(Ground Survey)

(Aerial Survey)
2
(Photogrammetry)

(Remote Sensing)
Positioning System; GPS)

GPS

(Photo interpretation)

(Global
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NIINAN Lmzﬁﬁuﬁwqmsz gﬂs'wﬁﬁwaﬂan%’qleimminslﬂﬁﬁamiﬁwaw‘mmﬂwadqmm quuﬁqfu
lan mMid9Bsduniiszasnaciig ﬂ%dlﬁgﬂﬂiaﬁﬁaﬁuﬁwﬁﬁzé’u (Level surface) fisiaiftasriu nan
ﬁE]Iaﬂﬁﬁﬁy%ﬁ’mﬂﬁ;@gdmﬂﬁuLLSJ@G@@IE\]T} Fund Fees (Geoid) Ifidudunuzdnssvaslan 1w
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sUnsmnadiaudunuseiiosy Ae gﬂmaﬁ'LﬁmnﬂmmqugﬂaﬁiauLmug'uﬁmaﬁ'uLmumu
vaslan 15unin Badweua (Elipsoid)

ELLIPSOIDAL NORMAL ~——#| Iﬂ— GEOID NORMAL
/ (LOCAL VERTICAL)

GEOID ,
ERATH'S SURFACE  SEPARATION /

(UNDULATION)

Gl SEA SURFACE

ELLIPSOID

DEVIATION OF THE VERTICAL

U7 1.1 ugaswuin nilszine Jaanuas davand

AUz 11989
Everest Spheroid 1830
(Semi-Major Axis) 6,377,276.3452
(Flattening, a/[a-h)) 300.8017 . .2450
Indian 1975 (
, http:/hwww.rtsd.mi.th)
GPS
GPS WGS84 (World Geodetic System 1984)
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2
(Plane Survey)

(Geodetic Survey)

(Preliminary Survey)
(Reconnaissance Survey)

(Control Survey)

(Topographic Survey)

(Route Survey)
(Land Survey)
(Cadastral Survey)
(Hydrographic Survey)

(Mine Survey)
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a = A o =
" giiaia3ale nanuleplIzineg

U

=
7~ sthoia lsurdey
i T Stadia . Ver? Morix. o
ation Interval|Aximuth lor Rod R| Dis?. Eley.
] K® 28, Elev. |177.42,| hi =50 .
| @A | .74 |148°04") -0°34"| 675 170.7__
i @c 4.21 | €0°12°| -1°35"| 422 |165.48 .
| 0.9/ | .90%45"| &8.3. 92 |ir4.4 .
o2 1.66 |120°20°| -2°12°) 167 __|1T1.0
j 3 3.15 |126°30°| -2°06° | 3la 165.9
4 4.60 |143°45°) -1°23°| 461 |166.0
5 7.85 /4/‘30‘_;0‘35‘ 786 |168.7
6 . 2.47 |167°20°| 4.6 248 (1738
7 197 |172°20°| 3.6 198 |172.8
8 499 [/181°15°|_ 3.2 | 500 |179.2
9 | 579 |22/°45°| +1°02° | s40 . _l187.4__
1Q.._ | 3.47 |[256°00°| +1°50° | 34a___|/8a.5
" 117 |342°05'| 2.4 |_11a8. _l180.0.
12 LTI [350°15°| 2.4 172 _|180.0. _
ap._ | 449 _6€%10° | . 5.2 _| 450 _ 1172 __
L£JA .| 6.74 |148°04 | -0°34 | 675 __|170.7 .
e |Ke@C,)| Elev. 65.77 | bi =52
as 4.20 |240°12°| +1°34" | 421 |177.3
13 3.21 . |286@°00°| ¢2%01 ) 322 _|177.1 .
14 2.36. | 32’05 . 8.5_| 237 |l162.5 _
IS | 2.60 | 41°50"| 10.0. | 261 __|16l0__
/& 2.59 |68°30°| -1°22] | 460 ) 154.8 _
i Plate

o AR
wNn
psdlanllunyia
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[ E
_L Als L 4
04 . hd |/, IR |Re,
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¥ Vel
Ll i Tr4nis) 4 3
T ry sp N
BER 3 Site | Hond |
¥ a
1 T T st A
REAINIE 5 Z‘H i
H . LA B3 :
hl T 64
N 9 7’*’”.)'
pu=g Sl 11; //y
AN s
H dof
Wocuse .4 \
4 N
3 N
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1 & n = 2

1 s =1

1 s = 4

1 s = 400
1 o = 100
1 = =2

1 ewumn = 4

1 s = 1600

2-4H

M
AL
N
AN

f1371931

LAY
ANINNLNNT

ANINNLNAT
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12

1) (Degree, Minute, Second) e
360 60
1° = 60"
1’ = 60"
2) Grad, Centesimal minute, Centesimal second _g _ ¢ _CC
400 100
19 = 100
1 = 100
3) (Radian)
27T
2

sinl” 206265 (

(sin, cos, tan)

1160 xL/60 x771180)

6400 mil
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12

(Direct Measurement)

(Control point)
(Indirect Measurement)

(Detail point)

(Condition Observation)
n
180 X (n-2)




2.1

(Independent Observation)

(Errors)
(Residual)
3
(Mistake or Blunder)
(Systematic Error)
2

(Discrepancy)




2.2

(Random Error)

Index error

(Instrument Error)

(Personal Error)

(Natural Error)




31

3.2

(Accuracy)

(Precision)

2.1




(Weight)

(Correction)

179° 5830"
+130"

2

(Weight of correction)

-1-30"




XYZ

48° 367357 59> 48732~

. Quﬁaami’amﬂﬁﬁau"lmamaLﬁmﬁu

2, yumamuddihminmyia 1, 2 uaz 3 anudeiu

N < X< N < X

1,2

48° 3635"
59 48 32
71 34 47
179 59 54

179° 5954 7- 180°

+ 06"

+ 0673

48° 367357+ 02~ =

59 48 32 +02
71 34 47 +02

3

06"

+06

1,2,3

=321

3+2+1

= +06x3/6
=+06x2/6
=+06x1/6

59 48 32
71 34 47

48° 357357+ 03 =

+02 =
+01 =

11° 34747~

06~

027
48° 3637~
59 48 34
71 34 49

+03”
027
+01”
48° 3633
59° 4834 ~
1o 34748~




3 AB C 2346710759 1427~
83° 0004~ C=A+B
)
) 2,4 6
A = 23246710~
B = 59 14 27
= 8300 37
C = 83 00 04
A B+C = 33"
A+B>C A B C
3
= 3373 = 11~
A = 23°467107- 11~ = 23° 457 59~
B = 59 14 27 -11~ =59 14 16
=83 00 15
C = 8300 04 +117  =830015
- 1 1 1
2 4 6
- 1 1 1 o1
T 273" % Y
A = 33"x%+ii ENTE
B = gk il = -09 "
4 12
C = gy i1 = +06"
6 12
A = 23°46-107- 18~ = 23° 45752~
B = 50 14 27 - 09" = 59 14 18
C = 8300 04 +06" = 83 00 10
23°467107 | 2 ; 187 | 3457527
59 14 27 4 211 -09” 59 14 18
83 00 04 6 1 +06 ” 83 0010
6




(normal distribution )

Wild T-2 127 2.2

Value, Value, Value,
" ~ of arc n -~ of arc [al " of arc
1 27.2 43 31.9 as 34
2 29.0 44 30.5 86 3z2.9
3 ar.4 45 357 87 a3s6.2
4 37.0 46 30.0 a8 33.9
5 32.0 a7 6.7 as 28.2
L] 325 48 35.6 |0 330
7 36.0 49 338 21 31.2
a 35.0 S0 30.8 o2 3z
-] 33.8 51 ara a3 34.0
10 34.0 52 . 33.9 94 33.0
11 35.0 53 32.4 95 33.6
12 30.0 54 33.9 o6 33.5
13 34.7 55 33.9 a7 33.8
14 355 56 34.5 98 36.2
15 36.0 57 36.7 29 ar.3
16 37.0 58 32.9 100 33.9
17 35.0 59 32.1 101 asa
18 36.0 60 36.3 102 36.2
19 348 61 30.1 103 3s8.3
20 335 62 3z.8 104 39.9
21 35.0 63 31.8 105 37.4
22 35.7 (=2} 33 106 371
23 38.0 65 30.8 107 379
24 31.3 66 35.7 108 33.2
25 330 67 34.5 109 358
26 3.0 L=3-] 30.6 110 39.1
27 31.2 69 356 111 31.0
28 31.5 70 37.2 112 34.0
29 32.0 71 31.7 113 34.0
30 36.1 72 32.0 114 31.0
31 37.5 73 35.7 115 331
az 36.1 T4 355 16 32.0
33 33.0 75 321 117 341
34 36.0 76 35.2 11a 36.5
as 288 7T 345 119 39.1
36 28.8 78 34.9 120 36.0
a7 37.4 Ta 339 121 41.1
as 27.0 80 32.7 122 35.6
39 .z a1 as5.6 123 387
a0 31.1 a8z 34.3 124 A0.7
41 a1z B3 3a4.2 125 35.2
a2 34.0 84 35.0 26 40.6
127 331
o= Fix)
Mean

nr
m
17—t
u2
uy
37
7
nr
k)
17
407

2.2 WILD T2 127

47



[l

6.1

6.2

x|

x|

X1, X2, X3y Xy

W1, Wp, Wa,......... Wp
1

2

(Standard error)

(Probable error)




[10]

0.6827
o =
m \/n—
Vv =
n =
O =
On -
_ > (wv ?)
On - (Zw )(n-1)
0.5
Ep = 06750




[11]

2 10
() v V2
1 574.467 -002 0.000004
2 460 +.005 0.000025
3 469 -004 0.000016
4 465 -000 0.000000
5 471 -006 0.000036
6 461 +.004 0.000016
7 463 +.002 0.000004
8 466 -001 0.000001
9 460 +.005 0.000025
10 468 -003 0.000009
= 574.465 2v2=0.,000136
S XXy Xt X,
n
= 574.465
O, = &
. [@E - +0,00389
(10-1)
_ g = #0.00123
Ortn - -
In
Ep - 0.6745x0.00123 = =+0.0008
= #0.00123 = +0.0008




[12]

219.776+0.007, 219.274+0.012, 219.645+0.018, ~ 219.965+0.024

W WX v Wv2

219.776+0.007 Ik 4485224 | 0.019 | 7.200354
219.874+0.012 —— | 1526903 | 0.079 | 43578225

219.645+0.018 L 677917 | -0.150 | 69.244064

219.965+0.024 o | 381884 | 0170 | 50301507

32175.14 | 7071928.61 170.324171
X - Mrsesbl = 219795  wmg
32175.14
g, = _ 11032 = +0042  was
(4-1)x32175.14
Ep = 06745x0.042 = +0.028

219.795 +0.028




[13]

2.1
(Propagation of Random Errors)
U = fx1x2..xn)
EU-\/WIX1+0UIX2+ ...... +0UIXn
1 2 o‘xn
U
X1, X2, ..Xn
IX, ,IX, X,
EU
5
+6.0, +5.7,+ 6.3, + 5.6
+6.2
D

d1, d2, d3, d4, d5
D = dl+d2+d3+dd+dd

oD _J _ o _ D _ D
ad 1 gd2 oJdd3 dJdd4 dd5

=1

E, = AJ(1x6.0)%+(1x57)7+ (1x6.3)+ (1x56)%+ (1x62)°

= +133
+133




[14]

12330+ 004 . 4830+0.03

A
di, d2,
A = dlxad2
= 12330x4830  =5955.39
% = 02 = 48.30
;TAZ =l = 12330
EA = \/(48.3())( 0.04) +(123.30% 0.03)°
= +417
5955.39 + 4.17
2 83.73 + 0.01
3220+ 057
H
I
a
H = 1 xcos(a)
= §3.73x cos(3°20) = §3.59
?TT = €05(3°20) = 0.99
l =1 xsin(320) = 4868
L = /(0998 x 0.01)? + (4,868 x 0.5 x 60 x sin1")?

=+001

83.59 0. 01




1.
1.1, (Vertical line) (Horizontal line)
( )
1.2, (Vertical plane) (Horizontal plane)
1.3. (Vertical angle) (Horizontal angle)
2
14,




[2]
2. (meridian)

4

2.1. (Geographic meridian)

2.2. (Magnetic meridian)

2.3. (Grid meridian)

HLBON Jj'IHL

!
TR e I
GHD NORTH

33
L7018

2.4, (Assumed meridian)




3]

3. (bearing and azimuth)

3.1
(Quadrant) 1
4 N S & W
4
1)
2)
3)
4)
3.2. 2
(back bearing) (back azimuth)
1)
2) 1800
N
a+180
PQ:a
PQ=a+180
34 () PQ PQ () PQ PQ
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33.
3.1
N N
P4 P4
o 520
X 5. P P1
N
! /< E ! /& E
” 162
i x g ° %
182 ) >
S S
35 4
OP1 =N52E = 52
OP2 =S18-E =162
OP3 =S50eW  =2300
OP4 =NI12oW =348
3.1
OP1 1 N (Az) E N 520E B 520
OP2 2 | S(180-A7)E | S18°E 180 - Br 1620
OP3 3 | S(Az180)W | S50oW 180 + Br 230
OP4 4 | N@360-A)W | NI12eW | 360_py 3480
1) N S
2) () 3600
3) N-E X-Y

N-E




sextant (Theodolite)

4.1. Sextant
Sextant

Sextant (

N T
\
1IN
i £
H /57 L
X : Telescope
L M 1
Horizon Glass (H)” |svermer Arm
] 5
A .l




4.2.

) (Magnetic declination)

E +

magnetic
north

% true north
A ]

L ]

) (Magnetic dip)

Agonic Line
Isoclinic Line
Aclinic line

Isogonic Line




43.

TC1000
TC1600

(Theodolite) (Transit)

(Verier)

(Optical Theodolite)

3

(Electronics Theodolite)

Total station

TC2000  TM3000V — TM3000D — TM3000L

3.10 Wild
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31

Vertical circle Telescope
—] H—  Tilting axis
Standards - -
__ Plate level
~ . . -— Ball bearing
Horizontal circle
,>\%
I or @ Standing axis Axle bush
\ >/
/\5” ~ Tribrach
.Q'Q\.% - i Foot-screw
3.11
3
1) : (Foot-screw), (Optical
plummet), (Circular bubble), (Plate level)




(9]

312

6.1.

30

90°




[10]

6.2
)

)

(Laser pointer)

90°°

6.3.




[11]

1.
(Telescope)
(face left)
(face right)
1.1,
)
)
)
)
1.2.
)
)
)
0 1-2
0

150-300

150




[12]

WILD T16
WILD

8

l J

II[[I[!I[

To Readings: vertical circle 83° 12°
horizontal circle 79° 42'

\m]IIII[IHI|IHHHHI”
0 40 50

T2 Readings: of vertical or horizontal ¢ircle:

94° 12" 44~

3.13

(Direct reading) ~ 3.13

m
% %5

lui n1n‘|nl, lu!l‘n e tl||m|| |I1|
C 16 2 0 & w| e

\. /

o 0 Y 30 0 %0 6 l
Ilnl'

130 129
Az

Ti6 . Readings: vertical circle 95° 54 .4’
horizontal circle 130° 04.6'

ll\"|'h|rl!-i1|!l;I1lllHllihIl}‘l”“!l\i‘ll“!l'lll‘ I

A

5 45

/
TiA vertical circle reading 84° 41’ 15~

WILD
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3.14

(Single sighting)

(Double sighting)
(Face left)

(Repetition method)

AB AC

) 000 00"
3
3.1
3.2
(Face right)
33
(

WILDT16




[14]

3.1 BAC 3
B
C
A
Set | Sta | To | Face Hor. Rdg. |  Hor. Ang. Mean Ang.
11 A | B L 00000 451006 4510 07
C L 4510 06
2 | A | B L 1094955| 451009
C L 15500 04
3| A | B L 3251012 | 451006
C L 1020 18
3
AB 0 AC BAC
00
WILDT 1A
2 BAC AC  AB
(Direction Method)
3 AC AB 0°
AC BAC AC  AB 360°

AB




[15]

3.2 BAC 1
Sta | To | Face| Hor.Rdg | |MeanRdg | Hor. Ang. Hor. Ang. | Mean Ang
A | B L |100038 100034 | 760951 760950 | 760951
C| L | 81028 86 10 25
C| R |2661022
B | R 1900030 7609 52
) 180°
)
)
180°
180°
) 180°
3.3 BAC WILDT16 6
Sta |To |Face | No.of Rep. Hor. Rdg. 6xHor.Ang. | Hor. Ang.
A |B | L 0 00 00.0 425435 705714
C | L 1 7057.0
C | L 6 65 43.5
B |R 6 000.2 425 43.3
) 3 1
) 0°
1
6x70=420 360°

0.2"




[16]

(Elevation angle) (Depression angle)
(Zenith)

0°00 00~
0°0000”

-
N

() ()
3.15 () (Face left) () (Face right)
= 90°- ( )
= =210 )
WILD T1A
90° 0° 90°
0° (Initial Reading)
Index error
34 X P T1A = 95° 06740~
= 264° 557 00~ XP
= 90°-95°06-40~
= -5°06740~
= 264°557 00~ - 270°
= -5°05700~
XP = (-5°0640+(-5°0500 ")
2
= 520550~




[17]

10.
Index error
10.1. (Stranding Axis Error)
180°
2
2-3
@ . _ o
J_h—f—“’Ii“
- -

3.16




[18]

10.2. (Trunion Axis Error)
30 ( A)
20°
(B A
( C) C B
BC 2
Spire Test
BC( D) A
(A) A

10.3. (Horizontal Collimation Error)

30 (A

(B 180° A

BC a




[19]

BC

BC( D)
A
A
3.18
10.4. (Index error)
(A
A
360°
Index error
66°42'20" _
203 14 30 + V-Reading (L)
359 56 50
360 00 00 -
- V-Readi
- R
Index Error €/ 0135 eading (R)
) ®
A
)
(A) A




[20]

11
3
11.1.
1)
(Parallax)
2)
0]
0] (Graduation Error)
0] (Eccentric Error)
1
3)
0]
0]
0]




[21]

11.2.

1:5,000
1/5,000

(Least count)
10~

41"

20"

05"

30"




(Plane Survey)

11

Passometer

Pedometer

12

(Horizontal distance)

(Geodetic Survey)
(Pacing)
1/100  1/50
2
= X




3.1

4.2

oo

(Odometer)

1/1,000

1/10,000




3]

3.2,

(Pin) (Pole)

(Clamp Handles) (Clinometer ~ Abney level)
(Spring Balance)
()
5
30,50

TSN Lﬁﬁﬁﬂﬁ?%’l%@ﬂﬂzLL%uﬂm%‘]’ﬂ&lEI’I’J LOLIALING? USZEJZ“I%’N@@WT’WU




[4]

33

30

75

25




[5]

4.5




34.

"Breaking Tape"

46

1
—
w
>
Q
o
L2
2

4.7




3.5.

o = (lo-D)L
lo (
|
¢t = (T-To)kL
To
I
k
‘p
¢y = (P-Po)L
aE
Po
P
a
E Modulus of elasticity

Ct




4)
Cs
e = oWl
S T U2
W
P
5)
Ca
v
6) 2
Cs
6 = -L[1-COS( )]
Cs = *zr%
h
)
CE
Ev

R 6,400




[9]

0908 . 0.0078 ./ 3

21106 ) 2 1.7 x10-6/°C 50
10 . 16.7°C
162.00 50 3 12.00
145,12.7,11.8, 13.6
1:100 22°C
190
L= 50.0 50.0 50.0 12.0
P= 145 12.7 11.8 13.6
Ah= 0.0 0.0 0.5 0.12
T= 22.0 22.0 22.0 22.0
= 098 - 033 om2
(0.0078x50.0)
1 2 3 4
(Cp) (P-Po)L/aE +0.005 +0.003 +0.002 +0.001
(Ct) K(t-to)L +0.003 +0.003 +0.003 +0.001
(Cs) -W2Lj94p2 -0.008 -0.011 -0.012 0.0
(Ch) 21 0.0 0.0 -0.002 -0.001
-0.013 0.0 -0.005 -0.009 +0.001

162.000 - 0.013
161.987

_ - 161.987 x 190
5,400,000

- 0.005
161.987 - 0.005
161.982




[10]

3.6.
1:5000 1:2500  1:1000
4.1
1:5,000 1:2,500 1:1,000
4.2 A2 .
5°C 30°C
2% 2% 5%
30 30
£l
£l £l
4, (Stadia)
(staff)
1/500




[11]

41, 49

(Parallactic angle)
(Stadia interval)

D Cross-Section
4.9
S
C
D
D = %x cot(—) + ¢
m = 1 x cot( g)
2
D = ms+c
m (Multiplication constant) ¢ (Additive constant)
P m=10 ¢ (Additive constant)
c=0
100 0
D= 1005




[12]

49, 4.10 B

D = 100s
D =100s"
= 100 s cos(A) [s"=scos(A) ]
D = Dcos(B)
= 100 s cos2(g)
Ah - = D-sin(8)
= 100 s cos(A) sin(B)
43
1)
2)
(m#100 ¢ #0)
3)
4.4,




[13]

5. (Subtense har)
2
1
2
1/2,000 150

4.11 Subtense bar Subtense bar
5.1.

412 Subtense bar
b
a
D
D = % x cot( %)
= cot( )




[14]

5.2,
200
2
1)
} D —]
| I R
|~—-d1 | d? ! ! n—r
V ————T———t—""
4.13
a, . ap 12..n
D = coy %)+cot( 0'2)+ ........ + cot( a”)
2)

4.14
)
D = d sin(180-&) I sin(y)
= cot(a/2) sin(aty) | sin(y)
= cot(a/2) cot(y) [ &90°]




[15]

54.

Wild GBL2 m
0.02
1
) +1" 4
2400000
36
1:2500
40 - 150
(d2)0

415

+2" (

1/20000




[16]

6.1. (Phase difference)

Center of EDM

t
\ Center of reflector ——1

| !
! /7 \ / T : I : T l

R |

« D
D nA+d
- 2
A
d
n (n-Ambiguity )
2
1) 10
10, 100,
1000 (1=20,200, 2000 ) 1000
2) 2
2
dy<dp
nAg+dyg = Nty
1 do>dg
(t)a+dy = naptdy
6.2. EDM

1)
2)
3)
4)
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41

EDM

#15

#10

500 .~100

10 ~5
10 .~50




5--

(Traverse)

11,

12.

(Horizontal control)

(Closed Traverse)

(Open Traverse)

B/

C

\

- e

51

/

E




2]

13. 2

)

0

0

0

)
2.

(Graphic Method) (Plane

Table) Least-square Method
2.1,

0 (Interior Angle Traverse)

0 (Angle to the Right Traverse)

0 (Deflection Angle Traverse)
2.2.

o Transit Rule
o Compass Rule




3]

3.
2
3.1
2
C D
B E
D C
A A
E B
5.2
1)
= ( -2) x 180
2)
Azimuth BC  =Back Azimuth AB- B
=AzimuthBA- B
= +
Azimuth BC  =Back AzmuthAB+ B

=AzmuthBA+ B
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5.1 ABCDE AB
331°0030"

A B0

D
0 yomelu | @wdsuud | yundoUsuud 1oBLs
A 18° 22" 30" + 18" 18° 22" 48" 331°00 30"
B 110 28 00 + 18" 110 28 18 261 28 48
C 153 29 00 + 18" 153 29 18 234 58 06
D 58 20 30 + 18" 58 20 48 113 18 54
E 139 18 30 +18' 139 18 48 12 371 42
539 58 30 + 90" 540 00 00
539°5830"
539°58:30"- 540° = -130~
302 =+
BC AB+ B
(331°0030"-180°) +110°28'18"
261°28:48"

BC




5]

3.2.

1)
=( +2) x 180
=( -2) x 180
=( -2) x 180 + ( - )
= ) x 180 + : )
2)

= +
Azimuth BC  =Back AzimuthAB+ B
=AzmuthBA+ B
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5 PQRST
PT 90°00°00"
/]\ 90°00"00
P‘ *
] S
9 | W | AAmosw | yumwiy | awd yudsuunuan 19BUs
(yumalu)
T | 5154 50 90 00 00
p 0210 -03
0 | wiwoo| WAL B a0 | gy,
P | 1% 42 15 .. 310 21 07
Ul R | s | BB -0 1 6880312 | 45,
0 | 2115 " 198 24 19
Rl [ amsa U B B0 | gy
R | 320 16 00 ,. 273 25 31
M IR TP e BRI R LUR TR U I
S | 302 36 20 ,, 234 09 48
Tlop [ amosas | 0B 0 | 85012 | 50
540 00 15| -15' | 540 00 00
= 5400015
= BA00015v5400 = 415
= -157x L = - 03"
5
PQ - P+ P
= 90°0000"+ 402107
= 130°2107

PQ
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3.3.

Azimuth BC

360°

= Azimuth AB +

+
B
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5.3 NOPQR NO
QR 236°12'30"  202°15°30"
236°12'30"
R

0 yuidsouu adsuud | yunaodsuun 1o3Us

N 236° 12" 30"

0 57° 28 00+ - 30" 57° 2730+ | 293 40 00

P 109 15 30- - 30" 109 16 00 - | 184 24 00

Q 17 52 00 + - 30" 17 51 30+ | 202 15 30

R

33 55 30 90 | -33 5700

OP

202°15:30" -236°12:30"
33°57/00"
(-33°55:30")-(-33°5700")
+0130"

(o3

30"

NO + 0
236°12:30+(57°27°30"+)
203°4000"

oP
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4.1. (Projection)

D

5
= | N E
51
(Lattitude)
(L) Cosine
Lattitude = L x Cos(Az)
(Departure)
)
Sine
Departure = L x Sin(Az)
mana styznilo S=gz01zIUD0N
1 + +
2 +
3
4 +
5.1
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4.2.

4.3.
Compass Rule

s Lattitude
> Departure

A Lattitude
A Departure

s Lattitude
> Departure

A Lattitude
A Departure

Transit Rule

) Transit Rule

Lat

Dep

) Compass Rule

Lat

Dep

s Lattitude
> Departure

Np-N1
EnE]_

s Lattitude -

> Departure

(Nn-N1)
- (EnE1)

Transit Rule

Compass Rule

-A Lat x

-ADep x

-A Lat X

-ADep x

Lattitude

> |Lattitude|

Departure

> |Departure|

Length
> Length

Length
> Length
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54
1) Transit Rule
] - sew: | sw: | ewd | smer | awd | swes
fdu | wegus | @aouend || gt Dep Lat Lat Dep Dep
AB | 16°50.0'| 35451 | +339.32 | +102.66 | +0.01 | +339.33|-0.02 | +102.64
BC 85 56.0 | 31854 | +2259 | +317.74 +2259 | -0.07 | +317.67
CD 65 000 | 27417 | +115.87 | +248.48 +115.87 | -0.05 | +248.43
DE | 191 230| 469.65 | -46041| -9270| +0.01 | -460.40 | -0.02 -92.72
EF | 292 175| 24657 | +9353| -228.14 +9353 | 005 | -228.19
FA | 252 185| 36501 | -110.92| -347.75 -11092 | -0.08 | -347.83
2028.45 -002| +0.29| +0.02 0 -0.29 0
AB = 35451 XCOS(16°50.0) = +339.32
A-B = 354.51 x SIN(16°50.0") = +102.66
it
=-0.02
=+0.29
= 114265
= |1337.417]
AB  DE =+001] Lat ]
A-B :-0.29x% = -0.02
A-B = 339.32+0.01 = +339.33
A-B = 102.66 - 0.02 = +102.64

*kk
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B

.~

S

A

2) Compass Rule
} SRR SRR aua S8 Aua SRR
Sl Il P Dep Lat Lat Dep Dep
AB | 35451 | +339.32 | +102.66 +330.32 | 005 | +102.61
BC | 318.54 +2259 | +317.74 +2259 | -0.04 | +317.70
CD | 27417 | +115.87 | +248.48 +115.87 | -0.04 | +248.44
DE | 469.65 46041 | -9270 | +0.01 | -460.40 | -007| -92.77
EF | 24657 +9353 | -228.14 +9353 | 004 | -22818
FA | 365.01 11092 | -347.75 | +001| -11091| -0.05| -347.80
2028.45 -0.02 | +029| +0.02 0 -0.29 0
Transit Rule

= 2028.45

=-0.02

=+0.29

DE FA = +0.01 [ ]
A-B =-0.29 x 35451 =-0.05

*kk

*kk

2028.45
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5.
5.1,
o) 1:5,000
o) 1:2,500
o) 1:1,000
1:20,000  1:10,000
5.2.
1:5,000
1
5,000
41" 30" 3
(Angular Error of Closure) 30vn n
53.
(€)
(Linear Error of Closure)
e = ValattitudeZ+aDeparture?
- e -1
Accuracy = 5 L(z le)

1
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N.E

500.00,1000.00

F Nf = NptLatgr

Lmégﬁ\\\

EF = EptDeppF

—
______ e Es)
B
N 3
Depgr
55
55 54
NE A 1000030000
90 swo: Lat s=a: Dep N E
Al 433033 | #1026 | 10000 ) 30000
51 v2m9 | w7er | 49 40264
Colsusgr | aga3 | 461921 72031
D | a0 | Lopm | STITO | 96874
E | vaas3 | g0 | LT3[ 87602
A 10000 | 30000
B(Ng) =  10000+33933 = 43933
B(ER) =  300.00+10264 = 40264

N.E




ana810n1saududsUN0IUd0saula

0 Szg: yumelu | awd | Jsuud | uedus Lat Dep C Lat |C Dep Adj Lat Adj Dep N E
Al gpgo | 100°437 17 \100°44" | aase g | 7799 | -38.32 | +0.03] +002| 7802 | -3830| 20000 ) 30000
81 1geog | 00341+l HI0L S5 o5s o5 | aggs | 18008 | +0.05| +0.04| -4680 | -18004 | 27802 | 26L70
Cl o960 | 8905 +0 | 89050 460 30| 21061 | 5869 | +0.06| +005| 21155 | 5674 | 23122 | 8L66
D gpgr | MLl 112y G1a | 184 4002| +001| 6186 | 185| 1967 14040
1 qoror| 8L 2| A BL2AY 53 06| 11841 | 15771 | +006] +004| 11847 | 15775 | 8193 | 14225
A 200.00 | 30000
75167 | 539 56 | +4 | 540 00 02| 016|+022]+016] 000| 000
B
V5 134 /
1:2500 c
= 53956 - 540 04134
=+04-5 =+08" +1"( C )
=0222+0162 = 0272
= 0272075167 = 12100 L2500 %
Lat  Dep Compass Rule

A 200.00, 300.00




6129810n1sAUUUSUIINVIUD0SUIU G

XA EY A=970.20,556.10 E =295.05,964.20
90 | 5:9=n0 | yuawidy | @wd | yudsuud | ue3us Lat Dep | CLat|C Dep|AdLat |AdjDep N E
X
156°22"45"
Al 3601 217116 22 Zg 12 217116 g; g? 2480027 | -129.65 | -321.02 | -0.04 | +0.11 |-129.69 |-320.91 247182(1) 2:213
B | w62 1845254 | -446.99 | -38.18 | -0.14 | +0.01 |-447.13 | -38.17 ' '
C 934615 | -18” | 934557 39338 | 197.02
502.74 983851 | -7559 | 497.02 | -0.02 | +0.16 | -75.61 | 497.18
D1 27086 1761000 187 176,09 42 944833 | -2271 | 26991 | -0.01 | +0.09 | -22.72 | 270.00 ST | BA
E 2370845 | 18" | 23708 27 ' ' ' ' ' ' 295.05 | 964.20
1515700
Y
1568.43 | 8953545 | +4' |89534 15 -674.94 | 407.73 |-021 +0.37 | 0.00 | 0.0
674.94| {|1126.13|
= (7-2) x 180 + (151°57°00"- 156°2245") = 895°34'15"
=895°35'45" - 895°3415" = +90” < 134"
NE - NA = 295.05-970.20 = -675.15
EE-EA = 964.20 - 556.10 = 408.10
=V (674.94 - 675.15)2 + (407.73 - 408.10)2
= v0.212 +0.372 = 0.425
= 0.425/1568.43 =1:3700 112500 e




6- (Leveling)

(Elevation)

5 .. 2453 .. 2458

1.4477

(Benchmark,BM.)




2]
2.
3

1) (Spirit leveling)
;J
Lo~ |
|

6.2
2) (Trigonometric leveling)
3) (Barometric leveling)

Altimeter

6.4 Altimeter




3]

3.
3.1
2
1) (Objective) (Eye piece)
(Cross har)
(Parallax)
2) 2
)
)
Mewpiece
Ny
/r‘rl < T 3 level n-o‘t level
ya ; - ] : 3
bubble tube
6.5

1
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3.2.

1) (Hand Level)
10

45

6.6

2) (Dumpy Level)

. o daphragm
objective spuit level adjusting screw

\ ! \ /m

| | e ctcotmonon S JJIL
|
|
..o.mﬁ%f -
[C? ) 'ifﬁ—:v:'

standing axs e e

6.6




Bl

3) (Tilting Level)

mamn spirit level

telescope tube
N

\ =

line of collimation

1
- tifting screw
|

standing axis

6.7
4) (Automatic Level)

—x 11 7

\ Cross Line
- Level Line
of Sight v )
ﬁ,\

>3
[ —

When telescope tilts down, compensator swings forward. When telescope tilts up, compensator swings backward.

6.8
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(leveling staff)

23 4

(& g ]

3
1?2’5

GNLE 3 GTLE 3
metric metric

[ 90 92

L R

74

[ 2 IO T I I IO I I I I O I I I I I T
80 82 84

J
72

GWL 92
metric

1.20

GWL 36
inch




U

) (Differential leveling)

2
2
(Backsight, BS)
(Foresight, FS) 6.10
BM A
HI .
T FS
BS A
h
A
BM L
6.10 BM A
2
5.1,
(Height of
Instrument,HI.)
BM HI.

A A HI

HI = BM + BS

A = HI-FS

5.2.
BM  A(ahpu-a)

A BM

AMBM-A = BS-FS

A = BM + A/M-A
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BM

(Turning point,TP.)

F.S1

s.2 |

¥
0|
A\

6.11

Ahz

T.P.

6.1

vl

Am

AMm
ABM-A

6.11

A 1230

HI

BM

Ahi

BS1- FS1
BS2 - FS2
BS3 - FS3

AMm + MM+ AM
*BS-=FS

BM-A

A BM
BM =10.144

10.144 + 1,752
11.896
11.896 - 1.230
10.666

1.752-1230
0.522

10.144 + 0.522
10.666

1.752




]

6.2 BM1 BM2 BM2

Line of
| sight H.1. 75.356

B.S. 2.539

F.S.0.012
TP,

B.S. 3.251

L,

B.M., Elev. 72.105

HI1 = 72105+ 3.251 = 75.356
TP1 = 75.356 -0.012 = 75.344
HI2 = 75.344 + 2.539 = 77.883
TP2 = 77.883-0.338 = 77545
HI3 = 77545 + 3572 = 81.117
BM?2 = 81.117-3.112 = 78.005
)
BM1- BM2 = (3.25142.539+3.572) - (0.012+0.338+3.112)
= 9.362 - 3.462 = 5.900
BM2 = 72.105 +5.900 = 78.005
2
1)
1
2)
(BS) (FS)
(BM) (TP) TP
TP
>BS-=FS
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(Error of closure)

) = 4K

) - 8VK

| - 5K

K
(z4h =0)
Ah1+4h5+4h4=0
Ah2+4h3-4h5=0
Ah1+4n2=0
6.12
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6.3 BM 22.3%
400 BM A BM
A
BM A
BM 1.256 1.241 TP1
TP1 1233 1542 TP2
TP2 1.361 1.402 TP3
TP3 1.395 1.220 A
5.245 5.405
A BM
A 1.220 1371 TP4
TP4 1415 1.359 TP5
TP5 1515 1.230 TP6
TP6 1.236 1.248 BM
5.386 5.208
4
= 25V0.8 = 224
= 3BS-=FS

(5.245+5.386) - (5.405+5.208)
1063110613 = 0018

(18.0) < (22.4) *
= -0,018)7 = 0,009

BI-A = (5.245-5.405)-0.009 = -0.169

A-BM = (5.386-5.208)-0.009 = +0.169

A = 223940169 = 22.225

Kk
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6.4 BM
A A =10.144 A A 1,752
ABCDE B 1.660 1.230
A TP1 1.776 1.415
C 1,965 1.176
A P2 1.335 1223
TP3 1.251 1,944
D 1.275 1.762
E 1.183 1.826
A 1.623
by by Zh Zh
g\ 1.752 1.230 0.522 0.522 igégg
c 3436 2591 0.845 +.001 0.846 11'512
) 4,551 4,929 -0.378 | +001 -0.377 11' 135
c 1.275 1.826 -0.551 -0.551 11'58 .
A 1.183 1.623 - 0.440 - 0.440 10144
12197 | 12.199 -0.002 0.000
= 12.197-12.199 = -0.002
(4h)
TP Jdhgc  4hed
Zh
B = 10144 +0522 = 10.666
C = 10666+ 0.846 = 11.512
D = 11512-0377 = 11135
E = 11.135-0551 = 11.584
A = 11.584-0.440 = 10.144 *
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1. (Profile) (Cross section)
BM (Intermediate
Foresight, IFS) BM
TP BM TP
25
5
IFS
6.5 BMg
270.273 BM7 273.600
Sta BS HI IFS FS Elevation
BMg | 2.868 2713.141 210.273
2+000 2.06 271.08
2+025 1.63 27151
2+050 1.62 21152
2+075 141 211.73
2+100 1.01 211.13
P15 | 1977 274,136 0.982 272.159
2+125 173 212.41
2+150 1.70 212.44
2+175 1.67 212.47
2+200 1.60 212.54
9+275 131 212.83
BM7 0540 | 273596
> | 4.845 1.522
HI BMg -TP15 =270.273 + 2.868 = 273141 =213.14
2+000 =273.14-2.06 = 271.08
HI TP15 - BM7 =273141-0982+1977 = 274.136
BM7  =273.59 - 273.600 =-0.004 0K
** BM7 **
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6.6
BMg 42 485
3
Sta. | BS HI FS | Elev. Left CL Right
BMg | 1.483 | 43.968 42485
2+025 1205 4262 4255 | 4241 | 4229 4225 4019
2+050 5% 55 pw |85 |88 55
24075 150 158 166 | 174 | 180 187 194
1247 4239 4231 | 4223 | 4217 4210 4203
2+100 155 164 171 | 180 | 194 199 215
1242 4233 4226 | 4217 | 4203 4298 4182
TPy | 1.241 | 43.783 | 1.426
2+125 5P B i | | dn H iw
2+150 160 181 187 | 192 | 198 210 218
4198 4197 4191 | 4196 | 41.80 4168 4160
HI BMg -TP1 = 42485 + 1.483 = 43.968 =4397
24025  CL =43.97-1.56 = 4241
Left =4397-142 = 42.55
Right =4397-1.68 = 42.29
HI TP1 = 43.968 - 1.426+ 1.241 = 43.783
*% *%
1)
2)
BM TP BM TP
3)
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8.
8.1,
Error)
8.2.
8.3.
)
)
)
)

(Collimation

100
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gl
H ﬂﬂ_‘\h T}]
A B
| B2
BS2 .
| /T\ !
6.13
Two Pegs Test
50
(BS)
(FS)
Zh = (BS1-e)-(FS1-€)
= BSI-FSL
Zh = BS2-(FS2e)
BS2-FS2 +e = BSI-FS1

: (BSL-FSL) - (BS2-FS2)
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10.

6/7
D2 +R2 = (R+c)2
¢ = D (Rec)
= DR

C&R = (6i7)xO%R)
= 0,067 x 106 x D2

6.14

Horizontal line

Level line

0.067x106 x D2
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11, (Reciprocal leveling)
2
BSl‘ ¢‘ FS1
ﬁ /R %
‘ B
BS2 | ¥ |
e —
H /ﬁT\ }JFSZ
A B
6.15
A = BSLFSLe) s (1)
A = (BS2-€)}FS2 s (2)
(1+(2) 24 = (BS1-FS1)}+(BS2-FS2)
4 - (BSl—FSl)Z(BSZ-FSZ)
50 Two Pegs Test
(1-2) 0 = (BS1-FS1)-(BS2-FS2)+2e
_ (BS2-FS2)-(BSL-FS1)

2
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6.7 A 10.000 B

1.805
0.875

.......................................................................................................................................................................................................................... 1.495
1.259

A = 0.875-1.49% =-0.620
B = 1.805-1.259 = 0.546
- -0.620+0.546 =.0.037
B = 10.000-0.037 = 9.963
12.
12.1.
-
B Z 8
A B \A % H
N,/
| /0
o
L
| , //
b
C
6.16
/h = Dxan(B)CER  (CAR -88)
JAB= Zh+HI-HO  ( HI HO )
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1
2
2 (Reciprocal Observation)
6.8 A B 3,125.30
A 165 B 250 8°3520"

Arnmmedauilesan CER = 0.067x10-6x3125.302
= 0.65

sereivszvaandasiidh = 3125.30 X tan(8°35"20)-0.65
= 471.39

Asiaszan AB = 1.65+471.39-2.50
= 470.54
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PQ 1,500 P 143
Q 445 1° 08" 45" Q 140
P 545 0° 51" 34"
P Q
seezAandearuth = 1500 x tan(1 08 457 - C&R
= 30.00 - C&R
prdinaszi PQ = 1.43 +(30.00 - C&R) - 4.45
= 269-C&R . (1)
Q P
segeAIndeariuigi = 1500 x tan(-0 51 347 - C&R
=-2250 - C&R
prsinaszsy QP = 1.40 + (-22.50 - C&R) - 5.45
=-26.55 - C&R
prdinaszay PQ = 2655+C&R .. 2)
(1)+(2) 2x 4hPQ = 26.98 + 26.55
= 5353
prdinaszi PQ = 535312
= 26.77
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6.6 P Q P 143
Q 445 1°08'45" Q 140 P

545 -0°51"34" P Q

1% Asivszsn PQ = /h

seeienwsendnga PQ = D

yuzsandedd P gurhi Q

setzivszvdandeeriuidh = Dian(1°08'45")-C&R

sz PQ = Dtan(1°08'45")-C&R +1.43-4.45

h = 0.020D-0.067x10-6D2-3.02  -rerereeen (1)

yuzsandaddi Q surhi P

sszavszudnndeeiuidh = Dtan(-0°5134")-C&R

Dtan(-0°51"34")-C&R+ 1.40-5.45

Asiszas QP

-0.015D-0.067x10-6D2 -4.05

-Jh = -0.015D-0.067x10-6D2 4,05 oo 2)
(1+2) 0 = 0.005D -0.134x10-6D2-7.07
0.134D2-5000D+7.07x106 = 0

D = 5000 J_r\/50002—4><0.134 x7.07 x10°

2x0.134
D = 1”2
Ah = 0.020x1472-0.067x10-6 x14722-3.02
= 2627

prsinesza PQ = 2621 wes
szezng PQ = 1472 2117
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12.2.

Bl
B2

al

o?

h - dtan(£2)

i

" tan(BL) - tan(52)

dsin(a?2)

sin(al+a?2)

dsin(al)

sin(al+ a?2)
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