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1. Brief Description 

The present program package consists of two 

individual programs: 

-- NETZ22 Program 

This program is for the free adjustment of the 

superordinate (above-ground) network or also for the free 

adjustment of the whole network (above and underground). 

-- NETZ24 Program 

This program is for the adjustment of the subordinate 

(underground) network with an unconstrained connection to 2 or 

more points of the superordinate, already adjusted network. 

During adjustment with NETZ24, the constituent 

variance matrix of the connection points from the super- 

ordinate network adjustment should be given. This can be 

done automatically, if NETZ22 is used as a preparatory program 

for NETZ24. 

The following observation values can be processed: 

-- Length measurements 

-- Direction measurements 

-- Gyroscopic measurements, and 

-- Offset measurements. 
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In both programs the following values are 

computed: 

-- The degree of freedom 

-- The confidence limits for m. 

-- The confidence level for S = 95% and 

-- The estimated r.m.s. error ellipses for 

all points of the network. 

In addition, the following can be computed with 

NETZ24 as desired: 

-- The estimated r.m.s. relative error ellipses 

for given pairs of points, and 

-- The estimated r.m.s. errors for given 

lengths and angles. 

2. Computation Formulas 

Only those computation formulas that are not 

already contained in "Adjustment of Geodetic Networks at 

SLAC" will be given here. 

2.1. Unconstrained Network Connection 

The connection points from the superordinate 

network are introduced as "observed unknowns" into the 

adjustment of the subordinate network. 

The "observed unknowns" each receive the 
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coefficient 1; as weights, one applies the corresponding 

cofactors (including the mixed ones!) from the adjustment 

of the superordinate network. 

In forming the normal equation matrix, the 

following constituents must be distinguished: 

NL = A;; P AL 
Constituent of 
independent observa- 
tions (lengths, 
directions, etc.) 

NK = A; Q, -1 AK Constituent of 
"observed unknowns" 

where 

AL coefficient matrix (lengths, directions, etc.) 

P weight matrix II 11 11 

4( coefficient matrix (observed unknowns) 

QK cofactor matrix II 11 

To calculate NK, all rows and columns that are 

not connected to the observed unknowns are struck out, 

resulting in a correspondingly small computation system. 

The total normal equation matrix N results from: 

One works on the assumption that there are always 
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2 or more connection points from the superordinate network. 

The normal equation matrix N (2p,2p) is then regular and 

hence fully invertible. 

2. Degree of Freedom 

The degree of freedom f is computed as follows: 
. 

f =n,+n,+n k + n h + '2~s - 2p - o + d 
l 

where 

n 
S 

n r 

nk 

nh 

P 

0 

pa 
d 

number of lengths 

number of all directions at all stations 

number of gyroscopic measurements 

number of offset measurements 

number of all points in network 

number of orientation unknowns (= number 

of sets of directions) 

number of "observed" connection points 

defect in network 

d = 3 in a free network adjustment with 

length measurements 

d = 4 in a free network adjustment without 

length measurements 

d = 0 for a connection to a superordinate 

network with 2 or more connection 

points 
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2.3. Confidence Limits for m 

The confidence limits for m. depend on the 

degree of freedom f and the statistical probability of 

error a; they are computed as follows: 

s, = m041 

I 

lower limit 

S 0 = mo//2u upper limit 

For a = 5%, the following values are drawn from 

the graph of the x 2 distribution ("Zurmtihl" textbook): 

f 

5 
10 
20 
30 
40 
50 

f hl ‘ho hl ‘ho 
5 0.40 0.40 1.60 1.60 

10 0.56 0.56 1.42 1.42 
20 0.68 0.68 1.30 1.30 
30 0.75 0.75 1.24 1.24 
40 0.78 0.78 1.20 1.20 
50 0.80 0.80 1.18 1.18 

2 Because of the asymmetrical distribution of x , 

the upward bounds are higher than the downward ones. The 

lower the degree of freedom is, the more these bounds differ 

from one another. 

In the computer programs, x0 and A, are auto- 

matically also computed for any desired degree of freedom 

as a fifth-degree polynomial. This polynomial approximation, 

however, applies only for networks with f > 5. - 

-7- 



2.4. Relative Error Ellimes 

X 

I 
I 
I 
I . / 

. 

0 'k 
/ 

Foot curve 
Fuf3punkt- 
kurve 

/ 
. 

a grid bearing PiPk 

a& semiaxes of ellipse 

4 grid bearing of the major semiaxis 

E direction perpendicular to PiPk 

e perpendicular component (relative perpendicular 

error PiPk) 

From the network adjustment, one gets: 
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-m 
0 

r.m.s. error of weight unit and 

- Q cofactor matrix 

With this the following values are computed: 

Dn = Qxx -i Q  - 2-Q 
ii XkXk XiXk 

D YY =Qyy +Q - 2.Q 
i i YkYk YiYk 

D XY =Qxy -Q 
XiYk 

-Q 
XkYi 

+Q 
ii XkYk 

x2 = 
d 

4*Dw2 + (Da - Dyy'2 

Finally one obtains the elements of the relative 

error ellipse from: 

a=m. 0 1 
0.5.(D, + Dyy +"h2) 

b = m,* 
d 

0.5-(D, + Dyy -x2) 

l?= 0.5*a3~ tan (2*Dxy/(Dxx-Dw)) 

e = a2cos2E + b2sin2C 

2.5. Confidence Ellipses 

The calculated error ellipses can be transformed 

into confidence ellipses (S = 95%) if their semiaxes are 

- 9 - 



multiplied by the factor 

cl f = degree of freedom 

The direction of the semiaxes is maintained. 

The factor F2,f,0,g5 can be drawn from the table 

for the distribution of F. In the present programs, it 

is automatically computed as a seventh-degree polynomial 

for any desired degree of freedom > 5. - 
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3. Directions for Use of Programs 

3.1. NETZ22 Program 

Input File: 

a b 
R3AD FORMAT Anz. 

Zeilen Erlsuterungen 

1 TEXT 20A4 1 gberschrift c 

2 Ia? 15 1 Anz. Netzpunkte d 

3 PP,Y,X &3,2Fl5.5 Np 'i 9 Yi"9 xio 
4 NS 15 1 Anz. Strecken e 

5 PPI,PPK,I% 2A8,F10.5 NS Pi,Pk9ms 

6 NPR 15 1 Anz. Richtungssgtze f 

7 PPI,NR A8,15 lx Pi, 
N-PR 

Anz. Richt. auf Pi ' 

8 PPK,MR A8,El0.5 NR I 'k ' mr 
9 NK 15 1 Anz. Kreiselmess.h 

10 PPI,PPK,IVrX 2A8,F10.5 NK 'i 'k 9 9 mk 

11 NH 15 1 Anz. Pfeilhijhen i 

12 PPI,PPJ,PPK,MH 3A8,F10.5 NH 'i 'j 'k 9 9 t mh 
13 NPA 15 1 Anz. Anschluf3punkte j 

14 PPA A8 NPA ‘a . 
..- 

Key: a. number of lines f. number of sets of directions 
b. explanations 
c. heading 

g. number of directions at Pi 
h. number of gyroscopic measure- 

d. number of points in network ments 
e. number of lengths 1. number of offsets 

j. number of connection points 
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Dimensioning in the Main Program 

- PP(NP),Y(NP),X(NP),A(NA),ZA(NA),AA(NA,NA) 

- G(NA,4),GG(4,4),QS(NA,NA),T(I?A,NA) 

E-. TEXT(20),KAN(NQK),QK(NQK,NQK) 

where NA = 2 l NP and 

NQK = 2 . NPA . 

Read-In of File Names 

File names ("Input File," "1st Output File," and 

"2nd Output File") are input interactively with the display 

screen. For the 2nd output file (connection point file), 

a valid file name should be given in each case, even if 

no connection points are to be prepared for a subsequent 

network adjustment with NETZ24. (i.e., if n 
pa 

= 0). 

1st Output File 

1) 

2) 

3) 

4) 

5) 

6) 

7) 

8) 

Heading 

Approximation coordinates (Point, y,, x0) 

Length program (if ns # 0) (from, to, ms) 

Direction program (if n p # 0) (from, to, mr) 
r 

Gyroscope program (if nk # 0) (from, to, mk) 

Offset program (if nh # 0) (stat, left, rt, m ) h 

Statistical values (mo,f,Su,Soff95) t 

Error ellipses (a, b, $1 

+ m (a priori) = 0.0001 -- 
Dymensions: 

established by the program! 
always (m) and (grads)! 
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2nd Output File 

1) Number of connection points 

2) Names of connection points 

3) Cofactors of connection points 

For n 
pa 

= 0, the second output file remains empty. 
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3.2. NETZ24 Program 
First Input File: A 
I b 

READ FORMAT Anzahla 
Zeilen ErButerungen 

1 TEXT 20A4 1 uberschrift ' 

2 NP 15 1 Anz. Netzpunkte ' 

3 PP,Y,X A8,2F15.5 N!? pi~Yi"~xio 

4 NS 15 1 Anz. Strecken e 

5 PPI,PPK,MS 2A8,F10.5 NS Pi#PkSms 
f 

6 ~Nl?R 15 1 Anz. R-ichtungssgtze 

7 PPI,hB A8, I5 1 
m NCR 1 

Pi,Anz; Richt. auf Pi g 

8 PPK,MR A8,F10.5 'ktmr 
9 NM. 15 1 Anz. Kreiselmessungen h 

IO PPI,PPK,MK 2A8,F10.5 NK 'iSPkSrnk 

11 NH 15 1 Anz. PfeilhGhenmess.i 

12 PPI,PPJ,PPK,M3 3k8J10.5 NY Pi9Pj,PkPmh 

13 Nm I5 1 Anz. rel. Fehlerellipsen- 

14 PPI,PPK 2A8 'i9'k 
k 

15 NFS 15 1 Anz. Streckenfehler 

16 PPI,PPK 2A8 NFS 'i9'k 

17 NW I5 1 Anz. Winkelfehler 1 

18 PPI,PPJ,PPK 3A8 NFW pi9pj,pk 
I_. --...- 

Key: a. number of lines 
b. explanations 
c. heading 
d. number of points in network 
e. number of lengths 
f. number of sets of directions 
9-- number of directions at P i 

1. number of 

h. number of gyroscopic 
measurements 

i. number of offset measure- 
ments 

j. number of relative error 
ellipses 

k. number of length errors 

angle errors 
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Second Input File 

The second input file is automatically developed 

by the preparatory program NETZ22. 

In case it must be developed by hand, the following 

conventions apply: 
T 

RZAD FOAMAT fblZah1 Erlguterungen b 
Zeilena 

1 NPA 15 1 Anzahl AnschluBpunkteC 

2 PPA A8 NPA Name AnschluBpunkt d 

3 QK 5314.6 (x) Anteilige Q-Matrix e 

Key: a. number of lines c. number of connection points 
b. explanations d. name of connection point; 

e. constituent Q matrix 

(x1 The elements of the constituent Q matrix are input 

by rows: 

QK(l,l),QK(1,2),QK(1,3), . . . , QK(l,NQK),Q(2,1),4(2,2'), 

. . . . , QK(NQK,NQK) 

where NQK= 2 - NPA. 

-- One line contains 5 elements (5El4.6). 

Dimensioning in the Main Program 

- PP(NP),Y(NP),~(NP),A(NA),ZA(NA),AA(NA,NA,NA),QK(NQK,NQK),KAN(NQK) 
- TEXT(20) 

where NA = 2 . NP and NQK = 2 l NPA . 
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Read-In of File Names 

The file names ("1st Input File," 

"Output File") are input interactively with 

screen. 

Output File 

1) 

2) 

3) 

4) 

5) 

6) 

7) 

8) 

9) 

10) 

11) 

12) 

Heading 

Approkimation coordinates 

Length program (if n,#O) 

Direction program (if n p # 0) 
r 

Gyroscope program (if nk # 0) 

Offset program (if nh # 0) 

Connection points 

Statistical values 

Absolute error ellipses 

Relative error ellipses (if nr, 

Length error (if nf # 0) 

Angle error (if nf ; 0) 

,#O) (aA $ ,d 

(from,to,mg) 

(stat,left,rt,mG) 

"2nd Input File," 

the display 

(point,yo,xo) 

(from,to,ms) 

(from,to,mr) 

(stat,left,rt,mh) 

(point names) 

(a,bN 

-W 

? mo(a priori) = 0.0001 . . . established by program! 
Dimensions: always (m) and (grads)! 
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4. Numerical Example 

500 1000 1500 

-- Superordinate network (above ground):.:~,~,~,~ 

-- Subordinate network (underground): A,P~,P~,P~,P~,D 

-- COnneCtiOn points (portal points): A,D 

The underground network is observed from two sides: 

-- From'A in the direction of P2 and 

-- From D in the direction of P3. 

What is being sought (among other things) is the 

estimated relative perpendicular error (punch-through error) 

between the adjacent points P2 and P3. 
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Input File for NETZ22 

i o UEEERGEOHDNETES NETZ Superordinate network 
NETWUNKTE points in network 
300.00 400.00 
850.00 800.00 
600*00 100.00 

1350.00 400.00 
STHECKENMESSUNGEN Length measurements 

I3 0.004 
D 0.004 
C 0.004 
A 0.004 
C 0.004 

RICHTUNGSSAETZE Sets of directions 
3 

0.00~5 
0.00,05 

3 
0.0005 
O.OQ05 
0.0005 

9 
0.00;s 
0.0005 

3 
0.0005 
0.0005 
0,0005 

KHEISELMESSUNGEN Gyroscopic measurements 
PFEILHOEHENMESSUNGEN Offset measurements 
ANSCHLUSSPUNKTE Connection points 

- 18 - 



1stOutput File of NETZ22 

I UEEERGEOKDNETES NET% Superordinate network 
2 NAEHERUNGSKOOHDINA~EN Approximation coordinates 
3 @I 300.00000 400.00000 
4 E 850.00000 800.00000 
5 C 6 Q Q . Q Q Q Q Q iQQ.QQQOQ 
6 D ~350.00000 400.00000 
7 STHECKENPKOGKA~M Length program 
8 A B 0.00400 
9 EC D 0.00400 

10 D C 0.00400 
ii C A 0.00400 
12 E C 0.00400 
13 RICHTUNGSF'ROGHAMM Direction program 
14 A E 0 A QQQSQ 
15 A C 0.00050 
16 E D 0.00050 
17 E C Q.OQQSQ 
SEC E A 0.00050 
19 D C 0.00050 
20 D Ef 0. QQQ50 
21 C A O.00050 
22 C Et 0.00050 
‘7 LI. C D Q. QQQSt-3 
24 STATISTISCHE GROESSEN Statistical values 
25 MO = O.QQQ1Q F = 6 su = 0. QOQQ6 so = (j.(joo23 F95 = 3.2 
26 FEHLERELLIPSEN Error ellipses 
27 A Q.QQ2Q5 0.00~52 115.6 
28 EC 0.00182 Q,QQl72 i81.8 
29 C o.ooi73 O.OOi64 136.5 
30 D Q QQ??j 

l -- Cf.00442 102.6 

I 
2 A 
3 D 

2nd Output File of NETZ22 = 2nd Input File for NETZ24 

(File of connection points A,D) 

2 

4 0.40808iD+03 -0.444774D+02 -0,251808D+03 -0.25854hD+O2 -Q.441774D+Q2 
5 0.242155D+03 0.229332D+02 0,346268D+02 
6 

-0,251808D+03 0.229332DtQ2 
0,489893D+03 -0.120044D+02 -0,258546D+02 0.31626QDt02 

7 -Q.i20044D+02 
0.20212iD+Q3 

- 19 - 



Input File for NETZ24 

i o UNTERGEORDNETES NETZ Suhrdinate network 
NETZF:‘IJNK TE Points in network 
3 Q 0 . 0 0 400.00 

i 350 . 00 400.00 
55Q.00 450.00 
750.w 480.00 
754.00 480.10 

i 4 00 . 00 480.00 
STRECKENMESSUNGEN Length measurements 

Fl Q.002 
F'2 Q I QQ" . 
F'3 0.002 
F’4 Q. QQ2 
D Q.QQZ 

RICHTUNGSSAETZE Sets of directions 
2 

Q.QQ1Q 
Q.QQtO 

2 
Q.QQ1Q 
0.001 Q 

2 
O.OQ~O 
Q.QO~Q 

3 L. 
Q.QQiQ 
Q.QQfQ 

KREISELMESSUNGEN Gyroscopic measurements 
A 0.0028 
Pi 0.0028 
D 0.0028 
F'4 0.0028 

YFEILHOEHEMMESSUNGEN Offset measurements 
p3 
D- 

A Q.QQQ? 
F'3 O‘OQ09 

RELATIVE FEHLEHELLIFSE Relative error ellipse 
P3 

STRECKENFEHLEH Length error ' 
D 

WI NKELFEHLER Angle error 
D A 
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1 
2 
3 
4 
5 
6 
7 
8 
? 

10 
14 
12 
13 
14 
is 
16 
4 7 
18 
is 
20 
21 1T7 iL 
23 
24 
39 L-r 
26 
27 
28 
29 
30 
31 
32 
33 
34 
35 
36 
-7 
23 
39 
40 
41 
42 
43 
44 
45 
46 
47 
4Er 
49 

Output File of NETZ24 

UNTERGEORDNETES NETZ Subordinate network 
NAEWERUNGSKOOHDINATEN APProxiqtiqn coordinates 
4 300.OQ000 " 400.08000 
D 1350.00000 400.00000 
Pi 550.00000 450.Q0000 
F-2 750.00000 480.00000 
F'3 751 .QQQQQ 480,iOOOO 
F'4 I 100. QQQQQ 480.OQOQO 
STKECKENFROGRAMM Length program 
A P4 Q.OQ2QQ 
F'd p3 Q.QQ200 
F* ? F's Q.QQ200 
F'3 F'4 Q.QQ2QQ 
P4 D Q.00200 
RICHTUNGSPROGRAMM Direction program 
Pi A Q.QQ1QQ 
F'i p? 
F'2 A- 

Q..QQi 00 
Q.QQiQQ 

F'? 
G 

Pi Q.QQiQQ 
D Q.QQfQQ 

F'4 P3 Q,QQiQQ 
P3 D Q.QQ~QQ 
F'3 F'4 Q.QQ4QQ 
KHEISELPROGHAMM Gyroscope program 
F'i A Q.QQ28Q 
P2 Pi 0,0028Q 
F'4 D Q rj 3 ? 8 6) 
F'3 P4 0: eo& 
F’FEIL.HOEHENPKOGRAMM Offs&program 
F'i p? A Q.QQQ9Q 
F'4 D f'3 Q,QQC'/'Q 
ANSCHLUSSPUNKTE Connection points 

OA 
STATISTISCHE GROESSEid Statistical values 
MO = Q.QOQiQ F = 7 su= 0.00007 SO = Q.00021 F95 = 3.1 
ABSOLUTE FEHLERELLIPSEN Absolute error ellipses 
4 O.OOiPS Q,QQi5~ 123.3 . 
D 0.00198 Q.OOi42 105.5 
F'i X).00862 0.00241 188.8 
p2 . O.Qi412 0.00282 i9O.i 
P3 0.01519 Q QQ?Ti 1.7 

F? 
. 

F'4 . 0.00654 o.Gii 8.2 
,; RELATIVE FEHLERELLIPSEN Relative error ellipses 

P2 F'3 h= 0.0217i 58 O.OOi9i Q= io4.3 'C 
STEECKENFEHLER Length error 
4 D i050..00QQQ 0.09322 
WINKELFEHLER Angle error 
P3 D A 180.34712 0.00369 

< 
Mean Punch-through error : + 2.2 cm - -w--s---- --------- 
Punch-through error for S = 95% 
(2.2 x 3.1) + 6.7 cm - --------- -------_- 
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