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4‘.’.") (O] d,b (03]
a;=172° 53’ 34” 10” d;=281.832 m 0.016 m
0,=185° 22’ 14” 10” d,=271.300 m 0.016 m
03=208° 26’ 19” 10” d3=274.100 m 0.016 m
04=205° 13’ 51” 10”

bl Shazse
X (m) Y (m) Sgos T
B 8478.139 2483.826 68° 15’ 20.7”
E 7709.336 2263.411 300° 11’ 30.5”

SO lawlme &85 391 10 9 Ugesro blis Olaiseo puss Caml glhio
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48,5 b5, Cob E 9 B blis wlawss ,S1:(Minimum Constraints) e juwilS eesise <l (I
D g

:Olaaliee yls o ()

L=y a; a3 ay d; dy d3]"

i 2 2 2 2 2 2 21T\ .  p_ 2,-1
C, = diag([of of of of o5 o5 o0;7]") ; P =05(

1Y gz Jls (¥
x = [x¢c y¢ xp ypl”
x? = [x¢ y¢ xp ypl"
2301 a5 (W
n=7 ; u=4 ; Constraint=0 ; Defect=0
r =n—u+ Constraint + Defect = 3

(SS9 bl o)) 2L Jae (F

lax1 = f (eux1)

X
a; =tg 1 =L 4 — Az,
Yc — VB
x Xg — X
a,=tg 12 4 g_gtE €
Yp — Yc Y —Yc
Xp — X Xc— X
ag=2m—tg 1L _tg1C P
YE —Yp Yc — Vb
Xp — X
a,=Azg —m+tg 1 2—L
Yp — YE

d, = \/(xc —xp)? + (y¢ — ¥5)?

d, = \/(xD —xc)*+ (Yp — yc)?

d; = \/(XE —xp)* + (yg — ¥p)?
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il Olg=>
SN af
ASR=D+61 ; A=— ; SL=1°— f(x°)
0x
N = ATPA ; U= ATPSI
5% =N"1U ; D = AS% — 61
R=x°+6% ; [=1°4+7D
pTPD
62 =
r
Ce=ATC['A=0fN™? ; Cg =GN
C; = A(ATCTA) AT = g2AN1AT ; C; = 62AN~AT
C;=C—C; ; Cy=0562P1—ANTAT)
16311 w5l
R == Ci}Cl_l
1830571 slael
n
Trace(R) = Z d;
i=1
toibg 2eS 1 Cus
réé "
— v Xr
g
:ilhe (slbs aaw sl
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:Minimum Constraints cdl> 4 by o 40U 0

clc
clear
format short g

%Minimum constrain adjustment program
%Constant value

MapScale=500;

D2R=pi/180;

Epsilon=0.01;

Sigma02=1;
n=7;

u=4;
Defect=0;

Constrain=0;

%Degree of freedom
r=n-u+Defect+Constrain;

%Confidence level
AlTa=0.01;
Alfal=Alfa/2;
Alfa2=1-Alfal;

WFixed Coordinates and Azimuth
XB=8478.139; YB=2483.826;
XE=7709.336; YE=2263.411;

Az_B=(68+15/60+20.7/3600)*D2R;
Az_E=(300+11/60+30.5/3600)*D2R;

%O0bservations
al=(172+53/60+34/3600)*D2R;
a2=(185+22/60+14/3600)*D2R;
a3=(208+26/60+19/3600)*D2R;
a4=(205+13/60+51/3600)*D2R;
d1=281.832;

d2=271.300;

d3=274.100;

lo=[al;a2;a3;a4;d1;d2;d3];

%Standard diviations of observations
sd_a=(10/3600)*D2R;
sd d=0.016;

Cl=diag([sd_a™2 sd an2 sd a2 sd_a™2 sd _d™2 sd _d™2 sd_d™2]);
P=Sigma02*inv(Cl);

%Unknown parameters
%X=[XC,YC,XD,YD]"

%Approximate value of coordinates
Az _BC=Az_B+al;
XCo=XB+d1*sin(Az_BC);
YCo=YB+d1*cos(Az_BC);



S99 5 (5 10 PR g (ISl gw g JIART (g 3O (9 503

Az_CB=Az_BC-pi;
Az _CD=Az_CB+aZ2;
XDo=XCo+d2*sin(Az_CD);
YDo=YCo+d2*cos(Az_CD);

Xo=[XCo,YCo,XDo,YDo]";

%Calculations
dx=Epsilon;
Iteration=0;

while norm(dx)>=Epsilon

end

XCo=Xo(1); YCo=Xo(2); XDo=Xo(3); YDo=Xo(4);

L_BC=sgrt((XCo-XB)"2+(YCo-YB)"2);
L_CD=sqgrt((XDo-XCo)"2+(YDo-YCo)"2);
L_DE=sgrt((XE-XDo)"2+(YE-YD0)"2);

A=[(YCo-YB)/L_BC~2 - (XCo-XB)/L_BC"2 0 0
(YB-YC0)/L_BC~2-(YDo-YC0)/L_CD"2 -(XB-XCo)/L_BC~2+(XDo-
XCo)/L_CD~2 (YDo-YC0)/L_CDA2 - (XDo-XCo)/L_CD"2
-(YCo-YD0)/L_CD"2 (XCo-XD0)/L_CD"2

(YCo-YD0)/L_CD~2-(YE-YD0)/L_DE~2 -(XCo-XD0)/L_CD"2+(XE-
XD0)/L_DE~2

0 0 (YDo-YE)/L_DE~2 = -(XDo-XE)/L_DE~2
(XCo-XB)/L_BC (YCo-YB)/L_BC 0 0
-(XDo-XCo)/L_CD  -(YDo-YC0)/L_CD (XDo-XCo)/L_CD  (YDo-
YCo)/L_CD

0 0 —(XE-XDo)/L_DE -(YE-YDo)/L_DE];

dl=[al-atan(abs((XCo-XB)/(YCo-YB)))-pi+Az_B
a2-atan(abs((XDo-XCo)/ (YDo-YCo)))-pi+atan(abs((XB-XCo0)/(YB-YC0)))
a3-2*pi+atan(abs((XE-XDo)/ (YE-YDo)))+atan(abs((XCo-XDo)/ (YCo-

YDo)))
a4-Az_E+pi-atan(abs((XDo-XE)/ (YDo-YE)))
di-L _BC
d2-L_CD
d3-L_DE];

N=A"*P*A;

U=A"*pP*dl;

dx=inv(N)*U;

X_cap=Xo+dx;

Xo=X_cap;

lIteration=Ilteration+1;

%Variance-Covariance Matrix
Cx_cap=Sigma02*inv(N);

for

end

i=1l:u
sd_Xcap(i)=sqgrt(Cx_cap(i,i));

v_cap=A*dx-dl;
Sigma02_cap=(v_cap"“*P*v_cap)/r;

%Chi-square test
Test_chi=r*Sigma02_cap/Sigma02;
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Chi_squarel=chi2inv(Alfal,r);
Chi_square2=chi2inv(Alfa2,r);
ifT (Chi_squarel<=Test_chi) & (Test_chi<=Chi_square?2)
TestResult="< Test passed >7;
else
TestResult="< Test failed >";
end

Ccap_xcap=Sigma02_cap*inv(N);

for 1=1:u
sd_cap_Xcap(i)=sqgrt(Ccap_xcap(i,i));

end

1_cap=lo+v_cap;

C_vcap=Cl-A*inv(A"*inv(CI)*A)*A";

C_lcap=CI-C_vcap;

R=C_vcap*inv(Cl);

TracR=trace(R);

for 1=1:n
sd_lcap(i)=sqrt(C_lcap(i,i));
di(i)=R(i,1);

end

%Print resulte
fprintf("%s %g\n", "Degree of freedom (Trace R): °,TracR);

fprintf("\n")

fprintf("%s %g\n", "Number of iteration: *,lteration);

fprintf("\n")

fprintf("%s %0.3F %s\n®","Sigma0 cap: ",Sigma02_cap,TestResult);

fprintf("\n")

disp(” X_cap sd _Xcap sd_cap_ Xcap®)

disp(C-—-———— )

for 1=1:u
fprintfF("%10.31%10.3f%10.31\n",X _cap(i),sd Xcap(i),sd cap Xcap(i));

end

fprintf("\n")

disp(” lo V. cap I _cap sd_Icap di ")

disp"---————————— )

for i=1:n

fprintf("%10.31%10.3T%10.31%10.3f%10_.2A\n", lo(i),v_cap(i),l_cap(i),sd_Ica
pCi),di(i));

end

%Plot

t=0:0.1:2*pi;

Xp(1)=XB; Yp(1)=YB;

k=2;

for 1=1:2:u
Xp(k)=X_cap(i);
Yp(k)=X_cap(i+1);

hold on

sx2=Ccap_xcap(i,i);
sy2=Ccap_xcap(i+l,i+l);
sxy=Ccap_xcap(i,i+l);
K=sgrt(chi2inv(1l-Alfa,2))*MapScale;
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a=K*sqrt((sx2+sy2+sqrt((sx2-sy2)"2+4*sxy"2))/2);
b=K*sqrt((sx2+sy2-sqrt((sx2-sy2)"2+4*sxy"2))/2);
teta—atan(2*sxy/(sx2-sy2))/2;

u=a*cos(t);
v=b*sin(t);
x=Xp(k)+u.*cos(teta)-v.*sin(teta);
y=Yp(k)+u.*sin(teta)+v.*cos(teta);
plot(x,y);
k=k+1;
end
Xp(k)=XE; Yp(k)=YE;
plot(Xp,Yp, " --ro","LineWidth",2, ...
"MarkerEdgeColor~®, "k", ...
"MarkerFaceColor~®,"g", ...
"MarkerSize* ,5)
grid on
axis equal;
title("Minimum constraints adjustment program®, "fontsize~,12)

Degree of freedom (Trace R): 3
Number of iteration: 2

Sigma0 cap: 3.421 < Test passed >

X_cap sd_Xcap sd_cap_Xcap

8231.277 0.012 0.023

2347 .835 0.009 0.016

7982.431 0.013 0.024

2239.737 0.007 0.014

1o V_cap 1 _cap sd_lIcap di

3.018 0.000 3.018 0.000 0.69
3.235 -0.000 3.235 0.000 0.30
3.638 -0.000 3.638 0.000 0.31
3.582 0.000 3.582 0.000 0.67

281.832 0.009 281.841 0.013 0.35

271.300 0.011 271.311 0.013 0.35

274.100 0.020 274.120 0.013 0.34

>>
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:6)|)T > (F

n=7 ; u=8 ; Constraint=4 ; Defect=0
r =n —u+ Constraint + Defect = 3

(So b Gh)) 2L Joe (O

lax1 = f(Xux1)

il Olg=>
0
AS% =D + 61 ; A=—f ; Sl=1°—f(x°)
0x
0% =y — fx ) fe=x°—x'
A oo A
HE [ ] —  AS% =9+l
A P 0 ~ [ Vnxa
S i IR 1 R
Lyxu 0 Py Uxrux1
N=ATPA+P, ; U=ATPSI-P,f, ; ©&6Xx=N"1U
=A% -6l ; D, = 6% + f,

9'PY  OTPD + DL P, D,

r r

A

2
0

Ce = 02(ATPA+P,) N (ATPA+P,) = g2N"'NN™1 ; (4 =62N"1NN?

C; = o2ANT1AT ; C; = 62ANT1AT
=ol(P~' —ANT1AT) ; (; =62(P~1 - ANT1AT)
163031 w5l
Ry = CﬁCl_l ; Ry=0G, Py
2830571 slael

n+u

Trace(R) = Trace(R,) + Trace(R,) = z d;
i=1
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:‘Weighted Constraints cll> 4 bgs ro 40l 0

clc
clear
format short g

%Weighted constrain adjustment
%Constant value

MapScale=500;

D2R=pi/180;

Epsilon=0.01;

Sigma02=1;
n=7;

u=8;
Defect=0;

Constrain=4;

%Degree of freedom
r=n-u+Defect+Constrain;

%Confidence level
AlTa=0.01;
Alfal=Alfa/2;
Alfa2=1-Alfal;

%Winitial Coordinates and Azimuth
XB=8478.139; YB=2483.826;
XE=7709.336; YE=2263.411;

Az_B=(68+15/60+20.7/3600)*D2R;
Az_E=(300+11/60+30.5/3600)*D2R;

X=[XB;YB;0;0;0;0;XE;YE];

%Standard diviations of Initial Coordinates
sd_xy=0.01;

Px=diag([1/0.0172 1/0.0172 0 0 0 0 1/0.0172 1/0.01~2]):

%Observations
al=(172+53/60+34/3600)*D2R;
a2=(185+22/60+14/3600)*D2R;
a3=(208+26/60+19/3600)*D2R;
a4=(205+13/60+51/3600)*D2R;
d1=281.832;

d2=271.300;

d3=274.100;

lo=[al;a2;a3;a4;dl;d2;d3];

%Standard diviations of observations
sd_a=(10/3600)*D2R;

sd _d=0.016;

Cl=diag([sd_an™2 sd _a™2 sd a™2 sd _a”2 sd _d™2 sd _d™2 sd _d"™2]);
P=Sigma02*inv(Cl);



085 (5918 PARE g (SIS g 9 JIART g 33 (9 g0

%Unknown parameters
%X=[XB,YB,XC,YC,XD,YD,XE,YE]"

%Approximate value of coordinates
Az _BC=Az_B+al;
XCo=XB+d1*sin(Az_BC);
YCo=YB+d1l*cos(Az_BC);

Az_CB=Az_BC-pi;
Az_CD=Az_CB+aZ2;
XDo=XCo+d2*sin(Az_CD);
YDo=YCo+d2*cos(Az_CD);

Xo=[XB,YB,XCo,YCo,XDo,YDo,XE,YE]"

fx=Xo0-X;
%Calculations
dx=Epsilon;
lteration=0;
while dx>=Epsilon
XBo=Xo(1); YBo=Xo(2); XCo=Xo(3); YCo=Xo(4); XDo=Xo(b);
YDo=Xo(6) ; XEo=Xo(7); YEo=Xo(8);

L _BC=sqgrt((XCo-XBo)"2+(YCo-YB0o)"2);
L_CD=sgrt((XDo-XCo)"2+(YDo-YC0o)"2);
L_DE=sgrt((XEo-XDo)"2+(YEo-YD0)"2);

A=[-(YCo-YB0)/L_BC~2 (XCo-XB0o)/L_BCA2 (YCo YBo)/L_BCA2
—(XCo-XB0)/L_BC"2
0 o 0
-(YBo-YC0)/L_BC"2 (XBo-XCo)/L_BC"2 (YBo-YC0)/L_BC"2-(YDo-
YC0)/L_CD~2 —(XBo-XCo)/L_BCA2+(XDo-XCo)/L_CD*2 (YDo-YCo)/L_CD"2

- (XD0-XC0)/L_CD"2 0 0
0 0 ~(YCo-YD0)/L_CD"2
(XCo-XD0)/L_CD"2 (YCo-YD0)/L_CD"2-(YEo-

YD0)/L_DE~2 -(XCo-XDo)/L_CD 2+ (XEo-XDo)/L_DE~2 (YEo-YD0)/L_DE~2
- (XE0-XD0)/L_DE"2

0 0 0

0 (YDo-YE0)/L_DE"2
—(XDo=-XE0)/L_DE"2 -(YDo-YE0)/L_DE~2 (XDo-
XE0)/L_DEA2

-(XCo-XB0)/L_BC  -(YCo-YB0)/L_BC (XCo-XBo)/L_BC
(YCo-YBo)/L_BC 0

0 0 0

0 0 -(XDo-XCo)/L_CD
-(YDo-YCo)/L_CD (XDo-XCo)/L_CD
(YDo-YCo)/L_CD 0 0

0 0 0

0 -(XEo-XDo)/L_DE
-(YEo-YDo)/L_DE (XEo-XDo)/L_DE (YEo-
YDo)/L_DE];

dl=[al-atan(abs((XCo-XB)/(YCo-YB)))-pi+Az_B
a2-atan(abs((XDo-XCo)/ (YDo-YCo)))-pi+atan(abs((XB-XCo)/(YB-YC0)))
a3-2*pi+atan(abs((XE-XDo)/(YE-YDo)))+atan(abs((XCo-XDo)/ (YCo-
YDo)))
a4-Az_E+pi-atan(abs((XDo-XE)/ (YDo-YE)))
dl-L BC
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d2-L_CD
d3-L_DE];

N=AT*P*A+Px;
U=A"*P*d 1 -Px*fx;

dx=inv(N)*U;

X_cap=Xo+dx;

Xo=X_cap;

x=Xo0-X;

Iteration=lteration+1;
end

%Variance-Covariance Matrix
N1=A"*P*A;
Cx_cap=Sigma02*inv(N)*N1*inv(N);
for i1=1:u

sd_Xcap(i)=sqgrt(Cx_cap(i,i));
end

v_cap=A*dx-dl;
V_cap_x=dx+Fx;
Sigma02_cap=(v_cap"*P*v_cap+Vv_cap_X"*Px*v_cap_Xx)/r;

Test_chi=r*Sigma02_cap/Sigma02;
Chi_squarel=chi2inv(Alfal,r);
Chi_square2=chi2inv(Alfa2,r);
IT (Test_chi>=Chi_squarel)&(Test_chi<=Chi_square2)
TestResult="< Test passed >7;
else
TestResult="< Test failed >";
end

Ccap_xcap=Sigma02_cap*inv(N)*N1*inv(N);
for i=1:u

sd_cap_Xcap(i)=sqgrt(Ccap_xcap(i,i));
end

1_cap=lo+v_cap;
A2=[A;eye(W)];

C_lcap=Sigma02*A2*inv(N)*A2";

C_lcapl=C lIcap(l:n,1:n);
C_vcapl=CI-C_lcapil;

CIx=diag([0.01"2 0.0172 0 0 0 O 0.01"2 0.01"2]);
C_lcap2=C_lcap(n+l:n+u,n+l:n+u);
C_vcap2=CIx-C_lcap2;

R1=C_vcapl*inv(Cl);
R2=C_vcap2*Px;

TracRl=trace(R1l);
TracR2=trace(R2);
TracR=TracR1l+TracR2;
for 1=1:n

sd_lcap(i)=sqgrt(C _lcap(i,i));
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di(1)=R1(i,i);
end

%Print resulte

fprintf("%s %g\n*,"Degree of freedom (Trace R): ",TracR);
fprintf(*\n%)

fprintfF("%s %g\n*®, "“Number of iteration: °,lteration);
fprintf(°\n~)

fprintf("%s %0.3F %s\n","Sigma0 cap: ",Sigma02_cap,TestResult);
fprintf("\n")

disp(” X_cap sd_Xcap sd_cap Xcap®)
disp("-—————— = )
for i=1:u
Tprintf("%10.31%10.31%10.3f\n" ,X_cap(i),sd_Xcap(i),sd_cap_Xcap(i));
end
fprintf("\n")
disp(” lo v_cap 1 _cap sd_Icap di %)
disp"(-----—\—-————-——-——_—-. — - — . —C————————— )
for 1=1:n

fprintf("%10.3T%10.31%10.3f%10.3f%10.2F\n", lo(i),v_cap(i),l _cap(i),sd Ica
p(1),di(i));

end

%Plot

t=0:0.1:2*pi;

k=1;

for 1=1:2:u
Xp(k)=X_cap(i);
Yp(k)=X_cap(i+l);

hold on

sx2=Ccap_xcap(i,i);

sy2=Ccap_xcap(i+l,i+l);

sxy=Ccap_xcap(i,i+l);
K=sqrt(chi2inv(1l-Alfa,2))*MapScale;
a=K*sgrt((sx2+sy2+sqrt((sx2-sy2)"2+4*sxy”2))/2);
b=K*sqrt((sx2+sy2-sqrt((sx2-sy2)"2+4*sxy"2))/2);
teta=atan(2*sxy/(sx2-sy2))/2;

u=a*cos(t);
v=b*sin(t);
x=Xp(k)+u.*cos(teta)-v.*sin(teta);
y=Yp(k)+u.*sin(teta)+v.*cos(teta);
plot(x,y);
k=k+1;
end
plot(Xp,Yp, "--ro","LineWidth",2, ...
"MarkerkdgeColor®,"k", ...
"MarkerFaceColor”®,"g", ...
"MarkerSize*,5)
grid on
axis equal;
title("Weighted constrain adjustment program®, "fontsize~®,12)
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Degree of freedom (Trace R): 3
Number of iteration: 1

Sigma0 cap: 3.714 < Test passed >

X_cap sd_Xcap sd_cap_Xcap

8478.133 0.003 0.006

2483.831 0.003 0.005

8231.275 0.012 0.024

2347 .837 0.009 0.017

7982.433 0.013 0.025

2239.735 0.008 0.015

7709.342 0.003 0.006

2263.406 0.003 0.005

lo V_cap 1 _cap sd_Ilcap di

3.018 0.000 3.018 0.000 0.61
3.235 -0.000 3.235 0.000 0.29
3.638 -0.000 3.638 0.000 0.30
3.582 0.000 3.582 0.000 0.59

281.832 0.007 281.839 0.014 0.27

271.300 0.009 271.309 0.014 0.27

274.100 0.015 274.115 0.014 0.27

>>
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(SS9l (b)) (2L Joe (O

lax1 = f (eux1)

il Olg=>
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r
= 0l(ATPA+ CTC)IN (ATPA+ CTC) ! = 2N NN71
Cy = 62N~ NN71
C; = o2ANT1AT ; C; = 62ANT1AT
=o2(P~' - ANT1AT) ; C(,=62(P"1—AN1AT)
163131 w5l
C; =C—AATPA+ CTC) AT ; R = CyCt
1830571 slael

n
Trace(R) = z d;
i=1
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dnner Constraints cdl> 4 by o 40U 0

clc
clear
format short g

%Inner constrain adjustment

%Constant value

MapScale=500;

D2R=pi/180;

Epsilon=0.05;

Sigma02=1;

n=7;

u=8;

Defect=2; %Only without fixed coordinates
Constrain=0;

%Degree of freedom
r=n-u+Defect+Constrain;

%Confidence level
AlTa=0.01;
Alfal=Alfa/2;
Alfa2=1-Alfal;

%Approximate Coordinates and Azimuth
XB=8478.139; YB=2483.826;
XE=7709.336; YE=2263.411;

Az_B=(68+15/60+20.7/3600)*D2R;
Az_E=(300+11/60+30.5/3600)*D2R;

%0bservations
al=(172+53/60+34/3600)*D2R;
a2=(185+22/60+14/3600)*D2R;
a3=(208+26/60+19/3600)*D2R;
a4=(205+13/60+51/3600)*D2R;
d1=281.832;

d2=271.300;

d3=274.100;

lo=[al;a2;a3;a4;d1;d2;d3];

wStandard diviations of observations
sd_a=(10/3600)*D2R;
sd d=0.016;

Cl=diag([sd_a™2 sd an2 sd a2 sd_a™2 sd _d"2 sd_d™2 sd_d™2]);
P=Sigma02*inv(Cl);

%Unknown parameters
%X=[XB,YB,XC,YC,XD,YD,XE,YE]"

%Approximate value of coordinates
Az _BC=Az_B+al;
XCo=XB+d1*sin(Az_BC);
YCo=YB+d1l*cos(Az_BC);
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Az_CB=Az_BC-pi;
Az CD=Az_CB+aZ2;
XDo=XCo+d2*sin(Az_CD);
YDo=YCo+d2*cos(Az_CD);

Xo=[XB,YB,XCo,YCo,XDo,YDo,XE,YE]";

%Calculations
dx=Epsilon;
Iteration=0;
while norm(dx)>=Epsilon
XBo=X0(1); YBo=Xo(2); XCo=Xo(3); YCo=Xo(4); XDo=Xo(5);
YDo=Xo0(6) ; XEo=Xo(7); YEo=Xo(8);

L_BC=sqgrt((XCo-XBo)"2+(YCo-YB0o)"2);
L_CD=sqgrt((XDo-XCo)"2+(YDo-YCo)"2);
L_DE=sqrt((XEo-XDo)"2+(YEo-YD0)"2);

A=[-(YCo-YB0)/L_BC~2 (XCo-XBo)/L_BC~2 (YCo-YB0)/L_BC 2
~(XCo-XB0)/L_BC"2 0
0 0 0
-(YBo-YC0)/L_BC"2 (XBo-XCo)/L_BC"2 (YBo-YC0)/L_BC"2-(YDo-
YC0)/L_CD”2 -(XBo-XCo)/L_BCA2+(XDo-XCo)/L_CD*2 (YDo-YCo)/L_CD"2

~(XD0-XC0)/L_CD"2 0 0
0 0 ~(YCo-YD0)/L_CD"2
(XCo-XDo)/L_CD2 (YCo-YD0)/L_CD~2-(YEo-YD0o)/L_DE~2

—(XCo-XD0)/L_CD"2+(XE0-XD0)/L_DE~2 (YEo-YD0)/L_DE"2  —(XEo-
XD0)/L_DEA2

0 0 0
0 (YDo-YE0)/L_DE~2
~ (XDO-XE0)/L_DE"2 ~(YDo-YE0)/L_DE”2  (XDo-
XE0)/L_DEA2

-(XCo-XBo)/L_BC  -(YCo-YB0)/L_BC (XCo-XBo)/L_BC

(YCo-YBo)/L_BC 0
0 0 0

0 0 -(XDo-XCo)/L_CD
-(YDo-YCo)/L_CD (XDo-XCo)/L_CD
(YDo-YCo)/L_CD 0 0

0 0 0
0 -(XEo-XDo)/L_DE
-(YEo-YDo)/L_DE (XEo-XDo)/L_DE (YEo-

YDo)/L_DE];

dl=[al-atan(abs((XCo-XB)/(YCo-YB)))-pi+Az_B
a2-atan(abs((XDo-XCo)/(YDo-YCo)))-pi+atan(abs((XB-XCo0)/(YB-YC0)))
a3-2*pi+atan(abs((XE-XDo)/ (YE-YDo)))+atan(abs((XCo-XDo)/ (YCo-
YDo)))
a4-Az_E+pi-atan(abs((XDo-XE)/ (YDo-YE)))
di-L_BC
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dx=1inv(N+C"*C)*U;

X_cap=Xo+dx;

Xo=X_cap;

lteration=lteration+1;
end

%Variance-Covariance Matrix
Cx_cap=Sigma02*inv(N+C**C)*N*(inv(N+C"*C)) " ;
for 1=1:u

sd_Xcap(i)=sqgrt(Cx_cap(i,i));
end

Vv_cap=A*dx-dl;
Sigma02_cap=(v_cap"*P*v_cap)/r;

Test_chi=r*Sigma02_cap/Sigma02;
Chi_squarel=chi2inv(Alfal,r);
Chi_square2=chi2inv(Alfa2,r);
iT (Chi_squarel<=Test chi)&(Test_chi<=Chi_square2)
TestResult="< Test passed >7;
else
TestResult="< Test fTailed >7;
end

Ccap_xcap=Sigma02_cap*inv(N+C**CY)*N*(inv(N+C"*C)) " ;
for i=1:u

sd_cap_Xcap(i)=sqgrt(Ccap_xcap(i,i));
end

1_cap=lo+v_cap;

C_vcap=CIl-A*Inv(A"*inv(CI)*A+C"*C)*A" ;

C_lcap=CI-C_vcap;

R=C_vcap*inv(Cl);

TracR=trace(R);

for 1=1:n
sd_lcap(i)=sqgrt(C_lcap(i,i));
di(i1)=R(i,1);

end

%Print resulte

fprintf("%s %g\n*,"Degree of freedom (Trace R): ",TracR);
fprintf("\n")

fprintf("%s %g\n*, "Number of iteration: ",lteration);
fprintf("\n")

fprintf("%s %0.3F %s\n","Sigma0 cap: ",Sigma02_cap,TestResult);
fprintf("\n")

disp(” X_cap sd_Xcap sd_cap Xcap®)
disp("-—————— D)
for 1=1:u
fprintf("%10.31%10.31%10.3F\n" ,X_cap(i),sd_Xcap(i),sd_cap_Xcap(i));
end
fprintf("\n")
disp(” lo v_cap 1 _cap sd_lIcap di %)
disp("-—-————— )
for i=1:n

fprintfF("%10.31%10.3Ff%10.31%10.3t%10.2F\n",lo(i),v_cap(i1),l _cap(i),sd Ica
p(i),di(i));
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end

%Plot

t=0:0.1:2*pi;

k=1;

for 1=1:2:u
Xp(k)=X_cap(i);
Yp(k)=X_cap(i+l);

hold on

sx2=Ccap_xcap(i,i);

sy2=Ccap_xcap(i+1l,i+1);

sxy=Ccap_xcap(i,i+l);
K=sgrt(chi2inv(1-Alfa,2))*MapScale;
a=K*sqrt((sx2+sy2+sqrt((sx2-sy2)"2+4*sxy"2))/2);
b=K*sqrt((sx2+sy2-sqrt((sx2-sy2)"2+4*sxy"2))/2);
teta=atan(2*sxy/(sx2-sy2))/2;

u=a*cos(t);
v=b*sin(t);
x=Xp(k)+u.*cos(teta)-v.*sin(teta);
y=Yp(k)+u.*sin(teta)+v.*cos(teta);
plot(x,y);
k=k+1;
end
plot(Xp,Yp, "--ro", "LineWidth",2, ...
"MarkerkdgeColor®,"k", ...
"MarkerFaceColor®,"g", ...
"MarkerSize*,5)
grid on
axis equal;
title("Inner constraint adjustment program®, "fontsize®,12)

Degree of freedom (Trace R): 1
Number of iteration: 2

Sigma0 cap: 1.169 < Test passed >

X_cap sd_Xcap sd_cap_ Xcap
8478.113 0.015 0.016
2483.865 0.015 0.017
8231.281 0.009 0.010
2347.839 0.008 0.009
7982.452 0.010 0.011
2239.728 0.008 0.008
7709.374 0.015 0.016
2263.369 0.015 0.016
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lo V_cap 1_cap sd_Icap di
3.018 -0.000 3.018 0.000 0.25
3.235 -0.000 3.235 0.000 0.25
3.638 -0.000 3.638 0.000 0.25
3.582 0.000 3.582 0.000 0.25

281.832 -0.000 281.832 0.016 0.00
271.300 -0.000 271.300 0.016 -0.00
274.100 0.000 274.100 0.016 -0.00

>>
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— 2 2 2 2 2 2 21T ) _ 2p,-1
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1O Y ggm0 ld o (¥
x = [x¢c y¢ xp ypl"
x® = [x¢ y¢ xp ypl"
: 52U 36 4l (P

x% + y¢ —8559.52 = 0
:6)|)T o (V¥
; Constraint=1 ; Defect=0
r =n —u + Constraint + Defect = 4

(SO el yh90) (2L, J2e (F

lix1 = f(%ux1)

sl g_al,.'?
of
5% = D+ 6l : A=— ; SL=1°— f(x°
X=7v+ i fx°)
N = ATPA : U=ATPSl sxold = N~1y
ASZ+W,. =0
5% = 6x° + ASZ
AS% = —-N"1A.TK,
K. = (A,N"1A) T (W, + A 6%014)
505 J= ey
Al 51 A
[Ac]c?x—v+[_wc] = AdXx=7+4l
_ [Anxu ) _ [P 0
A B [AC1Xu] ’ [P) B [0 1]
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N=ATPA+A."A, ; U=ATPSI-AS"W, ; 6x=N"1U
D = ASX — 6l
~T o
2 _ Y Py
0 r

C; = ad(ATPA + ACTAC)_lN (ATPA + ACTAC)_l = gZN"I NN71

Cg = 64N NN?

C; = ofANTTAT ; C; = 6§ANT'AT
o = ol(P~1 —ANTAT) ; C(,=62(P ! - ANT1AT)
16301 w5l
Co=C, —A(ATPA+ ATA,) AT ; R = CyC?
2830571 slael

n
Trace(R) = Z d;
i=1

:Functional Constraints cll> 4 bgs o 40U

clc
clear
format short g

%Minimum constrain adjustment program
%Constant value

MapScale=500;

D2R=pi1/180;

Epsilon=0.01;

Sigma02=1;
n=7;

u=4,;
Defect=0;

Constrain=1;
Radius=8559.5;

%Degree of freedom
r=n-u+Defect+Constrain;

%Confidence level
Alfa=0.01;
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Alfal=Alfa/2;
Alfa2=1-Alfal;

%Fixed Coordinates and Azimuth
XB=8478.139; YB=2483.826;
XE=7709.336; YE=2263.411;

Az_B=(68+15/60+20.7/3600)*D2R;
Az_E=(300+11/60+30.5/3600)*D2R;

%O0bservations
al=(172+53/60+34/3600)*D2R;
a2=(185+22/60+14/3600)*D2R;
a3=(208+26/60+19/3600)*D2R;
a4=(205+13/60+51/3600)*D2R;
d1=281.832;

d2=271.300;

d3=274.100;

lo=[al;a2;a3;a4;d1;d2;d3];

%Standard diviations of observations
sd_a=(10/3600)*D2R;
sd_d=0.016;

Cl=diag([sd_a™2 sd_an2 sd_an2 sd_a™2 sd_d™2 sd_d”2 sd_d™2]);
P=Sigma02*inv(Cl);

%Unknown parameters
%X=[XC,YC,XD,YD]"

%Approximate value of coordinates
Az _BC=Az_B+al;
XCo=XB+d1*sin(Az_BC);
YCo=YB+d1*cos(Az_BC);

Az_CB=Az_BC-pi;
Az_CD=Az_CB+aZ2;
XDo=XCo+d2*sin(Az_CD);
YDo=YCo+d2*cos(Az_CD);

Xo=[XCo,YCo,XDo,YDo]";

%Calculations
dx=Epsilon;
lIteration=0;
while norm(dx)>=Epsilon
XCo=Xo(1); YCo=Xo(2); XDo=Xo(3); YDo=Xo(4);

L_BC=sgrt((XCo-XB)"2+(YCo-YB)"2);
L_CD=sgrt((XDo-XCo)"2+(YDo-YC0o)"2);
L_DE=sqgrt((XE-XDo)"2+(YE-YD0)"2);

A=[(YCo-YB)/L_BC~2 —(XCo-XB)/L_BC"2
0 0
(YB-YC0)/L_BC~2-(YDo-YC0)/L_CD*2 -(XB-XCo0)/L_BC~2+(XDo-
XCo)/L_CD~2 (YDo-YCo)/L_CD"2 ~(XD0-XC0)/L_CD"2
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-(YCo-YD0)/L_CD"2
(YCo-YD0)/L_CD"2-(YE-YD0)/L_DE"2

(XCo-XD0o)/L_CD"2
— (XCo-XD0)/L_CD"2+(XE-XD0)/L_DE"2

0 0
(YDo-YE)/L_DE~2 — (XDO-XE)/L_DE"2
(XCo-XB)/L_BC (YCo-YB)/L_BC
0 0
- (XDo-XCo0)/L_CD ~(YDo-YC0)/L_CD
(XDo-XCo0)/L_CD (YDo-YCo0)/L_CD
0 0
~(XE-XD0)/L_DE ~(YE-YD0)/L_DE];

dl=[al-atan(abs((XCo-XB)/(YCo-YB)))-pi+Az_B

a2-atan(abs((XDo-XCo)/(YDo-YCo)))-pi+atan(abs((XB-XCo)/(YB-YC0)))
a3-2*pi+atan(abs((XE-XDo)/ (YE-YDo)))+atan(abs((XCo-XDo)/ (YCo-

YD0)))
a4-Az_E+pi-atan(abs((XDo-XE)/(YDo-YE)))
di-L_BC
d2-L_CD
d3-L_DE];
N=A"*P*A;
U=A"*P*dl;

dx_old=inv(N)*U;

%Functional constraint

Ac=[2*XCo 2*YCo 0 0];
We=[XCo"2+YCo™2-Radius”™2];
Ke=inv(Ac*inv(N)*Ac")*(Wc+Ac*dx_old);
Ddx=-inv(N)*Ac"*Kc;

dx=dx_old+Ddx;

X_cap=Xo+dx;

Xo=X_cap;

lteration=lteration+1;
end

%Variance-Covariance Matrix
Cx_cap=Sigma02*inv(N+Ac" *Ac)*N*inv(N+Ac"*Ac);
for 1=1:u

sd_Xcap(i)=sqgrt(Cx_cap(i,i));
end

v_cap=A*dx-dl;
Sigma02_cap=(v_cap"*P*v_cap)/r;

%Chi-square test
Test_chi=r*Sigma02_cap/Sigma02;
Chi_squarel=chi2inv(Alfal,r);
Chi_square2=chi2inv(Alfa2,r);
iT (Chi_squarel<=Test_chi) & (Test_chi<=Chi_square2)
TestResult="< Test passed >";
else
TestResult="< Test failed >";
end

Ccap_xcap=Sigma02_cap*inv(N+Ac"*Ac)*N*inv(N+Ac"*Ac);
for 1=1:u
sd_cap_Xcap(i)=sqgrt(Ccap_xcap(i,i));
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end

1_cap=lo+v_cap;
C_vcap=CIl-A*inv(A"*inv(CI)*A+Ac"*Ac)*A";
C_lcap=CI-C_vcap;
R=C_vcap*inv(Cl);
TracR=round(trace(R));
for 1=1:n
sd_lcap(i)=sqgrt(C_lcap(i,i));
di(1)=R(i,1);

end

%Print resulte

fprintf("%s %g\n", "Degree of freedom (Trace R): ",TracR);
fprintf("\n")

fprintf("%s %g\n*, "Number of iteration: ",lteration);
fprintf("\n")

fprintf("%s %0.3F %s\n","Sigma0 cap: ",Sigma02_cap,TestResult);
fprintf(°\n%)

disp(” X_cap sd _Xcap sd_cap Xcap®)

disp(C----————————— )

for 1=1:u
fprintf("%10.3T%10.3F%10.3F\n" ,X _cap(i),sd_Xcap(i),sd cap Xcap(i));

end

fprintf("\n")

disp(” lo v_cap I _cap sd._lIcap di ")

disp"---————————— D)

for i=1:n

fprintf("%10.31%10.3T%10.31%10.3f%10.2F\n", lo(i),v_cap(i),l_cap(i),sd_Ica
p(1),di(i));

end

%Plot

t=0:0.1:2*pi;

Xp(1)=XB; Yp(1)=YB;

k=2;

for i=1:2:u
Xp(k)=X_cap(i);
Yp(k)=X_cap(i+l);

hold on

sx2=Ccap_ xcap(i,i);

sy2=Ccap_xcap(i+1l,i+l);

sxy=Ccap_xcap(i,i+l);
K=sqrt(chi2inv(1l-Alfa,2))*MapScale;
a=K*sqrt((sx2+sy2+sqrt((sx2-sy2)"2+4*sxy”"2))/2);
b=K*sqrt((sx2+sy2-sqrt((sx2-sy2)"2+4*sxy"2))/2);
teta=atan(2*sxy/(sx2-sy2))/2;

u=a*cos(t);
v=b*sin(t);
x=Xp(k)+u.*cos(teta)-v.*sin(teta);
y=Yp(k)+u.*sin(teta)+v.*cos(teta);
plot(x,y);
k=k+1;

end
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Xp(K)=XE; Yp(K)=YE;

plot(Xp,Yp, " --ro","LineWidth",2, ...
"MarkerkdgeColor®, k", ...
"MarkerFaceColor®,"g", ...
"MarkerSize*,5)

grid on

axis equal;

title("Funtional constraints adjustment program®, "fontsize~®,12)

Degree of freedom (Trace R): 4
Number of iteration: 2
Sigma0 cap: 8.736 < Test failed >

X_cap sd_Xcap sd_cap_ Xcap

8231.212 0.002 0.006

2347.807 0.007 0.022

7982.395 0.011 0.034

2239.727 0.007 0.022

lo V_cap 1 _cap sd_Icap di

3.018 0.000 3.018 0.000 0.70
3.235 -0.000 3.235 0.000 0.30
3.638 -0.000 3.638 0.000 0.31
3.582 -000 3.582 0.000 0.68

281.832 0.080 281.912 0.002 0.99

271.300 -0.024 271.276 0.011 0.52

274.100 -0.016 274.084 0.011 0.49

>>
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Funtional consiraints adiustrment program

2500
2400

2300

2200

Ty 57H ) X TR, o ................. s .................................. ............

DO s v PR ................. ................ .................................. ............

|
7800 7900 8000 8100 8200 8300 8400

b Cawl pal s b5 35MM 4 16MM jl Job &8> puass b 45 3900 35 b Cans

Degree of freedom (Trace R): 4
Number of iteration: 2

Sigma0 cap: 3.355 < Test passed >

X_cap sd_Xcap sd _cap Xcap

8231.213 0.002 0.004

2347 .803 0.008 0.015

7982.413 0.023 0.043

2239.729 0.008 0.014

lo V_cap 1 _cap sd_lIcap di

3.018 0.000 3.018 0.000 0.65
3.235 -0.000 3.235 0.000 0.29
3.638 -0.000 3.638 0.000 0.30
3.582 0.000 3.582 0.000 0.63

281.832 0.081 281.913 0.002 1.00
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271.300 -0.042 271.258 0.023 0.58
274.100 0.002 274.102 0.023 0.56

>>

:(Unified approach and parameter constraints) S juw gol> Je

F(x,) =0 ASX+BU+W =0
F.(x,1) =0 = {A089?+Bcﬁc+Wc =0
X=x°+6x=x+17, X —0+f,=0

A B 0 017[D w
A.|é6x+|0 B. of|P|+[Wf=0
i 0 0 -—1llo, fx

AdX +BU + W =

88 =-N"U=WN+N.+P)Y(U+U, +P.f)



