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AH u5=14=15=(14) =6, (1) + 55

When 6,=d; (spherical approximation, equal distance to A and B)
AHps=(1p)-(I5)

o T S S S e S




@ = HH(level surface) : GAIZIMOj| =1 4] 0}
2 O X712 & O|ELC}, FxH
7

STME =82S 2T o=z

O
—
>
=

(o]

| — .

@ F=FAM(level line) : =FHHO|| TSI |O] Q!
FTHUMYL BE HEL TEHMY T},

@ X|BHS(horizontal plane) : SAZ|MOf| = 3]0t= 2, O[T HOJM =
B HA HOt= FHOIH, AIEHUY BYOME =T HA 2X|OtC

® XIBA(horizontal line) : AZIMO|| ZOH= XYM, OfE oAl ST A
1} FOH= ZMO|D, AIZHQ| HAUOME BT $FMO| LX| O,




® JIEH(datum) : H11Q| I|E0| &= +BH, JIEEH(datum

@

plane)&t1l = &,

B Ol == (meon sea level, MSL) : =H4219]

J

STalOEM ZT 0 =0, -.-II'._¢§
UH1I RO TYLUSXIES MOt
= EXEY /UL
BOl+=EHE YOI AOH 2 OH2Ho HX|Ot= =HHSXHY
’3"'_"'5"-.-._'% S8 BP0 ORE O M0 22X FZEil

B0 2FECt 2 X2 == O X8 A, Hil &
%ﬂﬂ—l Ot
H

1(elevation) : f
SE| ofiH J|X b=



_

St=29| £=FJ|=H(national geodetic vertical datum)

SHRO| £ZI|ETL FTAMONCL THEXQI YOI TR
BROIO A2 =N KEHOIACE

A O|F— 19111 BYSE oF 3HZI0| ZX FE, YAL =T, O
M, ZIGEO| 2t DO TQREFS MX|OFD XtI|ZFE 0| 2|0}

o & USXEN P Oi+=HE A L0, O] 5IH X|F2 =
Of+=3& CHA| =0 B2 8i& SR =FJ|IETHOZE EF.
X2} S O MFTo=E SXIA= B2 EHIIEHO|

O| B=OH+HE XHH.
TE HSXE TE AlY A& M2x)




=Z&(bench mark, B.M)
JIZEHOERH HIIE TPV T2 SHEM =5
=T J|IEEO| EIH FHA, LAIHEY, JIE8HA

X XIAXE=Z HAIBH,

A LAEA




=E=%Y(leveling net)
Zt =EFZNS BIEA| YESTOIH, 11 ST LAt 61§ 2 K12 EHY| O]
LIt E| =5 O, 2t +E& 28 FEOH| STOIHT: =FFQ| +It &
OW QX SHEEZE, =F&S ATTH =FL-MO| ZO|J} HTFOIA
M MFOZ E|SOIIEX], o™ OE =F&FO| A=} 0|2} 20|
LM O BHIE O|F A &l=0l O|§ =Z=0|2t B,

@ FE=Y(leveling) : S| HIl, Et= HIXIE ZHOI| Yot =F it
oF




(vertical control points)
o X2 =EFE YUA HIIE ZPTHEHR, =FI|E
15 OHH, SIEYM=E 15E8Y X 25 YO =XI|IEES
=O0| fH PEEFC BOIIZEHL 1, 2T =HOZLEH S =L

N




UZO| X|BH2 X7 |E W2 =+

C_: NBU2ZFH +=BLUIHX[2] HXHm)
m

D - #X AB2| A& (km)

s HH& ROl 6,370km&HH C =0.0785- D? =, 1km T 7.85cm




" 6-3 xI7e| BB f7]o B

oIt SN

8 X7 0718 TOl= JM2 X7 HEEHE ToIH9 2T EHU
TEEZCL FBAEY g E 32 GHIY FITARXE A7
oLt [etMHO| LIENE = HSO| ROl LIEFRLE WefA] ROIAM S

HA0| 9482 Ha| RHEHSE ZASICH
H 8%k A

—_

m OH =3+ k=0.007, R=6,370kmc}tH
- =-0.011- D =, 1km 5 —1.1cm..
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F(direct leveling)
BOA Iy 2| ALSE=

HAO =5& 39 F & =O0[Xt
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(indirect leveling)
E&X = HTEO[E)I
Bt A &t& O ZO|XIE +
ot =O|XIE P,
0|0t = O|XIE H AIOI= 5.
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B Y FE=FH(reciprocal Ieveling)
2 ALOJOf| =11 U= 210 HI11XIE 0=

=
=3 (indirect leveling)

%"(opproxmo’re leveling)

Of ZHEADE HEEZHT




(cross sectional leveling)
ZMO|| ZIZHY P! ZMO| TKXHE TOI0] 1 EIE ZHO




= 1T
v [IVNEEOZANO +EET, IIEETY HIIIEEH ST2EM TS
T X J|Et EF2 J|EEO| H.
v 15 EHYL =FHHZ HE - B 4km
B 2T
v [INEECZEN 1T FEETY XI52 57, TF

JIES0l 3.

2 THIE 270X B=E 8 2 XN XIE F0= TS ALS.
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6-5-1 =

" =30 A Ol= 17|
S L3 & (dumpy level)

BEAT " (tilting level)

X}'E gl & (automatic level)

VEHE-1T c=EET T TUSESTO ALS
SHEZ|® (hand level)—=52 FUTE QJVIX| U2 £ZFE=FH
m O|2TI gREL A &aAH It O CIEX| St

A
YL
MQ HHOl= YEOIDE TF FAFS 21 U

=S
5
s 210|2| & (wye level)
5
4
5
4
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THP, +EJIEH X XXFZ EO U1l O|RSO| BETAl Holl R4
BELIALO| IOt J|EE FTO0 LA SOEMN =BAIEME E8.

(1) TP (telescope)
O QgA= @ ETZFE= O YXM @ OB

eyepiece reticle'Ee'eSCOlOfa _
\ / . .0bjective lens

.................... line of sight

=== level bubble

~

~~ leveling screws

7T\

tripod

)




B (2) ==J|EH(level tube)

v JIZHUS AT FOE & S/ PO Y Fi= of YE 229 Bt
X|Z2| MTE 0fo] 0]210) TA(alcohol)O|Lt OEI S (ether) 2t &
S ERCH H40| OFF X2 MKIE MY 20| J|EE EHED T
SHZOEM BF XA TOF LM JIES YIS HAIOH| Yot
of 22:O| 9 F= EAT 5O =Z0| J3K ULk

, J|E O] FH|OHOF & 371X = A
® S B2 25 T2t
2X{ HOIX| 2JOtOf Bt
@ TLE FAZTO OIS
J|E2| 0|FO0| TEE R.
® J|XE2| O|FO| 2IZ0}OF BHLY,




m (3) B=X|(level screw)
v FEFXIS £SL THIZ HTOS A& + UTE YOI TYL
AIO|Of| Z=EZELIAIE TDIQUE WS 2LTICL O] LIAIS] =0|E 1Yo =
M QIZIZO| FALE HISIOPHE TIQHS HOIC} AEESG HIZH X

OF ML= X& FEoITta] St
v JYEUAIE 471(FA) E= 3HZE =N UL

O
O O

="




(

N\
m Setting up the level

1. Fix the level on a tripod

2. Center the circular bubble by adjusting the foot screws.
(to approximately level the instrument)

o

() @ @ @

3. Sight the levelling staff, and eliminate the parallax.

Primary axis

4. Adjust the sensitive bubble tube by the tilting screw.

23



SO (dumpy level)
EX: W/AZBO| 2719 X|710] OO0 £==FZtdt DAFEI] U2,
THFTE J|EH=UA FYo|d 7IEI'* =2 X|I10f Z¥2t Ol
M ORETE|O] U,

=& WO AlZto] &ol Edl4, HE It &
TE: B¥Ol 31 FEIH AL0I Y.




m 20|12 (wye level)
o 0oL PYIMHZO Y&l S| = 2HEOO YHBTEE

CEEDn|
QIC} ET FUFL QAOIX|TIOINM SO X9 S HIE 5 7| I
SOj| Bl 2| WS Tt T 0| ZHEHOLLL,




A BEL BUSE

==H0|| AIBEI= HOZN
o|0| S&H 7IEI'*% ’i.:’éoil 2| 210] 7|
=2 2XO0|X| 1l JIEE
A O

FEE EojUL, =

L2 Al St9 -.-’B'AIM'% QA BHLL,




6-5-31H80) =5

""':Eﬂ‘HI (hand level)
=0 E1 & SHE AEZL FAIO WF2 HE0| 2|0t Iz
-.-lII & = UA OIRL J|EI T UE Moll= P29 2|01
=L} O] 2T 2= HUXIOM P 22 =02 HE AIECH
FBOIEE ] 82 HEX =4 &2 =0|2 NG &
. "“._"EEH%‘._l ZIEOLL] O & HSol HeoIBEE AL ¥

60| At EL,




m XX (electron level)
s HIAE T BAOo=E N HHZ XIFTO=E
ol &




u SO|X & (laser level)
» FXHLE 0|00 BIHZO H =P X 0| ZFOY 0§ =

UTLE BIE &




6-9-4 J1J19 =&

u YOO E A

o Z=O| A R ITHL J[712 FRO [MEtM YOl T}
O F CkE 27}K| AL BHEA|F{O} DL}

v (1) I EHH=S AEFO| =Z(L+V)
Ol= J|EE I|EHM2 TV LAHLEM
HAXI=Zg QX0 Z Ui,
O] O] J|EX /=L oL B ! ] -1 meme
CHOHM e =& S XIOHH &Y,

v (2) AENL I EHZE FB(C/IV)
J|ZE J|Z & TPl 23 o
AEML ol BHol| LOHME =B 22 ECL




8 SESFL XFO B XL HAAE TOH= 20| Iy 2 =
ojm, WL o|2{¢t AXXIE FOH=O| O|§C} 2|1 AIEM
2 %% M(level surface) UM QIXIOIE E|S2 1 AL Of
9 ZHCHOICY,

"6-6-2 10| HXI(Setting up the level) -

5 YELAIE 0|80 & =B =F 3 X|BHC
5 BAKO ME& 3L TAK HEO| &0 O B JHE ML,

Ol Z0fl 27HE MI& L.
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Fol YCh, EROIKI T HELEHD NEAE=
of ZIC},

(1)**E-¢-f’£1(10rge’r rod) = BE =X
M H(target) & %E(vernier)ﬂ FEEH R 01 & 2=(rod man)Jt
HU=XC| AT O 2|01 O|HE ¥OIE &K AZEMO| XFH S H
£ A3 01 11 ==& ei= Aol
v MHEYE AECIHYU L= E0| BEEL 201=
Lt BE It O|sg [Mol= =017 g4 & JKI?_r
SO| A







B (2) XI=Ex=Z=X(self-reading rod of staff)

&

A|ZEZQ1 X} XIAO| YAFOZ £EXMG AZ2L FA0| I =
=& 9= NoZN B ol FEXG IO 42 I|2t OF
COE T {2 €I §1 B AIZI0| HIEH HDE =2 P

CH @  UCH

, BE: AIEHY I HO{E a2t FETI R IMEFE FET I}

='=°f11 BE T Il @S OHX| =OtCt

3139l MOIE QYOI BHSO|E AELEXL MELEXO| Y=

O|& FE0| BT &|7|7t &Lt

m (3) EHO(foot plate)

%

X|2F0] FX| SOHH SEX0| HOIOL= 3@ = HAl(fore sight)2t
T Al(back sight)= FAI0 $/OH= O|J|E, FAIKIM FZO2 A
97| TETt FQ Sol= EXMUE ASOIO FUD S 2 & Y

L.
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StA(leveling rod or staff)
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E HESEEST S TY
o (1) TAI XA
T Al(Back Sight; B.S) : Z|X|&0 M& HEO ==& = A (=X Al)
2 XI0t= OIX|Ee BN =348 ¢ = A

XMA|(Fore Sight; F.S) : H1lE
(=Z=AN)

% (2) 7131=AI=1(height of instrument; I.H EEE= H.1)
PRIB AIFEMO| B
I H D =X|E 0+ Al

v (3) O17| =t F2HE
oI7I’“(Turn|ng Point; T.P) : M . ZAIE TA|0 ¢HH= =H
S t&8(Interminate Sight; 1.5) : o Bt 2| HI1E 70| HOH AT

Ol'— x4
21l O

v (4) X84
JI= 2=HO ZEF o XMUIX|Q] B

T = —

XIS = I T — ®MA| = X2 4+ FA| — FA




~_ Reading an “E-face” staff

Difference in B
height (AH)

................................................... 39



AL
X%

s (1) 21718 122 EX|OIH &= 3B
© B3 Al BNE 2% MO LX) A HET
o) =7 A B&E AIZ0I0! o ST ¥ AI(back sight
© =F B2l EX& AIZE0}0] bE =Lt i Al(fore sight)

s HilAEY
U K= A= A|

% = Ah=(a-h)
o 18 =%

H,=H, +(a-h)




BS FS

1.20

(?2'\04(')“(\)) Level set up half way between BM A and TP1 - equal BS and FS

Dh,; =BS-FS= 8.42-1.20=7.22
hg =820.00 + Dhyg

41



AL
X%

m (2) 71718 2% Oy £X|0t= BL
(D == A0 HNE M1 1H0]| S22 M ARL T AT,
@ AZIL} BIRZIO] HE Tt 22 O|J|A(T.P1)L Ol BEXQ AQ| AT}
@ J|7|2 2E0| M1 T.P12 F AT},
@ O] &ME E0I0] X|T BHO|| M@ BEXO| MA|S XTI}
& ABZIQ| HIIXIE AHEID & [}
AH=(B.S1—-F.S1)+(B.S2—F.52)+(B.S3—F.53)=B.S1+B.52+B.S3—(F.S1+F.S2+F.S3)
o .. BECO HI = AZC| HIl + TAIY — XA|S

—F
A
Hal oixi=)




T2 AHLOIM = , A= —2 F{UICL FTAI 2 FA|
Ol A S O] +0|3 TA|Q HEL Rl= ANE
OtH, —O|3A =

=20 A2 T HOIAMS FEFESTO 20N B

_IT_I_I=

AHEICE Y= £ESO US AU OIH, YEST
o M2l EIXIQ BAZEXFOl BEUXIIF ZOIoF SFZ A= S Zo|Lk,

=1
AE2| H1il= 100.00m

3.03-3.20=(-)0.17
100.00-0.17=99.87




AMA
= — g

8 (2) =E- VS0 FZE(.P)Ol UE B L
o T 20| BHO BIE ZEON| U +ESTOIM ABES ©
= M40l YXIOH= O|7|F olQlo| ENE LUK Ot= EFO|
Ol E& T2 BITL FAHD TAING HOPY Lk L2tx ©
' =X =0 3

2= oI |&E A B TIE & X0 8%
Ot= R& FZHAI(1.S)Ea] BHCt.




A2l H1l= 50.00m

4.00-3.27=0.73
50.00+0.73=50.73m




B3 50l UM 128Y T

o JIs0lM T2t

M& BHE AMEZ = 5Hol 8 °1IE TAIE ZAI2] ALY

7f AXOHH L= EEZ 7I7-'II27H HX &2 Xt 50| Tt &

Oof ST &It FFHOHZICE o= Bt ixfa =0|J| Yot L2t

A ﬂklﬁ FAE 22 &8 UFYLE FHOIY 1 HIXIE 2% L1E=019
%l -

8 AC= BD dE = X2t B2

HB—HA=Ah= (ai_b1)+(a2_b2)

2

_(a+a)-(B+b)
2




[Profile leveling)

— gtrcc
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m 2T T =Z OIX 4.0}

12 2T O0f 20m Ot &X]

Itz
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2:=20)

E S

el

—

of A& M2,

=(B.M)TL JIXIE =O0IE FAIOIH J[A1(.H)E Z80t1
= Ol

— Il

O=2 2 T AMLe— A

10 A BBt Ha|(50~100m)
%1 A|Ot0f

Al N
(=
O =2 A 0l

 [—

X1
& A =2

X

A4 40)

T TOH=ZOl M1l F
S

Ol TOIR FAIMAYO| Of

=
—
>
(e
O O}
i il

=
A
T
ILl
=
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= ZEHO}

ZEAIH 2Kt

S EHO

Ci=

Lt

Ol

BAl Y= =%

ST},

==
= =



.

S RS RS RS TRS77
\

No.5 No.6

Z4

(T.P)
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T AI(F.S)

{05 FAI(B.S) et (1.H) HiE = (G.H)
T.P I.P
A(B.M) 0.705 10.705 10.000m
0 0.306 1.190 9.821 9.505
1 0.801 9.020
2 1.652 8.169
+10 0.781 9.040
3 1.453 1.914 9.360 7.907
4 0.833 8.527
+15 1.904 1.158 10.106 8.202
5 1.102 9.004
6 0.858 9.248
B(T.P) 0.921 9.185
& 4.368 5.183
AH -0.815 =10.000m+4.368m—-5.183m=9.185m
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[Cross—section leveling)

z 8 ]
2 ]
U K
= KIr |
<0 g_._E -1
fo & .
3 K
2H @
w0

N =
<5 3 °
q —
jo MR
ar ¢ o
i
W
gl nl H
Ko Rl ilo Kk

o
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£ : § j
i ; : i
2000 12100 _____11.150
12.300 12.450 0700 | §
; 10.500 _ -
t % % No.10 =
f.;
5.00
é - >
- 13.80 | 10.00 R
16.50 | | ' 15.00
UEHT S HS SHUE0ZRE(Q K 2t ®O HSTU(F.S) | THMOZTH
(B.S x} o T3(Ah
NO.10 0.50m 5.00m 0.70m —0.20m
13.80 2.45 -1.95
16.50 2.30 -1.80
2.00 10.00 2.10 -0.10
15.00 1.15 +0.85
NO.11
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m [1] IXE or 284 (MA|, TAIDHI|E0I= BL
o O] J|YUyHo TH=0] 2& 21| TN XLt X|BITE R0=0| O|§ &=

O, =F0 HHE NL= SE(T.P) X2t = HAOIX| =

gl 1
AZ2| H1l 85.000

11.319
—7.008

4.311+85.000=89.311




—

6=6-9 0FE2] JI=2S1k Al

m [2] 532(rise and fall system)

s F 8O ME ZEH =52 HS 2 XL F 82 HiIXR! TS O|§.

L
L

2 = A L] SEI0HE.

S 3HE AN LT 2iE W 20| (+)018 T &0, (-)o|EH TEO I,

AP S Zilo| HZFO| JHGOHH, YRS 5 TOIL T2HEO| &

g 1

AZ2| H1l 85.000

4.808
0.497

4.311+85.000=89.311




—

6=6-9 0FE2] JI=2S1k Al

m [3] Z]d2A(instrumental height system)

T.YE FE ST #0| FUHO| B2 B0 T
A
T

ZAI0] HIOY ZAr ZAUTL FEX| O ST UL

A= X Al 1 Al 1 x Al (F.5) N =L |
B.S (H.1) TP P (G.H) =] |
2.568 52.568 50.000 AZ2 H1l
50.605 50.000
1.803 53.215 51.412
51.602
51.076
51.079
52.172
51.415
2.646 51.091

7.029 5.938

-5.938 0.497

1.091+50.000=51.091...B8H1l




£

Levelling procedures

e The example on the plane surveying shows...
= Observation procedures
= Booking procedures
= Reduction procedures

55


http://www.sli.unimelb.edu.au/planesurvey/prot/

= A Samp|e |OOD (from the quiz)

Setup 4

Setup 1 Setup 3

Setup 2

O
ER=i: v

CP 2
Post O =



= Reducing levels (Rise and F

Back | Inter | Fore | Rise Fall RL Comment
1.32 50.00 |BM A
2.56 3.98 CP 1
1.25 Kerb
3.65 Post
3.49 0.67 CP 2
2.58 Kerb
2.64 1.54 CP 3
3.79 BM A
»

A

D7




Reducing levels (Rise and F

Back | Inter | Fore | Rise Fall RL Comment
1.32 50.00 |BM A
2.56 3.98 2.66 47.34 |(CP 1
1.25 Kerb
3.65 Post
3.49 0.67 CP 2
2.58 Kerb
2.64 1.54 CP 3
3.79 BM A
»

A

b8




Reducing levels (Rise and F

Back | Inter | Fore | Rise Fall RL Comment
1.32 50.00 |BM A
2.56 3.98 2.66 47.34 |CP 1
1.25 1.31 48.65 |Kerb
3.65 Post
3.49 0.67 CP 2
2.58 Kerb
2.64 1.54 CP 3
3.79 BM A
»

A

09




Reducing levels (Rise and F

Back | Inter | Fore | Rise Fall RL Comment
1.32 50.00 |BM A
2.56 3.98 2.66 47.34 |CP 1
1.25 1.31 48.65 |Kerb
3.65 2.40 46.25 |Post
3.49 0.67 CP 2
2.58 Kerb
2.64 1.54 CP 3
3.79 BM A
P

A

50




Reducing levels (Rise and F

Back | Inter | Fore | Rise Fall RL Comment
1.32 50.00 |BM A
2.56 3.98 2.66 47.34 |CP 1
1.25 1.31 48.65 |Kerb
3.65 2.40 46.25 |Post
3.49 0.67 2.98 49.23 |CP 2
2.58 Kerb
2.64 1.54 CP 3
3.79 BM A
P

A
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Reducing levels (Rise and F

Back | Inter | Fore | Rise Fall RL Comment
1.32 50.00 |BM A
2.56 3.98 2.66 47.34 |CP 1
1.25 1.31 48.65 |Kerb
3.65 2.40 46.25 |Post
3.49 0.67 2.98 49.23 |CP 2
2.58 0.91 50.14 |Kerb
2.64 1.54 CP 3
3.79 BM A
P

A

52




Reducing levels (Rise and F

Back | Inter | Fore | Rise Fall RL Comment
1.32 50.00 |BM A
2.56 3.98 2.66 47.34 |CP 1
1.25 1.31 48.65 |Kerb
3.65 2.40 46.25 |Post
3.49 0.67 2.98 49.23 |CP 2
2.58 0.91 50.14 |Kerb
2.64 1.54 1.04 51.18 |CP 3
3.79 BM A

P

A
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Reducing levels (Rise and F

Back | Inter | Fore | Rise Fall RL Comment
1.32 50.00 |BM A
2.56 3.98 2.66 47.34 |CP 1
1.25 1.31 48.65 |Kerb
3.65 2.40 46.25 |Post
3.49 0.67 2.98 49.23 |CP 2
2.58 0.91 50.14 |Kerb
2.64 1.54 1.04 51.18 [CP 3
3.79 1.15 50.03 |BM A

»

A
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= Reducing levels (Rise and F

Back | Inter | Fore | Rise Fall RL Comment
1.32 50.00 |BM A
2.56 3.98 2.66 47.34 |CP 1

1.25 1.31 48.65 |Kerb

3.65 2.40 46.25 |Post
3.49 0.67 2.98 49.23 |CP 2

2.58 0.91 50.14 |Kerb
2.64 1.54 1.04 51.18 [CP 3

3.79 1.15 50.03 |BM A

10.01 9.98 »

A
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Reducing levels (Rise and F

Back | Inter | Fore | Rise Fall RL Comment
1.32 50.00 |BM A
2.56 3.98 2.66 47.34 |CP 1
1.25 1.31 48.65 |Kerb
3.65 2.40 46.25 |Post
3.49 0.67 2.98 49.23 |CP 2
2.58 0.91 50.14 |Kerb
2.64 1.54 1.04 51.18 [CP 3
3.79 1.15 50.03 |BM A
10.01 9.98 0
(0.03) A
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Reducing levels (Rise and F

Back | Inter | Fore | Rise Fall RL Comment
1.32 50.00 |BM A
2.56 3.98 2.66 47.34 |CP 1
1.25 1.31 48.65 |Kerb
3.65 2.40 46.25 |Post
3.49 0.67 2.98 49.23 |CP 2
2.58 0.91 50.14 |Kerb
2.64 1.54 1.04 51.18 [CP 3
3.79 1.15 50.03 |BM A
10.01 9.98 6.24 6.21 »
(0.03) A
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Reducing levels (Rise and F

Back | Inter | Fore | Rise Fall RL Comment
1.32 50.00 |BM A
2.56 3.98 2.66 47.34 |CP 1
1.25 1.31 48.65 |Kerb
3.65 2.40 46.25 |Post
3.49 0.67 2.98 49.23 |CP 2
2.58 0.91 50.14 |Kerb
2.64 1.54 1.04 51.18 [CP 3
3.79 1.15 50.03 |BM A
10.01 9.98 6.24 6.21 0
(0.03) (0.03) A

58




Reducing levels (Rise and F

Back | Inter | Fore | Rise Fall RL Comment
1.32 50.00 |BM A
2.56 3.98 2.66 47.34 |CP 1
1.25 1.31 48.65 |Kerb
3.65 2.40 46.25 |Post
3.49 0.67 2.98 49.23 |CP 2
2.58 0.91 50.14 |Kerb
2.64 1.54 1.04 51.18 [CP 3
3.79 1.15 50.03 |BM A
10.01 9.98 6.24 6.21 0
(0.03) (0.03) | (0.03) |A
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Reducing levels (Rise and F

Back | Inter | Fore | Rise Fall RL Comment
1.32 50.00 |BM A
2.56 3.98 2.66 47.34 |CP 1
1.25 1.31 48.65 |Kerb
3.65 2.40 46.25 |Post
3.49 0.67 2.98 49.23 |CP 2
2.58 0.91 50.14 |Kerb
2.64 1.54 1.04 51.18 [CP 3
3.79 1.15 50.03 |BM A
10.01 9.98 6.24 6.21 0
(0.03) (0.03) | (0.03) |A

¥0




Loop misclosure

% Misclosure
% The amount by which the measured height difference
(AH,.o) differs from the known height difference
derived from the RLs of the starting and finishing
benchmarks (AH,,own)

Misclosure = AH,, own — AH s
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2 An acceptable misclose?

B Smal/l misclosures in closed level loops are
expected because of the accumulation of
errors

m If the misclosure is sma//, it can be adjusted

m If the misclosure is /arge, the loop (or part of it)
must be repeated

% Misclosure can also result from errors In
published levels or benchmark instability
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Testing the misclose

% The amount of misclosure we are prepared to
accept depends on the accuracy we are
hoping to achieve

% For routine levelling, the f7hird order levelling
standard is adopted...

misclosure < 12vk mm

% where k is the length of the loop in km

73



Z Continuing the example

% The misclosure is +30 mm
% The length of the loop is 0.7 km
® The misclosure limit is...
127(0.7) = £10 mm
% The misclosure of +30 mm is too big

= The loop must be repeated (or find the error)
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Adjusting the misclg

S ———

% Adjustment is carried out to ensure that the
measured and known RLs of the closing
benchmark agree

% The misclosure is linearly distributed according
to the number of sef—ups

% The adjustment per set—up for the previous
example is (0.03/4)...
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2 Adjusting the misclose

Measured RL | Point Adjustment Adjusted RL
50.00 BM A
47.34 CP 1
48.65 Kerb
46.25 Post
49.23 CP 2
50.14 Kerb
51.18 CP 3
50.03 BM A
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_ 2 Adjusting the misclose

- —
Measured RL | Point Adjustment Adjusted RL
50.00 BM A 0.000 50.000
47.34 CP 1 0.(308 47.332
48.65 Kerb Nkt 0038
46.25 Post
49.23 CP 2
50.14 Kerb
51.18 CP3
50.03 BM A
77




Z -~ Adjusting the misclose

Measured RL | Point Adjustment Adjusted RL
50.00 BM A 0.000 50.000
47.34 CP 1 0.008 47.332
48.65 Kerb 0.015 48.635
46.25 Post 0.015 46.235
49.23 CP 2 0.015 49.215
50.14 Kerb \\_

51.18 CP 3 =270.05/4)
50.03 BM A
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Adj

usting the misclose

- RS

Measured RL | Point Adjustment Adjusted RL
50.00 BM A 0.000 50.000
47.34 CP 1 0.008 47.332
48.65 Kerb 0.015 48.635
46.25 Post 0.015 46.235
49.23 CP 2 0.015 49.215
50.14 Kerb 0.023 50.117
51.18 CP 3 0.0\23 51.157
50.03 BM A B =3%(0.03/4)
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Adj

usting the misclose

i —
Measured RL | Point Adjustment Adjusted RL
50.00 BM A 0.000 50.000
47.34 CP 1 0.008 47.332
48.65 Kerb 0.015 48.635
46.25 Post 0.015 46.235
49.23 CP 2 0.015 49.215
50.14 Kerb 0.023
/| =4%(0.03/4)
51.18 CP 3 0.023/
50.03 BM A 0.030 50.000
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_ 2 Adjusting the misclose

e —

Measured RL | Point Adjustment Adjusted RL
50.00 BM A 0.000 50.000
47.34 CP 1 0.008 47.332
48.65 Kerb 0.015 48.635
46.25 Post 0.015 46.235
49.23 CP 2 0.015 49.215
50.14 Kerb 0.023 50.117
51.18 CP3 0.023 51.157
50.03 BM A 0.030 50.000 8
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7 TRIGONOMETRIC LEVELING
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D =D+(l-1)cota <1>
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. D =(H-I)(cota —cota)

1
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O em— + |

sin(la —a)
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B [1] HEFES
» EEOIA AEOI0] CHA| 0 ®O| SOI2E= HEAEZL-MO| =
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B [3] B=EFEST
o EEHOIN ZLOI Y=OYA I'—MI
= Y= QXlatd BTt EH B a oam 2
oM 2 ST 2 A

2.7 2)
X|BFIERFOIH, HYXIPE &
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50.000 50.000
50.298 50.299

50.580 50.580

50.580

0.280 ] 50.300

0.299 ; 50.000
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U.S.NOA and ot HEWTF
= I International Geodetic survey ZEXZFEH U
= Geodetic Association = U.S.Geological o= IEX|Z Y
= survey
YEUS2 T2
2 Imm,/L(km) & ;E 2'5\/\/Emm
T 5.0+/Lmm
Q 2mmy/L(km) R 4mm,/L(km)
X} 3mm,/L(km) =] HZAIZ B2 WKL
EH
= 5mm,/L(km) A gk 2 *}
2 15: 2.04/Lmm
2T 50/Lmm
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Circuit adjustments are therefore normally based on the lengths of

the lines or the number of setups:

example

+10.60

100.00

731 D

-8.47

_/ - Level Circuit Adjustment

+5.42

+10.60
I SAL
- 8.47
- 7.31

0.24
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_/ P Level Circuit Adjustment

~—

To distribute the error by distance:

Total adjustment = misclosure/total distance = 0.24/3.0 = 0.08

Adjustments to each line = adjustment x length of line

=-0.08, - 0.06, - 0.06, - 0.04 giving adjusted heights of stations B, C and D =
110.52, 115.88,107.35

+10.60

100.00

-7.31

_

-

1.0

0.5

0.8

(=

o O

-8.47

+5.42

+10.60
+ 542

- 8.47
- 7.31
0.24
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Level Circuit Adjustment

To adjust by number of setups, assuming 1 setup per line:
Adjustment = misclosure/number of setups = 0.24/4 = 0.06

Adjusted elevation differences = 10.54, 5.36, -8.53, -7.37

Adjusted elevations for stations B, C and D = 110.54, 115.90, 107.37

+10.60

+5.42
100.00

-7.31 D

-8.47 99



Level Network Ajustm_ent

plied to Level Networks




// * ‘_‘*“Least Squares Applied to Level Networks

(See Wolf and Ghilani 1997)

Least Squares may be used to determine the best estimates of the heights of the
unknown stations in a level network where heights can be obtained from several
loops. The mathematical model for deriving the height of an unknown station from
a known height and observations from differential leveling is:

E. =E, +AEly,

101



———

Z — Least Squares Applied to Level Nets

\7\

For a leveling network there are redundant ways of determining

heights of unknown stations

BM X =100.00

line

Obs. diff

1

5.10

2.34

—-1.25

BMY =107.50

—-6.13

—0.68

—3.00

2
3
4
S
6
7

1.70
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Least Squares Applied to Level Nets

Observation equations can therefore be formed to account for the
differences in the values for the unknown heights that would be
obtained from using the different observations

E, = E +AElev;
E; —E =AElev; +0,gp,

From the 7 lines 7 equations can be formed to relate the
observations to the measurements

The heights of the 3 stations, A, B and C are the 3 unknowns

There are therefore 4 redundant observations.
103



Z»_ Least Squares Applied to Level Nets

\7\

———

The 7 observation equations are:

A= X +5.10+y,

Y =A+234+0,
C=Y+(-1.25)+0,
X =C+(-6.13)+v,
B-A=-0.68+0;
B=Y +(-3.00) + v,
C-B=170+y, BM Y = 107,50

BM X =100.00
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|_east Squares Applied to Level Nets

A=105.10+0,
_A=-10516+0,
C =106.25+0,

_C =-106.13+0,
B—A=-0.68+0,
B=104.50+ v,

C-B=170+y, BM Y = 107.50

BM X = 100.00
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> Least Squares Applied to Level Nets -

—

The least squares process requires that the residuals are squared then
summed then minimized

A=105.10+0v, A-10510=0,
—A=-10516+0o, —A+10516=0,
C =106.25+ v, = C-106.25=0v,
-C=-106.13+v, -C+106.13=0yp,
B-A=-0.68+v, B-A+0.68=0,
B=104.50+ v, B-104.50=0v,

C-B=1.70+v, C-B-1.70=v,
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- Least Squares Applied to Level Nets

———

(A-105.10)2 = v,
(-A+105.16)% =,”
(C-106.25)2 = »,’
(-C+106.13)2 =,
(B—A+0.68)° =v,’
(B-104.50)? = v’
(C-B-1.70)* =0’

107



2 . Least Squares Applied to Level Nets

\\

———

Z—Z =2(A-10510)-2(-A+10516)-2(B—- A+0.68)=0

Z—E =2(B—-A+0.68)+2(B-10450)-2(C-B-1.70)=0

2—(F: =2(C -106.25)-2(-C +106.13)+2(C-B-1.70)=0

These are the Normal Equations
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,, Least Squares Applied to Level Nets

———

Reducing the normal equations gives

For A:
2(A-105.10)-2(-A+105.16)-2(B— A+0.68) =0
=2A-210.20+2A-21032-2B+2A-1.36=0

.06A-2B=42188
3A-B=21094
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,, Least Squares Applied to Level Nets

———

For B:
2(B—-A+0.68)+2(B-10450)-2(C-B-1.70)=0
2B-2A+1.36+2B-209.00-2C+2B+3.40=0
6B—-—2A-2C =204.24
3B—A-C=10212
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Z >~ Least Squares Applied to Level Nets

For C:

2(C —106.25) — 2(~C +106.13) + 2(C — B -1.70) = 0
2C —21250+2C —21226+2C —2B—3.40=0

6C — 2B = 428.16

3C - B =214.08
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Least Squares Applied to Level Nets

\7\

———

The normal equations are then solved simultaneously to yield the
value of the unknowns:

3A-B=21094---(1)
3B-—A-C=10212---(2)
3C-B=214.08---(3)
From (1):
= 21094+8B
— . .

A (3)

From (3):
B =3C —214.08---(5)
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Least Squares Applied to Level Nets

\7\

———

Substitute (4) and (5) into (2):

2109448 | 53¢ _21408)-C =10212

- 210.94+(3C-214.08)
3

~C+9C-C =

+9C -64224-C =10212

21094 214,08
3

+64224+102.12

/C =74331
C =106.19
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Least Squares Applied to Level Nets

\\

Substitute the value of C into (5):
B=3C-214.08
B=3x10619-214.08
B=104.48

Substituting the value of B into (1):

3A—B=210.94
A 210.94+10448
3

A=10514
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> — Least Squares Applied to Level Nets

Go back to the observation equations to compute the residuals:

A-10510=yv, 105.14-105.10= v, =0.04
—A+10516=0y, ~105.14+105.16=0, =0.02
C-10625=v; - 10619-106.25=0,=-0.06
-C+10613=0v,  _10619+106.13=0, =-0.06
B-A+0.68=0, 104.48-105.14+0.68 =0, =0.02
B-104.50=uj 104.48-104.50=0, = —0.02

C-B-170=v;  10619-10448-1.70=0, =0.01
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-~ . Least Squares Applied to Level Nets

\7\

———

The problem can be solved using matrices. First form the observation
equations:

A-10510=y,
- A+10516=v,
C-106.25=,
-C+10613=yv,
B-A+0.68=u,
B-104.50= v,
C-B-1.70=yv,
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Least Squares Applied to Level Nets

-

The X matrix is simple to construct:

A
X=|B
_C_
Next construct the A matrix: _
1 0 0]
-1 O 0]
0 0] 1
A=| 0O () iadidil:
-1 1 0]
0 1 0]
i O pe—— (St | A 117




£

Least Squares Applied to Level Nets

The L matrix: The V matrix:
105.10 0,

—105.16 v,

106.25 D,
L=|-106.13 V=|o,
—0.68 &

104.50 =
170 | v,
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e

The normal equations are formed directly:

A' A=

(ATA)X = ATL
X = (ATA)TATL

O 1 1 -1| 0
-1 0 0 1 (-1

S © O O O

Z_ Least Squares Applied to Level Nets

& =
=1 W )
O -1
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2> |east Squares Applied to Level Nets

~—

~

The inverse of ATA IS

Adj(AT A)

det(A' A)

det(AT A) = |(AT A)| = a,,C;; +@y,C;, + 8y5Cy

(ATA)* =

Cij — (_1)I+J mij

Adj(ATA) =CT 3 -1 0
Al At BT,
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ATA=|-1 3 -1

¥




 Least Squares Applied to Level Nets

A'A=|-1 3 —1

123




 Least Squares Applied to Level Nets

.

To\ébtain the cofactor matrix:

Cij = D m; '8 -3 1
c,=(-1)°(8)=8 m;={-3 9 -3

Cpo = (_1)3(_3) =3 1 -3 8 i

c; =DM =1 B2

oy =(—1)°(-3) =3 Cu=liSLa O3

c,, = (—1)*(9) =9 1 3 8|

Coz = (_1)5 (—3)=3 FREsREEe:

Ca1 = (_1)4(1) =1 cT-|3 9 3

Cs, = (—1)°(-3) =3 lEeEEs

Cs3 = (_1)6 (8)=8 L L 124



P . Least Squares Applied to Level Nets

—

The determinant of (ATA) is:
ATA =38)+ (—1)(3)+ (0)(1) =24-3+0=21

The inverse of (ATA) is:

8 3 1
(ATA)‘lzi 3
21

1 3 8

(o,
W
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Z_ Least Squares Applied to Level Nets

e

—

X =(ATA)TATL

[ 105.10 |

—105.16

'8 3 1|1 -1 0 0O -1 O O | 10625
X-=>l3 9 3lo 0o 0o 0o 1 1 -1 —106.13
21_1 3 80 0 1 -1 0O O 1] —-0.68
104.50

1.70
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-~ . Least Squares Applied to Level Nets

8 3 1
3 9 3
1 3 8
2207.99 ]
2194.14

$210.94 |
102.12

222994

1214.08

105.14 |
104.48

106.19
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R ———

To compute the residuals use:

V=AX-L

1105.14
104.48

10619

- 105.10

—105.16
106.25
—106.13
—0.68
104.50
1.70

Least Squares Applied to Level Nets

.

- 0.04 |
0.02
—0.06
—0.06
0.02
—0.02
0.01
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. HomeWork
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