cons;
break;
case 7:

en_spike7 = counter-zeros_cons;
break;
case &:

en_spike8 = counter-zeros_cons;
break;
case 4:

en_spike9 = counter-zeros_cons;
break;
case 1U:

en_spikel0 = counter-zeros_cons;
break;
case :

en_spikell = counter-zeros_cons;
break;
case :

en_spikel2 = counter-zeros_cons;
break;
case :

en_spikel3 = counter-zeros_cons;
break;
case

en_spikeld = counter-zeros_cons;
break;
default:

&& number of starts == number of ends)

might be wrong
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number_of_ ends=number of ends+.;

}
if ( (velocity>" && velocity*zeros_cons*sample period>. :2) || (counter >=
i Y n assuming a ma im axle spacing of

length_data-1)) /
300 : reding two seé
{
» to call an end of a pulse (based on axle spacing)
switch (pulse_number)

3 end of data

/W

// This will

Lation ¢

{

ication

include calc parameters for classi

en_class = ;

case |
en_class = i;
vehicle length = 1.5;
Awidth = o7
break;

case 4:

en_class = 1;
tl3 = (st_spike3-st_spikel)*sample period; /7 add

ed only

analysis!
vehicle_ length = ((st_spike3 - st _spikel)* sample period)* velocity;
TlP = (en_spikel-st_spikel) * sample period;
T1D = T1P;
T3P = (en_spike3-st_spike3) * sample period;
T3D = T3P;
break;

case i1

en _class = i;
vehicle length = ((st_spike5 - st_spikel)* sample period)* velocity;
A23 = ((st_spikeb5 - st_spike3)* sample period)* velocity;

break;

case ©

en _class = ©;
vehicle_length = ((st_spike7 - st_spikel)* sample period)* velocity;
break;

case

en_class = 1;
vehicle length = ((st_spike9 - st_spikel)* sample period)* velocity;
A23 = ((st_spike5 - st_spike3)* sample period)* velocity;

break;

case l.:
en_class = I;

vehicle_length = ((st_spikell - st_spikel)* sample period)* velocity;
A23 = ((st_spikeb - st_spike3)* sample period)* velocity;

break;
default:
if (pulse_number > i: && (pulse_number%>) == {i) // for
even number of pulses that is more than 4
{

en_class = 1;
vehicle_length = (st_spike - st_spike2)* sample period* velocity;

}
else
en_class = 0;
break;
}
if (en_class==}) // if en_class = 1 then p had
been detected and classification is possible

{

detection = [;
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Classification(pulse_number,Vehicle_length,TlP,T3P,A23, velocity) ;
//Function used for vehicle classification
data_pointer = counter;

break;

}

else if (detection == |l en_class == i) // condition to see i
serformed £ this data e or not if it was en this might be the

{

printf ("False 2
data_pointer = counter;
break;

}

}

, pulse_ number) ;

}
if (counter >= length_data - 1)
the data

dition to exit the wl

1

{
ones_cond = ;
3
else
{ signal_statel = {; signal state2 = {; zeros_cons= ts

number of starts = {, number of ends = !,previous pulse = - ;pulse _number = o;

st_spikel = ;st_spike2= {;st_spike3= {;st_spiked= [;st_spikeS= {;st spike6=
U;st_spike7= U;st_spike8= {;st_spike9= U;st_spikelO= (;st_spikell= {;st_spikel2= (;st spikel3=
(i;st_spikeld= iU;st_spike= o

en_spikel = ©;en_spike2= ;en_spike3= (;en_spiked= {i;en_spike5= {;en spike6=
U;en_spike7= U;en_spike8= i;en_spike9= (;en_spikelO= U;en_spikell= {;en spikel2= ii;en spikel3=
j;en_spikeld= ;

velocity=0, vehicle_ length= &;tl3= 1;T1lD= ¢;T3D= u;

T1P = &; T3P = {;A23 = ;

memset (vehicle data, NULL, (length data)+4); //Free memory occcupied by

data
pthread exit (NULL) ;
nt get_min()

ime_t ti = time (NULL) ;
t tm tim = *localtime (&ti) ;

return tim.tm min;

// array containing data samples for each

// array used for

{removing the mean)
cal _val = {,sum;
© minutes = ©, cal _counter = {, current min = 3;
. avg_counter;
. verification_switch = i;
count_stop = U;
. zeros_cons,ij, detection=i
1t *ip;
int sample_count = I
g it volts;
si;
count;
carrayl[7]:
.nt add_topass[Z]:
pthread_t threads[NUM_THREADS];

FILE *fp;
int fromlen;
er int i, s, ns, len;
sockaddr_un saun, fsaun;

stream socket to guarantee reliable connection
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if ((s = socket (AF_UNIX, SOCK_STREAM, )) < 0) /7 socket server to receive data
from client (Data acquisition unit)
{
perror (s
exit (i) ;

}

// Creating address
saun.sun_family = AF UNIX;

strcpy (saun.sun_path, ADDRESS);

connaections at

/B ling ss to socket

unlink (ADDRESS) ;

len = sizeof (saun.sun_family) + strlen(saun.sun_path);
if (bind (s, &saun, len) < o) {

perror (s T 3§ %)
exit(1);

while () // an infinite loop Lo keep listening to get
more data from client

{

count_stop++; //tenp
volts = o
count = ¢;
si =
if (listen(s, ) < ) //stop and listen until you get a connection with

data peoint from client

perror (s
exit (1)

ting connections from client

= accept(s, &fsaun, &fromlen)) < ) {
perror (" =] £

exit (1)

fp = fdopen(ns, "i");

// defenitions here
while((c = fgetc(fp)) !'= EOF)
{

if(c == "\n')
break;

if(c == '-")

si = -1, // used to compensate for "~" sign in re
else

{carray[count] = c;

count++;

}

volts = strtod(&carrayl[V], &carray[:]); // convert from char to float
volts = volts * si;
current min = get_min();

//procedure done for ¢ bration each 20 mi
if (detection =={ && minutes<current min-2)
{ calibration[cal counter] = volts;
//printf ("in b
cal_counter++;
if (cal_counter>=
{
for (avg_counter = i; avg_counter <
{sumt+=calibration[avg_counter];}
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cal _val = sum/100
sum = ;
cal_counter =
minutes = current min;
printf ("¢
}

minu

value

n'",cal_val,minutes);

volts = volts - cal_val;

if (volts > 0.1)
start recording data

{

//pri (%6

zeros_cons =
detection = I ;

vehlcle data[sample count+.] = volts,
( .31f\n", vehi
sample_count++,

er that a thre

n',volts)

datal

else if (volt

flag and start

//prir
zeros_cons = i;
detection = [ ;
vehicle data[sample count+j] = volts;
//printf ("%6.31f\n", v talsa
samplewcount++,

}
elge if ((volts < 1) && (volts > ~-O
& flag is raised e

close to 0

// pr &.31f\n",volts) ;
zeros_cons = zeros_cons+:;
vehicle data[sample_count+i] = volts;
//printf ("6, 31 \n", vehicle datalsam
sample_count++; -
}
if (detection == | && verification_switch ==l)
{
printf ("¢
verification_switch

}

_count]};

> .. && detection
with recorded

if (zeros_ cons/ // zero count is higher than

trigger d

maximum axle sp

vehicle datal[%] = (float)sample count;
detection = @7

verification_switch = 1;

zeros_cons = {;
// send vehicle d

printf (’ ;

pthread_create (&threads[{], NULL, Feature_Extraction, vehicle data); // Create
new thread and send data to it for feature extraction and vehicle classificatior

sample_count = o;

volts = Uy

fclose(fp) ;

}

close(s);
pthread exit (NULL) ;

exit (7);

}
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