








































































































































































































vehicle_length 1 . 5 ; 
width= O; 

case 4 
en_class = true; 
tl3 = (st_spike3 - st_spikel)*sampl e_period; % added onJ.y for data 

analysis! 
vehicle_length = ((st_spi ke3 - st spikel)* samp l e_period)* veloci t y ; 
TlP countl * sample_period ; 
TlD TlP ; 
T3P count3 * sample_period; 
T3D T3P ; 

case 6 
en_class = true; 
vehicle length= ( (st spike5 - st spikel)* sample period)* velocity ; 
A23 = ((st spike5 - st_ spike3)* sample_period)* velocity 

case 8 
en_class = true ; 
vehicle length= ((st_ spike7 - st spike l )* sample_period)* velocity ; 

case 10 
en_class = true; 
vehicle_length = ( (st spike9 - st spikel)* sample period)* velocity; 
A23 = ((st spike5 - st_spike3)* sample_ period)* velocity; 

case 12 
en_class = true ; 
vehicle length= ( (st spikell - st_spikel)* sample_period)* velocity; 
A23 = ((st spike5 - st_spike3)* sample_ period)* velocity ; 

otherwise 
if pulse number>= 14 && mod(pulse_ number , 2)== 0 

for even number c,f pulses that is more than 14 
en_class = true ; 
before last = genvarname ( [ ' st sp.i1:e' , num2str (pulse number - 1) J); 
vehicle length ((eval([befo~e_last]) st_spikel)* 

sample_period)* velocity; 

en class false; 
end 

.i.f en class 
vehicle count= vehicle count+ l; 
class= Classification(pulse number,vehicle_length , TlP , T3P , A23) 
else false_trigger = true ; 

disp( 'false Lrigger' ) 
end 

signal statel = O; signal_ state2 = O; 
pulse number= O; zeros cons= 2/sample_period; 
clear-st. ____ _pul.sel st ____ puls"e°2 st _____ pu.1.se3 st ___ pulse4 st ___ pulse5 st .. ___ pulsef. st _____ pulsr::7 

st pulsed s ·t ____ _pulse 9 ; 
clear 
clear 

en_pulse8 en~ __ pulse9 ; 
clear ,:;:n pulse.LO en pulsel l en __ pulse12 en _____ pulse1.3 en _____ puJ..se14 ; 
countl = · 0 ; count2; O; count3 = O; count4 = 0; counts= O; count6 = 0; count? 

= 0; % initiating indexes for spikes arrays 
count8 = O; count9 O; countlO = 0 ; countll = O; count12 = 0; count13 = O; 

count14 = 0; 

end 

en class= false ; 
end 
end 

once cond detection ; 

Classification.m: 

function class= Classification(pulse_number,vehicle_length,T1P, T3P , A23) 

switch pulse_number 
case 2 

class= l; 
case 4 

if vehicle length<= 3 . 96 && vehicle length> 0 
class= 2; 
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elseif vehicle_length <= 5 && vehicle length> O 
if TlP+0.02 == T3P; 

end 

class= 4; 
else class= 3; 
end 

elseif vehicle length> 5 
if TlP+O.O~ == T3P; 

class= 5; 
e.Lse class== 3; 
end 

else class= O; 
encl 

case 6 
if A23 < 2 

class= 6; 
elseif A23> 3 

class= 8 ; 
else class= O; 
encl 

case 8 
class= 7; 

case 10 
if A23 < 2 

class· = 9; 
elseif A23> 3 

class= 11; 
else class= O; 
end 

case 12 
if A23 < 2 

class= 10; 
elc,eif A23> 3 

class= 12; 
else• class = 0; 
end 

othe.r-wist:! 
class 14; 

Code developed on REECE device 

DAQ 1 CHcont.c: 

/ * ,. -;, ::1.- •J, .... .... -k .,., -;, , . -r .,, . . ;,. .... "* .... -;, ::1.- .;, * .... ·k .... -J• ..,.D.AQ_ lCHcont . c· ·--· •* "'-• ·J, ,. . . y * •/,· * .... -;, "-· -), .... . ;.. -;.-,l; · ·k +-;, -,.,. -j, ...,. -k .,, + -;, / 

;+ ·* ..._. ->- -l· -• +-· .... ·j, .._. ·* -~ ... ,, * J,· -x + ·J: .... -J, :I,· -;.- -;.- ... . ·>:.._. ·k ,I.· ·J, * Au tl·:or"'· -;.--;,-..... * "-· ·J, , . ·J, ,I.· .;.. ,._. ..... ·j, -..-->: :1: ·},- -;.- -;.- -x ...,. ·k ...,. ·k ;I.· -;.-*+ ·x .._. I 
/* -1- ·k :-.. -1< *-;.--;_. + -), "'-··), ':\: ·.•· ,-.. *··), .., . . 1r +·k -;.-.;,• -r. +·>: "\··), Samer Raj ab* ..... ;. ,t·J, -.- .... -;.-+•;, ... + , . .;, ::1.·+* ·"-··x ..... * :1, -.1- ::1.·+ ·k -., . . ,, / 

/ * ** ~ *-~* * **** *Diamond syst:ems tlniversal d r iver e~ample**** * ********~/ 
/**+*~*** * **** .~**** * codes were t1sed in this code ·~*~·***************~·*/ 

// settings : ()ne channe.l , sampling rate.; lKS/s , number of converstions ; 5*10K=50I<S , 
fifo depth;l024 , dump threshold; 2048 
#inciude <stdio . h> -
iti11clude <stdlib . h> 
#include <math.h> 
#include <time . h> 
#include <string . h > 
// diamond driver includes 
#include "dscud . h " 

#include <sys/time . h> 

II 1nacros defi.ned 
#define SLEEP TIME 1 
#def inf~ HELIOS_ MP..X .AD CHJ\NNEL NUN.BER .1..S 

// var decl.aratior1s 
BYTE result; // returned error code 
DSCB dscb; // handle used to refer to the board 
DSCCB dsccb; // structure containing board settings 
DSCADSETTINGS dscadsettings; // structure containing A/D conversion settings 
DSCAIOINT dscaioint; / / structure cont.a.i.n.inq auto-caLi.brati.on sett .inqs 

95 



DSCS dscs; II used for interrupts. 
DFLOAT voltage; 
char volts [ c< ] ; 
ERRPARAMS errorParams; 
int intBuff; 

// s1:rt1cture for ret:urning error code and error st:ring 
// temp variables of size int 

long longBuff; // temp variables of size long 
float floatBuff; II temp variables of size float 
int num conversions 4 0 96000 ; 
long stop after transfers= E;o ooono ; 
long current_transfers; 
long last_total_transfers; 
long last transfers ; 
.i.nt new_sample count ; 
lonq i = U; / / rnisceJ..1.aneous countt~r 
.in.t. k = C; 
int num; 

itdefine HELIOS DEFAULT BliSE ADDRESS 0x28 0 

/ /1'-'la in func t:ion 

i.nt main () 

.1 /=····=····=···· ......................................... .. ....... ... .. ........................ ........ ................................ ........................ ..................................... ............ ........................................................ .... ................... .. 

I I DP.IVER INl'l'lALIZATl01-l 
/I 
// Initializes tl1e DSCUD library. 
/I 
//••H ••••• •rn"H'M•••"'"'•'HO,., ... ,,. ,ooo,,,,,o,h,,,o,,,, ,o,,••••--••• ••• • •• ••• •••••••••••• •o • •••o• ••••••• ••••o••o• o•oo .. oo .. o•"••••H•OhOOO,, OOOOOO,,,,,,,,, , , ,,,,,, , , , ,,, ,, ,,,,,, , ,,,,,,,,,,,o•••• • • ••• •••• .. •••••••••••• ••• • •••••••••••••••,.• •• •rn•••••••••--••••••••••• •••••••••••••••••••••••••••• 

if dscinit ( DSC_VERSION ) != DE NONE 
{ 

dscGetLastError (&errorParams ) ; 
fprintf ( stderr, 1' dscini.t error : ts ~s\n '', 

dscGetErrorString (errorParams .. ErrCode ) , errorParams . errstring ) ; 
return D; 

I/ .......................... ................................ ............ ............................... . .. ........................ ... ......... ................................. .............. ... ........................................ ........ = 
/ I II . BOARD INITIALIZATION 

I/ 
I .I 
II 
I/ 

Initialize the HELio~·;, board. This funct ion passes the various 
hardware paramet:ers t:o ·t:he driver and resets t:he hardware. 

!/========================================================================= 

printf ( 11 \1t.HET.1IOS B0id:.:D .TNT.'J.1TAL.TZ.A'.i.1T.CN : \n 11 
) ; 

dsccb.base address HELIOS_DEFAULT_BASE_ADDRESS; 

dsccb.int level = ~ ; 

if dscinitBoard ( DSC HELIOS, &dsccb, &dscb ) != DE NONE 
{ 

dscGetLastError (&errorParams ) ; 
fprintf ( stderr, "ds c.Tn .i. tEoar.d t'.!rr:-or : ·ts -~s\ n'' , 

dscGetErrorString (errorParams.ErrCode ) , errorParams . errstring ) ; 
return U; 

I I=·=·==·== .. = .................................................................... .... ............................................................... ................. ......................... .............................. ............................................................ .. 
I/ III . AD SETTINGS INITIALIZATI ON 
/I 
I/ 
/I 
II 

.Tn .i.t .i.a.1.ize the structure contain.i..nq the .~ . .D convers:i.on settj_ngs and 
then pass .i.t to the driver . 

ii========================================================================= 

printf ( 11 \nAi.J :3ET'I1 T.NGS IN.T'I'T.AL.TZA-.TT.ON\n" ) ; 

memset (&dscadsettings, 0 , sizeof (DSCADSETTINGS )) ; 

dscadsettings.range = RANGE_l0; 

dscadsettings .. polarity = 0 ; 
// The lielios SBC only has a 10V physical range . This 
// struct: member is for backward compatibili ty. 
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dscadsettings.range = RANGE_lO; 

dscadsettings.gain = O; 
dscadsettings . load_ cal = O; 

dscadsettings . current channel O; 

if ( ( result = dscADSetSettings ( dscb, &dscadsettings ) ) != DE NONE 
{ 

dscGetLastError (&errorParams ) ; 
fprintf ( stderr , 11 dscADSet.Sett ings error : is %s\n " , 

dscGetErrorString (errorParams.ErrCode ) , errorParams.errstring ) ; 
return O; 

// Interrupt settings 

printf ( 11 \nl/ l) INTE'.RRUP'l' ~; ETTI.N G~) INITIALIZ AT ION\n " ) ; 

memset (&dscaioint, 0 , sizeof (DSCAIOINT )) ; 

dscaioint.num_conversions = num_conversions; 

dscaioint.conversion rate = 1(1JQ ; // If aJ.l 16 clianneJ. are operational the 
rate=rate/16 

ds c aioint . cycle = l ; 

dscaioint.internal clock l ; 

dscaioint.low_channel = u; 

dscaioint . high_channel = 0 ; 

dscaioint.external_ gate_enable = 0 ; / / can enable it if need be 

dsca1.01.nt.1.nternal clock_gate 0 ; /I can enable it if need be 

dscaioint.fifo enab 

dscaioint . fifo_depth 

// Dump Threshold here is the t hreshold at which the data from 
// kernel space is copied t o the s t ructure submitted in user space. 

dscaioint . dump_threshold = 10%4 ; 

// allocate space f o r buffer 
// our samples buffer (Team) 
dscaioint.sample_values = (DSCSAMPLE*) malloc ( sizeof (DSCSAMPLE ) * 

dscaioint.num conversions); 

if ( ( result = dscADSampleint ( dscb , &dscaioint ) ) != DE NONE ) / / Do the 
san~ling E>roces s arid if the result i.s zero that means no error l,apf>end 

{ 

// tl"lis function is qoing t o s ample t he input and put it i n buffer. passed in 
dscaioint . (team) 

//ar1 error happend so log it . 
dscGetLastError (&errorParams ) ; 
fprintf ( stderr, 11 d scADSamplei nt error : :is ¥::s\n'' , 

ds c Ge tErrorString (errorParams.Er rCode ), errorParams.errstring ) ; 

memo ry 
free ( dscaioint.sample_values ) ; // remember to clea1..i.o c ate rna.1.J.oc ( ) 

return (J ; 

!!I!//////////////////!// 
// Check Interrupt: status 

97 



ll ! l!//ll!l ! /!l / /!!l!l!I! 
dscs.transfers = G; 
dscs.overflows O; 
dscs . op_type = OP TYPE INT; 

current_transfers = 0 ; 
last_total transfers O; 
last transfers 
do 
{ 

do 
{ dscGetStatus (dscb, &dscs); 
dscSleep (SLEEP TIME ) ; 

}while(dscs.total tra~sfers - last total transfers< 10 ) ; 

printf ( "poi nt4\0 " ) ; 

if dscs.overflows } 
{ 

printf ( 11 0pcrat :i_(;n :C a i.led : F I FO ovE: r fl()\.•: ed \n 11
) ; 

break; 

if ( dscs.total_transfers = last total transfers ) 
{ 

printf {' rOp t_=;.r.-a. t ion f ::i j_ l~:d: nc) ne t✓ sarnpl>:::::.: Lr:1k.en. in •}d ms \ n 11
, SLEEP_ TIME } ; 

break; 

new_sample_count = dscs.total_transfers - last_total transfers; 

/ * Nu.mb E.::r of n e w sarnp .l. t~s should ne\:cr excE.:~(~d the s.i.z. e of thE.:~ c .i.r.cular buffer . I.f 
* it d o E:"S it me ans tfi.at e.i.tb e:::r " sleep_rns '' s llou.1.d be srna.1.J. e r so yo u ch eck stat.u s 
* 1r1or·e o fter1 , or· '' r1un1 conversions '' st1ouJ.d be bj_gge r s o the ci.rcular buffer is bigger 
* / 

if ( new_sample count> num_conversions ) 
{ 

printf ( 1'0pe1.:at.it.1n .ta.i.J.ed : not process.ing da.t -:1 fa.st enou-Jb . '1;d sarnp J.es .L.,st\n", 
new_sample_ count - num_conversions ); 

break; 

current transfers = dscs.transfers; 
last total transfers = dscs.total_transfers; 

if current transfers> last transfers ) 
{ printf ( " poi..nt.3\n" }; 

for ( i = last_transfers; i < current transfers; i ++) 
{ 

if ( dscADCodeToVoltage ( dscb , dscadsettings, 
dscaioint.sample_values [ i ), &voltage} != DE_NONE ) 

{ 

dscGetLastError (&errorParams ); 
fprintf ( stderr, 11 ,.;.lscJ.':.DCc)dE!TOVc•l t age error : :{. s \is \ n 11

, 

dscGetErrorString (errorParams.ErrCode ), errorParams.errstring ) ; 
free ( dscaioint.sample_values ); 
return O; 

sprintf (volts, " i6 . 3.U \ n " , voltage ) ; 
socket client (volts ) ; 
} 

/ ·+ Case two : more data has been plac t:!d in tll(;' circular buffe r b o th aft.e r 
* the ".1.cts t t.r.ansfE~rs 0 and before .it at tl'1e start. of the buffer . 
* / 

} else if current transfers<= last transfers ) 
printf ( "p,,int2\n" ) ; 

for ( i = last_transfers; i < num_conversions; i ++) 

if ( dscADCodeToVoltage ( dscb, dscadsettings, 
dscaioint.sample_values [ i ] , &voltage ) 1= DE_NONE } 

{ 

dscGetLastError (&errorParams); 
fprintf ( stderr, "dsci\DCodeToVolt.::tge error : ;;;s 1S.!},\n " , 

dscGetErrorString (errorParams.ErrCode ) , errorParams.errstring ); 
free ( dscaioint.sample_values ) ; 
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return Li ; 

sprintf (volts, " ~6.31£\n" , voltage ) ; 
socket client (volts ) ; 
) 

for ( i U; i < current transfers; i ++ ) 
printf ( " point.3\n" ) ; 

if ( dscADCodeToVoltage ( dscb, dscadsettings, 
dscaioint . sample_values [ i], &voltage ) != DE_NONE ) 

{ 

dscGetLastError (&errorParams ) ; 
fprintf ( stderr, 11 dscADCod~:!T('l~.Jt;;ltaqri error : \s ~s\n" , 

dscGetErrorString (errorParams . ErrCode ) , errorParams.errstring ) ; 
free ( dscaioint.sample_values ) ; 
return u; 

sprintf (vol ts, "16.31£\n" , voltage ) ; 
socket_client (volts ) ; 
) 

last transfers = current transfers; 
l i condition to break when total number of samples reaches desired value . (This is 

cur.rent:. ly being kept fox:- expirement only) 
if ( last total transfers>= stop_after transfers 
{ 

break; 
) 

) while ( 1 ) ; 

free ( dscaioint.sample_values ) ; 

dscFree () ; 

printf ( "\nDSC:ADSamp.leint. complis-ted. \n'' } ,· 

return v ; 

socket client.c: 

/* ·r * * .,_. * ·'.- * . .,. * ·>· .,. * -.,.- * -,i,- * -r ..._. ·r .,. * ., .. * -.i- * soc t:et ..... client . c* ·J,- * -r-,-*·1' * ·J· * ·r -,- * ·.'.- * ·-1• * -r * -r-1. * -,.- * ·>· * 
/******~******~********~****** ·~Author*********** .~****** ·~ ****+*** .~*** 
i******·t++********* .... ***·t*+***Samer Rajab*****r***** .... *****+******·t*** 
#include <sys/types . h> 
#include <sys/socket .h> 
#include <sys/un . h> 
#include <stdio . h> 
#include <stdlib.h> 

#define ADDRESS " /root/con " /·J· addr to connect 

void socket_client (char voltage []) 

char c ; 
FILE *fp; 
register int i, s, len; 
struct sockaddr_un saun; 

! * 
• Get a socket to work with. This socket will 
* bt: .i.n t.hE:~ UNIX domain , and will be a 
;.• stream socket. 
·Y / 

if ( ( s = socket (AF_UNIX, SOCK_STREAM, t) )) < 0 ) 
perror ( ''cli.ent.: ~;ocket'' } ; 
exit (1 ) ; 
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// To whi.ch address thi.s connection is goi.n~J 
saun . sun family = AF UNIX; 
strcpy(saun.sun_ path~ ADDRESS ) ; 

!* 
* Try to conr1ect to tt1e address . For tt1i.s to 
~ st1cceed, t:he server m11st: already have bc11nd 
* th.is address , and must have issued a .l.ist0':n() 
·Jr request . 

* 
·Jr The third argument:. indicates the 11 length 11 of 
* the structure , net just the length o f the 
""socket name. 
'I 

len = sizeof (saun.sun family ) + strlen (saun . sun_path ); 

if (connect ( s , &saun, len ) < G) 
perror ( 11 cJ.ier1t: c011nect 1

' ) ; 

exit ( ) ; 

// Sending the string containing voltage value to server 

send (s, voltage, strlen (voltage), 0 ); 

// c:.l.ose socket 
close ( s ) ; 

socket server.c: 

/~**~* ~ *• ******~*~**** ..... * ..... **socket servi~r.c***** ..... *"*******~*~**** 4 * ~* ..... / 
/*************-~***** * **·~******-~Author ·~•~**********~****·~****** ·~*****/ 
/ + * * * * .... * ..... * :<.- ·k * * * ..... * ..... * * 4 * .... * ..... * * * * S arr1E:~ :r. Raj ab"""* * * * * * ..... * ·* * * * * -~ * -1-- * -:<· ·k * -~ * -1-- * "* * * / 
#.i.nc.1.ude <sys./t:/.fH.:~s . h> 
#include <sys/socket.h> 
#i.ric.1.ude <sys/un . h> 
#include <stdio .h> 
#i.nc1.ude <stdl.ib.11> 
#i11clude <string . h> 
#i.nc1.ude <ptt1read .t1> 
#include <math . h> 
#include <time.h> 

#define NUM THREADS 3 
#define ADDRESE) 11 

/ root:/con " / ·x addr to connect ·k I 
pthread_mutex ta mutex PTHREAD_MUTEX_ INITIALIZER; 

FILE * handle; 
void Classification ( i.nt pulse_nurnber, .fJ.oat vehicle length , float TlP, float T3P, .float. A23, f.1.oat 
velocity ) 
{ 

FILE * handleres; 
float Mvelocity = velocity/C.,,,, ·;r),1 ; 
time t t = time (NULL ) ; 

struct tm tm = * localtime (& t ); 
.fi.Je ' s name 

int. class; 
switch (pulse number ) 

{ 

case :~ : 
class l. ; 

break; 
case 4 : 

//defining time stamp to add to 

if (vehicle length<= 3 . 96 && vehicle_length > 0 ) // Some general bounderies 
art: taken .from FHWA traffic rnonito.rinq qu.i.de sec4 tab.1.e Table 4-A.-l 
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class = 2 ; 

I / Other thresholds and bounderie.s are a.ssuemd and mctybe adjusted to have 
b e t.t <::~r perfomancc::: 

else if (vehicle_length <= S && vehicle_length > D) 

if (TlP+ u . 02 = T3P ) 
class = 4 ; 

else class = :; , 
} 

else if (vehicle_length > ½) 

I 
if (TlP+C. 02 

class = ·.1 ; 

else class = 

else class 
break; 

case b : 

if (A23 < ,; ) 
class = C; 

else if (A23> 3 ) 

class = ii ; 
else class 

break; 
case n: 

class 
break; 

case fl : 
if (A23 < :') 

class = 9 ; 
else if (A23> ? ) 

class = .1.:l ; 
else class = ,., ; 

break; 
case 

if (A23 < 2 ) 

class = 10 ; 
else if (A23> 3 ) 

class = 12 ; 
else class 
break; 

default : 
class .1. ,:) ; 

break; 

T3P ) 

handleres = fopen ( 1'/r0ot/rE~su1.t.t:>:t 1
' , '

1 a+ '1 ) ; 

fprintf (handleres, "T:i.HH: t d···"'d··· ~d ¥.d: '1-d : ~;d , Vet1i.(:J.e C].ass:ld, ~rel1j_c~le spee(I: ;f , 
.Nurnbe r.: c>i: t.Lre.s : "?:d \nl! , tm.tm_year + .l90U , tm.tm mon + l , tm.tm_mday, tm.tm hour, 

tm . tm_min, tm.tm_sec,class,Mvelocity , pulse_number ) ; 
printf ( 11 'l'in11.:; : 1:d- t. d- ~d '?:cl : if, d: :&d , Vehicle C:Lass : "t-G, vt~h.i(:lt.:~ ~-;pt~ed: 1.s f, 1:·hJJn.ber of 
t.ire:~1: id \n 11

, tm . tm _year + .L ~-1(.)D , tm . tm _ mon + , tm. tm _ mday, tm. tm _hour, tm. tm _min, 
tm.tm_sec,class,Mvelocity,pulse number ) ; 
fclose (handleres ) ; 

void *Feature_Extraction (i nt test) 
classi.ficat.i..on 

// f 11nction us e d for vehicle feat u re ext:raction a11d 

printf ( "spointl\n " ); 
float *vehicle data; 
vehicle_data= test; 
int data_pointer = l. ,counter , i, signal_statel = 0 , signal_state2 = O, 

zeros cons= l00GOG ,en class= O; 
- int number_of starts C, number of ends 

<) ,length_ data; 
J ,previous_pulse - l0C00f)0 ,pulse number 

int 
st_spikel,st_spike2,st_spike3,st_spike4,st_spike5,st_spike6,st_spike7,st_spike8,st_spike9,st_s 
pikel0,st_spikell,st_spikel2,st_spikel3,st_spikel4,st_spike; 

int 
en_spikel,en_spike2,en_spike3,en_spike4,en_spike5,en_spike6,en_spike7,en_spike8,en_spike9,en_s 
pikel0,en_spikell,en_spikel2,en_spikel3,en_spikel4; 

float sampling_rate = 1000 , sample_period 1 /sampling rate , velocity= !J , Awidth = 
1.762 ,vehicle length,t13 , T1D,T3D ; 

doubJ.c:;- pi = 4 .U *atan (LI) ) , theta = M_ PI/4 
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fl oa t TlP = 0 , T3P = 0 , A23 
(tires ) 

// period of 1st and 3rd pulses 

int detection, ones_cond = .L ; 
//printf[ '' spoint4\n '' ) ; 
length_data = {int ) floorf {vehicle_data [ IJ ]) ; 

vehicl.e data ar·ray (fi.rst fi.eld) 
II The length of data is added to 

while {ones_ cond ) 
{ 

for {c ounter=data _pointer;counter<length_data+ l ;counter++) 
all data points and ex t ract vehicles 

{ 

if {data_pointer = .1. && counter= data_pointer ) 
on data point index (if multip le vehicles are present in the data) 

i = .l ; 
else i = i + ".L ; 

//for loop to examine 

// pointer to lock 

if {vehicle_data [ i ] > 
detection (adjustable) 

1 ) //posit .i.ve threshold for pulst~ 

signal_state2 
signal_statel = 
zer o s cons = 

signal statel; 

el s e if {vehi c le_data [ i ] < - 0. :"S ) 
threshold for pulse detection 

signal_state2 
signal statel = - 1 ; 
zero s_cons = 0 ; 

signal_statel; 

I /negati.ve 

e l se zeros co ns = zeros cons + l ; // counter for consequitive zeros 
t o know when to a pu].se e11ds or a vehicle ends 

if {signal statel == ~ && signal state2 != signal statel ) 
(cba..nqinq siqn of data samples) 

{ 

if {counter> {prev ious _pulse + {iJ.Gl /sample_period )) ) 
last pulse ( to avoid multiple detect.i.o ns of the same pulse ) 

of pulse.:,; 

pulse number = pulse_number + .l.; 
switch {pulse number ) 

brea k; 
case ?. : 

st_spikel 
case 1 : 

counter; 

st_ spike2 = counter ; 

!/ Pulse detection 

//duration since 

//detection 

// When the 2nd pulse arrives then assume that it ' s the first axle of an arriving ve.hicle and 
start: classifica ·tion 

velocity = {Awidth* tan {theta ))/{{ st spike2-
st_spikel ) *sample_period ) ; 

break; 
cas e :3 : 

st_spike 3 c o unter; 
break; 
case 4 : 

st spike4 counter; 
break; 
case S : 

st spikes counter; -
break; 
cas e 6 : 

st spike6 c ounter ; 
break; 
case 7 : 

st_spike7 c ounter; 
break; 
case 8 : 

st spike8 counter; 
break; 
case '.:~ : 

st_spi ke9 counter; 
break; 
case .1.(1 : 

st_spikelO counter; 
break; 
case 11 : 
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st_spikell 
break; 
case .12 : 

st_spikel2 
break; 
case l'J : 

st_spikel3 
break; 
case 14 : 

st_spikel4 
break; 
default: 
if (pulse number >1,1 ) 
st_spike = counter; 
else{ 

counter; 

counter; 

counter; 

counter ; 

perror ( 11 Error : NumbE:~r. of pulses li.i.qher than 1.4" ) ; 
exit ( .1 ) ; 
} 

break; 

previous_pulse = counter; 
number of starts number_of_starts + J. ; 

if ( zeros_cons*sarnple_period > 0. 1. && number_of_starts = number_of_ends ) 
//When to call an end of a pulse (based on axle spacing) pay atten tion , might be wrong 

at high speed 
{ 

switch (pulse_number ) 
{ 

case 

break; 
case 2 : 

break; 
case 3 : 

break; 
case ,'.J. : 

break; 
case 5 : 

break; 
case ( : 

break; 
case 

en spikel 

en_spike2 

en_spike3 

en_spike4 

en_spike5 

en_spike6 

en spike7 
break; 
case B: 

en_spike8 
break; 
case :J : 

en_spike9 
break; 
case 1.0 : 

en_spikelO 
break ; 
case 1.1. : 

en spikell 
break; 
case 1;: : 

en_spikel2 
break; 
case 13 : 

en_spikel3 
break; 
case .!.4 : 

break; 
default: 

en spikel4 

counter-zeros cons; 

counter- zeros_ cons; 

counter- zeros_ cons; 

counter - zeros_cons; 

counter - zeros cons; 

counter- zeros cons; 

counter- zeros_cons; 

counter - zeros_cons; 

counter - zeros cons; 

counter-zeros cons; 

counter - zeros cons; 

counter- zeros cons; 

counter - zeros cons; 

counter - zeros cons; 

perror ( '' Error: Nun~er of pulses t1i.gher tt1an J.4 1
' ) ; 

exit (L ) ; 

break; 
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number_of_ends=number_of_ends+ l ; 
) 

if ( (velocity>'.) && velocity* zeros cons *sample_period> :!.CJ . 668 ) 11 (counter>= 
length_data - .l )) //start featL1re extraction assuming a maximum axle spacing of 
J.0 . 668m. or if t~xceedinq two seconds or. wh(:H! reachinq end of da.ta 

{ 

/ /Wher1 to ca ll. a n er1d of a pul s e (based o n a x.l e spaci.r1~; ) 
switch (pulse number ) 

I I This will 
include calculati.on o f parameters necessary for classifi.cation 

analysis ! 

case J. : 
en class O; 

case 
break; 

en_class l ; 
vehicle_length _ , 5 ; 
Awidth = \) ; 

break; 

case .::J : 

en class = l ; 
tl3 = (st spike3 - st spikel )* sample_period; I/ adclc,d on.l.y for data 

vehicle_length = (( st_spike3 - st_spikel )* sample period)* ve.l.ocity; 
TlP (en_ spikel - st spikel ) * sample_period ; 
TlD TlP; 
T3P (en_spike3- st spike3 ) * sample_period; 
T3D T3P; 

break; 

en class = .1. ; 
vehicle_length = (( st_ spikeS - st_spikel )* sample period)* ve.l.ocity; 
A23 = (( st_spikeS - st_spike3 )* sample_period ) * velocity; 

break; 

case a : 

en class = 
vehicle_ length (( st_spike7 - st spikel )* sample_period)* velocity; 

break; 

case .LO : 

en_class = l ; 
vehicle l ength = (( st spike9 - st spikel )* sample period)* velocity; 
A23 = ((st spikeS - st_spike3 )* sample_period )* velocity; 

break; 

case 12 : 

en class = l ; 
vehic.l.e length = (( st spikell - st_spikel )* sample_period )* ve l ocity; 
A23 = ((st spikes - st_ spike3 )* sample_period )* velocity; 

break; 

default: 
if (pulse number > 1:3. && (pulse_number% '.:. ) 

(::.\ren numbc::.r of pul sc~s that i s more than 14 
// for 

vehicle_length 

en class tj ; 

break; 

if (en_class= J ) 
been detected and cl.assification i.s po ssi.ble 

{ 

detection = J ; 

en class = 1 ; 
(st_spike - st_spike2 )* sample_period* velocity; 

) 

else 

/Ii.fen class 1 then pulses had 

104 



Classification (pulse_number , vehicle_length,TlP , T3P , A23 , velocity ) ; 
//Function used for vehicle classification 

data_pointer = counter ; 
break; 
} 

else if (detect i on = 0 I I en class = 0 ) // c ondit i on to see if 
detecti.011 l1as been pe rfor1ned for tt1is da ta before or not i.f i.t wa s t hen thi s n1j.g t1t be the 
ze.ros rt::rr1..i. nder. 

printf ( 11 Fa.lse trigger, Numbe r o f Pul s es: 'J-:d\n" , pulse_number ) ; 
data_pointer = counter; 
break ; 
} 

} 

if (counter >= length_data - 1 ) 
the data 

/ /condition to exit the wbile loop after t:xarnining al.1. o f 

ones cond 

else 
signal_ statel = CJ ; signal_state2 = O; zeros_cons= .I.0000 1J ;en_c l ass= O; 
number_of_starts = 0 , number_of_ends = l , previous_ pulse = - .i. f)O!J OOO ;pulse_ number = O; 
st_spikel = O; st_spike2= O;st_spike3= O;st_spike4= O;st_spike5= □ ; st_spike6= 

O; st_spike7= O;st_spike8= 0 ;st_spike9= O;st_ spikelO= O; st_spikell= O;st_spikel2= Q; st_spikel3= 
(1 ; st sp1.kel4 = lr ;st_sp1.ke= IJ ; 

en_spikel = O;en_spike2= :) ;en_spike3= O;en_spike4= O;en_spike5= U;en_spike6= 
(• ;en_spike7= G;en spike8= O; en_spike9= O;en spikelO= U;en_ spikell= O; en_spikel2= iJ ;en spikel3= 
D;en_spikel4= O; 

data 

velocity= '.) , vehicle_length= (; ; tl3= O;TlD= '.! ;T3D= 0 ; 
TlP = G; T3P = G;A23 = O; 

memset (vehicle_ data , NULL , (length_data )+.i. ); 

pthread_exit (NULL ); 

i n t get_min () 

time t ti = time (NULL ) ; 
struc t tm tim = * localtime (&ti ) ; 
return tim . tm_min; 

main () 
( 

char c; 

//Free memor y occupied by vehcile 

float vehicle_data [ ;::i)(ii)()l) J; 

passing vthicle 
// array con ta ining data samples for each 

float calibration [ IOOO □ ] ; 

calibration (removing the mean) 
f loat cal val = O,sum; 
i.r1t minutes = 0 , cal counter 
i n t avg_counter; 
i nt verification switch = l ; 
int count_stop = U; 

0 , current min 

int zeros_ cons,ij , detection=□ ; 

float *ip ; 
int sample_count O; 
float volts ; 
int: si; 
int count ; 
char carray P l ; 
int add topass [ 2 ] ; 
pthread=t threads [NUM_THREADS ] ; 

FILE * fp; 
i.nt fromlen; 
register int i, s, ns , len; 
struct sockaddr un saun , fsaun; 

3 ; 

//Weare using stream socke t to guara ntee r eliable connection 
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if (( s = socket (AF_UNIX, SOCK_STREAM, 0 )) < 0 ) // socket server to receive data 
from client (Data acquisition unit) 

{ 

perror ( ''server: socket:'' ) ; 
exit ( .1. ) ; 

// Cr1~ating address that we ' J.l be accepti.ng connectio11s at 
saun . sun_family = AF_UNIX; 
strcpy (saun.sun_path, ADDRESS ) ; 

// Bindi.ng address to socket 
unlink (ADDRESS ); 
len = sizeof (saun.sun_family ) + strlen (saun.sun_path ) ; 

if (bind (s, &saun, len ) < 0 ) 
perror ( 11 se.1:-·-:t.::r. : bind n ) ; 
exit ( 1 ) ; 

while ( .L ) // an i nf inite loop to keep listening to get 
mo r e data from client 

count_stop++ ; 
volts = L; 
count = \) ; 
si = a. ; 

//temp 

if (listen (s, .'; ) < 0 ) 

data point from client 
/ /stop and lis ten until yo u get a connec t ion with 

perror ( "S\::rver: lis L1..~n 11
} ; 

exit ( L) ; 

A.ccepting connect.ions from client 
if (( ns = accept (s, &fsaun , &fromlen )) < 0 ) 

perror ( '1 server : accept '' ) ; 
exit ( .l ); 

fp fdopen (ns, "r" ) ; 

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

if ( c = ' \n ' ) 
break; 

if ( c '-' ) 

si = - .1. ; 
else 
{carray[count ] 
count++ ; 

/ / used to comp <:Hi.sate for 

c; 

"-" si~;n i.n re cei.ved data 

volts = strtod {&carray [ O],&carray [ 5 ]) ; 
volts = volts* si; 

II convert from char to float 

current min get_min () ; 

if (detection 
{ 

//procedure done for calibration each 20 minutes . 
= I) && minutes<current_min- 2 ) 
calibration [cal_counter ] = volts; 
//printf( "in calibration fsd\n ",cal counter); 
cal c ounter++ ; 
if (cal counter>= .'.OOiJO ) 
{ 

for (avg_ counter = 0 ; avg_counter < 10000 ; ++avg_counter ) 
{sum+=calibration [avg counter ] ; ) 
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cal_val = sum/ 10000 ; 
sum = U ; 
cal_counter = 0 ; 
minutes = current_rnin; 
printf ( uca.librati.on v:i.lue :·..: 5Jf m.i.nu·tes %d\n 11 , cal_val,minutes ) ; 
) 

volts = volts - cal_val; 
if (volts > 0 , 1) // if data sample is higher that a threshold 

raise detection flag and st:ar1: recording dat:a 

detection 

{ 

//printf ( " ~56. 3lf\n" 1 volts) ; 
zeros_cons = C; 

vehicle data [ sample count+ .L ) = vol ts; 
/ /printf ( 11 %6 . 31:E \n ", vehicle ___ data [ .sample ___ count] ) ; 
sample count++; 
) 

else if (volts< - 0.25 ) /I if data sample .i.s lower that a threshold raise 
detection £lag and start recording data 

detection 

{ 

//printf( 11 ~56 . 3lf\n 11
1 ·volts); 

zeros cons = U; 

vehicle data [ sample count+ .L ] = volts; 
//printf ( " % 6 . 31£\n ", vehicle _data [ sample ___ count]) ; 
sample count++; ·· 

else if ((volts< 1 ) && (volts> - □ .25 ) && detection 
clot1e to O and detec:t.ion f l aq is raised start accumulating z-:;:ros 

II pr.i.ntf( " %6.3Jf\n ", volts); 
zeros_cons = zeros_cons+ l ; 
vehicle_data [ sample_count+ .1 ] = volts; 

'L ) // if data sample is 

//pr.i.ntf ( " %6 . 31.f\n ", vehicle data [sarnpJ.e count]) ; 
sample count++ ; -
} 

if (detection = 
{ 

&& verification switch = J ) 

printf ( 1'ci2tection j_1, l)r og ress\n'' ); 
verification switch = O; 

if (zeros cons / lUU(i') > ;: && detection = .L ) 

maximum axle spacing : trigger detection with recorded data 
{ 

vehicle_data [ O] = ( float ) sample count; 
detection = iJ ; 
verification switch = 
zeros_cons = C; 
// send vehicle ..... da ta to feature extraction 

printf ( r'poirtt:4\n 11
); 

// zero coun t is higher than 

pthread_create (&threads[ O], NULL, Feature Extraction, vehicle data ); Ii Create 
new thread and send data to it for feature extraction and vehicle classificatio11 

sample count O; 
volts = 0 ; 
} 

//Close socket 

fclose (fp ) ; 

close ( s ) ; 

pthread_exit (NULL ) ; 
exit (U); 
) 
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