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BTR =AFE SAW STWoRETE

253

V4
100 FOR I=1 TO M
TUS0 TOR R=1 T0 0 4110 W-W+P(IJ=V{II"2
1090 Si=0 120 NEXT I
{1100 FOR I=1 TO M 4130 SD=BOR{VV/(M-N})
111G wt-si-{:?{l]!n(i WITACLLK) 4140 PRINT -sv
1120 NEXT = RO TR 150 FOR I=1
1130 S(J.K)=81:SeINT(51) e i - 41560 u:m-'sngmsu 1$)
1140 PRINT S 170 N
1150 LPRINT *rnsuu:x{lc-nl:s: 4200 nl—:um
1160 NEXT K 4210 LPRINT:LFREINT:LPRINT
1162 PRINT:LPRINT 4220 LPRINT"M=":M,"N=":N
CA18A NEXT O 4230 LPRINT .
1166 FOR J=1 TO N 4240 LPRINT ~NO. X Mx
1170 FOR I=1 TO M 4250 FOR I=1 TO W
1180 AKtJ}-nK[JHF(I]*Ml JI*ALY 4260 5=-X{I):G0SUB 9320:51=5
1190 NEXT 4270 S=MX(I):GOSUB 9320:52=5
1200 S-AK{-” GOSUE 9280 1 4280 LPRINT I:;S1:52
1210 PRINT J, AK(T) 290 NEXT [ .
12200 LPRINT TAB(20):81.0 J 4292 5=5D:GOSUR 9320:SD=5
1230 NEXT J 4300 PRINT:LPRINT™SD=";5D
“\Zz40 S1-0 i 4310 STOP i
2000 REM#==]NVERSE MATRIX: N-l&ssak 5000 REN —
#2010 FOR K=1 TO N ‘\L 5010 DEFDBL A-G.L-Y
2020 T=1-S(K, K}, 5020 RA=3.141592658/180:R0O=3600/RA -
2030 S(K,K)=1 | 5030 DIM S(15,15).AK(30).X(30).V(30).MX(30), AN( 20,20}, CS(20)
2040 FOR J=1 TO 5040 DIM XJ(30),Y.J(30).AP(30).A{30,15), AL(30]. P(30)
2080 S(K, Jy=8(K, J)*T 5050 RESTORE 10000
2060 WEXT J 5060 J=1
#2070 FOR I=1 TO K 5070 READ A,X,Y L
2080 IF I=K THER GOTO 2130 5080 AP(J)=A: lJtJl-x YJ(J)=Y
2090 Q=-5(1.K) 5090 PRINT A:X:Y:J
2092 S(I.K)=0 5100 IF A=999% GOTO 5120
2100 FOR J=1 TO 5110 J=J+1:G0TO 5070
[zuu S(I,J)=8(1s -J:I—Qtsrzx 4] 5120 NR=J-1
2120 NEXT J, .~ 5130 READ A, XY
NZ120 MERT L 5140 PRINT A:X;¥:J
2150 NEXT ¢ 5150 AP(J}=A:XJ(J)=X:YJ(J)=Y
2152 PRINT "5(T.J)/10~9)~ 5160 1IF A=D0990 GOTO 5180
2160 LPRINT ~S{I..J}/10~0}"~ 5170 J=J+1:GOTO 5130
2170 FOR J=1 TO M:FOR K=1 TO N 51890 KP=J-1:N0=NP-KR
2180 S1=1INT(5(J,K)*10000000001) 6000 REMEE*ARGLES=s
Z190 LPRINT TAB({1G®({K-1}):51: 6010 I=0
2200 PRINT TAB(10%(K-1)):51: 6020 GOSUB 9170
2210 MEKT K:LPRINT:NEXT J 6030 READ KI1.KO0,KZ, Al
3000 REMoskef=m—R-1, (oess 6040 PRINT K1:KO;K2: a'GLJ.
3010 LPRINT 050 1F K1=9999 GOTO LT
3020 FOR I=1 TO K G060 FOR J=1 'TO NP
3030 %(1)=0 6070 IF K1=AP(J) THEN Ji=J
3040 FOR J=1 TO N 6080 1F KO=AP(J) THEN JO=J
3050 K(I)=X{I)45(I. JysAK(.T) 6050 IF KZ'-M"EJJ THER J2=J
260 NEXT J = 6100
3070 PRINT I1,X(1) 6110 GDSIJB 5000
3080 (LERINTT.XCE) / 6112 E=AL:GUSUB 9600:AT=5
090 WEXT 6114 "LPRINT AT
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254 #gE =fifE, L5
6120 BZ=360+((T2-T1)-AT) ' 9000 REM®S=SUBERS S
6130 IF T2<T1 THEN T2-T24360 5010 Cl=XJ{JO}=KJ(J1) :DI=YI{JO)-YJ(JL)
6140 B2={{T2-TL)-AT)*3600 9020 IF (C1=0)#(Di=0) GOTO $040
5150 IF AN{J1,J0}=1 GOTO.%330 i 5530 Ei=--Di/{C1~2+D1%2):F1=C1/{C1 2401 2} I
Ei;g_%ku:ﬁlu;évm-}:;u L 9040 CI=XJ(J0)=XJ(JZ) DIV I(JOI=¥I(J2) BN E e B R
180 Ml Jn-csu}
s;gg AL l} LGP 1) =171 e )
5 ( -vc (1)==141
5210 IF K1=9999 THEN RT=1:GOTO 7000
\E’gggg EOE J=1 TO NPz2z: CS(J)=0: NEXT J —
6230 CL=0:Ii=0:AN{Ji,J0}=1 1] 9110 PRINT T1,TZ
6240 T=T+1 l 9120 RETURN
6250 A(I,J12Z-1)=El1:A[TI.J122)=F1 122 REMSEXSUBSS®
6260 A(I. JG#Z_11mcE1:A(I, JO%2)==F1 9130 Cl=XJ(J2)=-XJ(J1):Dl=¥J{JZ)-¥JI(J1) b p
6270 ,rq}._r(r_].-{! S -“J'zl_--------------l | 9132 Y3=va(12)8¥I( 1) :¥3=¥3/2 ) EMORESERD
gggg cst.:r]l 63 TD ':S-{ J}-(E{J} +.ﬁ{ I 0 J} 1 9150 E1-C1/524R0: F1-D1/524R0 5
9160 RETURN
63c0 creci 6380 NEXT J 1 9162 REM#SS=EUBSHE%
16320 T=T+1) 1 , ®170 FOR JX=1 TO NP#2
Cpar.y 6390 T1=I1+1:CL=CL+AL(I) [ | 2% rom relimiene
& I o » Y
s A0 6400 T=14+1:GOTO 6030 e
6370 cSCIE RA 1) STOP . '9220 REM®e3UB®r®
6380 NEXT I 1 /2230 T=ATN(Y/X)/RA e .
6390 11=11] 1 /9240 IF X<¢0 THEN T=T+180:G0TO 9260 | CrEfaids -5y ATNIWUE
6400 1=T41 TOOO EEMzx=%xDISTANCE®*%x 1 |Qs~zsn IF ¥<0 THEN T=T+360 e S
Dalu DIur uzﬁu RETURN »
;gtl:lg lrmrnl 7010 I=1 : G270 REM$ESSUBSSSS )
= 9280 GX=ABS(S) :S5=SGN( )
7020 READ i T020 READ K1 K2, AS 1 3790 EXTHT{EK(1+8E-1 L}+100)/100 | ASERRAEAYTa 7
1030 IF K1 9300 S-53#3%
7040 To=I4 1 9310 RETLRN
iz it 7030 1F K1=9999 THEN NS=I~-1:GOTO 77001 5 birscuom
TO50 IF K1 2330 S5=50N({5) :5=ARE(5)
7060 IF le Tl:ldrl‘.} ﬂ‘I"‘HT -1 : 9340 S=INT(S*1000+.5)/1000 e "
TO62 NEXT 2350 S=5535 A, < 1 Pt T R F o5
6% Sct 7042 FOR J=1 TO NP I o3 e
TOED ]l; ln - I 9400 REMTrasUBS®s
1090 t uusﬂ—lf H_AFIJD_J.’MJU_ﬁL___________I 9410 AM=. 599991 AO0=63TT4D0) :E2=6. 6T43E-03 bl
TL00 As-n::x D420 S1=SIN(363RA) g T
7110 B-ﬂ—[sz*uﬂ:-js)fsz (1/2)*R0 9430 SM=AQ#(1-E2)/(1-EZ$51°2)~(3/2) :SN=AD/(1-E2451~2) (1,2} HRLRE ST —F
7120 GOSU " 0440 SI=AME(14Y3°2/(26SHSENEAM~2 ) Y374/ ( Z4%( SUESNEAM~2) ~2) ) |
7130 m_uu) B4:P(10)=P 450 RETURN J
TLAD I=I+1:GOTO 7020 4600 RENszzSUBxsx
ATO0 REMEs® (89610 SG=5GH(S):5=ABS(S) 3
7710 FOR I=1 TO NT4NS 9620 SD-INT(S/10000):51=58/10000~-SD:SM-INT(S1%100) :155=S1*100-84
T720 FOR J=1 TO No#2 i gg:g EW((SS/Aﬁi-SH:/ﬁm-Sn) |
TTA0 S=A(L, J+2%NR) :A(I, J)=5:GOSUB | 3 RN
TT40 PRINT s::LFRINTis;r,lA_gglg_:._n; gEe0 I~ 5700 REEMs=iSUGIwx
TT50 MEXT J:LPRINT:NEXT T N | 18710 WT=], 8 UI=15:Ri=5%]1 E-06: 52=52510000001
TT52 FOR I=1 TO NTHNS | 8720 P=MT=2352/((U1~2+R1~2352)3R0O"2) EMO TR T
TT54 FOR I=1 TO WT+NS L9730 RETURN 2
TT60 S=AL{I1):GOSUB 9280:51=5 10000 REMe+=TAKAKU-HYOCD
TTT0 S=P({1):00SUB 9280:52=5 10002 REM=#+%X.Y DATA v
7780 PRINT 1;51;:;52 lgﬂlﬂ DATA 301. —92491.540,88919. 350
7790 LFRIIIT T 100Z0 DATA 302, =-94163.680.92361.480 | .\ ...
fh09 GCRINT TAB(10):51:TAB(20):SZ:TAB(30):"( - 10030 DATA 303, =050§0.550,50073.470 ( Comedir
TELID LPRINT 10040 DATA 9999.0,0
TAZ0 GOTO 1000
7830 STOP
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20 86

15708701 10:11:28  Survey Simulation

brgle Error = D sec

Distance Error (Const.)= .01 mm

Distance Error (distance.dependent)= .4 ppm

ellipse magnification = 2 sigma

131m

radius 0. Tmm




4-1

007 ®
o ® Measured Analysys Error 1sec 10 g m+25ppm ¢ =0.0135mm

e Simulation Analysys Error 05sec 10 ¢ m+0.4ppm ¢ =0.0147mm

10pum+2.5¢6m/m o

0 10 20 30 40 50 60
distance(m)




4-2

Reference points on the wall

@ Laser Tracker station

Monument

e Reference points on the magnets



@& Laser Tracker station

e Reference points on the magnets

Reference points on the wall wl

Monument
3  Ring Survey Simulation
b sec
Const.)= .01 mm
0.5 (distance.dependent )= .4 ppm
nification = 1 sigma
CO5C2
10y m+0.4ppm .
[T, I| 7
- i radius Tmm | Tﬁ
G 16/05/05 09:48:12 Ring Survey Simulation 052
oy Angle Error = 5 sec T ;
— _ Distance Error (Const.)= .01 mm — : radius U, lmm
L3 Distance Error (distance.dependent)= .4 pom Ot Error Ellipse
ot ¢l livse(Red) masnification = 1 sisma o Absolute C )
s, T

=
TR

Relative C
o)




0.7 0.5

14/12/04 04:48:30 Ring Survey Simulat ion 14/12/04 12:30:22  Ring Survey Simulat ion 14/12/04 11:05:08  Ring Survey Simulation
bngle Error = 1 sec bngle Error p== 1 Angle Error = .5 sec

Distance Error (Const.)= .02 mm Distance Err Distance Error (Const.)= .02 mm

Distance Error (distance.dependent)= .4 ppm Distance Er Distance Error (distance.dependent)= .4 ppm
ellipse(Red) masnification = 1 siama ellipse(Red) ellipse(Red) masnification = 1 siama

radius Tmm radius Trm radius Tmm

C
{
o 0.5mm <

-0.03+ 0.07mm

o




Lﬂﬂ Crror
Dist
Dist

(distance.dependent )= 1 ppm

is
ellipse(Red) maznification = 1 siama

(Const.)= .02 mm

ance Error
nce Error

304 m+

x 5x 10°

20U m+

g
L x
~om
&
T —
=W
Eg-
3!@:
=
"4 §
0o =
38R
-5l
= e
8=2%
= R
g
[}
[l
—~m
&
T —
=
£ C
mm.l.
S
"4 §
0on Qo=
8- 8%
T
53t
=
(rg
[ Wmm
[ Y
ool
gu g
o D
w0 Q@
C C W
Lvowom Q
— = =
Wi h=
=~ OoOc




4/12/08 15:04:10  Ring Survey Sinulation
bngle Errer = 1 sec

Distance Error (Const.)= .02 mm

Distance Error (distance.dependent)= .4 ppm
ellipse(Red) magnification = 1 sigma

bngle difference (Measured-Calculated) rms

1.274 sec

Distance difference (Measured-Calculated) rms=Q. Q19mm

radius 0.Tmm

) A MY
x ‘t”?—!"nf*‘r. g 'ki:\'.\\\\ LT i

0.8 0.5

1412708 19:56:28 R
Angle Error = 5 sec

W07 13:27:08  Ring Survey Simulation Error (Corst.)= .02 em

le Error = .8 sec Error (distance.deperdent)= .4 pem
:ance Error (Const.)= .02 mm ted) magnification = 1 sigma
Izg@y:;ﬁ;im@;m 4 pen fiffarence (easured-Caloulated) ms = 6374 sec
le (Heasured-Calculated) ms=  1.01994463666204 sec = 01 ference (Measured-Calculated) ms=(, 21 =
:ance (Measured-Calculated) rms= .019571194562757 mm

radius 0.Tmm
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e AN

Y
K




14/12/09 03:37:18  Ring Survey Simulation
brgle Error
200 m+

.5 sec
X 0.4x 10°

bngle difference (Measured-Calculated) rms = .6374 sec
Distance difference (Measured-Calculated) rms=(), 021 mm

radius 0.Tmm

-t

rad i:lus 0. Tt J:
\

N ;




5 Excel VBA

| A | B | € | D | E B3 G | H
1 Survey EXCGl
2 Analysys Parameters

Angle- Distance Weight E Sec

4 Angle Error {1 sigma | 1.000 sec
] Distance Error (Constai 0.01 mm ( mm )
b Distance Error {Distanc 2.5 ppm
8 Coordinate  right hand (ex.) +X=West direction +Y=North directon p p m
9 fix one coordinate X or ¥ Jfix=1 (X) =2(¥) =0(none)
10 Jfix=1 or 2 —half known point=first Unknown point
11 JFIX 2
13 [teration 3 times
15 X(m) Y (m)
16 |Known PoiMt32 0.00000  0.00000
17 9999 0 0
18 |Unknown EMt37 13099995  0.00000
19 Mt14 -4311770 0.00000
£0 Mt31 -19.00000  0.00000
Z1 Mt33 26.00000  0.00000
22 Mt34 5050000  0.00000
24 9999 0 0
25 |Mrasured .Mt14 T3.1 MtSCSScbO 192.1823
20 |Angle  Mt14 T3.1 BT21.1 355.7378
27 Mt14 T3.1 BT21.2 204.1411
29 Mt39 T3.10 WION 2.0906
30 9999 0 0 0
3L |Measured T3.1 MESCSSgur 11.084221
32 |Distance T3l MtSCSSbe: 22.632399
34 MtE37 Mt39 55.500037
35 9999 0.000 0.000
-1V
37 Analyzing [teration= 1 Time= 16:01:52 Making normal equation
38 Iteration= 1 Time= 16:01:52 Solving equation
39 [teration= 2 Time= 16:01:52 Making normal equation
40 [teration= 2 Time= 16:01:53 Solving equation




Result

Measurement Error {standard deviat

2.0E-06

0.404 sec

lteration Standard Deviation(rad) and

1 3.8E-04 0.0E+00

2 20E-06 7.2E-(02
Error Ellipse (Absolute)
Point EWlmm)  NS(mm)  SNEW(mm) Max(mm) Min{mm) Angle(deg)
Mt37 0.023 0.000 0.000 0.023 0.000 0.00
Me14 0.016 0.068 0.010 0068 0016 -0.02
ME31 o010 0.031 -0.002 0.031 o010 0.01
Mt33 0.011 0038 0.006 0.038 001 -0.02

2015/7/28 16:01:53
Angle Error= 10 |sea Error Ellipse (Relative)
D:stanca arror'(Glonsﬂ= 0010 mm Point1 Point2 EW(mm) NS(mm)  SNEW(mm Max{mnr Min{mm) Angle(de
Distance error{distance 25 ppm Mta3 Mt34 0012 0032 0005 0032 0012 154
lteration times= 3 Mt34 Mt35 0.012 0.029 0.005 0023 0012 153
ME35 Mt36 0013 0035 -0001 0035 0013 157
Position (Known points) ) ! ! ! ! ! ! !
. 'Gomparison between Calculated and aMeasured 1 1 1 1
Point K(m) Y(m) Angle Fitt " Calo(deg) e
Mta2 00 00 e Fitting weight= c.(deg) measured difference
Mt14 T3 MtSCSSg 154180 154181 -0.5 sec
‘== Half known point ——— Mt14 T3 MtSCSSb 1915826 1915930 -1.4 sec
half known | X{m) Klrmm) X(m) Y(m) Y(m) Mt14 T3.1 MtSCSSc 1921824  192.1823 04 sec
Point Assumed correction Adjusted Fixed Y
Mt37 13099995 0034 130.98998 000000 000000 M9  T3.10  [WION 20006 | 20006 | 0.1 sec
. Angle Fittin 0.740 sec
Unknown Point ; ; ; i i i i
Point Assumed correction Adjusted Assumed correctio Adjusted
TSLance TILLnE C.mm) measure erence ! ! !
() (mm) () () (mm)_(m) T3.1 MtSCSSgur 11084 11084  -0.002
Mt14 -43.11770 047 -43.11723 000000 -0.07 -0.00007 a1 Mtscsszut mss2 | 22502 | 0008 T
_Me31 1900000 008 1900008 000000 008 -000008 | - — | —
Mt33 26.00000 002 26.00002 0.00000 0.02 0.00002 Mt38 Mt32 24.500 24,500 0.019 mm
Mt34 50.50000 014 5050014  0.00000 0.19  0.00019 ME37 Mt39 55.500 55.500 0019 mm
ML35 75.00000 006 75.00006 0.00000 037 000037 Distance Fi 0014 mm
Known Point number= 1 Un Known Paint numb 49 Total Poin 50 7
Measured Angle number 111 Distance number= 133



VBA

—

- Calculation of Coefficients of observation eq.

c1 = XJ(jO, iter) - XJ(j1, iter): d1 = YJ(jO, iter) - YI(j1, iter)
If (c1=0) * (d1=0) Then
Else:el=d1/(c122+d1722):fl=-c1/(c1”*2+d1"2)
End If
c2 = XJ(jO, iter) - XJ(j2, iter): d2 = YJ(jO, iter) - YJ(j2, iter)
If (c2=0) * (d2 =0) Then
Else:e2=d2/(c222+d2722):F2=-c2/(c2”2+d2"?2)
End If
x=-cl:y=-d1:tl =Atn(y/ x)
If x <0 Then
tl=t1+ pi
Elself y <0 Then
t1=t1 + pi * 2
End If

Function bunp(sigma As Double) As Double

' Trans Random Number from flat distribution 1
Normal one

Dim rn As Double, sum As Double, xran As Douk
dxran As Double, comp As Double, pn As Double
Dim iran As Integer

pi =3.141592653: sqpi = Sqr(pi)
rn =Rnd - 0.5: pn =Sgn(rn): If rn <0 Then rn = -1
sum = O#: xran = O#: dxran = 0.01
comp =rn * sqpi / dxran
Foriran =1 To 30000
sum = sum + Exp(-xran * xran)
If sum >comp Then rnn = xran: GoTo 14210
Xran = xran + dxran
Next iran
14210: bunp = pn * rnn * sigma / 0.707107

End Function
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