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Abstract

The two-dimensional program for the network survey using Schreiber method is written in FBASIC language. It is
useful for the survey and simulation because also the graphics results is get at the same time. The memory and speed of
PC are improved very much now. Furthermore this program is improved from BASIC language to Excel VBA. After
the parameters and survey data are filled in the column of the Excel sheet the calculated results continued in the lower
lines by applying Excel VBA (Visual Basic Application). This program can calculate also the relative error ellipse,

which is much important to the accelerator.
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Figure 1: Comparison between SA-USNM and FBASIC.
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' Trans Random Number from flat distribution to Normal one

RN=RND-.5 : PN=SGN(RN) : IF RN<0 THEN RN=-RN

SUM=0 : XRAN=0 : DXRAN=.01

COMP=RN*SQPI/DXRAN

FOR IRAN=1 TO 30000

SUM=SUM+EXP(-XRAN*XRAN)

IF SUM>COMP THEN RNN=XRAN : GOTO 14210
XRAN=XRAN-+DXRAN

vay

NEXT IRAN
14210 BUNP=PN*RNN*SIGMA/.707107
return
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Figure 2: Simulation results of the SACLA undulator
hall.
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Figure 3: Covariance matrix and relative error ellipse.
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Figure 4: Comparison between measured and simulation.
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Figure 5: Control network. There are two tracker positions in one cell.
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Figure 7: Absolute and relative error ellipse.
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f A [ B [ c [ D] E BMEMGI[H
1 Survey
2z Analysys Parameters
ﬁ Angle- Distance Weight E‘
a Angle Error (1 sigma 1.000 sec
i Distance Error {Constai 001 mm
b Distance Error {Distanc 2.5 ppm
8 Coordinate right hand {ex.) *X=West direction +Y=North directon
9 fix one coordinate X or Y Jfix=1 (X) =2(¥) =0(none)
i Jfix=1 or 2 —half known point=first Unknown point
| 11 | JFIX 2
13 Iteration 3 times
15 X(m) Y (m)
16 |Known PoiMt32 000000  0.00000 .
17 9999 0 0 Fig. 8(a)
18 |Unknown FMt37 130.99995  0.00000
19 Mt14 4311770 0.00000
20 Mt31 ~19.00000  0.00000
21 Mt33 26.00000  0.00000
24 Mt34 5050000  0.00000
29 9999 0 0
25 |Mrasured «Mt14 T3t MtSCSScbl 192.1823
20 |angle  Mi14 T3t BT21.1 355.7378
27 Mt14 T3t BT212 204.1411
| 29 | Mt39 T30 WION 2.0906
| 30 | 9989 0 0 0
31 |Measured T3_1 MtSCSSgur 11.084221
32 |Distance T3 MtSCSShe: 22632399
34 Mt37 Mt39 55.500037
35 9989 0.000 0.000
JU
37 Analyzing [teration= 1 Time= 16:01:52 Making normal equation
38 [teration= 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
I [ 42 [Result  2015/7/28 160153
i Angle Error= 10 sec
oy 44 Distance error{Const)= 0010 mm
4‘5‘ Distance error{distance 25 ppm
|47 Iteration times= 3
i Pesition (Known points)
| 50U | Point X(m) Y(m)
‘i Mta2 000000 0.00000 .
E —~ Half known point ——— Flg' 8(b)
1 half known | X(m) X(mm) X(m) Y(m) Ny
| 55 | Point Assumed  correction  Adjusted  Fixed Y
| 56 | Mta7 130.99995 0034 13059998 000000 0.00000
| 57 | Unknown Point
i Point Assumed correction Adjusted Assumed correctio Adjusted
| 59 | {m) (mm) (m) (m) {mm)  (m)
| U | Mti4 -43.11770 047 -43.11723 000000  -007 -0.00007
61 Mt31_ -19.00000 -008 _-19.00008 000000 -0.08 -0.00008
| 62 | Mt33 26.00000 002 2600002 000000 002 0.00002
| ©3 | Mt34 5050000 0.14 5050014 000000 019 0.00019
| 64 | M35 75.00000 006 7500006 000000 037 0.00037
66 | Known Point number= 1 UnKnown Point numb 49 Total Poin 50
b7 Measured Angle number 111 Distance number= 133
‘_’f Measurement Error (standard deviat  2.0E-08 0.404 sec
| 70| Iteration Standard Deviation(rad) and Reduction ratio
| 71 | 1 38E-04  DOE+00
| 72 | 2 20E-08  7.2E-02
| 73 | Error Ellipse (Absolute)
i Point EW(mm) NS(mm)  SNEW(mm) Max(mm} Min{mm) Angle(deg)
| 75 | Mta7 0023 0,000 0000 0023 0000 0.00
| 76 | Mt14 0016 0068 0010 0068 0016  -0.02
| 77 | Mt31 0010 0031 -0002 0031 0010 001
| 78 | M3 0011 0038 0006 0038 0011 002
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5] E S [E] H 1

] D
Error Ellipse (Relative)

Point1 Point2 EW(mm) NS{mm) SNEW(m Max{mm) Min{imm) | Angle(deg)
Mta3 Mt34 0011 0032 | 0003 0032 0.011 0.8
Mt34 M35 0.012 0029 | 0.005  0.029 0.012 -0.3
Mt35 Mt36 0012 0035 | 0004 0035 0.012 0.8
Comparison between Calculated and aMeasured

Angle Fitting weight=1 Calc.(deg) |measuredifference

Mt14 T31 MtSCSSgun 15.418 15418 -0.482 sec

Mt39 T310 WION 2.091 | 2.091  -0.107 sec

Angle Fitting 0.750 sec

Distance Fitting

T3 MtSCSSgun 11.084 11.084  -0.002 mm

Mt38 Mt39 24.500 24500  0.019 mm

Mt37 Mt39 55.500 55.500 | 0.022 mm

Distance Fittin 0.014 mm
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Figure 8: Excel worksheet for the survey calculation.
(a) Analysis parameters and measured data.

(b) Calculated Results.

(c) The values and figures of error ellipses.
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Sub Macro1()
Dim i As Integer, 10 As Integer, i1 As Integer, ii As Integer
Dim at As Double, b2 As Double, b4 As Double
mp = 500: mn =2900: mj =mp * 2:
Dim AL(2900) As Double, a(2900, 2900 / 2) As Double,
Dim QK(2900, 3) As String, QP(500) As String,
pi=3.1415926535: sqpi = Sqr(pi): ra=pi / 180#: radsec = 3600# / ra
e Weight Parameters , Iteration times, fixed point---
Range("D5").Select
rmt = ActiveCell. Value / radsec: Selection.Offset(1, 0).Select
ul = ActiveCell.Value * 0.001: Selection.Offset(1, 0).Select
rl = ActiveCell.Value * 0.000001
jfix =Range("D9"): maxiter = Range("D12")
Range("B16").Select
e Read X,Y Data W -----mmmeeem-
j=
Do Until ActiveCell.Value = "9999"
QP(j) = ActiveCell.Value: Selection.Offset(0, 1).Select
XJ(, 1) = ActiveCell.Value: Selection.Offset(0, 1).Select
YI(j, 1) = ActiveCell.Value: Selection.Offset(1, -2).Select
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j=j+1
Loop
nr=j-1: 'nr=number of known points
Forii=1Tonr
For iter =2 To maxiter: XJ(ii, iter) = XJ(ii, 1): YJ(ii,
iter) = YJ(ii, 1): Next iter
Next ii
Selection.Offset(1, 0).Select
B e e R Assumed X Y data  ----------m-m-m-
Do Until ActiveCell.Value = "9999"
QP(j) = ActiveCell.Value: Selection.Offset(0, 1).Select
XJ(j, 1) = ActiveCell.Value: Selection.Offset(0, 1).Select
YJ(j, 1) = ActiveCell.Value: Selection.Offset(1, -2).Select
ji=jt+1
Loop
Selection.Offset(1, 0).Select
np=j - 1: nq=np - nr: np=number of total points ng= unknown points
For iter = 1 To maxiter
Fori=1Tonp
For j=1 To np: IAN(, j) = 0: Next j
Next i
lemeee Initialize Matrix A(j,k) , AK(i)--------
n=nq*2: 'N=twice of unknown points
Fori=1Tomn
Forj=1Tomn/2:a(i, j) = 0#: Nextj
P(@i) = 0#: AL(i) = 0#: AK(i) = O#
Next i
e Read angle data  ------—-----
1=0:1=0: sigma = rmt
Do
I1=1+1
Ifiter = 1 Then
QK(l, 1) = ActiveCell.Value: Selection.Offset(0, 1).Select
QK(l, 2) = ActiveCell.Value: Selection.Offset(0, 1).Select
QK(l, 3) = ActiveCell.Value: Selection.Offset(0, 1).Select
ANG(1) = ActiveCell.Value: Selection.Offset(1, -3).Select
If ANG(1) < 0 Then ANG(1) = ANG(]) + 360#
End If
If QK(1, 1) ="9999" Then

nang=1-1
Else
Forj=1Tonp

If QK(1, 1) = QP(j) Then jl =j

If QK(1, 2) = QP(j) Then jO =j

If QK(l, 3) = QP(j) Then j2 =]

Next j
'-- Calculation of Coefficients of observation eq.
cl =XJ(jo, iter) - XJ(j1, iter): d1 = YJ(jO, iter) - YI(j1, iter)
If (c1 =0) * (d1 = 0) Then
Else:el=dl/(c1"2+d1"2):fl=-cl/(cl1"2+dl"2)
End If
c2 =XI(j0, iter) - XJ(j2, iter): d2 = YJ(jO, iter) - YJ(j2, iter)
If (c2=0) * (d2 = 0) Then
Else:e2=d2/(c2"2+d2"2):f2=-c2/(c2"2+d2"2)
End If
t1 = arctan(-c1, -d1)
t2 = arctan(-c2, -d2)
at=ANG(]) *ra
Ift2<tl Thent2=1t2+2 * pi
ANGL(], iter) = (12 - t1) / ra: BUN(I) = ANG(1) - ANGL(], iter)
b2 =(t2-tl)-at

IfIAN(1, jO) = 1 Then GoTo 10820: ' J1=reference angle
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point
If i=0 Then GoTo 10710:
End If
Forj=1Tonp * 2: a(i, j) = CS(j): Next j
AL(@) =cl: P(Q)=-1#/il
IfQKS(, 1)="9999" Then nt=1i: Exit Do: ' NT=Angles number
10710: Forj=1 Tonp * 2: CS(j) = 0#: Next j
cl=0#: i1 = 0: IAN(1,j0)=1
i=i+1
a(i,jl *2-1)=el:a(i,jl *2)="1l
a(i, j0 *2-1)=-el: a(i, jO * 2) = -f1
AL(i) = 0#: P(1) = 1#
Forj=1To 2 * np: CS(j) = CS(j) + a(i, j): Next j
cl=cl+AL®): il =il +1
i=i+1
10820: a(i,j2 *2-1)=e2: a(i,j2 *2) =12
a(i,j0*2-1)=-e2:a(i, j0 *2)=-f2
AL(1) =b2: P(1) = 1#
Forj=1Tonp * 2: CS(j) = CS(j) + a(i, j): Next j
cl=cl+AL®): il =il +1

' JO=survey instrument position

i=it+1
Loop
R Read Distance data ------
i=1:1=0
Do
I=1+1

Ifiter = 1 Then
QS(1, 1) = ActiveCell.Value: Selection.Offset(0, 1).Select
QS(1, 2) = ActiveCell.Value: Selection.Offset(0, 1).Select
SS(1) = ActiveCell.Value: Selection.Offset(1, -2).Select
End If
IfQS(, 1)="9999" Then ns=i- 1: ndis=1- 1: Exit Do: NS=Distance number
i0=1+nt
Forj=1Tonp
IfQS(l, 1) = QP(j) Then j1 =j
If QS(1, 2) = QP(j) Then j2 =j
Next j
cl =XIJ(2, iter) - XJ(j1, iter): d1 = YJ(j2, iter) - YJ(j1, iter)
s2=cl 2 +dl ~2:s1=_Sqr(s2)
el=cl/s2:fl=dl/s2
a(i0, 2 *j1 - 1)=-el: a(i0, 2 * j1) = -fl
a(i0,2 *j2 - 1) =el: a(i0, 2 * j2) = fl
b4 = (s1 - SS(1)) / s1: SSR(], iter) = s1: SBUN(I) = SS(1) -
SSR(l, iter)
e Weight ( Distance )
pd=rmt"2*s2/(ul ~2+rl"2*s2)
AL(i0) = b4: P(i0) = pd
i=i+1
Loop
'--- components arrange of A
If iter = maxiter Then Exit For
Fori=1Tont+ns
Forj=1Tonq*2:sss=a(i,j+ 2 *nr): a(i, j) = sss: Nextj
Next i
If (jfix = 1) Or (jfix = 2) Then
Fori=1 To mn: a(i, jfix) = 0#: Next i: ' fix X or Y coordinate
End If

Normal Equations A
n=nq*2: m=nt+ns
Fori=1Ton

For j=1 To n: S(i, j) = 0#: Next j: AK(i) = 0#
Next i

Forj=1Ton
Fork=1Ton:s3=0#
Fori=1Tom:s3=s3+P(i) *a(i, j) * a(i, k): Next i
S@, k) =s3
Next k
Next j
Forj=1Ton
Fori=1Tom: AK()=AK()+P() * a(i, j) * AL(i): Next i
---------------------- Inverse Matrix
Fork=1Ton
If k <> jfix Then
smax1 = S(k, k)
Fori=k Ton: If Abs(S(k, 1)) >=smax1 Then smax1 = Abs(S(k, 1)): ich=1
Next i
Forj=1Ton
temp(j) = S(k, j): S(k, j) = S(ich, j): S(ich, j) = temp(j)
Next j
tempak = AK(k): AK(k) = AK(ich): AK(ich) = tempak
t=1#/S(k, k): S(k, k) = 1#
Forj=1 Ton: S(k, j) = S(k, j) * t: Next j
Fori=1Ton
If i <>k Then
q=S(, k): S(i, k) = 0#
Forj=1Ton: S(,j)=S(,j)-q* Sk, j): Next j
End If
Next i
End If
Next k
R R Calculate X
Fori=1 To n: XX(i, iter) = 0#
Forj =1 To n: XX(j, iter) = XX(, iter) + S(i, j) * AK(j): Next j
Next i
ji=1
Fori=nr+ 1 To np: XJ(i, iter + 1) = XJ(i, iter) - XX(j,
iter): YJ(i, iter + 1) = YJ(4, iter) - XX(j + 1, iter)
j=j+2
Next i

Standard Deviation
Fori=1Tom: V(i)=0
Forj=1Ton: V(i) = V() + a(i, j) * XX(j, iter): Next j
V(i) = V(@) + AL®): 'AL(]) is lack in the textbook program
Next i
vv = 0#
Fori=1Tom:vv=vv+P(@i)* V()" 2: Nexti
SD(iter) = Sqr(vv / (m - n))
sdifang = 0#: sdifdis = 0#
For i =1 To nang: sdifang = sdifang + (ANGLC(i, iter) -
ANG(i)) ~ 2: Next i: Angfit(iter) = Sqr(sdifang / nang) * 3600
For i =1 To ndis: sdifdis = sdifdis + (SSR(I, iter) - SS(i)) *
2: Next i: Disfit(iter) = Sqr(sdifdis / ndis) * 1000#
Next iter
'Print "ITER="; iter
For i =2 To maxiter: Reduction(i) = Sqr(SD(i) / SD(i - 1)): Next i
----------- Error ellipse (Absolute)
Fori=1Tonq
SN_abs(i) = SD(maxiter - 1) * Sqr(Abs(SG@*2-1,1*2 -
1))) * 1000: EW_abs(i) = SD(maxiter - 1) * Sqr(Abs(S@ * 2,1 *
2))) * 1000
SNEW _abs(i) = SD(maxiter - 1) * Sqr(Abs(S(i *2 - 1,1 *
2))) * 1000 * Sgn(S(i *2- 1,1 *2))
Angle abs(i)=0.5/ra * Atn(2 * SNEW abs(i) * 2/
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(SN_abs(i) 2 - EW _abs(i) ~ 2)) * Sgn(S(i *2 - 1,1 * 2))

SMAX abs(i) = Sqr(SN_abs(i) * 2 + EW_abs(i) * 2 +
Sqr((SN_abs(i) ~ 2 - EW_abs(i) * 2) * 2+ 4 * SNEW_abs(i) *
4)) / Sqr(2)

SMIN_abs(i) = Sqr(Abs(SN_abs(i) * 2 + EW_abs(i) " 2 -
Sqr((SN_abs(i) ~2 - EW_abs(i) * 2) * 2+ 4 * SNEW _abs(i) *
4))/ Sqr(2)

Next i
------------- Error ellipse (Relative) ------------------

Fori=1Tonqg-1

SN_rela(i) = SD(maxiter - 1) * Sqr(Abs(SG *2-1,1*2 -
D+SE*2+1,i*2+1)-2*S({*2-1,i*2+1))) * 1000

EW _rela(i) = SD(maxiter - 1) * Sqr(Abs(S@i * 2,1 * 2) +
SE*2+2,i*2+2)-2*S3{*2,i*2+2))) * 1000

SNEW _rela(i) = SD(maxiter - 1) * Sqr(Abs(SG@ *2- 1,1 *
2)+SE*2+1,i*2+2)-S(i*2,i*¥2+1)-SE*2-1,i*2+
2))) * 1000 * Sgn(S({ *2-1,i*2)+SA*2+1,i*2+2) -S>
*¥2,i*%2+1)-S0*2-1,i*2+2))

Angle rela(i)=0.5/ra * Atn(2 * SNEW rela(i) "2/

(SN _rela(i) ~2 - EW _rela(i) * 2)) * Sgn(SG *2-1,1*2)+ S(i *
2+1,i*¥24+2)-S{*2,i*2+1)-S@i*2-1,i*2+2))+
(Sgn(EW _rela(i) * 2 - SN _rela(i) *2) + 1) *45 *ra

SMAX rela(i) = Sqr(SN_rela(i) * 2 + EW _rela(i) " 2 +
Sqr((SN_rela(i) ~ 2 - EW _rela(i) #2) 2 +4 * SNEW _rela(i) *
4)) / Sqr(2)

SMIN rela(i) = Sqr(Abs(SN_rela(i) 2 + EW rela(i) " 2 -
Sqr((SN_rela(i) ~ 2 - EW_rela(i) # 2) # 2 + 4 * SNEW _rela(i) *
4))) / Sqr(2)

Next i

Function arctan(x As Double, y As Double) As Double
' arc tangent
Dim pi As Double
pi=3.141592653
arctan = Atn(y / X)
If x <0 Then
arctan = arctan + pi
Elselfy <0 Then
arctan = arctan + pi * 2
End If
End Function

53 FHREEE O Mg

FBASIC ® 2> /34 7 —& VBA ClREDO 71 7 Z
2 % Windows7 @ / — K PC (Core (TM)i3 CPU
133GH z ) T® 1 [EIFFHEEERH (OWN O KM X
Windows XP Pentium(R)D CPU 3.4GHz {# /) (3 Table
1 DY VBA OEFRN2 VBN ERbhoTz,

Table 1: Comparison of Calculation Time between
Application FBASIC and That of Excel VBA

i WA | ME | BERE | FBASIC | VBA
SRR | 50 111 133 <1# <1%#
S | 486 1300 | 1400 |26 %> 10 5y
T (3647 | (19 %))

S 500, JEOHAE, HHEEE © 3000
FREE 72 S B TR OITH O EFR L 3000 17 X
1000 %1=300 HIZDIEH N 10 HFEETEHETE 50
THLIVLEL THLEANREHENEEZE X NS,

PASJ2015S THOMOS8

6. F&O

6.1 BASIC%Y 7 I (Excel VBA &ip)

e BASIC O7F 12 F A5 Excel VBA ~DZEH
VIR U SCEEDME 2 55 A L— R CEBLTX T,
Excel (VBA) T CEMWBET2NME L=,
VR o b—va UM RR SRS O R R R
EHBRBRENDIE » TV A AT &R
BLTWE Y7 MIEAFENRT U,

VBA THatH & RRFICRREEH L RIRTE 5,

o LSEDEEMMIT FBASIC LV VBA OF N H
N T,

o NEMNDHLHA T B—RT&5LEZAIZ VBA O
VT hEEE, FRENMENSCTVERICKE L
TWoTHbxNIEEEZTWS, (FRET
IIBL 2 5 A — L TRWE bR T E &V, )
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T A B AT402 OEN =+ cEuE, B
Vo7 OBREMOERF MO T —IE 20 u m(1 o )fE
ETNEY, FREAEOT —IMbTN Ty AT
VTAVIET—DRIZLD NI oT,
6.3 WEEDOT T —OFAM

ZERIR EDORESCH — 7 v b, WEROFENND
HEMOZT—DORBEHL VIV Ial—var bE
BE D Hfe B & D REEFHE N AIRETE B2 bbb,
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