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Course Objectives basic of surveying techniques, mathematical
definitions using for large scale map production.
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Introduction to Topography

Measurement Units and Sources of Measurement Errors
Types of Errors

Coordinate Systems and Map Projections

Geodetic Network Points and Distance Measurements
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Direction Measurements
Traverse Computations
Height Measurements
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Area and Volume Computations
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Field work
Field work

Geographic Information System, GIS
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GNSS Global Positioning Systems
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Final exam
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Week-6
Direction Measurements and Geodetic
Fundamental Computations

TOPOGRAPHY (HRT3351)
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Direction and Angle

An angle is defined as the difference in direction between two convergent lines.
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Angle Measurement Equipments 3
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Mechanical Theodolite Electronic Theodolite Total Station
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Angle Measurement Equipments

Circular Level Cylindrical Level

()
(@)
=
U
=
5
@
Z
W

()]
a
(@)
(W)
FTl
—
)
g
(am
=
O
>
<
LTl
=
>
F

ANV SINIWFLINSYIW NOILDFHId

TOPOGRAPHY. (HRT3351)
Precision :5 -10 Precision :10 " - 30 Prof. Dr. Burak AKPINAR




D
€
CC

et

IREC

_l
=0

OMPUTATIONS

=C
"

SUREMEI Zu AAND)

N

TION MEA
DET'IC FUNDAMENTA

30 4p 50 60

20

105.8328 gon

H

103.405 gon

V

TOPOGRAPHY (HRT3

Burak AKPINAR

Dr.

Prof.



Setting up the Theodolite

1. Centering
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2. Circular Level
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Setting up the Theodolite

3. Cylindrical Level
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Setting up the Theodolite
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Horizontal Angle Measurement
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P2
P2 — left target (back sight)
P3 — right target (foresight)
B B : horizontal angle (clockwise)

Face I = P2 then P3 observations
Face II =P3 then P2 observations
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Horizontal Angle Measurement
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FIELD BOOK FOR ANGULAR MEASUREMENTS - HORIZONTAL ANGLE n;-l
&
Station Target  [Horizontal Direction (GRAD) Mean Reduced mean of sets C
Point Point |Facel |Facell (F,-200+F)/2 | directions(GRAD) (GRAD) A
SET1 P, Py 0.650 200.652 0.651 0.0000 g
Py 149,298 349.296 149.297 148.646 148.647 (LIL
SET2 P, Py 100.323 300.325 100.324 0.0000 EI
P, 248,971 43,973 248,972 148.648 72
’ >
PROJECT: GROUP NO: @)

LOCATION: BOOKER:

WEATHER: OPERATOR:
EQUIPMENT: DATE:
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Horizontal Angle Measurement

~ Directions | Reductionto 0 Final d

DN [BMN | 1. Durum |2 Durum | 1. Durum | 2. Durum Mean Directions | iz
P1 Pz 0s.00 45 200200 45 0200 00 0s.00 00 0s.00 00 0s.00 00 0
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ANV SINIWFENSYIW NOILDTFdId

................... (00056 (20000630 oo 2L
................................................................................................................................ el Bt N
Fi |P2 11000043 13000045 1 | 00000 00000 | 00000 | ol L L P
F2 1.111.2831 1311.26 23 | 112786 ) 11.2784 | 112786 | oo 4.1.2
Ps | 3263668 (1263671 | 2263625 | 2763626 | 2263645 | 1107
....... (1000049 13000094 | e LB
3= 1.7

- o 1734 _¢J1134_¢2¢94
S Nm-Dis-1) V@2-DB-1) 2

M=F =F —=7F2*.08




Vertical Angle Measurement

A

i Corrected | Mean of Z
DN 1 BN | et Face X:grlzc(;l) 0 Angle (Z) Set(Z) Vo Ve
A B 1 | a53 7718 -30° 9597688 | 957689 -3 9
Il 304.2342 -30°¢ 3042312
400.0060 400.0000
i | 957730 -40% 957690 +7 49
Il 304.2350 40 304 2310
400.0080 400.0000
C 1 | 107.3641 -35°° 107.3606 107.3601 +/ 4
Il 2926429 -35% 292 6394
400.0070 400.0000
i | 107.3623 27 107.3596 -6 36
Il 292 6431 27 292 6404
400.0054 | Bo=-33 | 400.0000
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Geodetic Fundamental Computations
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Rectangular Coordinate System

P4
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P3
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In plane surveys it is convenient to perform the work in a rectangular
XY coordinate system.

Direction of +X refers to north,

Direction of +Y refers to east, TOPOGRAPHY, (HRT3351)
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Rectangular Coordinate System
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The xand y axes divide the plane into four parts. The quadrants are
numbered clockwise starting with the upper right quadrant.
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QUADRANT AX AY
|. QUADRANT + +
II.QUADRANT - +
I1l.QUADRANT

IV.QUADRANT +
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Azimuth
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« The azimuth of a line on the ground is its
horizontal angle measured clockwise from
B [\(BA) the meridian to the line.
(AB) « Azimuth gives the direction of the line
with respect to the meridian.
» In plan surveying azimuths are generally
measured from the north.
Yy « Azimuths may have values between 09
> and 4009 ( 0 — 360 degrees).

TOPOGRAPHY. (HRT3351)

Prof. Dr. Burak AKPINAR



Azimuth
Line Azimuth
O-A 54¢
O-B 133¢
0-C 211¢
O-D 3348
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Azimuth
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t .5 = forward azimuth of AB line
t g, = back azimuth of AB line
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Azimuth
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In cJalane surveying, forward azimuths are converted to back azimuths,
and vice versa, by adding or subtracting 2009 .

tAB>2009 —> tBA=tAB '2009
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Rectangular Coordinate System

FIRST
QUAD
4TH
QUAD
3RD
QUAD
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Fundamental Computation - 1

Known: A ( Xy, Yy)
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Unknown: B ( XB’ YB )
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) AY i ]
Slna:?ﬁAY:S-Slna YBZYA+AY=YA+S-SIHCZ
COSQZ%_)AX:S.COSQ XBZXA+AX=XA+SC030[
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Fundamental Computation - 1
EXAMPLE - 1
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Known:

» A(Y,=9417.41 m; X, = 8418.62 m)
» Sg=94.17m ,t g =a = 3479 .3540
Unknown:

B(Yg; Xg)=7??2?

ANV SINIWFENSYIW NOILDTFdId

> Yy = 9417.41 + (94.17 * sin(347.3540)) = 9417.41 + 69.30 = 9348.11 m
> Xg = 8418.62 + (94.17 * cos(347.3540)) = 8418.62 + 63.76 = 8482.38 m

TOPOGRAPHY. (HRT3351)
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Fundamental Computation - 2

o~
-~

Known: A (X, Y. ) Gl - ¥ BA
B ( XB ’ YB ) Ax
Unknown:  Spp, tyg tga o -l
A
AY = Yg-Y,
AX = Xg — X,
tan(AB) = Yo =¥, — (AB) = arctan Yo =, =arctanﬂ=atnﬂ

X, - X, X, - X, AX AX
AB =S =+AYZ+AX?
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Fundamental Computation - 2 T O 5

L

=2 0
AY = ‘=
tant ,, = —=— oJ

e S c =

AB &5 Z 5

This equation is used for calculating the azimuth in E 2

first quadrant. % 5,

t,p = arctan(—=%) z =

AB :(_>| n

=

V2

: >

QUADRANT Ay / Ax Azimuth =

y FIRST QUADRANT + /[ + t=t =
t'p = arctan(—"=) | SECOND QUADRANT v/ - |t=2008+t
o THIRD QUADRANT -/ - |t=200¢+t’
FOURTH QUADRANT -/ + t =400¢ + t’
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Fundamental Computation - 2
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L.QUAD , ILQUAD ,
L—’
AY «B A: Yoy | “AX
- 2 H“\
~.T | AX ¢ AY  4p
——— '
A

IL.QUAD

tye= 200 + t,g tyg = 400+t
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Fundamental Computation - 2

EXAMPLE - 2
Ya=500m, Yg=67/5m (AB)="7?
Xa=500m, Xg=620m AB=5=72
(AB) = atn B g 0000, e ID < e pyerimns
X=X 620— 500 120

(AB) = a = 615.7345

AB =JAY? + AX? =175 +120° =212.19m
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Fundamental Computation - 2

EXAMPLE - 3
Ya=500m, Yg=650m (AB)="7?
Xa=500m, Xg=420m AB=S=7?
=i A Ll o0 OV I iy G
X, =X, 25500 —75

(4B) =a +200=-70%.4833+200=129%.5167

AB =AY? + AX? = 150 + (=75)* =167.71m
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Fundamental Computation - 2 36
EXAMPLE - 4 = 45
=
O A=
=z = BTl
Ya=500m, Yg=330m (AB) = 2 G\ g =
Xa=500m, Xg=425m AB=S =2 3§;CU
L
e
2 A =
AR = gl B 200, o U G — 5
X;—X, 425-500 —75 w
(AB)=a +200= 7355490+ 200=2738.5490 %

= JAY? + AX? = [(-170)* +(-75)* =185.81m
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Fundamental Computation - 2

EXAMPLE - 5
Ya=500m, Yg=330m (AB)="7?
Xa=500m, Xg=620m AB=S5=7
(AB) = L BRSSO i
XX, 620—500 120

(4B) =a +200 =—-60%.8693+400=339%.1307

= JAY? + AX? = ,[(~170)> +120° =208.09m
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Known:
t AB, BB

Unknown:

Uac

Fundamental Computation - 3

Relation Between Azimuth and Traverse Angles
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DIRECTION MEASUREMENTS AND
GEODETIC FUNDAMENTAL
COMPUTATIONS

Prof. Dr. Burak AKPINAR
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Fundamental Computation - 3

fgﬁ+ﬁﬂ =K
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« K< 2009 ; K+ 2009 ; tgc =t g+ Bg + 2009
« 2009 < K < 6009 ; K-2009; tg. =t 5 + Bg - 2009
« K> 6009 ; K-6009 ; tgc =t 5+ Bg - 6009
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tgc
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Fundamental Computation - 3

EXAMPLE - 6
Known Unknown
(AB) = 1509 (BC) = 2 150t
B = 1250 A A ee) c
B

(BC) = (AB) + 3 £ 2008 = 1502 +125¢ + 2008 = 275¢ - 2008 = 758
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Fundamental Computation - 3

SNOLLVLNdWOD
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EXAMPLE - 7 45
O =
o=
Z 2
Known Unknown E T
(AB) = 808 (BC) = 2 =S
A
B = 609 zZ =
S m
> =
4
(Tg)
>
=
.
(BC) = (AB) + B + 2002 = 80¢ + 60¢ + 200¢ = 1408 + 2008 = 340¢
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Fundamental Computation - 4

Relation Between Azimuth and Traverse Angles
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N 11
Known Unknown a
c
A (Y. X) p="72 ﬁ
B (Y X) =
C (Y,X) AL
_I
wi
B =(BC)—(BA) JE
(BC) — atnﬁ O
Xc AN
(BA) — atnﬁ
A ‘B
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Fundamental Computation - 4

i (AB)

Known Unknown
A (Y, X) B="72
B (Y, X)
C (Y, X)

£ =400° —[(BA)—(BC)]

(BC) — atnﬁ
XC B

Y, Y,

ty (BA) = atn

A~ “\B
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Fundamental Computation - 4

EXAMPLE - 7
Nokta Y X
A 585 m 640 m
N
: 650m | 530m
| C 755m | 465m
p="2
(BC) = atn YoV _ 54n /227690
C—X, O 465-530

=ty

£ =400° —[(BA)—(BC)]

(BC) = atn)\((c;YB

(BA) =atn

A

(BC) =—64°.7117 + 200° =135°.2883
Ya—Ye N _

X, 640—530

(BA) =-33°.9769 + 400° =366°.0231

585—650

atn T =—-649.7117

atn—— = —339.9769

c “\B

(BA) — atnﬁ

8 =400 —[366.0231—135.2883]
B =169°.2652

A ‘B

()
(@)
=
U
=
5
@
Z
W

105

65
110

IVENIWYANNS D11L3d03D
ANV SINIWFENSYIW NOILDTFdId

TOPOGRAPHY. (HRT3351)

Prof. Dr. Burak AKPINAR



Week-7
Traverse Computations
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