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% Tﬂmnsuunm‘hamazuu INS ﬂiiﬁ‘fimmﬁmazmmmmﬁ
% Number of rows in H:
% Earth radius%load ¢:\GPS12
load c:\GPS12.txt
load c:\GM1.txt
load c:\GM2.txt
load c:\velocity.txt
latgps12=GPS12(:,1);longps12=GPS12(:,2);Altgps12 =GPS12(:,3);
latGM1=GM 1(;,DlonGM 1=GM1(;,2)AItGM1 =GM1(:,3)
v_north=velocity(:,1)v_east=velocity(:,2)
1atGM2=GM2(:,1);lonGM2=GM2(:,2); AltGM2 =GM2(:,3);
%in WGS-84 coordinates:
Ra=6378137.0;Rb = 6356752.3142;Re = Ra;
flattening = (Ra-Rb)/Ra;
esq = 2*flattening - flattening”2;
% Acceleration due to gravity:
g = 9.80665;
% Sidereal rate (rad/sec):
omega_s = 1.0027379*2*3.14159/(24*3600);
%The measurement sequence starts at k=0 and ends at k=m.

m=1000; minput = input ('? ');

if minput >= 0,

m = minput;

end;

%Now set up row matrices with the correct dimensions for your outputs.

time=0:1:m; disp {'Running...");
n=9;
proc_noise = 1; meas_noise = 1,
[= eye(n);
PO = proc_noise * eye(n),
Q = proc_noise * eye(n);
%R = meas_noise * eye(m)
% State Dynamics Matrix:

for =1:10; for j=1:10; for kk=1:10;
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for v=1:10; for vv=1:10;
for Glat12 = 1:10; for Glon12=1:10; for Gatl2 =1 :10;
vel_north = v_north(v)
vel east =v_east(vv)
lat_1 = latGM1(i)
lon_1=lonGM1(j)
alt = AItGM1(kk)
GPS12_x=latgps12(Glat12)
GPS12_y=longps12(Glon12)
GPS12_z=Altgps12(Gat12)
lat = Iat_1*pi/180;
sinlat = sin(lat); coslat = cos(lat); seclat = sec(lat); tanlat = tan(lat);
rho_x = trate_east(vel_north,lat,alt) ; rtho_y = trate_north(vel_east,lat,alt) ; rho_z = 0; % free azimuth
% Assume 0 accleration for now:
ax=0;, ay=0; az=0
%alpha = input('Enter the wander angle (deg): ");
%alpha = alpha*pi/180;
alpha = 0;
omega_x = omega_s*coslat*sin(alpha);omega_y = omega_s*coslat*cos(alpha);omega z=omega_s*coslat
% Coriolis rates:
cr x =2%omega x+rho x; cr y =2%omega y+rho y; cr z =2%omega z+rho_z
% Spatial rates:
sr_x =omega Xx+rho x; sr y =omega y-+rho y; sr 2z =omega z+rho_z
% Now build F matrix:
F=[0 thoz-thoy 1 0 0 0 0 O
;thoz Orhox 0 1 0 0 0 O
tho x-thoy 0 0 0 1 0 0 O
-gRe 0 0 Ocrz-cry 0-az ay;
0-gRe O-crz Ocrx az 0-ax
0 0 2*g/Re cry-crx 0O-ay ax O
0 0 0 0 0 0 O-srzsry;
0 0 0 0 0 Osrz O-srx
0 0 0 0 0 O-srysrx 0



global PHI Q dt omegax omegay wacc wgyro
wacc=.0036; wgyro=2.35¢-11;

%Specify the 9 x 9 input power spectral density matrix
GWGT=zeros(9,9); GWGT(2,2)=wacc, GWGT(3,3)=wgyro;
GWGT(5,5)=wacc; GWGT(6,6)=wgyro,GWGT(8,8)=wacc; GWGT(9,9)=wgyro;
%Now compute PHI and Q
A=[-dt*F dt*GWGT;zeros(9,9) dt*F'];

B=expm(A);

PHIT=B(10:18,10:18);

PHI=PHIT";

Q=PHI*B(1:9,10:18);

%Specify the initial P matrix as PMINUS.

PMINUS=[1E60 0 0 0 0 0 0 O ;

01E20000000;
0064E-3000000;
0001E600000;
00001E20000;
0000064E-3000;
000000 1E600 ;
0000000 1E20;
00000000 64E-3];

%Specify the numerical values for H and R.

n=9; a=3; meas_noise = 1,

% Observation Geometry (Measurment) Matrix:

% This creates an upper diagonal matrix of 1's.

H=[100100100;

100100100 1;
R = meas_noise * eye(2);

%Now set up row matrices with the correct dimensions for the outputs.

var_att_x=zeros(l,m+1); var_att_y=zeros(},m+1); var_att_z=zeros(1,m+1)

%The main recursive loop.
for k=0:m;
GAIN=PMINUS*H"*inv(H*PMINUS*H'+R);
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PPLUS=(eye(9)-GAIN*H)*PMINUS;
%Add extra step here to assure symmetry of the P matrix.
PPLUS=(PPLUS+PPLUS")/2;
var_att_x(k+1)=PPLUS(3,6); var_att y(k+1)=PPLUS(5,6); var_att z(k+1)=PPLUS(9,9);
%Project ahead and symmetrize.
PMINUS=PHI*PPLUS*PHI'+ Q;
PMINUS=(PMINUS+PMINUS")/2;
end
%Compute rms error vectors from variance vectors
rms_x = sqrt(var_att_x); rms_y = sqrt(var_att_y); rms_z = sqrt(var_att_z);
%Compute True Position
rms_xx=0.0101*rms_x; new_x=rms_xx + lat_1;
rms_yy=0.0101*rms_y; new_y=rms_yy + lon_1;
new_zz=rms_z + alt;
com_x = (new_x - GPS12_x) ; com_y =(new_y - GPS12_y) ; com_z=0.1*(new_zz - GPS12_z)
if com_x >= 0.5 ;return , 45
elseif com_y >=0.5 ; return ,46
else com_z>= 0.5 ; return,47
%latGPS12 =latgps12'
%figure(1);plot(time,new_x,time,latGPS12)
end;end;end;end;end;end;end;end;end;
figure(1);semilogy(time,var_att_x,time,var_att_y,time,var_att z)
end
% Tsunsuuuusinesszuy INS nsdifidnsn/feunyasnmudmazaannse
n=9 ; m=2 ;5=600 ; dt=1 ;g=9.8
wacc=.0036 ; wgyro=2.35¢-9 ; R=[225 0,0 225] ; ay=4.0
PZEROM=zeros(n);
PZEROM(1,1)=100; PZEROM(2,2)=1e-6;
PZEROM(3,3)=1e-6; PZEROM(4,4)=100; PZEROM(5,5)=1¢-6;
PZEROM(6,6)=1¢-6; PZEROM(7,7)=100; PZEROM(8,8)=1e-6; PZEROM(9,9)=(1.0%pi/180)"2
%Now work on PHI and Q matrices. Start with zero acceleration.
% Number of rows in H:
% Earth radius in WGS-84 coordinates:

Ra=6378137.0; Rb=6356752.3142; Re = Ra;



flattening = (Ra-Rb)/Ra,
esq = 2*flattening - flattening”2;
% Acceleration due to gravity:
g = 9.80665;
% Sidereal rate (rad/sec):
omega_s = 1.0027379*2*3.14159/(24*3600);
%The measurement sequence starts at k=0 and ends at k=m.
m=1000; minput = input ('? "),
if minput >= 0, m = minput; end;
%Now set up row matrices with the correct dimensions for your outputs.
time=0:1:m;
disp ('Running...");
n=9; proc_noise = 1; meas_noise = 1;
1= eye(n);
PO = proc_noise * eye(n);
Q = proc_noise * eye(n);
%R = meas_noise * eye(m);
% State Dynamics Matrix:
vel_north = input('Enter north velocity(m/sec): ');
vel_east = input('Enter east velocity(m/sec): ),
lat = input('Enter latitude (deg): ");
lat = lat*pi/180; sinlat = sin(lat); coslat = cos(lat),
seclat = sec(lat); tanlat = tan(lat); alt = input('Enter altitude (meters): ');
rho_x = trate_east(vel_north,lat,alt) ; rho_y = trate_north(vel_east,lat,alt) ; rho_z = 0; % free azimuth;
% Assume 0 accleration for now:
ax=0;ay=0;az=0;
%alpha = input('Enter the wander angle (deg): ),
%alpha = alpha*pi/180;,
alpha =0;
omega x = omega_s*coslat*sin(alpha); omega_y = omega_s*coslat*cos(alpha); omega_z = omega_s*coslat
% Coriolis rates:
cr_x =2%*omega x +rho_x;cr y =2%omega y+rho_y;cr z =2*omega z+rho z
% Spatial rates:

sr_x =omega X+rho_x;sr_y =omega y-+rho_y;sr z =omega z+rho z;



% Now build F matrix:
F=[0 rhoz-thoy 1 0 0 0 0 O
thoz Orhox 0 1 0 0 0 O
thox-thoy 0 0 0 1 0 0 O
gRe 0 0 Ocrz-cry 0-az ay;
0-gRe O-crz Ocrx az O0-ax;
0 0 2*g/Re cr y-cr x 0 -ay ax O
0 0 0 0 0 0 O-srzsry;
0 0 0 0 0 Osrz O-srx
0 0 0 0 0 O-srysrx 0
B
GWGT=zeros(n); GWGT(2,2)=wacc; GWGT(3,3)=wgyro; GWGT(5,5)=wacc;
GWGT(6,6)=wgyro; GWGT(8,8)=wacc; GWGT(9,9)=wgyro;
A=[-dt*F dt*GWGT;zeros(n) dt*F'];
B=expm(A); PHIT=B(10:18,10:18); PHI=PHIT'; Q=PHI*B(1:9,10:18);
%Now order constant negative accel.
F(2,9)=-ay
AMID=[-dt*F dt*GWGT;zeros(n) dt*F'];
BMID=expm(AMID); PHIMIDT=BMID(10:18,10:18);
PHIMID=PHIMIDT'; QMID=PHIMID*BMID(1:9,10:18);
%Begin the main i loop. PDIAG will contain the diagonal
PMINUS=PZEROM; PDIAG=zeros(9,601);
H=zeros(2,9) ; d=1000 ; I=eye(n);
for i=1:600
%Compute variable H matrix. Linearize about a trajectory
ifi>0 & i<=150
ynom=-10000+100*(i-1);
rmom=sqrt(d*2+ynom"2),
H(1,1)=d/rnom; H(1,4)=ynom/rnom;
H(2,1)=-d/mom; H(2,4)=ynom/rnom;
gain=(PMINUS*H")*inv(H*PMINUS*H'+R);
PPLUS=(I-gain*H)*PMINUS;
PPLUS=.5*(PPLUS+PPLUS");
forj=1:9
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PDIAG(},i)=PPLUS(j,j);
end
PMINUS=PHI*PPLUS*PHI'+Q;
End
ifi>150 & i<=200
ynom=-10000+80*(i-1);
rmom=sqrt(d*2+ynom”2);
H(1,1)=d/rnom; H(1,4)=ynom/rnom;
H(2,1)=-d/rmom; H(2,4)=ynom/rnom;
gain=(PMINUS*H')*inv(H*PMINUS*H'+R);
PPLUS=(I-gain*H)*PMINUS; PPLUS=.5*(PPLUS+PPLUS");
forj=1:9
PDIAG(],i)=PPLUS(j,j);
end
PMINUS=PHIMID*PPLUS*PHIMID'+QMID,
end
if i>200 & i<=600
ynom=-10000+60*(i-1); rnom=sqrt(d"2+ynom~2);
H(1,1)=d/mom; H(1,4)=ynom/rnom;
H(2,1)=-d/rnom ;H(2,4)=ynom/rnom;
gain=(PMINUS*H')*inv(H*PMINUS*H'+R);
PPLUS=(I-gain*H)*PMINUS; PPLUS=.5*(PPLUS+PPLUS");
for j=1:9
PDIAG(j,i)=PPLUS(j,j);
end
PMINUS=PHI*PPLUS*PHI'+Q;
end
end
k=0:1:600;
figure(1)
plot(k,PDIAG(1,));
figure(2)
plot(k,PDIAG(2,:))
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M13199 2.1 uaasnnaLazseaumas ludunen | 18an58951 GPS-GMS0 neulasHasinmsUsuud

Al 1910 GPS- GM80 7910 GPS - GM 80
AouBInsUSuudmdwmia devnsUuudedumisini
azdgn,, | avsdge,, | WG, | azAge,, | deddye, | Avwge,
(89¢17) (93¢11) (m) (83F17) (®3F17) (m)
afndiilngm 17.394520 | 102.795500 | 151.10 | 17.394460 | 102.795600 | 157.70
TIUYN B IUANI 17.395210 | 102.797500 | 154.10 | 17.395070 | 102.797200 | 15630
lemnauns 17.395690 | 102.796800 | 157.50 | 17.395870 | 102.796900 |  157.0
7-Eleven OUUNYIS 17.398600 | 102.795100 | 157.00 | 17.398620 | 102.795300 | 156.50
U519 gAI 11l 17.399360 | 102.795000 | 158.70 | 17.399350 | 102.794800 | 158.80
Asunsuvatlsedny | 17.401030 | 102.794700 | 160.80 | 17.400920 | 102.794500 | 195.50
szdnd
qaﬁuuﬁ'uwmfm 17.403910 | 102.793300 | 185.60 | 17.404280 | 102.793600 | 186.10
amatuenaunly 17.404400 | 102.792600 | 185.50 | 17.404970 | 102.792700 | 185.70
$uemsiiamesh 17.404750 | 102.79000 | 183.10 | 17.406200 | 102.790300 | 183.10
Tsasufiad 17.408740 | 102.784500 175 17.409190 | 102.784800 | 174.10
antlaumnas 17.411380 | 102.785200 | 161.30 | 17.411710 | 102.783900 161
dninnudsrevieudion 17.412590 | 102.784900 161 17.412900 | 102.784400 | 161.90
7-Eleven 114 Tuy 17.418701 | 102.787800 | 166.70 | 17.419100 | 102.786400 | 167.50
wia3afeumh 17.420810 | 102.786300 | 165.60 | 17.420620 | 102.786300 | 165.70
Tsanenunadamn 17.422240 | 102.784000 | 160.80 | 17.421400 | 102.783700 | 160.50
fruemsiuauryin 17.422550 | 102.783300 | 160.30 | 17.921670 | 102.782900 | 160.70
FNINNUNYATIIN IR 17.423590 | 102.779700 167 17.422650 | 102.779700 | 166.90
wizdmiinnuealszing | 17423350 | 102.778600 | 168.80 | 17.42260 | 102778300 | 167.80
dninanlszah 17.419790 | 102.779300 | 167.10 | 17.419250 | 102.778800 | 167.20
i”mmmmmaﬂnas“‘%‘ﬁa 17.419290 | 102.780300 | 166.70 | 17.418460 | 102.779600 | 167.30
Tsanennagassiil 17.415590 | 102.770400 | 167.40 | 17.415550 | 102.781000 | 166.20
SaTniaunsel 17.412620 | 102.779400 | 166.10 | 17.412820 | 102.779800 | 166.10
Fuonialnsaunsel 17.412150 | 102.779100 | 16540 | 17.411930 | 102.779500 | 165.20




84

AN 1.1 uaasananazseaumasludunien 1 v un3esil GPS-GMS0 feutaznawmsUSuud

1 (#10)
AU GPS- GM80 f1210 GPS — GM 80
foumimsUSuudadwmals devmstfuudedumismi
azdgn,, | aesdge,, | Mowge,, | asdge,, | aesdge, | mawge,,
(93711) (83F) (m) (9377) (83M) (m)
3.3. AAST1TY A 17.408100 | 102.780100 |  155.20 17.40866 | 102.780300 |  155.20
3.5.0411agAS 1 17.407670 | 102.78300 15640 | 17.40806 | 102781300 | 156.70
3.3.9A5ANIMYND 17.406810 | 102.782400 |  162.50 17.4072 | 102.782700 |  161.80
dninauthld 17.404070 | 102787500 | 16170 | 17.40458 | 102.787800 | 160.90
ane. 1WesgAsHIil 17.404350 | 102787000 | 165.10 | 17.40482 | 102.787300 165
ldsudidnSqu 17.403020 | 102.789400 160 17.40353 | 102.789700 |  160.80
5.5.thununuds 17.401860 | 102791400 |  163.80 17.40249 | 102.791700 |  163.70
duinauilse aufnwn 17.401340 | 102792400 | 166.80 | 17.40185 | 102.792692 166.5
A1sNT v.2 mfifauazseaumdeludumait 1 veuniesiy GPs 12
AN GPS - 12
azdye,, | avsdARe,, | Anugs,,
(94711) (93f17) (m)
psalitiangm 17.39454 | 102.79565 158.1
UEN F.IUANTY 17.395 102.7971 155.2
lemaaund 17.39577 | 102.79689 156.9
7-Eleven DUUNNIS 17.39854 | 102.7949 155.9
U5 gas 5l 17.39944 | 102.79475 157.7
29Asunsumalesednyg 17.40084 | 102.79446 194.1
m‘iauﬁmenfw 17.40427 | 102.7935 187.5
amarenaA; 17.40488 | 102.7928 186.4
e misiiames 17.4061 | 102.7902 184.2
Tsusufad 17.40925 | 102.7847 173.2
a0 iAma 17.41156 | 102.78384 162.1




519N 1.2 Adauasszaund luduned 1 ieveunse sy GPS —12 (de)

AU GPS- 12
azfye,, | aesARA,. | MW
(99711 (9971) (m)
dninawdsaavieadion | 1741285 | 10278435 162.5
wiadadouah 17.42059 | 102.7845 164.8
Tsanenuadmun 17.42135 | 102.78351 161.4
$uemisiuauauia 17.92187 | 102.78287 161.2
dninaunuastania 17.42254 | 102.7798 165.8
wizdminvuessedny | 1742268 | 10277832 168.1
dvineauszah 17.41915 | 102.77884 164.2
$ruomisnaerines3as | 17.41855 | 10277957 166.4
Tsaneuagas sl 17.41547 | 102.78103 165.3
Salwdaunsel 17.41279 | 102.7797 165.4
Fuonialwiaunsel 17.41182 | 102.77945 166.7
AuonerFarnu 17.40986 | 102.7782 165.1
1.3, ANTTYNA 17.40867 | 102.7804 154.7
3.3.841109AI 5 17.40801 | 102.7812 155.5
3.9.9A3NNINYNA 17.40748 | 102.78267 161.7
dninamih’ld 17.40446 | 102.787896 161.4
ane. Wesgassil 17.40474 | 102.7875 165.2
Tolsudideqa 17.40352 | 102.789719 161.2
5.5. 0 uvuauda 17.40235 | 102.79151 162.7
dninaulse ouftawn 17.40136 | 102.79255 165.4
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umah 2

86

1397 4.3 udasnnaLazseaumasludunen 2 veunSe Ty GPS-GMS0 AeutasnasiimsUSund

AWMU GPS- GM80 #1910 GPS — GM 80
AouiMsUTuudadumas Wevhmstuudedumisln]
azhge,, | aesdAga,, | mwge,, | azdga, | aesdge, AN, ,
(0991) (9971) (m) (99¢1) (99¢1) (m)
ASAAINS 17.39401 | 102.7963 184.3 17.39434 | 102.7956 184.4
Art MiniMart 17.39428 | 102.7972 184.5 17.39476 | 102.7969 184.5
1hnsasTunniu 17.39482 | 102.7982 182.3 17.39517 | 102.7974 184.4
Hightech Wa141 17.39694 | 102.7974 185.9 17.39576 | 102.197 183.3
7-Eleven OUUNTITT 17.39869 | 102.7959 187.8 17.39867 | 102.7953 187.7
W.91%AG QAT 51 17.39955 | 102.7956 186.6 17.39949 | 102.7951 187.4
wWiounsunanalsednyg | 17.40097 | 102.7957 199 17.40086 | 102.7952 190.54
Uszinyd
WABU ﬁ’mamfm 17.40436 | 102.7944 190.5 17.40436 | 102.7941 1919
aoaf ¥ uen 17.40519 | 102.7943 192 17.40503 | 102.7937 192.9
7-Eleven ﬁ’mumfm 17.40556 | 102.7994 191.9 17.40541 | 102.7937 193.8
WATURBUTRN 17.40756 | 102.7936 195.4 17.40746 | 102.7933 195.4
7-Eleven §ATAH 17.40968 | 102.7932 197.1 17.40961 | 102.7928 197.3
NAN(CAT) 17.41306 | 102.7923 198.4 17.41306 | 102.794 197.7
Fuonvatsynu 17.41414 | 102.7923 201.8 17.41349 | 102.792 202
TOT 17.41219 | 102.7959 194.5 17.4116 | 102.7953 194.5
Tsausunsu 17.4116 | 102.7969 194.4 17.41097 | 102.7966 194.4
BINTUTNI 174112 | 102.7978 194.3 17.41055 | 102.7974 194.4
%‘hwn%@mmaaﬁ 17.4099 | 102.8001 200.6 17.40919 | 102.7999 199.5
AUON RUTUIHUN 17.4085 | 102.8021 183.3 17.40836 | 102.8018 184.3
5595 ASUATUR 17.40731 | 102.8014 2022 17.40736 | 102.8014 202.1
3y noumand 17.4056 | 102.8008 204.3 17.40582 | 102.8004 204
%‘hwnm?num‘s‘ 17.40438 | 102.8002 205.9 17.40446 | 102.7998 204.6
7-Eleven L. 17.40384 | 102.8002 204 17.40388 | 102.7996 206
YA, 171 17.40322 | 102.7995 203.1 17.40322 | 102.8001 205.8
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M990 2.3 uarasafnauazseAumas ludunien 2 veuns o3y GPS-GMS0 flouuazndaynsUsuus

A1 (si|)
Aunila GPS- GM80 f1910 GPS — GM 80
nouimsySuudaidunia devnsyfundaduomisln
asAgn,, | oesdge,, | mawge,, | azdga, | aesdge, AT,
(89¢1) GN)) (m) (93¢1) (9971) (m)
Fuen 0. Ines 17.40111 | 102.8002 202.1 17.40154 | 102.7993 205.7
$ugfousn 17.40129 | 102.7989 199.2 17.40136 | 102.79868 209.3
Uszdueud 17.40317 | 102.798 199.3 17.40125 | 102.798 207
gudenungn 17.40094 | 102.796 199.6 17.40094 | 102.796 199.6
MINT 1.4 AnauazseauRdsudunied 2 910 Gps -12
ANNUS GPS - 12
azdgn,, | ovsdga,, | Awg,
(949F17) (94717) (m)

ASAADNS 17.39448 | 102.7957 183.5

Art MiniMart 17.39489 | 102.7975 182.7

1thnaesTunny 17.39558 | 102.7963 183.5

Hightech 17.39574 | 102.196 182.5

7-Eleven 17.39892 | 102.7951 184.7

u.319fggas 51l 17.39994 | 102.7953 188.6

ASUNAN 17.40043 | 102.7955 193.44

ﬁmamﬁym 17.40451 | 102.79435 190.2

Aa1AR Huen 17.40548 | 102.7933 191.5

7-Eleven ﬁnwmfm 17.40576 | 102.79382 191.5

NOUMNI 17.40746 | 102.79231 194.7

7-Eleven §A39H]) 17.40992 | 102.7943 199.2

CAT 17.41345 | 102793 198.1

Fuonsadsemu 17.4132 | 102795 2012




M3 v.4 AdauazszAundeludunian 2 9910 GPS -12 (de)

Wuman 3

AUNUS GPS-12
azdgn,, | aesdge,, | Awge,,

(949¢7) (9971) (m)
TOT 174117 | 102.7954 193.1
Tsausumsu 17.41044 | 102.7944 199.4
BIMITLUINT Y 17.41024 | 102.7953 192.4
AuonSanimyaed 17.40973 | 102.7996 198.4
FAWUYN ANTUIUS 17.40871 | 102.8013 187.3
wSyrEunsun 17.40741 | 102.80145 2035
WS Ryes AOuMANDY 17.40515 | 102.8012 208
FuoninSgyns 17.40473 | 102.79975 203.1
7-Eleven L. 17.40313 | 10279954 205
UYL, 11 17.40373 | 102.80015 204.2
Fuon 0. Twels 17.40144 | 102.79923 204.9
$ugeusa 17.40145 | 102.79879 210.5
Useduoud 17.40143 | 102.7986 203
gudeuna 17.40061 | 102.7965 198.2

88

MINN 1.5 uanemAtauazszauas luduniei 3 veunsesiUGPS-GMS0 flautasnanimsSunden

AWNUY GPS- GM80 191N GPS — GM 80
Aeuviimsdsuudadumua deornmsdsundidumislng
azdya,, | AesAge,. | A, azAge,, | aesdge, | A,

(8471) (29911) (m) (8971) (89711) (m)

wWieunsunadedsedny | 17.40116 | 102,795 169.6 17.40091 | 102.7947 170
dninsudsaufinm 17.40197 | 102.7929 168 17.4015 | 102.7928 168.9
s3.humunnuda 17.40194 | 102.7918 166.9 17.40225 | 102.792 167.5
AMWUEN 3.5.190U9 17.40237 | 102.7908 165 17.40302 | 102.7905 165.9
awuenei iy 17.4011 102.789 166.2 17.40094 | 102.7893 166.1
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MINA .5 udnsiitauaseaumanuduned 3 veunTeeTy GPS-GMS0 AouuaznasinsUSuud

f1 (sia)
AN GPS- GM80 #1910 GPS — GM 80
neuhmstSuudaidumia devmsduudadumisln
azdign,, | avsdym,, | Awge, | asfige,, oesdge,, | Aawgs,,
(0991) (9991) (m) (89911) (29¢1) (m)
INORYAITNALS 17.39973 | 102.7882 163.9 17.39942 | 102.7886 164.4
7 Eleven JUAATN 17.39795 | 102.7875 161.1 17.3978 | 102.7877 161.1
3.5. 1Amnntia 17.39767 | 102.7872 162.2 17.39749 | 102.7876 162.2
ARoInNINUY 17.39603 | 102.7886 163.1 17.39596 | 102.7884 163.2
Inedeanena 17.39612 | 102.7903 164.7 17.39565 | 102.7902 165.3
Siouanishy 17.3955 | 102.7919 167.5 17.39512 | 102.7919 167.6
nown 17.394754 | 102.7942 170.2 17.39419 | 102.7941 170.1
meldsladanoulama | 1739404 | 102.7949 173.3 17.39391 | 102.7949 170.8
ATEANING 17.39416 | 102.7963 175.3 17.39447 | 102.7961 175.3
CRHCIUTTReT 17.39443 102.797 173.8 173948 | 102.7967 171.6
1hnaesuanI 17.3959 102.7981 171.6 17.3952 | 102.7974 168.2
lamanaian 17.39574 | 1027971 171.3 17.39599 | 102.7977 171.2
7 Eleven QUUNMIS 17.39881 | 102.796 170.2 17.39852 | 102.7954 170.2
U311 gAs 51l 17.39961 | 102.7958 169.8 17.39945 | 102.7953 170.3
a13197 1.6 uansARAuazsEAumArudUMeT 3 Tountesty GPS-12
AN GPS-12
asfign,, | opsdge,, | Anwge,,
(@9¢1) (99617) (m)

Wiunsumaledseindseing 17.40094 | 102.7945 171.2

dninadszoudinudinu 174012 | 102.7923 168.9

55.TUMINAuY 17.40222 | 102.7923 166.5

AWeN 3.5. 131004 17.40305 | 102.7908 164.3

amene sy 17.40092 | 102.7889 165.6




P 1 A @ ] ¥ = A [ '
AT NN V.6 LLﬁﬂQﬂTWﬂﬂmei5ﬂ1JmﬁEﬂulﬁ‘uV]N‘ﬂ 3 YBUATOITU GPS-12 (M19)

idumai 4

AUNUS GPS - 12
asfign,, | avsdge,. | Awge,,

GM:)) (83717) (m)
IMeRAIIRAT 17.39946 | 102.7889 165.2
7 Eleven ®1919UAMY 17.3972 | 102.7871 160.9
3.5. 1damaiin 17.39744 | 102.7872 161.5
AABINAALA S 1739592 | 102.7887 162.8
Ineduena 17.39567 | 102.7907 162.9
Tiunuda 1739515 | 102.7917 166.8
nown 1739414 | 102.7948 1715
neldsladaneulama 17.39396 | 102.79493 171.2
ASAAINS 17.39444 | 102.7965 1742
pfalitiunn 173943 | 102.7965 1724
ihnaeeIuamu 17.3957 | 102.7971 167.8
lemanwaiah 17.39594 | 102.7972 170.5
wnu&anu DUUNNIS 17.39857 102.7952 170.7
¥.51959) A3 51 1739942 | 102.7951 170.8
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P13 4.7 uasemRnatazseRumandumaf 4 veunse93y GPS — GM 80 nouuaznaRimsUTuuda

AWMU

GPS- GM&0

11910 GPS — GM 80

nouInsUTuuAmIE U

A o @ Y19 . v
Li]81’]’]ﬂ15ﬂi‘1]t!.ﬂﬂ"lﬂ'luﬂu~ﬂﬂﬁ

azdign,, | avsdym,, | Mg, azdgn,, | aevdAye,, | Aawge,,
(0371) (0371) (m) (83N) (®3911) (m)
WAsunsumaalszdnyg | 1740105 | 1027952 167.8 17.40067 | 102.7948 165.9
szdny
Nﬁﬂuﬁmamfm 17.40492 | 102.7985 165.4 17.40455 | 102.7942 165.5
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M3 ¥.7 uamsidfauazseaumasludumsi 4 veun3esiy GPS - GM 80 Aeuaznaarinisysay

uhe (o)
AU GPS- GM80 191N GPS — GM 80
nouihmsUSuudaidumila dermsusuudedumislng
azdgn,, | oesAge,, | Aawge,, | asfige,, apedge,, | AR,
(99¢1) (89¢1) (m) (2991) GMi)) (m)
amafuen 17.40516 | 102.7951 167.5 17.40507 | 102.7938 165.5
7-Eleven m"‘wmiiym 17.40599 | 102.7952 167.5 17.40568 | 102.7938 165.5
WALUTwWeNeUIRM 17.40726 | 102.7976 164.9 17.40752 | 102.7934 165.7
7-Eleven 019190594 17.40955 | 1027941 164.8 17.40972 | 102.7928 162
CAT 17.41357 | 102.7963 164.9 17.41327 | 102.792 161.9
Fuonuenyalsen 17.41392 | 102.7956 164.8 17.41388 | 102.7918 162
M dandn 17.41897 | 102.7906 163.8 17.4153 | 102.7889 161.9
aus. lswdldgas sl 17.41583 | 102.797 163.1 17.41621 | 102.7872 162.2
f1aidn 17.41411 | 102.7897 166.1 17.41448 | 102.7869 164
Manaedanina 17.41385 | 102.7903 167.8 1741418 | 102.7876 165.9
fananiiio 17.41356 | 102.7978 168.7 17.41393 | 102.788 167.6
NANAUATYATE] 17.413912 | 102.7824 169.7 17.41356 | 102.7886 168.2
IMdufues 1741214 | 102.7891 164.4 1741181 | 102.7876 169.5
Muuon aunyseingy 17.41118 | 102.7954 172.2 17.4107 | 102.7869 170.8
FTASYATH DY 17.40822 | 102.7797 172.8 17.4087 | 102.7856 170.9
awonouu Twders 17.40789 | 102.7975 177.6 17.40741 | 102.7884 174.7
Auonouuagy 17.40496 | 102.7894 177.7 17.40503 | 102.7868 179
a01tid1329 17.40457 | 102.7824 177.1 17.40472 | 102.7875 179.3
duinamrh s 17.40485 | 102.7811 177.5 17.40441 | 102.7878 179.6
aus. lusudldeG qu 17.40396 | 102.7952 178.1 17.40367 | 102.7912 181.5
1.5.fhunannuds 17.40306 | 102.7931 182.5 17.40262 | 102.7919 186.7
dninauilszoudnm 17.4024 | 102.7956 187.5 17.40199 | 102.7926 186.4
fnyn
RAL TIPS AT 17.39854 | 102.7922 183.4 17.39946 | 102.7951 181.3
7-Eleven 0I0UUNMIT | 173958 | 102.79512 182.3 17.39882 | 102.7954 180.3




a 1 A [y a' 9 ::i d' LY
TN 1.8 ﬂTWﬂﬂll’ﬂ%i%ﬂ'ﬂmﬁUGI,‘LIL'CT‘NV]'N‘VI 4 NAATDITY GPS-12

AMNUY GPS-12
azdge,, | ABIAYA, | AW,
(9971) (9971) (m)

WAsunsuvaelseiny | 17.40061 102.7942 164.7
Usziny

aedouuemim 17.40442 | 102.7945 |  166.5
AR uen 17.40501 | 102.7935 166.5
7-Eleven m‘%auﬁym 17.40562 102.794 | 166.5
’J\ﬂﬁﬂuﬁ’nlﬂﬂﬂﬂ‘l‘l'lﬁﬂ1 17.40757 102.7939 166.7
7-Eleven d1919A5QH) 17.40978 |  102.7924 163.6
CAT 1741314 | 102.7922 162.5
Fusnuonyarlszn 17.41382 102.7916 161.5
fina 19139 17.4146 102.7887 163.2
aus. lilsudidgassiil 17.41627 | 1027876 |  162.7
fa 1741446 | 1027862 164.8
Fanaedenia 17.41415 | 1027874 | 1649
Fananiies 17.41395 | 102.7883 168.6
MALIAUATYATH] 17.41352 | 1027882 |  168.5
ffufuies 17.41187 | 102.7879 169.2
amuen ouulsyiny 17.4105 | 102.7861 171.2
33195 QYA a 17.4086 | 102.7859 171.5
aenou Inges 17.40735 | 102.7881 175.5
?}uaﬂauuﬂ’%’qm 17.40506 | 102.7867 178.2
aotifisie 17.40479 | 102.7873 178.3
duinahld 17.40449 | 1027873 178.6
aus. lifsudldeS qu 17.40362 | 102.7915 182.5
5.5.thununuda 17.40272 | 102.7917 185.5
dninaudszandiny 17.40192 | 102.7929 187.4
fnwn

U319 gAT I 1739941 | 102.7954 182.3
7-Eleven 0UUNYIS | 17.39888 | 102.7958 181.8
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MINH 1.9 uansmdauazszaumashudumd 5 990 1159950 GPS-GMS0 flounasndsiimsUsuud

A GPS- GM80 1910 GPS — GM 80
AouinmsUSundaduma derhmstiuudeumislng
azdge,, | aesdge,, | mwge, | asfge,, avedgn,, | AW,
(8981) (89¢1) (m) (9971) GNP (m)
funeon 17.39504 | 102.7981 206 17.39669 | 102.8132 207.4
lamanaran 17.39599 | 102.7975 207 17.39578 | 102.7971 206
7-Eleven OUUNYITS 17.39881 | 102.7979 204 17.39876 | 102.7955 192.2
¥.519098A3 511 17.39964 | 102.7967 194 17.39955 | 102.7952 193.1
wAsunsunmanalsedny | 17.40088 | 102.7957 195 17.40084 | 102.7948 194.1
sedngd
gudeana 17.40123 | 102.7968 193 17.40091 | 102.7959 193.2
uon vvar, 17.40188 | 102.7993 194 17.40151 | 102.7993 194
550939 Jawa 17.40061 | 102.8012 195 17.40119 | 102.8001 195.7
ouloy 17.3995 | 102.8016 196 17.39978 | 102.8028 196.4
dninauasaenuduiies | 17.39908 | 102.8024 197 17.39941 | 102.8036 196.7
Tsswennaengas 17.39918 | 102.8039 196 17.39918 | 102.8041 196.9
Aussie Pub2 17.40229 | 102.8039 194 17.40225 | 102.8042 193.8
Wuiledanms 17.4081 102.8039 193 17.4031 | 102.8042 193.1
fuonaailsa’l 17.40434 | 102.8037 193 17.40429 | 102.8041 192.9
mmm‘s"nqm 17.40502 | 102.8038 196 17.4046 | 102.8036 192.9
aa1nlin 17.40488 | 102.8053 193 17.40442 | 102.8029 193.2
Kitaro 013 §)1ju 17.40472 | 102.802 193 17.40433 | 102.8009 194.8
ﬁtwnm?nﬂm‘s’wmcﬁ 17.40474 | 102.7999 195 17.4038 | 102.7999 195.1
Mojo Bar 17.40488 | 102.799 196 17.40446 | 102.7988 195.6
Stere Bar 17.40495 | 102.7988 195 17.40456 | 102.7983 195.5
Horse Shoe Bar 17.40499 | 102.7995 196 17.40467 | 102.7981 195.4
FusnamaInedams 17.40571 | 102.7971 196 17.40543 | 102.7967 195.4
’J\iﬁﬂul‘j’w} 17.4049 | 102.7953 197 17.40421 | 102.7942 198.5
AT 17.40329 | 102.7938 199 17.40338 | 102.794 198.9




A3 1.10 MANaazseaumasludunsii 5 veunsesdy GPS— 12

AN GPS - 12
azdige, a03AYA, AW,

(99711) (93971) (m)
funenn 17.39672 102.8131 207.2
Tamanara 17.39575 102.7976 206.5
7-Eleven OUUNN13 17.39878 102.7959 191.5
U195 gas 51l 17.39952 102.7954 193.4
WABUNTUNA 17.4008 102.7944 193.2
Usydntilsesny
udsune 17.40095 102.7956 192.6
uon v, 17.40155 102.7997 193.5
5503y lawa 17.40121 102.8002 195.5
v Tow 17.39975 102.8026 195.6
dninsuasinudh 17.39943 102.8034 195.9
iinq
IiQ‘WU'ﬁJTﬁLi’JﬂQﬂS 17.39915 102.8044 195.7
Aussie Pub2 17.40223 102.8045 193.5
aitorrunma 17.4035 102.8045 193.6
Fuvnaanilso v 17.40445 102.8047 192.5
amASugAN 17.4048 102.8033 191.8
RRETIEL'S 17.40446 102.8024 192.7
Kitaro 015 81]u 17.40436 102.801 195.5
FusmaSyrinard 17.4041 102.7995 194.6
Mojo Bar 17.40449 102.7984 195.2
Stere Bar 17.40452 102.7988 195.7
Horse Shoe Bar 17.40463 102.7984 195.2
Fusnaaanedam 17.40549 102.7962 194.5
2deuueming 17.40428 102.7945 199.9
QLATY 17.40334 102.7942 197.8
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Error Reduction of a Low Cost GPS Receiver for Vehicle Tracking System
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B lUn I IMUARNIRANTBINNUAANAIAIN GPS
szdpadilatinnuamainiouswiiasanainialnauaziom
lumandenfivesmafigndoifefiassunsamendiunis
ﬁgnﬁaa (5]

3. LLuuﬁwaaomaamﬁnsaoamtyﬂmuuumamu
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AINTOINIBUTU (Kalman filter) 1 uaaunisadiaagain
Idgmiuunigwisumasan domasuands (recursive)
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Topd

Z, Ao LeindueddiuIe Iu1a mx m
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V, 9 aeeiSygnmssunmuYenITin 1ua m x 1
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x; fia danuReansmavesdumilufinaziueen (m)

x; fin shanufansiavasenuilufiaasiusan (misec)
x; fip fawonluuwiunu y (rad)

x4 A8 Menulananeuasiunidlufieinite (m)

x5 fia AnnuRensevasnnuTuiimmnils (msec)

x5 fi Ayuonluuwaunu x (rad)

x; fia fanuAansnevasiuntisluuue {m)

Xg A shanufanmeavesnmnundlueuans (misec)

X9 g fAMAURANAIAVBIYY azimuth (rad)
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Error Reduction of a Low Cost GPS Receiver for Vehicle Tracking System

glssmiSua essafiad (Churairatchinda Akkanit)”
A3.$ufig) 2335ULENs (Dr.Chaipat Wattanasan)

¥
wna duszneuyy (Mongkon Leeprakopbun)

aOINI qwu’?{u (Sathaporn Udomsin) ™

(% 1
HNANED
4” o ac o Y1 o ' 2 @ ; 4 9 1 o ; Yot
una s aue I msdiuudmd wvtaveunie iy GPS simd Ingnasauiudnnau 101475
) b d
mIveaInIsImarnrusua L e luswnalagldFmanuiananlueia lunsneanail
3 ¢ A ar o oo 4 o o 1 =1 o
12 14991lnselin3835U GPS Y03 1N Holux (GPS ~ GM80 ) Fuilu 6ps 31161 1 ouneuny GPS el
a e A Y o ° 1
U3¥IN Garmin (GPS-12) uiiu GPS seauna1e uaz 19115uns1 GPS Trackmaker 3 UFUNNNNAWNUR
v ¥ I
Suduauiadunidagaiisdnau 1,000 39 nnfuihdoyai 1Audfuuddlasdioullsunsuiraeans
° a o & 4 ° ° ] o " e J v e
Yo uAanaaiiia iy nansnaasuislfiuviasslunisinnemvesimisiiiaiulmin 1y

useannnuAanaa ldedniidszdnsnm

Abstract

This paper presents a digital filtering technique for improving the position accuracy of a low cost GPS
receiver . The furture error inherent to a low cost GPS is estimated using past error measurement . A time varying
Kalman filter is used as a means to correct error , thereby improving accuracy of the GPS module. Two modules of
GPS receivers , a low cost GPS from Holux company (GPS — GM380) and modest cost of Garmin company
Garmin (GPS-12), were tested to compare the position error. A GPS Trackmaker Program was used to display the
position data coltected from routes while 1,000 coordinates from the start to the end were recorded. The error of
GPS receiver was predicted by a state-space model in which the past data was used to improve the accuracy .The
results show that the position error was reduced to an acceptable extent and the technique is thus proven

satisfactory.
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#am13197 1 Tauenn1snAae 91311 Standard

¥
Deviation Error 1881731 0.02 1WA M4 3 LN
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ynsaduuuuiasuiisevuzinaeuiday

- - &4
AN 60 kmvhr @t 15 WM taziilenuin

AINTBINAUU
HAANIENIN
Aumia GPS GM-80 iy fifinlszana
UL (1UNT)
X Y
WA ¥ IUARIY 0.35901 0.54821
wih w.3wAgeAI sl 0.42471 0.63512
Fuomim 0.59459 0.42879
Wiy wuay 0.5112 0.54681
iAUINGY 0.3772 0.45261
TAathmTuu 0.5419 0.65842
nihlsanennadaun 0.5482 0.36594
wizdminnuealszinyg 0.6987 0.59681
dninamanlszih 0.46312 0.46852
Tsamonnagassii 0.5986 0.67894
33. AT ITYNA 0.3981 0.53694
fAunde 0501394 | 0.537919
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AINTBI AAUIY

HAANIZHIN

Aumi GPS12 fusiiszanaen

uuuimeI(iuag)

X Y
AN F.JUAR 0.15901 0.19763
wih u.319Ageas T 0.14471 0.19824
Fuonsim 0.19469 0.19847
IgyAiwuay 0.5002 0.10007
AaiAuINGS 0.1787 0.10045
ThathmTuu 0.10719 0.10007
wihlsamennadann 0.11791 0.1003
wszaminmuenlszdnd | 0.10719 0.19976
dntnanalszah 0.17861 0.19961
Tsawemnagassil 0.13573 0.10015
5. AATTITYNA 0.15002 0.10003
funay 0.179451 0.14498

Standard Deviation(m) | 0.195973 0215671

d_ 0 d - .
INAITIN 2 AURAYATIUHANATAVDIHAANUDY

duviadmiy GM-80 Tuiuaaz@ga 1 A1 0.501394

AT LNIABITYATIM 0.537919 A3

NAINT 3 AURAEANUAANDIAVOIHAAIIUDY

dundadmiy Gps-12 Tuuwoaz@ga 1 A1 0.179451

AT UUINBAAZATIAY 0.14498 LUAT

1noiifn1 Standard Deviation 1uIUY x =0.195973

A3 lIae Standard Deviation TUIWY y=0.215671
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