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ALGORITHM.

This thesis presented the Kalman algorithm for position prediction in GPS
vehicle tracking applications. Real-time vehicle tracking systems usually use GPRS
technology on mobile data networks, e.g., SMS, for data transmission. Therefore,
time and location data can only be periodically transmitted over the network. A
typical transmission period is ranged from 30 to 300 seconds. During the no data
period, the Kalman algorithm can be used to extrapolate the vehicle positions. In this
thesis, a real data had been recorded for off-line processing.

The experimental results show that the vehicle tracking errors are 25.60 meter

and 35.97 meter for the latitude and longitude direction respectively.
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GPS = Global Positioning System
GPRS = General Packet Radio Service
SMS = Short Message Service
X = State Space (01323 VY)
F.G = rectangular matrix
u = white noise
w = power spectral density matrix
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D, = transition matrix 1138 t,
W, = AYIVUIVAIUIINTZVY (process noise) NIA t,
Vi = AYYIVIUNIUIINNTIA (measurement noise) N1IAT 1,
Qk = covariance matrix Y93 W,
R, = covariance matrix Y94 V,
H, = connection matrix 3¢¥71 Z, hag Xy nna t,
P = error covariance a4 5USVuA
P = error covariance NOUMIL5VUA
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GPGGA = Global positioning system fix data
GPGSA = GNSS DOP and active satellite
GPGSV = GNSS satellites in view

GPGLL = Geographic position latitude/longitude
GPBOD = Bearing origin to destination

GPVTG = Course over ground and ground speed
PGRME = Estimated position error

PGRMZ = Altitude Information

PGRMM = Map datum

GPRTE = Route

GPRMC = Recommended minimum specific GNSS data
GPRMB = Recommended minimum navigation informations
GNSS = Global navigation satellite system
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$GPGGA ,hhmmss.ss,l1L1La,yyyyy.yy,a,X,XX,X.X,X.X, M, X.X,M,X.X,xxxx*hh
GGA = Global Positioning System Fix Data

1 = UTC of Position

2 = Latitude
3 =NorS

4 = Longitude
5 =EorW

6 = GPS quality indicator (O=invalid; 1=GPS fix; 2=Diff. GPS fix)

7 = Number of satellites in use [not those in view]
8 = Horizontal dilution of position
9 = Antenna altitude above/below mean sea level (geoid)

10 = Meters (Antenna height unit)

11 = Geoidal separation (Diff. between WGS-84 earth ellipsoid and mean sea level. -=geoid
is below WGS-84 ellipsoid)

12 = Meters (Units of geoidal separation)

13 = Age in seconds since last update from diff. reference station

14 = Diff. reference station ID#

15 = Checksum

$GPGSA,A3,19,28,14,18,27,22,31,39,,,,,1.7,1.0,1.3*35
GSA = GPS receiver operating mode, SVs used for navigation, and DOP values.
1 = Mode:

M = Manual, forced to operate in 2D or 3D

A = Automatic, 3D/2D

2 = Mode: 1 = Fix not available

3-14 =IDs of SVs used in position fix (null for unused fields)
15 =PDOP
16 =HDOP

17 =VDOP
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$GPGSV 4,1,13,02,02,213,,03,-3,000,,11,00,121,,14,13,172,05%67

GSV = Number of SVs in view, PRN numbers, elevation, azimuth & SNR values.

1 = Total number of messages of this type in this cycle
2 = Message number

3 = Total number of SVs in view

4 = SV PRN number

5 = Elevation in degrees, 90 maximum

6 = Azimuth, degrees from true north, 000 to 359

7 = SNR, 00-99 dB (null when not tracking)

8-11 = Information about second SV, same as field 4-7
12-15 = Information about third SV, same as field 4-7

16-19 = Information about fourth SV, same as field 4-7

$GPVTG,t,T,,,s.s8,N,s.5s,K*hh

VTG = Actual track made good and speed over ground

1 = Track made good

2 = Fixed text 'T" indicates that track made good is relative to true north
3 = not used

4 = not used

5 = Speed over ground in knots

6 = Fixed text 'N' indicates that speed over ground in in knots

7 = Speed over ground in kilometers/hour

8 = Fixed text 'K' indicates that speed over ground is in kilometers/hour

9 = Checksum



SGPRMA,A,IILILN,IILILW,,,ss.5,ccc,vv.v,W*hh

RMA = Navigation data from present position

1 = Data status

2 = Latitude

3 =N/S

4 = longitude

5 =W/E

6 = not used

7 = not used

8 = Speed over ground in knots
9 = Course over ground

10 = Variation

11 = Direction of variation E/W
12 = Checksum

$GPRMB,A x.x,a,c--c,d--d,llIL1Le,yyyyy.yy,f,g.g,h.h,i.i,j*kk

RMB = Recommended Minimum Navigation Information

1 = Data Status (V=navigation receiver warning)
2 = Crosstrack error in nautical miles

3 = Direction to steer (L or R) to correct error

4 = Origin waypoint ID#

5 = Destination waypoint [D#

6 = Destination waypoint latitude

7 =NorS

8 = Destination waypoint longitude

9 =EorW

10 = Range to destination in nautical miles

11 = Bearing to destination, degrees True

12 = Destination closing velocity in knots

13 = Aurrival status; (A=entered or perpendicular passed)

14 = Checksum
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$GPRMC,hhmmss.ss, A lllLILa,yyyyy.yy,a,x.x,x.x,ddmmyy,x.x,a*hh

RMC = Recommended Minimum Specific GPS/TRANSIT Data

1 = UTC of position fix

2 = Data status (V=navigation receiver warning)
3 = Latitude of fix

4 =NorS

5 = Longitude of fix

6 =EorW

7 = Speed over ground in knots

8 = Track made good in degrees True

9 = UT date

10 = Magnetic variation degrees (Easterly var. subtracts from true course)
11 =EorW

12 = Checksum
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clear all;

close all;

start = 230;

stop = 480;

N = 600;

M =3;

w0 = zeros(1,M); %initial filter coefficients

KO0 = 0.1*eye(M); %initial state error correlation matrix
Qm=0.1; %measurement noise covariance
Qp=0.1*¢ye(M);  %process noise covariance

S = initkalman(w0,K0,Qm,Qp); %initial kalman parameter
x1 = zeros(1,N);

y1 = zeros(1,N);

x2 = zeros(1,N);

y2 = zeros(1,N);

err = zeros(1,N);

time = zeros(1,N);

d_lat = zeros(1,N);

d_long = zeros(1,N);

dhat_lat = zeros(1,N);

dhat_long = zeros(1,N);
fid=fopen('C:\Matlab7\work\track01.txt','rt");

=L

while feof(fid) == 0

line = fgetl(fid);
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num = findstr(line, GPGGA");
if num ==
str = line;
[ID time(1,j) d_lat(1,j) ind1 d_long(1,j) ind2abcdefgh]=...
strread(str,'%s %f %10.4f %c %10.4f Y%c %s Y%os Yos Y%s %s %s Yos %s','delimiter’, ',");
[time(1,j) d_lat(1,j) d_long(1,j)];
j=jthL
end
end
fclose(fid);
%adaptkalman agh 9
datal = d_lat(start:stop); % <——- 019 Toudioya’lilé data
% Tu loop Gif]ulﬂld:
% D Apdiisidesns aine x() Tueraniifiaduase
%y Aedfis e Tageffe Kalman
% 1% data Auiiaz 10 @2
fori=1:250;
ifi<é6
delta = (datal(6)-datal(1))/10;
x1(1) = (i-1)*delta+datal(1);
D1 = x1(i)+delta;
else
if mod(i-1,5)==0
x1(i)= datal(i); % <-— NN 10 #2192 19 data 939
else
x1(1) = y1(i-1); % <-- 524214 data 959 wldafivhue ldnnseuiudumnu
end
DI = S.coeffs*[x1() x1(-1) x1(-2)]; % <-—- ad 19514093
end
[y1(i),err(i),S] = adaptkalman(x1(i),D1,S);

end



t=1:250;

dt=1:10:250;

'
A 9 o

% 1M plot 37511818 1Heuiy data 9597 IUNA 10 A7
figure(1)

plot(t,y1(t),dt,datal(dt+1),'or'); grid on;
legend('predict','real data');

axis([-inf inf min(datal) max(datal)])
title('"Vehicle Tracking with Kalman Algorithm')
xlabel('t")

ylabel('1.0*e”-2, latitude")

el = datal(t+1)-y1(t);

rmsl = sqrt(el.*el);

% N1 3 plot RMS U904 error fiAamy
figure(2)

plot(t,rms1(t)); grid on

axis([-inf inf -0.5 0.5]);

title('RMS Error of latitude direction")

xlabel('t")

ylabel('error')

%adaptkalman 10090 9
data2 = d_long(start:stop); % <-— 016 Toudioya'l1ds data
% 1u loop @ia"lﬂfr
% D Aoffiaideans 3o (i) Tueunafifniuese
% y Aodafiis e Tage sy Kalman
% 19 data 3uiiaz 10 2
fori=1:250;
ifi<6
delta = (data2(6)-data2(1))/10;
x2(1) = (i-1)*delta+data2(1);

D2 = x2(i)+delta;
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else
if mod(i-1,5)==
x2(i)= data2(i); % <-— NN 10 #2192 19 data 939
else
x2(1) = y2(i-1); % < YN0 data 939 92 1¥AATe 180 nseuRLE MY
end
D2 = S.coeffs*[x2() x2(i-1) x2(-2)]; % <-—- a5 18093
end
[y2(i),err(i),S] = adaptkalman(x2(i),D2,S);
end
t=1:250;
dt=1:10:250;
% 111m3 plot i mield ifeuiy data 13973umn 10§
figure(3)
plot(t,y2(t),dt,data2(dt+1),'or"); grid on;
legend('predict','real data');
axis([-inf inf min(data2) max(data2)])
title("Vehicle Tracking with Kalman Algorithm')
xlabel('t")
ylabel('longitude")
€2 = data2(t+1)-y2(t);
rms2 = sqrt(e2.*e2);
% 11713 plot RMS 484 error fiAamy
figure(4)
plot(t,rms2(t)); grid on
axis([-inf inf -0.5 0.5]);
title('RMS Error of longitude direction')
xlabel('t")

ylabel('error’)
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