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Random error generation

clear all
close all

clc
load ('TRACKS 10.mat")
errmax=[0.02 0.05 0.10 0.20 0.407];

for i=l:length(TRACKLIST_PROJ)
for k=l:length (errmax)
rmax=errmax (k) ;

I~

s1l=["'DATA(:,1)="' char (TRACKLIST PROJ(i)) '.Est;']; eval(sl);
s2=["'DATA(:,2)=" char (TRACKLIST PROJ(i)) '.Nord;']; eval(s2);
s3=["'DATA(:,3)="' char (TRACKLIST PROJ(i)) '.H;']; eval(s3);
[sizel,size2]=size (DATA) ;

err=randn (sizel, 2);

DIFFX err=max(err(:,1))-min(err(:,1));

DIFFY err=max(err(:,2))-min(err(:,2));
DIFF=max (DIFFX err,DIFFY err);

scale=(2*rmax) /DIFF;

err=scale*err;

DATA2 (:,1)=DATA(:,1)+err(:,1);

DATA2 (:,2)=DATA(:,2)+terr (:,2);

DATA2 (:, 3)=DATA(:,3);

name=char (TRACKLIST PROJ (1))

name (length (name) )=1[1];

name (length (name) )=[1;

s4=[name num2str (rmax*100) '.Est=DATA2(:,1);"']; eval (s4);
s5=[name num2str (rmax*100) '.Nord=DATAZ2 (:,2);"']; eval (s5);
s6=[name num2str (rmax*100) '.H=DATA2(:,3);']l; eval (so6);
s7=[name num2str (rmax*100) '.Random=err, 1; eval (s7);

clear DATA DATAZ
end
end
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for

end

Local deviation angle

k—l length (TRACKLIST)

=[" DATA( ,1)="' char (TRACKLIST(k)) '.Est;']l; eval(sl);
=['DATA(:,2)=" char (TRACKLIST (k)) '.Nord;']l; eval(s2);
=['DATA(:,3)=" char (TRACKLIST(k)) '.H;']; eval(s3);

[sl,sZ] 51ze(DATA);
for i=2:s1-1

x1=DATA (i-1,1);

y1=DATA (i-1,2);

x2=DATA (i,1);

y2=DATA(1,2);

x3=DATA (i+1,1);

y3=DATA (i+1,2);

dl=sqgrt ((y2-y1) "2+ (x2-x1)"2);

d2=sqgrt ((y3-y2) "2+ (x3-x2)"2) ;

% calcolo thetal2

deltabE=x2-x1;

deltaN=y2-yl;
thl2=atan ((x2-x1)/(y2-yl))*180/pi;

if deltaN<0 && deltaE>0
thl2=th12+180;

elseif deltaN>0 && deltaE<O
thl2=thl12+360;

elseif deltaN<0 && deltaE<O
thl2=th12+180;

end

% calcolo theta23

deltabE=x3-x2;

deltaN=y3-y2;

th23=atan ((x3-x2)/(y3-y2))*180/pi;

if deltaN<0 && deltakE>0
th23=th23+180;

elseif deltaN>0 && deltakE<O0
th23=th23+360;

elseif deltaN<0 && deltakE<O0
th23=th23+180;

end
% calcolo angolo di deviazione
dev (1)=th23-thl2;

end
dev (1) =NaN;
dev (sl)=NaN;

sd4=[char (TRACKLIST (k)) '.Dev Angle=dev'';']; eval(s4);

clearvars -except ENDPTS STRPTS TRACKLIST TRACKLIST PROJ TRACKS

[vo



[ob



Local curvature with polynomial fitting

A

clear all

close all

clc

load TRACKS 13.mat;

set (0, 'defaulttextinterpreter', 'none');
wtl=waitbar (0, char (TRACKLIST (1)));

wt2=waitbar (0, "Attendere prego...');
pos_wl=get (wtl, 'position');

pos_w2=[pos wl(l) pos wl(2)-2*pos wl(4) pos wl(3) pos wl(4)];
set (wt2, 'position',pos w2);

sp=[2 4 6 8 101];
% sp=[8 10];
% sp=4;
gg=3;
tic
for a—l'length(TRACKLIST)
=['DATA(:,1)=" char (TRACKLIST (a)) '.Est;']; eval(sl);
=["'DATA(:,2)=" char (TRACKLIST (a)) '.Nord;']l; eval(s2);
=['DATA(:,3)=" char (TRACKLIST(a)) '.H;'],; eval(s3);
[sl,sZ] 51ze(DATA);
for b=1l:1length(sp)
spa=sp (b) ;
waitbar (a/length (TRACKLIST),wtl, [char (TRACKLIST (a)) ' - Fin. mobile:
' num2str (spa*2+1) ' epoche.']);

for c=l+spa:sl-spa
waitbar (c/ (sl-2*spa),wt2);

e=1;
for d=c-spa:ctspa %coords acquisition around “i”, width “sp”
X (e)=DATA(d,1);
Y (e)=DATA (d,2) ;
Z (e)=DATA(d, 3) ;
e=e+l;
end
foX=X (1) ;
foYy=Y (1) ;
foz=72(1);
X=X-X(1); % starting point east as origin
Y=Y-Y (1) % starting point north as origin
Z=7Z-72(1); $starting point elevation as origin

%$local system application
ang=atan2 ((Y(2*spa+l)-Y (1)),
rotmatrix=[cos (ang) sin(ang); -sin(ang) cos(ang)
for f=1:length (X)

NewPt (f, :)=(rotmatrix* [X(f);Y(f)])'; %new rotated coords.
end
Xrot=NewPt (:,1);
Yrot=NewPt (:,2);

(X(2*spa+tl))-X(1l)); % rot. angle
] $rot. matrix
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$polynomial evaluation in local system, and curvature
P=polyfit (Xrot,Yrot,gqg); $fitting polynomial coeff. and errors
Pl=polyder (P); $first derivative coeff.
P2=polyder (P1l); $second derivative coeff.
dl=polyval (Pl,Xrot (length (Xrot)-spa)); %$1lst deriv. in central.pt.
d2=polyval(P2,Xrot(length(Xrot) -spa)); %2nd deriv. in central.pt.
Pcurv (b, c)=-d2/ ((1+d1"2)"~(3/2) $curvature evaluation
end
for g=l:spa
Pcurv (b, g)=NaN; %initial point curvature denial
end
for m=sl-spatl:sl
Pcurv (b, m)=NaN; % final point curvature denial
end
end
Pcurv=Pcurv';

o)

% curvature vector storage in various tracks

sd4=[char (TRACKLIST (a)) '.PolCurv=Pcurv;']; eval(s4);
sd4=[char (TRACKLIST (a)) .PolCurv_2g 03Pts=Pcurv(:,1);']; eval(s4);
sb5=[char (TRACKLIST (a '.PolCurv_3g_05Pts Pcurv (:, ;'1; eval(s5);

) 1)
s6=[char (TRACKLIST (a)) '.PolCurv 3g 09Pts=Pcurv(:,2); ; eval (s6);
s7=[char (TRACKLIST (a)) '.PolCurv 3g 13Pts=Pcurv(:,3); ; eval(s7);
) 4);
) 5);

1:
1:
1:
s8=[char (TRACKLIST (a '.PolCurv_3g 17Pts=Pcurv(:, ;'1; eval(s8);
"1
O

—_ — — ~—

s9=[char (TRACKLIST (a) '.PolCurv_3g 21Pts=Pcurv(: ; eval(s9);
clearvars -except ENDPTS STRPTS TRACKLIST TRACKLIST SHOT TRACKLIST PROJ

TRACKS a b cde f gm sp gg wtl wt2

end

close (wtl)

close (wt2)

time=toc;

hours=fix (time/3600)

minutes=fix (time/60)-hours*60;
seconds=time-3600*hours-60*minutes;

msg=
tracciati.\nTempo necessario: ' num2str (hours)

sprintf (['Sono stati elaborati correttamente ' num2str (length (TRACKLIST))
' ore, ' num2str (minutes) '

minuti, ' num2str(seconds) ' secondi.']):;
h=msgbox (msg, 'Elaborazione conclusa', '"help'");
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Local curvature with axis methodology

A

clear all

close all

clc

load TRACKS 13.mat;

for k—l'length(TRACKLIST)

=['DATA(:,1)=" char (TRACKLIST(k)) '.Est;']; eval(sl);
=['DATA(:,2)=" char (TRACKLIST (k)) '.Nord;']l; eval(s2);
=['DATA(:,3)=" char (TRACKLIST(k)) '.H;']; eval(s3);

[sl,sZ] 51ze(DATA);
for i=2:s51-1
x1=DATA (1i-1,1);
y1=DATA (i-1,2);
z1=DATA (i-1,3);
x2=DATA(1,1) ;
y2=DATA(1i,2);
z2=DATA (1, 3);
x3=DATA(1+l 1)
y3=DATA (i+1,2);
z3=DATA (i+1, 3) ;

m3=(x1-x2)/ (y2-yl); % 1lst segment angular coefficient
md=(x2-x3)/ (y3-y2); % 2nd segment angular coefficient
xmpl=(x1+x2)/2; % medium first point coords. (x)
ympl=(yl+y2)/2; % medium first point coords. (y)
xmp2=(x2+x3) /2; % medium second point coords. (x)
ymp2=(y2+y3)/2; % medium second point coords. (y)

kl=-m3*xmpl+ympl;

k2=-md*xmp2+ymp2;

CtPtx=(k2-k1l)/ (m3-m4) ;
CtPty=m3*CtPtx+kl;

rl=sqgrt ( (CtPtx-x1) "2+ (CtPty-yl)"2);
r2=sqrt ( (CtPtx-x2) "2+ (CtPty-y2)"2);
r3=sqrt ( (CtPtx-x3) "2+ (CtPty-y3)"2);
—(rl+r2+r3)/3;

curv (i)=1/r;
% curve orientation evaluation
thl2=atan ((x2-x1)/ (y2-y1l))*180/pi; % azimut 1lst to 2nd point

if (x2-x1)>0 && (y2-yl1l)<O0
thl12=th12+180;

elseif (x2-x1)<0 && (y2-y1)<O0
thl2=th12+180;

elseif (x2-x1)<0 && (y2-yl1l)>0
thl2=th12+360;

end

th23=atan ( (x3-x2)/ (y3-y2))*180/pi; $ azimut 2nd to 3rd point

if (x3-x2)>0 && (y3-y2)<0
th23=th23+180;

elseif (x3-x2)<0 && (y3-y2)<0
th23=th23+180;

elseif (x3-x2)<0 && (y3-y2)>0
th23=th23+360;
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end
if thl2>270 && th23<90 %$Northround correction
th23=th23+360;

end

if thl2>th23 % curve direction assignment
curv (i)=-curv(i);

end

end
curv (1l)=NaN;
curv (sl)=NaN;
s4=[char (TRACKLIST (k)) '.CircCurv=curv'';'"']; eval(s4d);
clear curv DATA
end

]
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Local curvature and deviation angle statistics

clear all
close all

clc

load TRACKS 14.mat;

for a=1

:length (TRACKLIST PROJ)

clear DATA sq;
s=char (TRACKLIST PROJ (a))
step=s(15);

|l

’
’

’

’

’

’

’

’

’
|

17

"1

if s(l6)~=" "
step=[step s (16)];
end
if s(17)~="_"' && s(l6)~=' "
step=[step s(17)];
end
if s(18)~=" " && s(17)~="_"' && s(16)~="'_
step=[step s(18)1;
end
step=str2num(step) *0.01;
sl=['DATA(:,1)=" s '.PolCurv 3g 05Pts;']
s2=['DATA(:,2)=" s '.PolCurv 3g 09Pts;']
s3=['DATA(:,3)=" s '.PolCurv_3g 13Pts;']
s4=['DATA(:,4)=" s '.PolCurv_3g 17Pts;"']
s5=['DATA(:,5)=" s '.PolCurv 3g 21Pts;']
s6=['DATA(:,6)=" s '.PolCurv 2g 03Pts;']
s7=['DATA(:,7)=" s '.PolCurv 2g 05Pts;"']
s8=['DATA(:,8)=" s '.PolCurv_2g 09Pts;']
s9=['DATA(:,9)=" s '.PolCurv_ 2g 13Pts;']
s10=['DATA(:,10)="' s '.PolCurv_ 2g 17Pts;
s11=['DATA(:,11)="' s '.PolCurv_2g 21Pts;
s12=['DATA(:,12)="' s '".CircCurv;']; eval(sl2);
[sizel,size2]=size (DATA) ;
for b=l:size?2
prog=NaN;
for c=l:sizel
if c==
prog=0;
else
prog=(step* (c-1));
end
found=0;
a=1;

while found==
if REAL CURV(d,1)>prog
XZZREAL_CURV(d 1),
y2=REAL7CURV(d,2);
xl=REAL7CURV(d—l,l);
yl=REAL7CURV(d—l,2);
found=1;
end
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d=d+1;
end
curvsperim=( (prog-x1)* (y2-yl)/ (x2-x1))+yl;
curvteor=DATA (c,b) ;
err (c,b)=abs (curvsperim-curvteor) ;
err (c,b)=abs (1l/curvsperim-1/curvteor) ;

o

end
end
sl=[s '.Errors Curv=err;']; eval(sl);
clear err
end

clear all

close all

clc

load TRACKS 14.mat;

for a=1:length(TRACKLIST_PROJ)
sl=['DATA=' char (TRACKLIST PROJ(a)) '.Errors Curv;']; eval(sl);
[sizel,size2]=size (DATA);
for b=l:size2

ErrParam (b, 1) =nanmean (DATA(:,b));
ErrParam (b, 2)=nanstd (DATA(:,b));
ErrParam (b, 3) =nanmax (DATA(:,b));
ErrParam (b, 4)=nanmin (DATA (:,b)) ;
end
s2=[char (TRACKLIST PROJ(a)) '.ErrParam Curv=ErrParam;']; eval(s2);

clear all

close all

clc

load TRACKS 14.mat;

for a=1:1ength (TRACKLIST PROJ)

clear DATA sqg;

s=char (TRACKLIST PROJ(a));

step=s (15);

if s(le)~="_"
step=[step s(16)];

end

if s(17)~="_" && s(l6)~="'_"
step=[step s(17)];

end

if s(18)~=' ' && s(17)~="_" && s(16)~="' "
step=[step s(18)];

end

step=str2num(step) *0.01;

sl=['DATA=' s '.Dev Angle;']; eval(sl);

sizel=length (DATA) ;

for c=l:sizel

if c==
prog=0;
else
prog=(step* (c-1));
end
found=0;
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da=1;
if step==0.5
stk=2;
elseif step==
stk=3;
elseif step==
stk=4;
elseif step==
stk=5;
elseif step==10
stk=6;
elseif step==15
stk=7;
elseif step==20
stk=8;
end
while found==
if REAL DEV (d, 1) >prog
x2=REAL DEV(d,1);
y2=REAL DEV (d, stk) ;
x1=REAL DEV(d-1,1);
y1=REAL DEV (d-1,stk);
found=1;
end
d=d+1;
end
devsperim=( (prog-x1)* (y2-yl)/ (x2-x1))+yl;
devteor=DATA (c) ;
err (c)=abs (devsperim-devteor) ;

% err (c,b)=abs (1/curvsperim-1/curvteor) ;
end
sl=[s '.Errors Dev=err'';']; eval(sl);
clear err

end

clear all

close all

clc

load TRACKS 14.mat;

for a=1:length (TRACKLIST PROJ)

sl=['DATA=' char (TRACKLIST PROJ(a)) '.Errors Dev;']; eval(sl);

ErrParam(1)=nanmean (DATA) ;

ErrParam(2)=nanstd (DATA) ;

ErrParam (3)=nanmax (DATA) ;

ErrParam(4)=nanmin (DATA) ;

s2=[char (TRACKLIST PROJ(a)) '.ErrParam Dev=ErrParam'';']; eval(s2);
end
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Design-based grouping

A

clear all

close all

clc

load TRACKS 14.mat;

set (0, 'defaulttextinterpreter', 'none');
wtl=waitbar (0, char (TRACKLIST PROJ(1)));
wt2=waitbar (0, "Attendere prego...');
pos_wl=get (wtl, 'position');

pos w2=[pos wl(l) pos wl(2)-2*pos wl(4) pos wl(3) pos wl(4)];
set (wt2, 'position',pos w2);

tic
for a=l:length(TRACKLIST_PROJ)
S=char(TRACKLIST_PROJ(a));
sl=[s '".PROJ SEGM.ABSTRACT=zeros(25,7);"']; eval(sl);
sll=[s '.PROJ SEGM.ABSTRACT (:,1)=linspace(1,25,25)"';"']; eval(sll);
waitbar(a/length(TRACKLIST_PROJ),wtl,char(TRACKLIST_PROJ(a)));
for b=1:1length (GEOM VERTEX)
waitbar (b/length (GEOM VERTEX) ,wt2);
x1=GEOM VERTEX (b,1); %B-th element start point (x1)
y1=GEOM VERTEX (b, 2); %B-th element start point (yl)
x2=GEOM VERTEX (b, 3) ; $B-th element end point (x2)
y2=GEOM VERTEX (b, 4) ; $B-th element end point (y2)
closerSTART=9999999999999999999; S%$starting distance = infinite
closerEND=9999999999999999999; %starting distance = infinite
STARTpos=0;
ENDpos=0;
s2=['lung=length (' s ".Est);'"']; eval(s2);
for c=1:1lung
s3=["xtr="' s '.Est(c);
s4=['ytr=' s '.Nord(c);
distl=sqgrt ((xtr-x1)"2+
dist2=sqgrt ((xtr-x2) "2+
if distl<closerSTART
STARTpos=c;
closerSTART=distl;

"]1; eval(s3); %c-th track point

;'1; eval(s4d); %Sc-th track point
(ytr-yl)~2); Sb-th point distance
(ytr-y2)"2); Sb-th point distance

end
if dist2<closerEND
ENDpos=c;
closerEND=dist2;
end
end
s5=[s '.PROJ SEGM.ABSTRACT (b,2)=STARTpos;']; eval(s5);
sb=[s '.PROJ_SEGM.ABSTRACT(b,S)ZENDpos,']; eval (s06) ;
s7=[s '.PROJ SEGM.ABSTRACT (b,4)="' s '.Est (STARTpos);']; eval(s7);
s8=[s '.PROJ SEGM.ABSTRACT (b,5)="' s '.Nord(STARTpos);']; eval(s8);
s9=[s '.PROJ SEGM.ABSTRACT (b,6)="' s '.Est (ENDpos);']; eval(s9);
sl0=[s ' .PROJ_SEGM.ABSTRACT (b, 7)="' s '.Nord(ENDpos);']; eval (s10);

for d=STARTpos:ENDpos
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sll=[s '.PROJ SEGM.ELEMENT ' num2str(b) ' (d-STARTpos+l,1)=" s
'.Est(d);'"]; eval(sll);

sl2=[s '.PROJ_SEGM.ELEMENT_' num2str (b) ' (d-STARTpos+1,2)
'.Nord(d);']; eval(sl?);

end
end

end
close (wtl)
close (wt2)
time=toc;
hours=fix (time/3600) ;
minutes=fix (time/60)-hours*60;
seconds=time-3600*hours-60*minutes;

''s

msg=sprintf (['Sono stati elaborati correttamente '

num2str (length (TRACKLIST PROJ)) ' tracciati.\nTempo necessario: '
num2str (hours) ' ore, ' num2str (minutes) ' minuti, ' num2str (seconds) '
secondi.']);

h=msgbox (msg, 'Elaborazione conclusa', 'help');
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Least squares, Landan and Huber fitting

A

clear all

close all

clc

load TRACKS 15.mat;

for a=1l:1length (TRACKLIST PROJ)
s=char (TRACKLIST PROJ (a))
for b=1:1ength (GEOMETRY) S%$tangents/curve 1lst research cycle

if strcmp (GEOMETRY (b), 'Rettifilo')==1
sl=['X=' s '.PROJ SEGM.ELEMENT ' numZstr(b) '(:,1);"']; eval(sl);
s2=['Y=' s '.PROJ SEGM.ELEMENT ' numZstr(b) '(:,2);"']; eval(s2);

if length (X)>2
X=X-386887.4198; %local coordinates application
Y=Y-4979559.0127; %local coordinates application
A=[X ones(length(X),1)]; %design matrix for tangents

T=Y; $tangent known term vector
P=eye (length (X)) ; $weight matrix (identity)
else
s3=[s '.PROJiSEGM=rmfield(' s '.PROJisEGM,"ELEMENTi'
num2str(b) '"'');"']; eval(s3); %erase old array structure
s4=[s '.PROJ SEGM.El ' numZ2str(b) '.Est=X+386887.4198;"];
eval (s4); %storing x in “Est” vector
s5=[s '.PROJ SEGM.El ' num2str(b) '.Nord=Y+4979559.0127;"];
eval (s5); %storing y in “Nord” vector
s6=[s '.PROJ SEGM.El ' numZ2str(b) '.LS.Error=''Not enough
points'';']; eval(s6); %saving a, b in Par vector
end
elseif strcmp (GEOMETRY (b), 'Curva')==1
sl=['X=' s '.PROJ SEGM.ELEMENT ' numZstr(b) '(:,1);"']; eval(sl);
s2=['Y=' s '.PROJ SEGM.ELEMENT ' numZstr(b) '(:,2);"']; eval(s2);

if length(X)>3
X=X-386887.4198;
Y=Y-4979559.0127;
A=[X Y ones(length(X),1)]; %design matrix on curves
T=-X."2-Y."2; %$known term on curves
P=eye (length (X)) ; $weight matrix (identity)

else
s3=[s '.PROJ SEGM=rmfield(' s '.PROJ SEGM,''ELEMENT '
num2str(b) "'"'');"']; eval(s3); S%erase old array structure
s4=[s '.PROJ SEGM.El ' num2str(b) '.Est=X+386887.4198;"];
eval(s4); %storing x in “Est” vector
s5=[s '.PROJ SEGM.El ' num2str(b) '.Nord=Y+4979559.0127;"];
eval (s5); %storing y in “Nord” vector
s6=[s '.PROJ SEGM.El ' num2str(b) '.LS.Error=''Not enough
points'';']; eval(s6); %Serror message saving
end
end

if exist ('A', 'var'")
[x,Cxx,v]=LS(A,T,P);
if length(x)==2 %if is tangent (2 parameters: a, Db)
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s7=[s '.PROJ SEGM=rmfield(' s '.PROJ SEGM, ''ELEMENT '

num2str(b) '"''");']; eval(s7); %erase old array structure

s8=[s '.PROJ SEGM.El ' num2str(b) '.Est=X+386887.4198;"];
eval (s8); %storing x in “Est” vector

s9=[s '.PROJ SEGM.El ' num2str(b) '.Nord=Y+4979559.0127;"'];
eval (s9); S%storing y in “Nord” vector

s10=[s '.PROJ SEGM.El ' numZ2str(b) '.LS.Par=x;']; eval(slO0);
%$saving a,b in Par vector

sll=[s '.PROJ SEGM.El ' num2str(b) '.LS.Cxx=Cxx;'];
eval (sll); % saving a,b accuracy in vector Prec

sl2=[s '.PROJ SEGM.El ' numZ2str(b) '.LS.v=v;']; eval(sl2);
%saving accuracy vector

elseif length(x)==3 %if is curve (3 parameters: a,b and c)

s7=[s '.PROJ_SEGM=rmfield(' s '.PROJ_SEGM,"ELEMENT_'
num2str(b) '"''");"']; eval(s7); %erase old array structure

s8=[s '.PROJ SEGM.El ' num2str(b) '.Est=X+386887.4198;"];
eval (s8); %storing x in “Est” vector

s9=[s '.PROJ SEGM.El ' num2str(b) '.Nord=Y+4979559.0127;"'];
eval (s9); %storing y in “Nord” vector

s10=[s '.PROJ SEGM.El ' numZstr(b) '.LS.Par=x;']; eval(sl0);

%$saving a,b,c in Par vector

sll=[s '.PROJ SEGM.El ' numZstr(b) '.LS.Cxx=Cxx;'];
eval (sl1ll); % saving a,b,c accuracy in vector Prec

sl2=[s '.PROJ SEGM.El ' numZ2str(b) '.LS.v=v;']; eval(sl2);

%$saving accuracy vector
Cen=[(-x(1)/2)+386887.4198; (-x(2)/2)+4979559.01277;
%ctr.coord

Rad=sqgrt ((-x(1)/2) "2+ (-x(2)/2)"2-x(3)); Sradius=Xc"2+Yc"2-c
s1l3=[s '.PROJ SEGM.El ' numZ2str(b) '.LS.Cen=Cen;'];
eval (s13); %saving center coords
sl4=[s '.PROJ SEGM.El ' numZstr(b) '.LS.Rad=Rad;'];
eval (s14); %saving radius
end
end
clear AT P x Cxx v X Y Cen Rad
end
for d=1l:1length (GEOMETRY) %2nd cycle to search clothoids
if strcmp (GEOMETRY (d), 'Clotoide')==
sl5=["X="' s '.PROJisEGM.ELEMENTi' num2str(d) "(:,1);"];
eval (s15);
slé=['Y=" s '.PROJ SEGM.ELEMENT ' num2str(d) '(:,2);"];
eval (sl06);
if strcmp (GEOMETRY (d-1), 'Rettifilo')==1

sl7=["exRett=isfield (' s '.PROJ SEGM.El ' numZstr(d-1)
'.LS,"'Par'");']l; eval(sl?);

sl8=['exCurv=isfield (' s '.PROJ SEGM.El ' num2str (d+1)
'.LS,"'Rad'");']; eval(sl8);

if exCurv==1 && exRett==

sl9=['a="' s '.PROJ SEGM.El ' num2str(d-1) '.LS.Par(l);'];
eval (s19);

b=-1;

s20=['c=" s '.PROJ SEGM.El " num2str(d-1) '.LS.Par(2);"'];
eval (s20) ;

s21=['R="'" s '.PROJ SEGM.El ' num2str(d+1l) '.LS.Rad;'];
eval (s21);

s22=["'Cen="' s '.PROJ SEGM.El ' num2str(d+l) '.LS.Cen;'];

eval (s22);
end
elseif strcmp (GEOMETRY (d+1), 'Rettifilo')==
sl7=["exRett=isfield (' s '.PROJ SEGM.El ' num2str (d+1l)
'.LS,"'Par'");"']; eval(sl7);
sl8=['exCurv=isfield (' s '.PROJ SEGM.El ' num2str(d-1)
'.LS,"'Rad'"");"']; eval(sl8);

168



if exCurv==1 && exRett==

sl9=["'a="' s '.PROJ SEGM.El ' num2str(d+1l) '.LS.Par(l);'];
eval (s19);

b=-1;

s20=["'c=" s '".PROJ SEGM.El ' num2str(d+l) '.LS.Par(2);'];
eval (s20);

s21=['R=" s '.PROJ SEGM.El ' num2str(d-1) '.LS.Rad;'];

eval (s21);

s22=["'Cen=" s '.PROJ SEGM.El " num2str (d-1)

eval (s22);
end
end
if exist('Cen', 'var')
Xm=Cen (1) -386887.4198;
Ym=Cen (2) -4979559.0127;

dist=abs ((a*Xm+b*Ym+c) /sqrt (a”2+b"2)); %line-point distance
deltaR=dist-R; %”scostamento”

if deltaR>0
A=nthroot (24* (R"3) *deltaR, 4);

s23=[s '.PROJ SEGM=rmfield(' s

evaluation

'.LS.Cen;"'];

%$scale factor evaluation

' .PROJ_SEGM, ' '"ELEMENT '

num2str(d) ''');']; eval(s23); %erase old array structure

s24=[s '.PROJ SEGM.El ' num2str(d) '.Est=X;']; eval(s24);
%$storing x in “Est” vector

s25=[s '.PROJ SEGM.El ' numZstr(d) '.Nord=Y;'];
eval (s25); %storing y in “Nord” vector

s26=[s '.PROJ SEGM.El ' num2str(d) '.LS.A=A;'];
eval (s26); %scale factor storage

s27=[s '.PROJisEGM.Eli' num2str(d) '.LS.dR=deltaR;'];
eval (s27); %”scostamento” storage

else

s23=[s '.PROJ SEGM=rmfield(' s '.PROJ SEGM, ''ELEMENT '
num2str(d) "''');']l; eval(s23); %cancello la vecchia struttura dell'array

s24=[s '.PROJ SEGM.El ' numZstr(d) '.Est=X;']; eval(s24);
$storing x in “Est” vector

s25=[s '.PROJ SEGM.El ' numZstr(d) '.Nord=Y;'];

eval (s25); %storing y in “Nord” vector

s26=[s '.PROJ SEGM.El ' num2str (d)

negative!'';']1; eval(s26); %scale factor storage
end
else

s23=[s '.PROJ SEGM=rmfield(' s '.PROJ SEGM, ''ELEMENT '
num2str(d) ''');']l; eval(s23); %erase old array structure

s24=[s '.PROJ SEGM.El ' num2Zstr (d)
$storing x in “Est” vector

s25=[s '.PROJ SEGM.El ' numZstr (d)
%$storing y in “Nord” vector

s26=[s '.PROJ SEGM.El ' num2str (d)

'.Est=X;"']; eval(s24);
'".Nord=Y;'"']; eval(s25);

'.LS.Error=""'Adjacent

elements not defined properly'';']l; eval(s26); S%Serror storage

end
end
clear a b ¢ R Cen Xm Ym dist deltaR A
end
end

'.LS.Error="'deltaR is
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clear all

close all

clc

load TRACKS 18.mat;

for a=1:1length (TRACKLIST SURV)
s=char (TRACKLIST SURV (a));
for b=3:length (GEOMETRY) %tangents and curve research
if strcmp (GEOMETRY (b), 'Rettifilo')==
sl=['X=' s '.PROJ SEGM.El ' num2str(b) '.Est;'"]
s2=['Y=' s '.PROJ SEGM.El ' num2str(b) '.Nord;'
if length (X)>2
X=X-386887.4198; %local coordinates system
Y=Y-4979559.0127; Slocal coordinates system
A=[X ones (length(X),1)]; $tangent design matrix
T=Y; %tangent known vector
P=eye (length (X)) ; $weight matrix (identity)

; eval(sl);
1; eval(s2);

else
s6=[s '.PROJ SEGM.El ' numZstr(b) '.HB.Error=''Not enough
points'';']; eval(s6); %error message: too few points
end
elseif strcmp (GEOMETRY (b), 'Curva')==
sl=["'X=' s '.PROJ SEGM.El ' num2str(b) '.Est;']; eval(sl);
s2=['Y=' s '.PROJ SEGM.El ' numZstr(b) '.Nord;']; eval(s2);

if length(X)>3
X=X-386887.4198;
Y=Y-4979559.0127;
A=[X Y ones(length(X),1)]; %curves design matrix
T=-X."2=-Y."2; $curves known vector

P=eye (length (X)) ; Sweight matrix (identity)
else
s6=[s '.PROJ SEGM.El ' numZ2str(b) '.HB.Error=''Not enough
points'';']; eval(s6); %error message: too few points

end
end
if exist ('A','var')
[x,stats]=huber (A, T):;
[sizel,size2]=size (A);
if size2==2 Stangent: design matrix has 2 columns (a,b)

s10=[s '.PROJ SEGM.El ' num2str(b) '.HB.Par=x;']; eval(sl0);

%saving a,b in Par vector
sll=[s '.PROJ SEGM.El ' numZstr(b) '.HB.Stats=stats;'];
eval (sll); %saving statistics in vector Stats
elseif size2==3 Scurve: design matrix has 3 columns (a,b,c)

s10=[s '.PROJ SEGM.El ' num2str(b) '.HB.Par=x;']; eval(sl0);

%$saving a,b,c in Par vector
sll=[s '.PROJ SEGM.El ' numZ2str(b) '.HB.Stats=stats;'];
eval (sll); %saving statistics in vector Stats
Cen=[(-x(1)/2)+386887.4198; (-x(2)/2)+4979559.0127];

%$ctr.coord

Rad=sqgrt ((-x(1)/2) "2+ (-x(2)/2)"2-x(3)); Sradius=Xc"2+Yc"2-c
s1l3=[s '.PROJ SEGM.El ' numZstr(b) '.HB.Cen=Cen;'];
eval (s13); %center coordinate storage
sld4=[s '.PROJ SEGM.El ' num2str(b) '.HB.Rad=Rad;'];
eval (s1l4); %radius storage
end
end
clear A T P stats x X Y Cen Rad

end
for d=3:1length (GEOMETRY) %2nd cycle searching clothoids
if strcmp (GEOMETRY (d), 'Clotoide') ==
sl5=["'X="'" s '.PROJ SEGM.El ' num2str(d) '.Est;']; eval(sl));
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' HB, ''Par'

'.HB, ''Rad’

eval (s19);

eval (s20);
eval (s21);

eval (s22);

' HB, ''Par'

' HB, ''Rad’

eval (sl19);

eval (s20);
eval (s21);

eval (s22);

sle=['Y=" s

'.PROJ SEGM.E1 '

num2str (d)

if strcmp (GEOMETRY (d-1), 'Rettifilo')==
sl7=["'exRett=isfield (' s

)1

eval (sl1l7);

s1l8=['exCurv=isfield (' s

)1

eval (s18);

if exCurv==1 && exRett==

sl9=['a=" s
b=-1;
s20=["c=" s
s21=["'R=" s
s22=["'Cen="' s

end

'.PROJ SEGM.E1 '

' .Nord; '];

eval (sl6);

'.PROJ SEGM.ELl ' num2str(d-1)

'.PROJ SEGM.ELl " num2str (d+1)

'.PROJ SEGM.ELl " num2str(d-1)

num2str (d-1)

'.PROJ SEGM.ELl " num2str (d+1)

elseif strcmp (GEOMETRY (d+1), 'Rettifilo')==
sl7=['exRett=isfield (' s

") '1

eval (sl17);

sl8=['exCurv=isfield (' s

DI

eval (s18);

if exCurv==1 && exRett==

sl9=['a="' s
b=-1;
s20=["c=" s
s21=['R="' s
s22=["'Cen=" s
end
end

if exist('Cen', 'var'")
Xm=Cen (1) -386887.4198;
Ym=Cen (2)-4979559.0127;

dist=abs ((a*Xm+b*Ym+c) /sqrt (a”2+b"2)) ;

deltaR=dist-R; %”scostamento”

if deltaR>0
A=nthroot (24* (R"3) *deltaR, 4);

'.PROJ _SEGM.El ' num2str (d+1)

HB.Par(1);'];

HB.Par(2);'1;

.HB.Rad; '];

'.HB.Cen;'];

'.PROJ SEGM.El ' num2str (d+1)

'.PROJ SEGM.ELl ' num2str(d-1)

'.PROJ SEGM.ELl " num2str (d)

'.PROJ SEGM.ELl " num2str (d)

s26=[s
eval (s26); %scale factor storage
s27=[s '.PROJ SEGM.El '
eval (s27); %”scostamento” storage
else
s26=[s
negative!'';']; eval(s26); %saving scale factor
end
else
s26=[s

elements not defined properly'';']l;

end

end

'.PROJ SEGM.ELl " num2str (d)
eval (s26);

clear a b ¢ R Cen Xm Ym dist deltaR A

end
end

num2str (d)

'.PROJ SEGM.El ' num2str (d+1)

'.PROJ SEGM.ELl " num2str (d+1)

'.PROJ SEGM.El ' num2str (d-1)

'.PROJ SEGM.ELl " num2str(d-1)

HB.Par(1);'];

HB.Par(2);'1:;

.HB.Rad; '];

'.HB.Cen;"'];

%line-point distance
evaluation

' .HB.dR=deltaR;'];

'.HB.Error='"'"'Adjacent
%error comunication

%$scale factor evaluation
'.HB.A=A;"'];

' .HB.Error=''deltaR is
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clear all

close all

clc

load TRACKS 18.mat;

for a=1:length (TRACKLIST SURV)
s=char (TRACKLIST SURV (a));

for b=3:length (GEOMETRY) $curve research
if strcmp (GEOMETRY (b), 'Curva')==1
sl=['X=' s '.PROJ SEGM.El ' num2str(b) '.Est;']; eval(sl);
s2=['Y=' s '.PROJ SEGM.El ' num2str(b) '.Nord;']; eval(s2);

if length (X)>3
X=X-386887.4198;
Y=Y-4979559.0127;
[xc,yc,Rad]=landau(X,Y) ;
Cen=[xc+386887.4198,yc+4979559.0127];

s3=[s '.PROJ SEGM.El ' numZstr(b) '.LD.Cen=Cen;']; eval(s3);
%$center coordinate storage
s4=[s '.PROJ SEGM.El " num2str(b) '.LD.Rad=Rad;']; eval(sd);
%radius storage
else
sb5=[s '.PROJ SEGM.El ' numZ2str(b) '.LD.Error=''Not enough
points'';']; eval(s5); %error message: too few points
end
end
clear X Y Cen Rad

end
end

[72



73

ViEW

Random errors detailed

£ & e
(8] ol o b1
.
S SR e S
. N T LI s
o o 0 e
BER RIERE NS LRIV .
. owo shee' s A°wa™ 3% o
e 334,
r \O.uo e
e |3 soed S
e " A . .
. Ooo ¢ *°q oo .
Soep® . e
Ve A~
5 T
. e, < s .
[~ Y ) oW . =N 7o)
Do oo Jol o Qe £
o ° A g ‘oo
e Nl . 2
o
3 “a oLSe % o (o]
. 5 %ﬁ«. e 2
AR LR Jo A DI
. 4 e %o . o
. TR ofe % s o
d LA NG o
oo® o -3 - (g ° .
R o O
o L. s . .
. * .,
.
o IS °
o
:
= £
Q (8] .
o . s L | .
.
‘l“ .

10
L10
.

-0

A

Random error distribution — 0.5m




* . 20cm

Random error distribution — 1m

[74



0O 05
U.UOo

3 :’,,
0
“ °
"

s°

0 A
0-10
ES

S £

O (&)

. o

L |

P ° ..o. .
LY o.. .. .

...s.nﬂcg | .. .....
-‘r m . %coo

10
10

0O

*
& Sge
d .r-'l
- i
o0 o o
a=l o
o ¥V | ¥
oo 9 ¢
ol o
° .
-
o
<
<

Random error distribution — 2m

[Ty



. 20cm
L )
o
L]
b o L%
. e of
s °e
L]
:. y 'y
Ld Ll '.
. L
-0.40 .. . 0.20
o e
°
. °
.
P <
o
L)
.
.
. . °
o
0.4 0.20
0:10 Q.05
. 10cm
.
. . ° .
\ .
L] L]
° M 3 °s N
* o .
L]
- o ‘e - .o:“‘ ° : o
° )
o o ° P’ 000 4 00
<« ° g M
° 3. ® o .‘on
° . %o o] L “o.'u, .
° 0| 0o P oy o °®
,':a " ‘\ﬁ: o [° .
° xS % . o AP 'J: o°
ol [P0 Y X BP0 ooV °
KA vh" &a.‘;.g v"‘-‘ S e, °
P A I S
N e ®e¢ Q7 2% obs o0 .
e JBe® f “0‘
- L I o o _
0.10 A ool 2N000, g e ate e 0.10 | -0.05
. 3 . s 8o o [] ° L Y
. % & o ® o _ o °
. oo S X “’o‘o e o
‘.‘Q}.‘ .“Q“ 00 %o 3000 ¢ .
DR L e X4 k) o
g
o 0g® o o ° ° 3 . ¢
4 - o [o° * o
o] odee o s ° &
LI do e
. :‘o L »
o ® LI LI
L]
. ‘ .
L] L] Y
. o ®
0.10 0.05
0-02
v.UusL

02

Random error distribution — 5m

[7



; . 40cm . 20cm
LAY .d’ . » . . ‘ [ Y '.. . . :o .. L
°f 1 :.: e : J . ) .o . ......o .
hall I .o ,.".. ., .o. e L P ..“‘ .
S N Lo P B D TN (P ;
. ....:'o.. LN . d . .o‘...:o. ‘: ...h..O Ji o ®
H JY 3 \... e ] . . .'o... ..Of.‘ ... 0.' .. .
0.0 o= e 0 ¥
il T.:{T.._?_'_o‘m 020 |+ U epotee e 0.20
....OQ": b e |® . ® 1 * ....P.;o 0.0:. S Yo o ’
.O.Qq..“'o' - e o..“..o .’ LA o °
ool P I &l 3 1S IR I P IR S
.00 . o o . .:o: '..... ... :
° g ..0. Y ..o. . . . . . :. o o .o 0. . .
o . °‘. * . * . P . o: o°
P o ' °
-0.40 - : -0.20 - >
0:10 0.05
o 10cm 5cm
*s Tt
v. '-.- . L °
SR IR .
e.".oQ'o ‘o. :. .‘..O.. 0
BRA 3 ._:..'.--.-':.,_ .l
3 ..-... - “..:. ) --l T ]
. -f'j:f!.a LU .0'10
‘ .o’..ou- °
i .. .. . .‘..-..I. ..
"l T

-0:10--

0.02

-0.02

Random error distribution — 10m

71



[79

040+, 0.20+
L]
. 40cm . . 20cm
° °
.Q
® o
) ° °
LJ
L]
°
-0.40 0.40 | -0.20 0.20
L]
-0.40 - -0.20~
0.10—- 0.05
10cm 5cm
[
L]
¢ 1
-0.10 0.10 | -0.05 ° 0.05
. °
-0.10—~ -0.05 -
0.02 1
. 2cm
. ° [ o, :
° .0.00 ° ° e ot .
° &t °,
0 " '... o*::,. L] : .
. . . e .
.: S e L :a'f . °
o'o8 o % o °©
| ;. '7 . p o".c 1
-0.02 S . LA 0. 20. o LY Ve 0.02
® o0 © . ¢ o ® . e ,° .
. o .~.' . °p o
° o 9 « &
o .. ee o . .
. o e . :
-0.02 -
Random error distribution — 15m




L]
T 40cm I - 20cm
. U . ° .
° o] o .
. o
: $° ¢« ° . . T . - *e .
. . s b ° -
NEET : . C . e, * . .. .
Ad L 3 L > - d e ° v, ©
] L | ° ° [ ] ') L]
. 3 °% : :‘ v “o' *le ° "’ A= ’ : % ‘ °
ol ° . . % o o (¥4
°n ot 4 Y 3 oo 0-00 PO LA )
[, TToT 0 S . ] T T S5 o . ]
-0.40 0,00 « ° =0.40 | -0.20 o | .0.“)0' o b 0.20
¢ ) 1 MREA I % °
L} b o Te . ° . . K ool ' %
. { o o . o © .
e S - o . ° '” ‘e o e . .
4 ° . o .
0'0. %3 L - o .
b l A o
L A ° M
° L)
- L . b
-0:40-- -0.20-
0:10—+ +—0.05 1
’ ) 10cm ) 5cm
° . °
[ ] . e L] ° ° e o .
. o . N A
e . . . * ° o8 ° o e
. - | ° e .
. e ¥ o e L]
".- . . ° . ° . .
° ° ° o ®o o eogy0 M ° ° ‘
. . o ®o° °° . .'. L °®
° 5 . ° °
O0-00 [ °° o;.- © ° ‘ 2’ n'n.r:. p * o ° e ©
r 00— e " ] f . e’ W U9 . . 1
-0.10 . 2000, "L . 0.10 | -0.05 . CoDeee . 0.05
. . (1Y -, . efle e .08 °
NS . o« o e° o
° ° e o o o © oo B o
sof® o e . o . o, . .0 o
. . :. R N . ° . ° ° o
0 ! * ¢ O ’ 4 ‘ .. ‘ .. . °
° N N ° ° ° °
¢ ° °
. ° .. °
o o 4 L] .
.
°
-0.10 - .05 -
0.02 - .
< . 2cm
R ‘ Ce e .0.' o . . .
®e . .
. ¢ “': .Q. : .0, ° "
. . .. o M ®e
o Ce ‘.c .
d c e 000 Y <
T . e oo, o v % be . [N 1
-0.02 e e 5000%¢ 7 ° 0.02
. . © '. ° .
s . % o ©
. ° e 1. ®e °
- o . X} o K ° .
. . . o
-0.02 -

Random error distribution — 20m

7



160



thodology (design based tracks)

dXI$ e

9 Curvature profiles
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Curvature profiles: axis methodology (surveyed tracks)
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Fitting results

81

81

0.5 m (67 pts)

10cm  20cm  40cm

Clean 2cm  5cm
LS W HB WS D ----- Exact Value

1 m (34 pts)

Clean 2cm 5cm  10cm  20cm  40cm
LS . HB WS D ----- Exact Value

82

2 m (18 pts)

Clean 2cm 5cm  10cm  20cm  40cm
LS s HB W D ----- Exact Value

84

920

5 m (8 pts)

Clean 2cm S5cm  10cm  20cm  40cm
LS mmmmm HB = (D ----- Exact Value

10 m (4 pts)

20

15 m (37 pts)

80

Clean 2cm 5cm  10cm  20cm  40cm
LS mmmmm HB s D ----- Exact Value

70
60
50
40
30
20
10

Clean 2cm 5cm  10cm  20cm  40cm
LS mmmmm HB = (D ----- Exact Value

%
80
70
60
50
40
30
20
10

20 m (28 pts) 90

80

Clean  2cm 5cm  10cm  20cm  40cm
LS WS HB WEEN D ----- Exact Value

Survey-based tracks

GIS.CntlLine

IMU.Traj IMU.CigLine IMU.CntLine GPS_Traj GPS_LatLine
LS . HB W LD

GPS_CigLine GPS_CntLine
----- Exact Value

Circular curve #1

odl



0.5 m 77 pts

57

17 m 1 m 39 pts

60

2 m 19 pts

Clean 2cm 5cm  10cm  20cm  40cm Clean 2cm  5cm  10cm  20cm  40cm Clean 2cm 5cm  10cm 20cm  40cm
B S 0 HB ee--- Exact Value S O HB -ee-- Exact Value S i HB ----- Exact Value
59 60
10 m 5 pts
50 15 m 4 pts
40
30
20
10
[} T T T T ]
Clean 2cm  5cm  10cm  20cm  40cm Clean 2cm  5cm  10cm  20cm  40cm Clean 2cm  5cm  10cm  20cm  40cm
B S 0 HB ee--- Exact Value S i HB eeee- Exact Value S i HB ----- Exact Value
60 60
20-m-3-pts Surey=hased HraCKS e cccc e e _———— -
50 50
40 40
30 30
20 20
10 10
0 T T T T T ]
Clean 2em  5cm  10cm  20cm  40cm GIS.CntLine IMU.Traj IMU.Cigline  IMU.Cntline  GPS_Traj  GPS_Latline  GPS_Cigline ~ GPS_CntLine
S 0 HB ----- Exact Value B S i HB  =e==-=Exact Value

00t

Clothoid #2




1.826 0.5m (89 ints) 1.826 1.829 2 (23 )
.5 m (89 points, 1 m (45 points m oints,
1825 182 (45 points) 1828 P
1.824 1.822 - 1.827
1.823 1.820 1.826
1.825
1.822 1.818
1.824
1.821 1.816 -
1.823
1.820 1.814 4 1.822
1.819 1.812 - 1.821
1.818 1.810 - 1.820
1.817 1.808 - 1.819
Clean 2cm 5cm  10cm  20cm  40cm Clean 2cm  5cm  10cm  20cm  40cm Clean 2cm  5cm  10cm  20cm  40cm
S O HB -e--- Exact Value B S O HB ee-e-- Exact Value S i HB ----- Exact Value
1.830 " 1.830 1.830
5m (10 points)
1.825 1.820 - 1.820
1.820 1.810 - 10 m (5 points) 15 m (4 points)
1.810
1.815 1.800 -
1.810
1.790 1.800
1.805
1.800 1.780 - 1.790
1.770
1.795 1.780
1.790 1.760 -
1.785 1.750 - 1770
1.780 1.740 - 1.760
Clean 2cm  5cm  10cm  20cm  40cm Clean 2cm 5cm  10cm  20cm  40cm Clean 2cm 5cm  10cm  20cm  40cm
B S T HB ----- Exact Value B S T HB ----- Exact Value B S T HB ----- Exact Value
1.880 1.950
20 m (3 points) Survey-based tracks
1.870 1.900
1.860 1.850
1.850
1.800
1.840
1.750
1.830
1.820 1.700
1.810 1.650
1.800 1.600 -
Clean 2cm S5cm  10cm 20cm 40cm GIS.CntLine IMU.Traj IMU.CiglLine  IMU.CntLine GPS_Traj GPS_latLine  GPS_Cigline  GPS_CntLine
LS mmmm HB  ==--- Exact Value S o HB = === Exact Value
Tangent #3

1A



180 180
160 160 1M 1 m_47 pts
140 140
120 120
100 100
80 80
60 60
40 40
20 20
0 0
Clean 2cm 5cm  10cm  20cm  40cm Clean 2cm 5cm  10cm  20cm  40cm Clean 2cm 5cm  10cm 20cm  40cm
BN S T HB ----- Exact Value B S P HB ----- Exact Value B S O HB ----- Exact Value
180 180 180
5 m 10 pts
160 P 160 | 10.m 6 pts 160
140 140 140 15.m 4 pts
120 120 120
100 100 100
80 80 80
60 60 60
40 40 40
20 20 20
0 0 T T T T T 0 T T T T T )
Clean 2cm  5cm  10cm  20cm  40cm Clean 2cm 5cm  10cm  20cm  40cm Clean 2cm 5cm  10cm  20cm  40cm
S 0 HB ee--- Exact Value S O HB -e--- Exact Value S i HB ----- Exact Value
180 700
20 m 3 pts Survey-based tracks
160
600
140
500
120
100 400
80 300
60
0w+———— | | | W mmemm=e-- —-f—c--========--
20
0 T T T T T ] 0 - T T T T T
Clean 2cm Scm  10cm 20cm  40cm GIS.CntLine IMU.Traj IMU.CiglLine IMU.CntLine GPS_Traj GPS_Latline  GPS_Cigline  GPS_CntlLine
B S T HB ----- Exact Value B S 0 HB  ===-=Exact Value

Clothoid #4

ol



600

0.5 m (74 pts)

600

600

500

400

300

200

100

1 m (38 pts)

2 m (19 pts)

Clean  2cm 5cm  10cm  20cm  40cm Clean  2cm 5cm  10cm  20cm  40cm Clean  2cm 5cm  10cm  20cm  40cm
LS mmmmm HB mmmm (D ----- Exact Value LS mmmmm HB e (D ----- Exact Value LS mmmmm HB mmmm (D ----- Exact Value
600 5 m (9 pis) 900 10 m (5 pis) 600 15 m (3 pis)
800
500
700
600 400
500
300
400
300 200
200
100
100
0 0 T T T T T )
Clean  2cm 5cm 10cm  20cm  40cm Clean  2cm 5cm 10cm  20cm  40cm Clean  2cm 5cm  10cm  20cm  40cm
LS mmmmm HB W D ----- Exact Value LS mmmmu HB W D ----- Exact Value LS mmmmm HB WmN D ----- Exact Value
600 600
20 m_(3 pts) Survey-hased tracks
500 500
400 400
300 300 +—
200 200 +—
100 100 +— .
0 T T T T T d 0 T T T T T
Clean 2cm 5cm  10cm  20cm  40cm GIS.CntLine  IMU.Traj IMU.CiglLine IMU.CntLine GPS_Traj GPS_LatLine GPS_CigLine GPS_CntLine
LS mmmmm HB W (D ----- Exact Value LS mmmmmHB M |D ----- Exact Value

Circular Curve #5

A




180
160
140
120
100
80
60
40
20

180

160
140
120
100
80
60
40
20

1 m 1 m 47 pts

Clean 2cm 5cm  10cm  20cm  40cm Clean 2cm 5cm  10cm  20cm  40cm Clean 2cm 5cm  10cm 20cm  40cm
BN S T HB ----- Exact Value B S P HB ----- Exact Value B S O HB ----- Exact Value
180 180 180
5 m 10 pts
160 P 160 | 10.m 6 pts 160
140 140 140 15 m 4 pts
120 120 120
100 100 100
80 80 80
60 60 60
40 40 40
20 20 20
0 0 T T T T T 0 T T T T )
Clean 2cm  5cm  10cm  20cm  40cm Clean 2cm 5cm  10cm  20cm  40cm Clean 2cm 5cm  10cm  20cm  40cm
S 0 HB ee--- Exact Value S O HB -e--- Exact Value S i HB ----- Exact Value
180 700
20 m 3 pis Survey-based tracks
160
600
140
500
120
100 400
80 300
60
200
40 e ettt B~ E e il
20 100 -
0 T T T T ) & T r r r
Clean 2cm Scm  10cm 20cm  40cm GIS.CntLine IMU.Traj IMU.CiglLine IMU.CntLine GPS_Traj GPS_Latline  GPS_Cigline  GPS_CntlLine
B S T HB ----- Exact Value B S 0 HB  ===-=Exact Value

Al

Clothoid #6




1.3090

1.3089

1.3089

1.3088

1.3088

1.3087

1.3087

0.5 m (1065 pts)

2cm  5cm
e HB

Clean
_— LS

10cm 20cm  40cm

Exact Value

1.3089

1.3089

1 m (533 pts)

1.3091
1.3091

1.3089
1.3089
1.3088
1.3088
1.3088
1.3088

1.3088

1.3090
1.3090
1.3089
1.3089
1.3088
1.3088
1.3087
1.3087

10cm  20cm  40cm
----- Exact Value

5cm
HB

2 m (267 pts)

10cm  20cm  40cm
----- Exact Value

5cm

2cm
s HB

1.3091
1.3091
1.3090
1.3090
1.3089
1.3089
1.3088
1.3088
1.3087
1.3087

5 m (107 pts)

2cm 5cm
e HB

Clean
— S

10cm 20cm  40cm

Exact Value

1.3092

1.3091

1.3090
1.3088

1.3090
1.3089
1.3088
1.3087
1.3086
1.3085

1.3084

1.3086
1.3084
1.3082
1.3080
1.3078
1.3076
1.3074
1.3072

10cm 20cm 40cm

5cm
HB ===-- Exact Value

15 m (37 pts)

10cm 20cm 40cm
----- Exact Value

2cm 5cm
s HB

Clean
— S

1.3094 1.315
20 m (28 pts)
1.3092 1.314
1.313
1.3090
1.312
1.3088 1.311
1.3086 1.310
1.309
1.3084
1.308
1.3082 1.307
1.3080 1.306 -
Clean 2cm 5cm  10cm  20cm  40cm GIS.CntLine IMU.Traj IMU.Cigline  IMU.CntLine GPS_Traj GPS_latLine  GPS_Cigline  GPS_CntLine
S o HB ----- Exact Value B S i HB ====Exact Value
Tangent #7

ol



10cm  20cm  40cm
----- Exact Value

Clean 2cm  5cm

S HB

195 250 250
190 1m1m 47 pts 2 m 24 pts
185 200 200
180
175 150 150 -
170
165 100 100 -
160
155 50 50 -
150
145 0 0
Clean 2cm  5cm 10cm  20cm  40cm Clean 2cm  5cm 10cm  20cm  40cm Clean 2cm 5cm  10cm  20cm  40cm
B S 0 HB ----- Exact Value B S 0 HB -==--- Exact Value B S 0 HB ==--- Exact Value
200 250 250
5 m 10 pts 10 m 5 pts
200
150 -
150
100 -
100
50 -
50
0 - 0
Clean 2cm  5cm 10cm  20cm  40cm Clean 2cm  5cm 10cm  20cm  40cm Clean 2cm  5cm  10cm  20cm  40cm
S 0 HB ee--- Exact Value S O HB -e--- Exact Value S O HB -e--- Exact Value
250 250
20 m 3 pis Survey-based tracks

GIS.CntLine

IMU.Traj IMU.CiglLine

S

IMU.CntLine
[ HB

GPS_Traj GPS_LatLine
===-=Exact Value

GPS_Cigline  GPS_CntLine

08

Clothoid #8




560

0.5 m (154 pts)

Clean 2cm  5cm  10cm
LS mmmmm HB D

20cm  40cm
----- Exact Value

600

500

400

300

200

100

560

1 m (78 pts)

Clean 2cm  5cm
LS mmmmm HB mmmmm | D

10cm  20cm  40cm

----- Exact Value

2 m (40 pts)

Clean 2cm  5cm

10cm  20cm  40cm
LS mmmmm HB = D

----- Exact Value

m (17 pts)

Clean  2cm 5cm 10cm  20cm  40cm
LS mmmmm HB W D ----- Exact Value

600

500

400

300

200

100

10 m (9 pts) 600

Clean 2cm  5cm
LS s HB e D

10cm  20cm  40cm

----- Exact Value

15 m (6 pts)

Clean 2cm  5cm
LS s HB e LD

10cm

20cm  40cm
----- Exact Value

560

20 m (5 pts)

2cm 5cm

Clean
LS = HB W | D

10cm  20cm  40cm
----- Exact Value

600

500

400

300

200

100

GIS.CntLine  IMU.Traj

IMU.CigLine IMU.CntLine

LS mmmmm HB mmm— |D

GPS_Traj

AN

GPS_LatLine GPS_CigLine GPS_CntLine

----- Exact Value

Circular Curve

#9

00




250 250 250
0.5 m 94 pts 1m 1 m 48 pts 2 m 24 pts
200 200
150 150 -
100 100 -
50 50 -
0 0 -
Clean 2cm  5cm 10cm  20cm  40cm Clean 2cm  5cm 10cm  20cm  40cm Clean 2cm 5cm  10cm  20cm  40cm
B S 0 HB ----- Exact Value B S 0 HB -==--- Exact Value B S O HB -e--- Exact Value
180 250 250
5 m 10 pts
160 | p 10 m 6 pts
140 200
120
150
100 -
80 -
100
60 -
40 - 50
20
0 - 0
Clean 2cm  5cm 10cm  20cm  40cm Clean 2cm  5cm 10cm  20cm  40cm Clean 2cm  5cm  10cm  20cm  40cm
S 0 HB ee--- Exact Value S O HB -e--- Exact Value S i HB ----- Exact Value
200 200
20 m 3 pis Survey-based tracks
150 - 150
100
50 -
0 0 -
Clean 2cm Scm  10cm 20cm  40cm GIS.CntLine IMU.Traj IMU.CiglLine IMU.CntLine GPS_Traj GPS_Latline  GPS_Cigline  GPS_CntlLine
B S T HB ----- Exact Value B S 0 HB  ===-=Exact Value

Circular Curve #9

Al



250 250 250
0.5 m 94 pts 1m 1 m 48 pts 2 m 24 pts
200
150 -
100 -
50 -
0 -
Clean 2cm  5cm  10cm  20cm  40cm Clean 2cm  5cm  10cm  20cm  40cm Clean 2cm  5cm 10cm  20cm  40cm
S O HB ----- Exact Value B S i HB ----- Exact Value S o HB ----- Exact Value
180 250 250
5 m 10 pts
160 | p 10 m 6 pts
140 - 200 -
120 -
150 -
100 -
80
100 -
60 -
40 - 50 -
20 -
0 - 0
Clean 2cm  5cm  10cm  20cm  40cm Clean 2cm  5cm  10cm  20cm  40cm Clean 2cm  5cm  10cm  20cm  40cm
S O HB -ee-- Exact Value B S O HB eeee-- Exact Value S O HB ----- Exact Value
200 200
20 m 3 pts Survey-based tracks
150 150
100 - 100 -
50 - 50
0 -+

Clean 2cm  5cm

S e HB

10cm  20cm  40cm

Exact Value

GIS.CntLine IMU.CntLine

[ HB

IMU.Traj IMU.CigLine

S

GPS_Traj GPS_LatLine
===-=Exact Value

GPS_Cigline

GPS_CntLine

Clothoid # 10

Al



2.1900 2.1920 2.1900
0.5 m (152 pts) 1 m (76 pts)
2.1910 2.1880
2.1890 - 2 m (38 pts)
2.1900 2.1860
2.1880 -
2.1890 - 2.1840
2.1870 - 2.1880 - 2.1820
2.1870 - 2.1800
2.1860
2.1860 - 2.1780
2.1850 -
2.1850 - 2.1760
2.1840 - 2.1840 - 2.1740
Clean 2cm 5cm  10cm  20cm  40cm Clean 2cm 5cm  10cm  20cm  40cm Clean 2cm 5cm  10cm  20cm  40cm
S 0 HB =e--- Exact Value B S O HB -e--- Exact Value S i HB ----- Exact Value
2.1900 2.2050 2.2020
10 m (8 pts) 2.2000 15 m (6 pts)
2.1880
2.2000
5m (16 pts) 2.1980

2.1860

2.1840

2.1820

2.1800

2.1780

2.1760

2.1950

2.1900

2.1850

2.1800

2.1750

2.1960
2.1940
2.1920
2.1900
2.1880
2.1860
2.1840
2.1820

Clean 2cm 5cm  10cm  20cm  40cm Clean 2cm 5cm  10cm  20cm  40cm Clean 2cm 5cm  10cm  20cm  40cm
S 0 HB =e--- Exact Value S i HB ----- Exact Value S i HB ----- Exact Value
2.2200 2.400
rvey- track
2.2150 20 m (5 pts) Survey-based tracks
2.350
2.2100
2.300
2.2050
2.2000 2.250
2.1950 2.200
2.1900
2.150
2.1850
2.1800 2.100
2.1750 2.050 -
Clean 2cm 5cm  10cm 20cm 40cm GIS.CntLine IMU.Traj IMU.Cigline  IMU.CntLine GPS_Traj GPS_LatLine  GPS_Cigline  GPS_CntLine
B S 0 HB =e--- Exact Value B S 0 HB = === Exact Value

AT

Tangent #1711




195 05 94 200 250
190 /- 0:5 M 94 pts 1m 1 m 48 pts 2 m 24 pts
185 200
180
175 150 -
170
165
160 100 -
155
150 50
145
140 0 -
Clean 2cm  5cm  10cm  20cm  40cm Clean 2cm  5cm  10cm  20cm  40cm Clean 2cm  5cm 10cm  20cm  40cm
S O HB ----- Exact Value B S i HB ----- Exact Value S o HB ----- Exact Value
190 250 200
185 5 m 10 pts 10 m 6 pts 15 m 4 pts
150 -
100 -
50 -
0 -
Clean 2cm  5cm  10cm  20cm  40cm Clean 2cm  5cm  10cm  20cm  40cm Clean 2cm  5cm  10cm  20cm  40cm
S O HB -ee-- Exact Value B S O HB eeee-- Exact Value S O HB ----- Exact Value

250
20 m 3 pts Survey-based tracks
160
200
160
160 150 -
159
159 100 -
159
50 -
159
159 - T T T T T 0 -
Clean 2cm S5cm  10cm 20cm 40cm GIS.CntLine IMU.Traj IMU.CigLline  IMU.CntLine GPS_Traj GPS_latLine  GPS_Cigline  GPS_CntLine
B S U HB ----- Exact Value B S i HB  ====Exact Value

Clothoid # 12

033



560

0.5 m (181 pts)

560

T m (91 pts)

560

2 m (46 pts)

Clean  2cm 5cm  10cm  20cm  40cm
LS mmmmm HB e (D ----- Exact Value

Clean 2cm 5cm 10cm  20cm  40cm
LS mmmmm HB mmmm (D ----- Exact Value

540

530

520

510

500

490

480

Clean  2cm 5cm  10cm  20cm  40cm Clean  2cm 5cm  10cm  20cm  40cm Clean 2cm 5cm  10cm  20cm  40cm
LS mmmmm HB = D ----- Exact Value LS mmmmm HB mmmmm D ----- Exact Value LS mmmmm HB e D ----- Exact Value
560 560 560
5 m (19 pts) 10 m (10 pts) 15 m (7 pts)
550

Clean  2cm 5cm  10cm  20cm  40cm
LS mmmmm HB mmmm (D ----- Exact Value

800

20 m (6 pts)

2cm 5cm 10cm  20cm  40cm

Clean
LS mmmmm HB mmm (D ----- Exact Value

600

400 —

300 —

GIS.CntLine  IMU.Traj

L1

IMU.CigLine IMU.CntLine GPS_Traj
LS = HB mmm— LD

GPS_LatLine GPS_CigLine GPS_CntLine
----- Exact Value

Al

Circular curve #13




250 250 250
0.5 m 94 pts 1m 1 m 48 pts 2 m 24 pts

200 200

150 - 150

100 - 100

50 - 50

0 - 0
Clean 2cm  5cm  10cm  20cm  40cm Clean 2cm  5cm  10cm  20cm  40cm Clean 2cm  5cm 10cm  20cm  40cm

S O HB ----- Exact Value B S i HB ----- Exact Value S o HB ----- Exact Value
200 250
10 m 6 pts
- 200

150

100

50

Clean 2cm  5cm  10cm  20cm  40cm Clean 2cm  5cm  10cm  20cm  40cm Clean 2cm  5cm  10cm  20cm  40cm
S O HB -ee-- Exact Value S O HB ----- Exact Value S O HB ----- Exact Value
160 200
160 20 m 3 pts Survey-based tracks
160 ——————————— ———— B et
150
160
160
160 100
160
160
50
160 -
160 -
160 - T T T T T ] = T T T T T y
Clean 2cm S5cm  10cm 20cm 40cm GIS.CntLine IMU.Traj IMU.CigLline  IMU.CntLine GPS_Traj GPS_latLine  GPS_Cigline  GPS_CntLine
B S O HB ----- Exact Value B S i HB  ====Exact Value

Clothoid # 14

/AR



1.2432
1.2432
1.2432
1.2432
1.2432
1.2431
1.2431
1.2431
1.2431
1.2431
1.2431
1.2431

05 m (1215 pts)

1.2432

1.2432

1.2431

1.2431

1.2430

1.2430

1.2429

1 m (609 pts)

1.2432

1.2431

1.2430

1.2429

1.2428

1.2427

1.2426

Clean 2cm 5cm  10cm  20cm  40cm Clean 2cm 5cm  10cm  20cm  40cm Clean 2cm 5cm  10cm  20cm  40cm
S 0 HB =e--- Exact Value B S O HB -e--- Exact Value S i HB ----- Exact Value
1.2435 1.2442 1.2432
5m (122 pts 10 m (62 pt)
1.2434 ( P> 12440 15 m (42 pts)
) 1.2430 -
1.2438
1.2433
1.2436 1.2428 -
1.2432 1.2434
1.2432 1.2426 -
1.2431
1.2430 12424
1.24 . 1
30 1.2428
1.2429 1.2426 1.2422
Clean 2cm 5cm  10cm  20cm  40cm Clean 2cm 5cm  10cm  20cm  40cm Clean 2cm 5cm  10cm  20cm  40cm
S 0 HB =e--- Exact Value S O HB -e--- Exact Value S i HB ----- Exact Value

1.2432

1.2430

1.2428

1.2426

1.2424

1.2422

20 m (32 pts)

4

2cm 5cm 10cm 20cm  40cm

Clean
LS B HB ===-- Exact Value

1.250

1.248

1.246

1.244

1.242

1.240

1.238

1.236 -

Survey-based tracks

GIS.CntLine

IMU.Traj IMU.CigLine

S

IMU.CntLine
[ HB

GPS_Traj GPS_LatLine
= === Exact Value

GPS_Cigline  GPS_CntLine

Al

Tangent #15




189 188 192

0.5 m 110 pts 187 /1 m 1 m 55 pts 190 2.m 28 pts
188
186 188
187 185 186
184 - 184
186
183 182
185 182 - 180
181 178
184
180 - 176
183 179 174
Clean 2cm  5cm  10cm  20cm  40cm Clean 2cm  5cm  10cm  20cm  40cm Clean 2cm  5cm 10cm  20cm  40cm
S O HB ----- Exact Value B S i HB ----- Exact Value S o HB ----- Exact Value
192 195
10 m 7 pts
190
185
180
175
170
165
160
Clean 2cm  5cm  10cm  20cm  40cm Clean 2cm  5cm  10cm  20cm  40cm Clean 2cm  5cm  10cm  20cm  40cm
S O HB -ee-- Exact Value B S O HB eeee-- Exact Value S O HB ----- Exact Value

Clean 2cm S5cm  10cm 20cm 40cm GIS.CntLine IMU.Traj IMU.CigLline  IMU.CntLine GPS_Traj GPS_latLine  GPS_Cigline  GPS_CntLine
B S U HB ----- Exact Value B S i HB  ====Exact Value

Clothoid # 16

Al



10cm  20cm  40cm
----- Exact Value

2cm 5cm

Clean
LS mmmmm HB | D

GIS.CntLine  IMU.Traj

LS = HB LD

IMU.CigLine IMU.CntLine GPS_Traj

GPS_LatLine GPS_Cigl
----- Exact Value

0.5 m (1026 pts)| |>°015 Tm (513 pis) 550.15 2 m (257 pts)
550.00 550.10 550.10
549.95
550.05 550.05
549.90
550.00 550.00
549.85
549.95 549.95
549.80
549.75 549.90 549.90 -
549.70 549.85 549.85 -
Clean 2cm 5cm  10cm 20cm  40cm Clean 2cm 5cm 10cm  20cm  40cm Clean 2cm 5cm 10cm  20cm  40cm
LS mmmmm HB = D ----- Exact Value LS mmmmm HB s D ----- Exact Value LS mmmmm HB s D ----- Exact Value
5 m (104 pis) 5504 70 m (52 p 5503 15 m (36 pis)
550.15 ss02 550.2
550.10 :
550.1
550.05 550.0 -
550.00 550.0
549.95 549.8 + 549.9
549.90 sa06 L 549.8
549.85 .
549.7
549.80 sa0.4 |
549.75 549.6
549.70 549.2 549.5
Clean 2cm 5cm 10cm  20cm  40cm Clean 2cm 5cm 10cm  20cm  40cm Clean  2cm 5cm 10cm  20cm  40cm
LS mmmm HB W D ----- Exact Value LS mmmmm HB mmmm (D ----- Exact Value LS mmmmm HB mmmm (D ----- Exact Value
552.00 555
20 m (27 pts) Survey-based tracks
550 -
551.50
545
551.00
540 —
550.50 535
530 —
550.00
525 +—
549.50
520 —
549.00 515 T T T T T T T

ine GPS_CntLine

Al

Circular curve #17




185.004 185.25 200
185.002 1-0-5-m—125pts 185.20 LM 1 m 64 pts 2 -Ar32-ple-m-mmmmmmmmmm oo
185.000 -
185.15 150
184.998 -
184.996 - 185.10 1
184.994 - 185.05 100
184.992 - 185.00 |
184.990 -
184.95 - 50
184.988 -
184.986 | 184.90 -
184.984 - T T T T T o 184.85 - T T T T T , 0 T T T T T ,
Clean 2cm 5cm  10cm  20cm  40cm Clean 2cm 5cm  10cm  20cm  40cm Clean 2cm 5cm  10cm  20cm  40cm
_— S HB =-=---- Exact Value _— S HB =---- Exact Value _— LS HB =---- Exact Value
200 200 200
5 -m--13_pts- 10-Fr=F-pig-==m=mmmmmmmmmmmmee.
15 m 5 pts
150 150 150
100 100 100
50 50 50
0 T T T T T , 0 T T T T T , 0 T T T T T ,
Clean 2cm  5cm  10cm  20cm  40cm Clean 2cm  5cm  10cm  20cm  40cm Clean 2cm  5cm  10cm  20cm  40cm
— S HB ====- Exact Value LI HB ====- Exact Value LI HB ====- Exact Value
200 300
20-m-4-pts Survey-based tracks
250
150
200
100 150
100
50
50
0 T T T T , T T T T T T T )
Clean 2cm 5cm  10cm 20cm  40cm GIS.CntLine IMU.Traj IMU.Cigline  IMU.CntLine GPS_Traj GPS_LatLine  GPS_Cigline  GPS_CntLine
LS HB ==---- Exact Value LI HB ====Exact Value

Clothoid #18

A



0.0000 0.1000 0.0000 T T T T T ,
1 m (3 pts) Clean 2cm 5cm  10cm 20cm  40cm
-0.0200 -0.0200
0.0500 2 m (2 pts)
-0.0400 -0.0400
-0.0600 0.0000 -0.0600
-0.0800 an  2cm 5cm 10cm -0.0800
-0.1000 -0.0500 ~ -0.1000
-0.1200 -0.1200
-0.1000 -
-0.1400 -0.1400
0.5 m (6 pts)
-0.1600 -0.1500 -0.1600
— S HB ===-- Exact Value _— S HB ====-- Exact Value _— S HB ===-- Exact Value
0.0000 T T T T T | 0.0000 T T T T T | 0.0000 T T T T T |
Clean 2cm 5cm  10cm  20cm  40cm Glgany wem pt pecm  10cm  20cm  40cm Team Qdmptsdecm 10cm 20cm  40cm
-0.0200 -0.0200 -0.0200
-0.0400 S m (2 pts) -0.0400 -0.0400
-0.0600 -0.0600 -0.0600
-0.0800 -0.0800 -0.0800
-0.1000 -0.1000 -0.1000
-0.1200 -0.1200 -0.1200
-0.1400 -0.1400 === -0.1400
-0.1600 -0.1600 -0.1600
— S HB ===-- Exact Value _— S HB ====-- Exact Value _— S HB ===-- Exact Value
0.0000 T T T T T , 2.500
deam Zom pifym  10cm  20cm  40cm Survey-based tracks
-0.0200 ittt
2.000
-0.0400
1.
-0.0600 500
-0.0800 1.000
-0.1000
0.500
-0.1200
0.000 T T T T T r r )
-0.1400 GIS.CntLine m IMU.Cigline  IMU.CntLine GPS_Traj GPS_Latline  GPS_Cigline  GPS_CntLine
-0.1600 -0.500
— S HB ====- Exact Value LI = === Exact Value

il

Tangent # 19




185.020 185.25 200
m 1 m (63 pts 2 -Ar32-pte--m-commommmomeeeoee
185.015 - m (125 pts) 185.20 - (63 pts)
185.010 - 185.15 150
185.005 - 185.10 -
185.000 - 185.05 100
184.995 - 185.00 -
184.990 - 184.95 - 50
184.985 184.90 -
184.980 - T T T T T o 184.85 - T T T T T , 0 T T T T T ,
Clean 2cm 5cm  10cm  20cm  40cm Clean 2cm 5cm  10cm  20cm  40cm Clean 2cm 5cm  10cm  20cm  40cm
_— S HB =-=---- Exact Value _— S HB =---- Exact Value _— LS HB =---- Exact Value
200 200 200
5.-m--13-pts 10-Mr=F-ptg-=mmmmmmmmmmeoeeee.
15 m 5 pts
150 150 150
100 100 100
50 50 50
0 T T T T T , 0 T T T T T , 0 T T T T T ,
Clean 2cm  5cm  10cm  20cm  40cm Clean 2cm  5cm  10cm  20cm  40cm Clean 2cm  5cm  10cm  20cm  40cm
— S HB ====- Exact Value LI HB ====- Exact Value LI HB ====- Exact Value
200 300
20-m-4-pts Survey-based tracks
250
150
200
100 150
100
50
50
0 T T T T , T T T T T T T )
Clean 2cm 5cm 10cm 20cm 40cm GIS.CntLine IMU.Traj IMU.CigLine IMU.CntLine GPS_Traj GPS_LatLine GPS_CigLine  GPS_CntLine
LS HB ==---- Exact Value LI HB ====Exact Value

Clothoid #20

dl



555

550
545
540
535
530
525
520
515
510
505

0.5 m (217 pts)

555

555

1T m (109 pts)

2 m (55 pts)

Clean 2cm 5cm  10cm  20cm  40cm Clean 2cm 5cm  10cm  20cm  40cm Clean 2cm 5cm  10cm  20cm  40cm
LS mmmmm HB W (D ----- Exact Value LS mmmmm HB W D ----- Exact Value LS mmmmm HB W D ----- Exact Value
565 5 m (23 pts) 365 T0m (17 pts) | %0 15 m (8 pts)
560
555
550
545
540
535
Clean 2cm  5cm 10cm  20cm  40cm Clean 2cm  5cm 10cm  20cm  40cm Clean 2cm  5cm 10cm  20cm  40cm
LS mmmmm HB W (D ----- Exact Value LS mmmmm HB W D ----- Exact Value LS mmmmm HB W (D ----- Exact Value
580 600
20 m (7 pts) Survey-based tracks
570
500
560
550 400 +—
540
300 +—
530
520 200 +—
510
100 +—
500
490 0 - T T T T T T

Clean  2cm 5cm  10cm  20cm  40cm
LS mmmmm HB W D ----- Exact Value

GIS.CntLine  IMU.Traj IMU.Cigline IMU.CntLine GPS_Traj

LS mmmmm HB D

GPS_LatLine GPS_CigLine GPS_CntLine
----- Exact Value

ol

Circular curve #2171




220.000 205.00 215
215.000 - 1Tm 1 m (63 pts) 210 2 m 32 pts
210.000 200.00 205
205.000 195.00 200
200.000
195
195.000 190.00
190
190.000
185.000 185.00 185
180
180.000 180.00
175.000 175
170.000 175.00 170
Clean 2cm  5cm  10cm  20cm  40cm Clean 2cm 5cm  10cm  20cm  40cm Clean 2cm  5cm 10cm  20cm  40cm
S O HB ----- Exact Value B S i HB ----- Exact Value S o HB ----- Exact Value
250
10 m 7 pts
200 15 m 5 pts
150 -
100 -
50 -
0 T T T T T ,
Clean 2cm  5cm  10cm  20cm  40cm Clean 2cm  5cm  10cm  20cm  40cm Clean 2cm  5cm  10cm  20cm  40cm
S O HB -ee-- Exact Value B S O HB eeee-- Exact Value S O HB ----- Exact Value
210 250
205 20 m 4 pts Survey-based tracks
200
150 -
100 -
50

2cm 5cm

Clean

10cm  20cm  40cm
----- Exact Value

GIS.CntLine

IMU.Traj

IMU.CigLine
S

IMU.CntLine
[ HB

GPS_Traj GPS_LatLine
===-=Exact Value

GPS_CigLine  GPS_CntLine

Clothoid #22

o1




0.1743 0.1743 0.1743
0.5 m (1467 pts) 1 m (734 pts) 2 m (367 pts)
0.1743 0.1743
0.1743 - : 1
0.1743
0.1742
0.1743 0.1743 -
0.1743 0.1742 -
0.1743 0.1743 -
0.1741
0.1742
0.1743 - 0.1741 -
0.1742
0.1742 0.1743 - 0.1740 -
Clean 2cm 5cm  10cm  20cm  40cm Clean 2cm 5cm  10cm  20cm  40cm Clean 2cm 5cm  10cm  20cm  40cm
B S 0 HB =e--- Exact Value S O HB ee--- Exact Value S i HB ----- Exact Value
0.1743 0.1743 0.1743
15 m (50 pts
5m (148 pts) 0.4743 10 m (74 pt) ( pts)
0.1743 . 0.1743
0.1743
0.1743 0.1742
0.1743
0.1743
0.1743 0.1742
0.1743 -
0.1743 0.1741
0.1742 -
0.1743 0.1741
0.1742 - 0.1742
0.1742 - 0.1742 0.1740
0.1742 - 0.1742 0.1740
Clean 2cm 5cm  10cm  20cm  40cm Clean 2cm 5cm  10cm  20cm  40cm Clean 2cm 5cm  10cm  20cm  40cm
S o HB ----- Exact Value S o HB ----- Exact Value S o HB ----- Exact Value
0.1743 0.177
20 m (37 pts) Survey-based tracks
0.1743 0.176
0.1742 0.175
0.1742 0.174
0.1741 0.173
0.1741 0.172
0.1740 0.171
0.1740 0.170
Clean 2cm S5cm  10cm 20cm  40cm GIS.CntLine IMU.Traj IMU.CigLine  IMU.CntLine GPS_Traj GPS_latLine  GPS_Cigline  GPS_CntLine
B S T HB ----- Exact Value B S 0 HB  ====Exact Value

il

Tangent #23




175.000 180.00 175
0.5 m (115 pts) 160.00 - T7m (587pis ) 2 m 30 pts
170.000 170
140.00 -
165.000 120.00 - 165
100.00 -
160.000 160
80.00 -
155.000 60.00 - 155
40.00 -
150.000 150
20.00 -
145.000 0.00 - 145
Clean 2cm 5cm  10cm  20cm  40cm Clean 2cm 5cm  10cm  20cm  40cm Clean 2cm 5cm  10cm  20cm  40cm
S O HB ----- Exact Value S o HB ----- Exact Value S o HB ----- Exact Value
200 180
5m 12 pts
160
150 140 15 m 5 pts
120
100
100
80
60
50 40
20
0 0 T T T T T ]
Clean 2cm  5cm  10cm  20cm  40cm Clean 2cm  5cm  10cm  20cm  40cm Clean 2cm  5cm  10cm  20cm  40cm
S O HB -ee-- Exact Value B S O HB eeee-- Exact Value B S O HB ee--- Exact Value
180
20-m-4-ptg----------------- sesssssssss=-- sesssssssss==-
160
140
120 120
100 100 -
80 80 -
60 60 -
40 40 -
20 20 I
0 T T T T T ] = T T T T T T T y
Clean 2cm 5cm 10cm 20cm 40cm GIS.CntLine IMU.Traj IMU.CigLine IMU.CntLine GPS_Traj GPS_LatLine GPS_CigLine  GPS_CntLine
_— S HB =-=---- Exact Value B S i HB  ====Exact Value

Clothoid #24

oo




600 600 600

0.5 m (88 pts)

1 m (45 pts) 2 m (22 pts)

Clean 2cm 5cm  10cm  20cm  40cm Clean 2cm 5cm  10cm  20cm  40cm Clean 2cm 5cm  10cm  20cm  40cm
LS mmmmm HB W (D ----- Exact Value LS mmmmm HB W D ----- Exact Value LS mmmmm HB W D ----- Exact Value
600 5 m (9 pts) 600 10 m (4 pts) 600 15 m (3 pts)
500
400
300
200
100
0 T T T T T |
Clean  2cm 5cm 10cm  20cm  40cm Clean 2cm 5cm  10cm  20cm  40cm Clean  2cm 5cm 10cm  20cm  40cm
LS mmmmm HB W (D ----- Exact Value LS mmmmm HB W D ----- Exact Value LS mmmmm HB W (D ----- Exact Value

600 1000

20 m (3 pts) Survey-based tracks

500

400

300

200

100

0 T T T T T )
Clean 2cm 5cm  10cm 20cm  40cm GIS.CntLine  IMU.Traj IMU.CigLine IMU.CntLine GPS_Traj GPS_LatLine GPS_Cigline GPS_CntLine
LS mmmmm HB W D ----- Exact Value LS mmmmmHB (D ----- Exact Value

Circular curve #25

ol
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