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Electro–Optical Instruments
Geodimeter

DVxt
electro–optical

electromagnetic

t

 
vV=300000 km/h=299792.458 km/sec  

tV
2

1
S 



48 
 

 
Alternating Current (AC)
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500 m S0=1 
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DAB

L=49.980 m
̊t=30 C 

D'D=1025.00 m

Mh= 40 cm  
t=20 Cę

ɔ =0.03 mm/m* c
=20 Gr 

DAB
D=712.53 m3 cm L0=20 

m t=35CC = 40 
cm

D'
t0= 20c 

γ=0.03 mm/m* c
=20 Gr 
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EDM
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n–1n

 

Xo=Xin=1S=0
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53.21+0.0353.21–0.03
%68
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standard error of the mean 

The Relative Error (Mx) 

 

Xo

Max Error (ȹ) 

n
x


 

0X
M x




5.2



65 
 

Accuracy  Precision 

 

 

 
 

ЬЪІЮϜ 3ï 2 ϣЦϸЮϜм ϣϲЊЮϜ дтϠ ФϼУЮϜ 



66 
 

A B 

X1 =  1240.860  
X2 =  1240.855  
X3 =  1240.866  
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 L (m) 

1 51.12 

2 51.14 

3 51.18 

4 51.19 

5 51.22 

6 51.16 
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 L (m) V V2 

1 51.12 0.05 0.0025 
2 51.14 0.03 0.0009 
3 51.18 0.01 0.0001 
4 51.19 0.02 0.0004 
5 51.22 0.05 0.0025 
6 51.16 0.01 0.0001 
 307.01  0.0065 
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1 m
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3 51.18 3 
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 L (m) W L x W V V2 W x V2

1 51.12 6 306.72 0.030 0.000900 0.005400 

2 51.14 5 255.70 0.010 0.000100 0.000500 

3 51.18 3 153.54 0.030 0.000900 0.002700 

4 51.19 1 51.19 0.040 0.001600 0.001600 

5 51.22 1 51.22 0.070 0.004900 0.004900 

6 51.16 3 153.480 0.010 0.00010 0.00030 

 307.01 19 971.85 
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51.15 m

51.17 m±0.013 m
±0.015 m

 L (m) W L x W V V2 W x V2 

1 51.12 6 306.72 0.009 0.000900 0.005400 

2 51.14 5 255.70 0.011 0.000100 0.000500 

   562.42 
 

0.000202 0.001091 
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R=20 m H=45 m  
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=20 grad

ȹh A B 

ȹh

radrad 0000314.010
200

1020 5
4




 







252
2

2322 )1014.3())944.0cos1(
2

)50(
()102())944.0sin944.0(50(  S

1010102 1066.0232.8601028407798.01037.86030232  S

2710927525 mS



cm
D

3

gr01.0



81 
 



82 
 



83 
 

levelling measurements

Leveling

Elevation
Geoid
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Differential Leveling Or Leveling Or Direct Leveling 

2 
Indirect Leveling Or Trigonometric Leveling 

Barometric Leveling  
Hydrostatic Leveling  
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EDM 

GNSS

Direct or Spirit levelling

Niveau

2 m 3m 4m
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AB
A

RBack Sight
B 

VFor Sight 
Back of Sight (BS)

For Sight (FS)

Intermediate Sight (IS)

Turning Point

AB 
AMNB’ B

Ah

BABA
B
A VRNBAMHHh 
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B

 

 

AR

BV
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Z=ȹh

B A   

B A
VRhB

A  0

VRhB
A  0

VRhB

A  0
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 AB100m
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ϝжтϸЮ дмЪт дттЧϠϝЂЮϜ дтЯЪІЮϜ двм: 

 

A B

 

ii

B

A

BA

B

A

B

A

B

A

VRh

VRVRVRh

hhhh




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A B 
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B

Ah
A

Bh
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B

B

A hh 
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Dumpy Level
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Tilting Level

 

 

Precise Level
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1

mm/ Km  
0.3–0.7 Leica NAK2 
0.3–0.7 Leica NA2
0.01–0.1 Leica GPM3 Parallel Plate Micrometer 

0.2 Leica N3 Optical Tilting 

Automatic Level
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Digital Level

mm/km  
1.5–2.5 Leica NA720 
1–1.5 Leica NA728 
 Leica NA730 

2.5–1.5 Leica NA320/24/32 
2.5–1.9–1.6 Leica NA520/24/32 

0.5–0.7 Sokkia B20 
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mm/km  

1.5 
0.7–1

Leica Sprinter 150 –M– 250M 

0.4 Sokkia SDL30M 

0.3Leica LS10 –LS15 

Laser Level



98 
 

 

Staff
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 ЬЪІЮϜ4ï 21 Ϡ ϜϼтвϓϣϠмЯЧв аϝЦϼ 
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L= K* (LRi+ LVj)

Lri
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LVj

K= 100 

.
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2"

 

A

B

 

4
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B

AAB hHH 
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Actual 
Misclosure

A

 

Actual Misclosure 

B

AABh hHHf  )(

A

AAA hHH 

0 ih
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ih hf  0

iAAh hHHf  )(
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Allowable Misclosure 

N 

mh 
1.1 mm > 2 mm

1 km

2>>3

km

maxFf 

NmmF

NmmmF h

25)max(

25.2)max(





)(
)32()max(

kmhmmmF 

Nmm hkmh 
)(

)()(
3)max( kmkmh LmmmF 

)()(
2)max(

kmkmh
LmmmF 
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12>>24

Fh 

V1 

V2 

)()2412()max( kmh LmmmF 

  ih

1h

2h

L3L5L10L15
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Fh 

V1 

V2 

Fh 
V1 

V2 

AHA=100.000 m

B C D 

B C D  
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h h
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ȹh (m) 

0.211 A 

0.497 B 

0.364 C 

0.086 D 

 A 

 

FhFmax

m

m

m

m

992.99086.0078.100hHD HA

078.100364.0714.99hHC HD

714.99497.0211.100hHB HC

211.100211.0100hHA HB

A

D

D

C

C

B

B

A




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

max

1.14)4(252N5 Fmax

8mm0.008m99.992-100.000  HA'-HA Fh :Or

008.0)008.0(0)hh hh(-HA)-(HA Fh A

D

D

C

C

B

B

A

FFh

mm

m








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Vh

mmmh

mmmh

mmmh

mmmh

mmmh

6.0001.086
1158

008.0

h

Fh
Vh4

5.2003.0364
1158

008.0

h

Fh
Vh3

4.3003.0497
1158

008.0

h

Fh
Vh2
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1158

008.0

h

Fh
Vh1 :Or
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008.0

h

Fh
Vh1

4

3

2
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1

































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mVhhh

mVhhh

mVhhh

mVhhh

A

D

A

D

D

C

D

C

C

B

C

B

B

A

B

A

085.0001.0086.04'

367.0003.03643'

494.0003.0497.02'

212.0001.0211.01'









m

m

m

m

000.100085.0085.100'hHD HA'

085.100367.0718.99'hHC HD'

718.99494.0212.100'hHB HC'

212.100212.0100'hHA HB'

A

D

D

C

C

B

B

A








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1HRn1=738.520 m  
 HRn2=737.085 

m 

A 
BC 

 

  
mm 

ȹh (mm) absȹh Vh 
(mm) 

ȹH
(mm) 

 
H(m) R V 

A–B A 

1892 
 

211 211 1.5 212.5 100.000 1746 
 

1599  

B–C B 

1417 1688 

497 497 3.4 493.6 100.212 1042 1535 

667 1383 

C–D C 

2185 1925 

364 364 2.5 366.5 99.719 2011 1539 

1836 1153 

D–A D 

2141 1829 

86 86 0.6 85.4 100.085 1795 1647 

1449 1465 

 
A 

 
2254 

    
100.000 

 
1881 

 1508 

×   
8 1158 8 0 

 

L (m)ȹh (m)

 
 

 0.610 Rn1 A 

 0.210 A B 

 0.757 B C 

 0.146 C Rn2 
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A B C 

FhFmax

 Vh

 

m

m

m

m

089.737146.0943.736hHC HRN1

943.736757.0700.737hHB HC

700.73721.0910.737hHA HB

910.737610.0520.738hHRN2 HA

RN1

C

C

B

B

A

A

RN2









max

9.91000/)7.472.912.803.28(20L20 Fmax
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R

C
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B

B

A

A

RN2N1
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FFh

mm

mmm











mmml

mmml

mmml

mmml

8.0001.07.47
4.247

004.0
4

Li

Fh
Vh4

5.1002.02.91
4.247

004.0
3

Li

Fh
Vh3

3.1001.02.80
4.247

004.0
2

Li

Fh
Vh2

5.0001.03.28
4.247

004.0
1

Li

Fh
Vh1































113 
 

 

 

  

20 
km>> 25km 

Lkm

mVhhh

mVhhh

mVhhh

mVhhh

NN

NN

R

C

R

C

C

B

C

B

B

A

B

A

A

R

A

R

145.0001.0146.04'

759.0002.0757.03'

211.0001.0210.02'

611.0001.0610.01'

11

22









m

m

m

m

084.737145.0939.736hHC HRN1

939.736759.0698.737hHB HC

698.737211.0909.737hHA HB

909.737611.0520.738hHRN2 HA

RN1

C

C

B

B

A

A

RN2









LF 3max 
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 km>>12km 
 

500 km 

4km>8km
150 km

Lkm Fmax mm

(000)

 

LF 5max 

LF 10max 

LF 15max 
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 ЬЪІЮϜï  ϣтмЂϦ ϣЪϠІ 
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  J 

M100 m
 Ro=6400 km  

 
K M

MKQ 
OJK 

Q2Q
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

R

S
Q
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SRQR
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2
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2121
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100 m
S
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00  QS

2


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kJN  
OJM

K M 

 

i tan
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121 KSKS
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





120 
 

 

AN BN CN  A B C
N
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N A  BC 

A

B
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P
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



N

Ai

iAN hHH '





N

Bi

iBN hHH ''





N

Ci

iCN hHH "'

321

3

'''

2

''

1

'

PPP

PHPHPH
H NNN

N




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A 
B Z J 

 :J
M

 K=100
Vz
L

D
CEF FB=EF–EB=D Cot Vz–M

MJVzDhB

A  cot

MJVzVzLKhB

A  sincos

2cosVzLKD 

BEECCABA




FBJhB

A 
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S
CEF  FB=EF–EB=( Sx cos Vz)–M

A  hi
B hrVz

S 

S

Vz

hi

hr

MJVzShB

A  cos

M-J+cos(Vz)) sin(Vz)LK(  B

Ah

VzLKS

Vz

SinVzLK

Vz

D
S

sin

sinsin

2






2cosVzLKD 
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AHA=100.000 m 
B m  HB=113.10

1 23 

1 23 

FBhh i

B

A 

BEECCABA




)()cos( hrhivSh 

hrvSFB  )cos(
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FhFmax

 Vh

m

m

m

m

169.113876.329.109HH3 HB

290.109113.12177.97HH2 H3

177.97065.8242.105HH1 H2

242.105242.5100HHA H1

B

3

3

2

2

1

1

A









max

1.7257.38.25.120L20 Fmax

-69mm-0.069m113.169-113.100  HB'-HB Fh :Or

69069.0)HH HH(-HA)-(HB Fh B

3

3

2

2

1

1

A

FFh

mm

mmm









mmml

mmml

mmml

mmml

26026.05
13

069.0
4

Li

Fh
Vh4

20020.07.3
13

069.0
3

Li

Fh
Vh3

15015.08.2
13

069.0
2

Li

Fh
Vh2

8008.05.1
13

069.0
1

Li

Fh
Vh1




























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 Vh

 

mVhhh

mVhhh

mVhhh

mVhhh

BB

AA

853.3026.0879.34'

093.12020.0113.123'

080.8015.0065.82'

234.5008.0242.51'

33

3

2

3

2

2

1

2

1

11









mmmlll

mmmlll

mmmll

mmml

69069.0)57.38.25.1(
13

069.0
)43121(

Li

Fh
Vh4

420424.0)7.38.25.1(
13

069.0
)321(

Li

Fh
Vh3

23023.0)8.25.1(
13

069.0
)21(

Li

Fh
Vh2

8008.05.1
13

069.0
1

Li

Fh
Vh1





























m

m

m

m

100.113853.3247.109'hH3 HB'

247.109093.12154.97'hH2 H3'

154.97080.8234.105'hH1 H2'

234.105234.5100'hHA H1'

B

3

3

2

2

1

1

A









100.113069.0169.113Vh4HB HB'

248.109042.0290.109Vh3H3 H3'

154.97023.0177.97Vh2H2 H2'

234.105008.0242.1051H1 H1'







 Vh
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A HA=10.000 m 
B m   HB=10.00

1 2

1 2 

FhFmax

 

m

m

m

940.09522.15582.5HH2 HB

582.5887.10305.05HH1 H2

305.05305.5000.00HHA H1

B

2

2

1

1

A







max

7.702005)302050(252N5 Fmax

0.60mm0.06m9.940-10.000  HB'-HB Fh :Or

6006.0)H HH(-HA)-(HB Fh B

2

2

1

1

A

FFh

mm

mmm








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 Vh

 

 
 

 Vh

 

mmmN

mmmN

mmmN

18018.030
100

06.0
3

Ni

Fh
Vh3

12012.020
100

06.0
2

Ni

Fh
Vh2

30030.050
100

06.0
1

Ni

Fh
Vh1













mVhhh

mVhhh

mVhhh

BB

AA

540.15018.0522.153'

875.10012.0887.102'

335.5030.0305.51'

22

2

1

2

1

11







m

m

m

000.10504.15540.5'hH2 HB'

540.5875.10335.05'hH1 H2'

335.05335.5000.00'hHA H1'

B

2

2

1

1

A







m

m

mVh

000.10060.0940.9Vh3HB HB'

540.5042.0582.5Vh2H2 H2'

335.05030.0305.051H1 H1'







mmmNNN

mmmNN

mmmN

60060.0)205030(
100

06.0
)321(

Ni

Fh
Vh3

42042.0)2050(
100

06.0
)21(

Ni

Fh
Vh2

30030.050
100

06.0
1

Ni

Fh
Vh1












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AHA=100.00 m 

 12

A12 A HA=100.000 
m 

 1 2 

kmLkmLkmL

mhmhmh

A

A

AA

2,5,3

462.10,208.2,640.12

2

2

1

1

2

2

11





m

m

m

040.10824.11964.21HH2 HB

864.21602.15262.6HH1 H2

262.6738.3000.10HHA H1

B

2

2

1

1

A






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FhFmax

 
 Vh

 

 Vh

max

2.63)442(20L02 Fmax

mm040.04m10.040-10.000  HA'-HA Fh :Or

4004.0)h hh(-HA)-(HA Fh

(km)

A

2

2

1

1

A

FFh

mm

mmm









mmmL

mmmL

mmmL

16016.04
10

04.0
3

Li

Fh
Vh3

16016.04
10

04.0
2

Li

Fh
Vh2

8008.02
10

04.0
1

Li

Fh
Vh1






















mVhhh

mVhhh

mVhhh

BB

AA

840.11016.0824.113'

586.15016.0602.152'

746.3008.0738.31'

22

2

1

2

1

11







m

m

m

000.10840.11840.21'hH2 HB'

840.21586.15254.6'hH1 H2'

254.6746.3000.10'hHA H1'

B

2

2

1

1

A







mmmLLL

mmmLL

mmmL

40040.0)442(
10

04.0
)321(

Li

Fh
Vh3

24024.0)42(
10

04.0
)21(

Li

Fh
Vh2

8008.02
10

04.0
1

Li

Fh
Vh1





















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A HA=100.000 m

1 2 

N
1 2 

N ȹh (m) 
 

   

17.180 

 15.118 A

 
FhFmax

m

m

mVh

000.10040.0040.10Vh3HB HB'

840.21024.0864.21Vh2H2 H2'

254.6008.0262.61H1 H1'







m

m

m

97.99118.15852.84HH2 HB

852.84180.17032.102HH1 H2

032.102032.2000.100HHA H1

B

2

2

1

1

A







max

7.702005)404020(252N5 Fmax

30mm0.03m99.97-100.000  HA'-HA Fh :Or

3003.0)h hh(-HA)-(HA Fh A

2

2

1

1

A

FFh

mm

mmm








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 Vh

 
 Vh

mmmN

mmmN

mmmN

12012.040
100

03.0
3

Ni

Fh
Vh3

12012.040
100

03.0
2

Ni

Fh
Vh2

6006.020
100

03.0
1

Ni

Fh
Vh1













mVhhh

mVhhh

mVhhh

BB

AA

130.15012.0118.153'

168.17012.0180.172'

038.2006.0032.21'

22

2

1

2

1

11







m

m

m

000.100130.15870.84'hH2 HB'

870.84168.17038.102'hH1 H2'

038.102038.2000.100'hHA H1'

B

2

2

1

1

A







mmmNNN

mmmNN

mmmN

30030.0)404020(
100

03.0
)321(

Ni

Fh
Vh3

18018.0)4020(
100

03.0
)21(

Ni

Fh
Vh2

6006.020
100

03.0
1

Ni

Fh
Vh1













m

m

mVh

000.100030.0970.99Vh3HB HB'

870.84018.0852.84Vh2H2 H2'

038.102006.0032.1021H1 H1'






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HA=100.000 m
 

V (mm) 
 RA (mm) 

1542 B 

1543 1242 1 
0944 2 
0645 3 
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(m) 
H’ (m) ȹh’ 

(mm) 
 

0.300 100.002 1.5 B 

0.298 100.302 301.5 1 

0.300 100.600 599.5 2 

  898.5 3 

B1
(0.000000) 

B1 A2
A2 B2 

B2 A3
B1 A3

%01.0
10

001.0





L

h
M
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mm) 

R V 

B1

 
 

 
 

  

A2 
  
  
  

B2  
 

 
  

A3 
 

 

  

  

 
mm

ȹh (mm) L (m) H(m) 
R V 

B1 
  

2 

40.000 

0.000  
 

  
A2 

  +4 0.002     

B2 
 

 
6 

 

0.002 
 

 

  

A3 
 

 

 
0.004 

 
 

 
 

mhA

B 002.02

1  mhA

B 006.03

2  mhA

B 004.03

1 
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General maps 
Thematic or special maps

1/200000

1/2000001/1000000
1/1000 000

1:500
1:10 0001:1000

1:2000
1:50001: 2500 

1:500
1:2501:2001:1001:501:201:10
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1:250001:1000000
1:500001:1000001:200000

1:2500001:5000001:750000
1:100000
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contour mapIsohypses
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Contour line

Contour LineIndex Contour
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Contour Interval
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V
U
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Spot hights
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100 m
100 m

Satellite image

 
ERDAS ENVI 

GIS 
DEM

Raster
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1 
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m

1/10000
0.2–0.5 
0.5 – 1 
1 – 2

1/10000 
1/100000

0.5 – 1.5 
1.5 – 2 
2 – 3 

1/100000

1 – 3 
3 – 5 
5 – 10 

10 – 25 – 50 

 

1/10000 e=(1–2) m 

1/5000 e=(0.5–1) m 

1/2000 e=(0.5–1) m 
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1/1000e=(0.5) m

1/500e=(0.5) m

  

C 
H1 H2

 

C

e dC HC

hHHC  1
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e 

d 
H2–H1

 

e

d
H2–H1

h

d=8 cm 
H2–H1=50.72–45.18=5.54 m

46.00 m46.0–45.18=0.82 m

)( 12

12

HH
d

e
h

d

e

HH

h






h
HH

d
e

d

e

HH

h









1212

h
HH

d
e 




12
cme 18.182.0

54.5

8
)46( 
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1.2 cm
46.00 m:47 48 

4950

2.6 cm
47.00 m 

 

4.1 cm 
48.00 m 

5.52 cm 7.0 cm
 49.00 m

 

A
230 m 

cme 63.2)18.450.47(
54.5

8
)47( 

cme 07.4)18.450.48(
54.5

8
)48( 

cme 52.5)18.450.49(
54.5

8
)49( 

cme 96.6)18.450.50(
54.5

8
)50( 
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(Cutting and Filling volume
Excavation and 

embankment
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Theodolite

 

360

cc
Ram sden
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157 
 

 

 

 



158 
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VV

HH

LL

ZZ
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161 
 

Shipping case

 

Tripod

Tribrach
 

 

Tribrach
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Three leveling /foot screws

Circular bubble

Alidade

Telescope eyepiece

Focusing ring
K=100 
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Plate\Tube bubble

  

Horizontal clamp

Vertical clamp

Horizontal circle tangent screw

Vertical circle tangent screw

Inverter knob

Micrometer knob
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Zeiss

 

Kern
 



165 
 

 

Wild
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167 
 

 

 

 
Nikon
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60
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Centering

Center with the plumb Bob

Centering with the centering Rod 
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Centering with the optical plummet 

Levelling
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Focusing
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Reticle Cross Hairs
Target Image Focusing

I Horizontal Circle Reading 

optical Micrometer

Zeiss Theodolite/ 010/ 020

±200

150.6245



174 
 

Zeiss theo 020a

 

 
020a
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Wild Theodolite

150.6364

 



176 
 

 

Kern Theodolite

42.7325



177 
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II Vertical Circle Reading 

A

B

C 

 

 

Automatic index

zenith angles
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Angle of 
elevationAngle of 

depression
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Face Left

Face Right

Direct and Reverse reading

AE
BDD

B
E
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A–E

   

  gr gr 

1 
E   B   D   

2 
E   B   D    

5
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V

V

Sn

  5

  Gr Gr Gr
Gr 

Gr 
V'' (cc)

 V''(cc)  
(cc) 

1 

E 0.0186 200.0182 0.0184 0.0000 0.0000 0 28 784 

B 273.6186 73.6264 273.6225 273.6041 273.6128 87 59 3481 

D 315.3284 115.3362 315.3323 315.3139 315.3136 3 31 961 

2 

E 100.0002 300.006 100.0031 00.0000 
 

0 28 784

B 373.6259 173.6232 373.62455 273.62145  87 59 3481 

D 15.3096 215.3232 15.3164 315.3133 
 

3 31 961 

∑Vi
2=10452''S=3N=2 

)1)(1( 




Snn

VV
M

cc
Snn

VV
M ''12.51

)1)(1(






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ABCD 

AB D 
B C A 

 

i=200(n–2)n 

F= 400 – 400.5614 = – 0.5614 Gr 

  F  Fmax = ±0.03 Gr = ±3 c = ±300 cc      

0.1403 gr                 Vi = F/4 =

6
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 6

  gr gr
 gr gr

A B 30.5619 73.2176 0.1403 73.0773 
D 103.7795 

B C 119.1118 133.2250 0.1403 133.0847 
A 252.3368 

C D 260.2710 89.5074 0.1403 89.3671 
B 349.7784 

D A 81.2619 104.6114 0.1403 104.4711 
C 185.8733 

 

A J
BVz

β

ML
K=100DS
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D=S.cos  
S= K. l 
l= L. cos
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D=K.L.cos
2
  

D=K.L. sin
2
 Vz ............................................(1) 

ȹh

h = D. cotg(Vz)+J–M 

D = K.L.cos2  

h = K.L.cos2  cotg(Vz)+J–M 

h = K.L.sin(Vz) cos(Vz)+J–M ...........................(2) 

ABCD
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m mgr   

   B 
A  

 D 
 

   C 
B  

   A 
 

   D 
C  

   B 
 

   A 
D  

   C 
 

 
Digital Theodolite

Memory card 
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SokkiaDT 600
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ar
ȹei

.......................................(3) 

ei

ai

ri

aa=r2–r1

iii
era 

111111
earera 

222222
earera 

eaarra

eeaarra

eeaarra







1212

121212

211212

)(

)(
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HH'ZZ'

 

C0–20 cc
β

grad

cos
C

c
e 

2

2
22222

1

1
11111

cos

cos





C
arera

C
arera





)
cos

1

cos

1
(

)(

21

1212

211212






Caarra

eeaarra
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β

β=0cosβ=1

AB50–100 m
B β=~ec=C

A B a1

200 gradB
a2

5
2

)200(
21



aa

r
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r

HH'VV'

 

 

 : ϣЦыЛЮϜ дв ϓА϶ЮϜ ϜϺк ϣвтЦ пАЛϦм 
 

)6........................................ ( 

 
 

i
ɓ

ii
tgie 
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)tan(tan

)(

tan

tan

211212

211212

122222

111111















iaarra

eeaarra

iarera

iarera
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7

θ

a
ɓ

VV'B
OI

O
O'I'I

eOO'

OO'OIR




tansin  ae
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OO'I'

e
Re

e 


sinsin





sinsin
R

e
ee 

CCCC

CC

gr

radgr

radgr

41064

19.6366

6691.63
200

)(1)(

)()(200





















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n

 

n




sin
R

e
e




sin
R

e
e CCCC

n

a
a i

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C= 3c

i=400cc

 
 gr Β (gr) ec(gr) ei(gr) e=ec+ ei ri (gr) 

α  (gr) 
 

AB 245.0438 –40.50 0.0313 –0.0295 0.0078 245.0360 
55.1300 

AC 300.2152 25.15 0.0325 0.0167 0.0492 300.1660 
BC 0.0000 –60.25 0.513 –0.0555 –0.0042 0.0042 

65.3783 
BA 65.4493 40.50 00.0373 0.0295 0.0668 65.3825 
CA 173.6457 –25.15 0.0325 –0.0167 0.0158 173.6299 

79.5093 
CB 253.2460 60.25 0.0513 0.0555 0.1068 253.1392 

 

i
r

i
r

i
e

i
a

i
r

i
i

e

i
c

e
i

e

i
tgi

i
e

C
c

e














1

cos







grnfgrf

f

5196.0303.030176.0

)5093.793783.651300.55(200

max 


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n

C= 3c

i=5c

gr

gr

gr

6481.62

0628.72

2845.65













grgrgr

grgrgr

B

C

A

C

A

B

C

B

C

A

B

A

20.42,05.20,20.35

18.42,05.20,20.35








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ȸ (gr) ec(gr) ei(gr) e=ec+ ei ȹe(gr) a(gr) 
 

a"(gr) 
 

AB 35.20 0.0353 0.0309 0.0662 
–0.0183 65.3028 65.2686 

AC 20.05 0.0316 0.0163 0.0479 

BC 42.18 0.0381 0.0390 0.0771 
–0.0727 72.1355 72.1013 

BA –35.20 0.0353 –0.0309 0.0044 

CA –20.05 0.0316 –0.0163 0.0153 
–0.0162 62.6643 62.6301 

CB –42.20 0.0381 –0.0390 –0.0009 

 

n

eaa

eee

eee

tgie

e

ii ici

ii

C
c











12

cos





grnfgrf

f

5196.0303.031026.0

)6643.621355.723028.65(200

max




62.6301gr0.034262.6643
3

0.1026
ɚɚ

72.1013gr0.034272.1355
3

0.1026
ɗɗ

65.2686gr0.034265.3028
3

0.1026















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C=3c

i=2c

θ=2c

a1=125.2648 gr   β1=75.85 gr    
a2=196.0886 gr   2=–25.15 gr     

 
 

 
 gr) ȸ (gr) ec ei eθ e= ∑ei ai–e 

a(gr) 
 

a1 125.2648  0.0810 0.1003 0.0463 0.2276 125.0372 
71.0361 

a2 196.0886 –25.15 0.0325 –0.0167 –0.0005 0.0153 196.0733 

Total Station

greaa

greee

graaa

0361.70)2123.0(8238.70

2123.02276.00153.0

8238.702648.1250886.196

12

12






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Topcon G T Sï 600AF

 
 

 
Nikon DTM 821
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Sokkia Set SA

 

 

ЬЪІЮϜ 6ï 52  ϾϝлϮ Leica TC307 
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Trimble 3303 DR

COM

Point &Code 
number

Update & 
Upgrade

MEAS
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ϝтϜмϾЮϜ ϣЦϸ 
 ϣтжϝϪЮϝϠ)
(ϣтϸϜϼПЮϜ 

ϤϝТϝЂвЮϜ ϣЦϸ 

mm 
) ЬϝϮвЮϜRang( m ЀϝтЧЮϜ Имж ϾϝлϮЮϜ 

1 “ 

1mm+1.5 ppm 1–5500 
ϼмІмв Йв )Prism( 

 

 )Prism( Trimble SX10 

2mm+1.5 ppm 1–800 ) ЀЪϝК дмϸϠDr( 

2”–5” 

1 mm+1.5 ppm 1.5–3500 Prism 

Leica FlexLine TS03_TS07 

2 mm+2 ppm 1–500 Dr 

3’’–7’’ 

1.5 mm+2ppm 3500 Prism 

Leica FlexLine TS02plus 

2mm+2ppm 250 Dr 

1’’ 

1 mm+1.5ppm 1.5–10000 Prism 
Leica Nova MS60 

multistation 
2mm+2ppm 1.5–2000 Dr 

0.5’’– 

1 “ 
0.6mm+1 ppm 1.5–3500 ЙвPrism 

Leica Nova TM50 

 
2mm+2 ppm 1.5–1000 Dr 

0.5’’ 0.6 mm+1 ppm 1.5–3500 Prism 

Leica Nova TS60 

 
2 mm+2 ppm 1.5–1000 Dr 

2’’–5’’ 1 mm+ 1.5ppm 1.5–3500 Prism 

Leica iCON iCR70 Robotic 

 
2mm+2ppm 1.5–500 Dr 

1’’–7’’ 1.5 mm+2ppm 1.5–10000 Prism 

Leica FlexLine TS06plus 

 
2 mm+2ppm 1.5–500 Dr 
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Optical sight  

Focussing telescope 

Eyepiece 

Vertical drive 

                           display

Key

Horizontal drive 

Foot screw

On/Off key

 Circular level
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Leica TC407/307

 

TC407

 

Trimble 3303 
DR

Prism Pole

Tripod
Tribrach

COM

External memory card
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Trimble 3303 DR
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Keypad
Leica 

TC307

 

Leica TC307

 

PAGE]  [
  

[ MENU]

 [USER]FNC
[FNC] 

[ESC] 
The red arrow key is the ENTER key
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  and    

(ALL DIST OFF)

Trimble 3303
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Trimble 3303

 
Trimble 3303
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Leica TC307Trimble 3303

SoftkeyLeica TC307/407  
[ALL] 
[DIST]
[REC]DIST  

[INPUT] 
[ENH]
[LIST] 
[FIND] 
[EDM] 

[IR/RL]IRRL
[PREV] 
 [NEXT]

[STATION] 
[SetHz] 
[Hz=0] 

[SecBeep] 
[IŶ]Softkey 
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[Ź]
[OK]

Trimble 33039
 9 Trimble 3303

  
HD  

xyh/yxh  
neh/enh  

SD 
HzV  
Hz=0  
HOLD  
END  
th/ih  
th  

ih/Zs  
 1  
 2  

m  
ft  

grd  
DMS  
deg  
mil  
V%  
V  
V  
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V  
Hz  

 10Trimble 3303

  
Hz  

CHCK  
ESC  
  
  
  
  

+  
  
MOD  
o.K  
YES  
NO  

Comp  
Co–0  
Co–1  
old  
new  
Rept  
l=0  
c=0  
A  
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B  
C  

  11Trimble 3303

  
HD 
HDh  
Z  

Z–j  
Z–n  
Test  
S–O  
Stat  
S  

Inp  
Hz  

Disp  
Del  
Edit  
?  
?p  
?C  
?A  
?  
all  
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Leica TC307/407
Survey

Stak out
Area and Volume

Remote Height 
Free Station

Reference Line
Tie Distance

Trimble 3303
Coordinate Programs

Unknown Station
Known Station

Stationing in elevation
Polar / Detail Points

Stake out
Application programs

Connecting Distances
Object Height

Station–offset
Vertical Plane

Area Calculation
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digitally displayed bubbles
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Leica TC407

 

A hi
EB

hrVz
S

)(vSinSD 

)()( hrhivCosSh 
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SV
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S  V   

 B 

A 

  C 

  D 

  E 

  F 

  G 

)(

)(

Z

Z

HCosDY

HSinDX




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 h (m) D (m)  
S (m) grV 

 
  

    B 

A 

   C 

    D 

    E 

    F 

   G 

F 
RR=6370 km 

F=400 km2 = 2" 
K=400 km²

2
""

R

F
 
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1/5001/100
xy 

h.

Stake out
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  :           
            

3 km2         
            

       . 

 :         
              
             

      . 

  :         
           )    
              

          
        )     
       

            
             

 .

         
          .Ϥ 
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A B DepatureLatitudeXY
d

λ

1

 

λ

ABf

22 )()(
ABAB

B

A
YYXXd 

AB

AB

YY

XX

Y

X









tan
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λ

B A 

 
B

B A  B 
B 

X Y

Y

X
arctg





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X Y

 

ȹX ȹY 

λBearing
Y

3

 A(xy) B

4

5

Y

X
arctg






YYY

XXX

AB

AB









cos

sin

B

A

B

A

dY

dX




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6

Y

Reference Direction 

Geographic Or true Meridian

(Magnetic Meridian) 





cos

sin

B

AAB

B

AAB

dYY

dXX




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Assumed or Arbitrary Meridian

 
Grid Meridian)

 .

Azimuth Or Circular Bearing
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A
 

Am

G
Y

GA
BA

B
0 < GA

B < 400 Gr 

n x 400 gr
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Azimuth Or Circular Bearing

Bearing
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ȹX ȹY GA
B

 

GA
B =λ 

GA
B=200–λ 

GA
B = 200+λ

GA
B = 400–λ

IF

B

A

B

AAB

B

A

B

AAB

GdYY

GdXX

cos

sin





i

i

i

iii

i

i

i

iii

GdYY

GdXX

111

111

cos

sin









B

A

B

A

B

A

B

A

GdY

GdX

cos

sin




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AB
A (681.35, 581.83)B (783.29, 494.77) 

ȹX (+) ȹY (–) 

GA
BA

B
GB

AB
A

 

Gr
YY

XX
arctg

AB

AB
0018.55






GrGB

A
9982.1440018.55200 
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GA
B GB

AGA
BGB

A

0.0000 200.0000 200.0000 0.0000 

50.0000 250.0000 230.0000 30.0000 

100.0000 300.0000 320.0000 120.0000 

ABC B

200 A

B

B

A
GG

C

B

A

B
GGCBA 
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ABC 

 X(m) Y(m) 

A 100.00 100.00

B 110.00 141.65

C 134.48 136.56 

GB
A

grG

GYX

grarctg
Y

X
arctg

A

B

A

B

0010.215

200,,

0010.15
65.41

10

65.14100.100

00.11000.100
















 


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GB
C

A (XA,YA)dA
BGA

B

 B (XB, YB)  

 

grG

GYX

grarctg
Y

X
arctg

A

B

A

B

0510.113

200,,

949049.86
09.5

48.24

65.14156.136

00.11048.134
















 



grGGCBA C

B

A

B
9500.1010510.1130010.215 
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B

A (XA,YA)B (XB, YB)
dA

BGA
B 

 :( Polar coordinate system)  
    

A

B

A

B

AAB

B

A

B

AAB

GdYY

GdXX

cos

sin





i

i

i

iii

i

i

i

iii

GdYY

GdXX

111

111

cos

sin









22 yxd B

A


Y

X
arctg






https://ar.wikipedia.org/wiki/%D9%86%D8%B8%D8%A7%D9%85_%D8%A5%D8%AD%D8%AF%D8%A7%D8%AB%D9%8A%D8%A7%D8%AA
https://ar.wikipedia.org/wiki/%D8%AB%D9%86%D8%A7%D8%A6%D9%8A_%D8%A7%D9%84%D8%A3%D8%A8%D8%B9%D8%A7%D8%AF
https://ar.wikipedia.org/wiki/%D8%AB%D9%86%D8%A7%D8%A6%D9%8A_%D8%A7%D9%84%D8%A3%D8%A8%D8%B9%D8%A7%D8%AF
https://ar.wikipedia.org/wiki/%D8%AB%D9%86%D8%A7%D8%A6%D9%8A_%D8%A7%D9%84%D8%A3%D8%A8%D8%B9%D8%A7%D8%AF
https://ar.wikipedia.org/wiki/%D9%86%D9%82%D8%B7%D8%A9
https://ar.wikipedia.org/wiki/%D9%85%D8%B3%D8%AA%D9%88_(%D8%B1%D9%8A%D8%A7%D8%B6%D9%8A%D8%A7%D8%AA)
https://ar.wikipedia.org/wiki/%D9%85%D8%B3%D8%A7%D9%81%D8%A9
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BN 

 

 

 dA
i Ŭ   (i)  

  B 

A 

53.85 24.2238 C 
68.01 19.0030 D 
88.46 47.4549 E 
78.24 56.9176 F 
90.14 96.4669 G 
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GA
B = 0.0000 gr

 

Y (m) X (m) ȹ Y 
(m) 

ȹ X 
(m) L (m) G (Grad) 

 
 

150.00 100.00 50.00 0.00 50.00 0.0000 B 

A 

150.00 120.00 50.00 20.00 53.85 24.2238 C 
165.00 120.00 65.00 20.00 68.01 19.030 D 
165.00 160.00 65.00 60.00 88.46 47.4549 E 
161.00 149.00 61.00 49.00 78.24 56.9176 F 
150.00 190.00 50.00 90.00 90.14 96.4669 G 

BAB 
GA

B = 390.0000 gr

GrGG

GrGG

GrGG

GrGG

GrGG

grG

G

A

B

A

G

A

F

A

B

A

F

A

E

A

B

A

E

A

D

A

B

A

D

A

C

A

B

A

C

A

B

A

4669.964669.960000.00

9176.569176.560000.00

4549.474549.470000.00

0030.190030.190000.00

2238.242238.240000.00

0000.00






















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AB

AB

L Ŭ   

  B 

A 

53.85 34.2238 C 

68.01 29.0030 D 

88.46 57.4549 E 

78.24 66.9176 F 

90.14 106.4669 G 



244 
 

AB 

Y (m) X (m) ȹ Y (m) ȹ X (m) 
L (m) G (Grad) 

 
 

150.00 92.08 50.00 7.92 50.62 390.0000 B 

A

150.00 120.00 50.00 20.00 53.85 24.2238 C 

165.00 120.00 65.00 20.00 68.01 19.030 D

165.00 160.00 65.0060.00 88.46 47.4549 E 

161.00 149.00 61.00 49.00 78.24 56.9176 F 

150.00 190.00 50.00 90.00 90.14 96.4669 G 

GrGG

GrGG

GrGG

GrGG

GrGG

grG

G

A

B

A

G

A

F

A

B

A

F

A

E

A

B

A

E

A

D

A

B

A

D

A

C

A

B

A

C

A

B

A

4669.964669.1060000.390

9176.569176.660000.390

4549.474549.570000.390

0030.190030.290000.390

2238.242238.340000.390

0000.390























)(vSinSD 



245 
 

S
V

S
V
hi
hr

D
Hz

A

Hi=1.650 mHr=0.000m
AHA=0.000 

m 
A (0.00,0.00) 

B1B2B3  C1 C2 C3

)()( hrhivCosSh 

)(

)(

Z

Z

HCosDY

HSinDX




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S (m) GradV Hz (Grad   

50.586 109.8847 6.1393 B1 

A 

54.714 109.1638 21.7770 C1 

50.201 105.7510 6.2045 B2 

54.291 105.2685 21.6068 C2 

50.024 101.2748 6.2277B3 

54.211 101.1759 21.8198 C3 
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m

m

m

m

m

m

VS

mhh

hhVS

ri

ri
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838.2650.1)2685.105cos(291.54h

879.2650.1)7510.105cos(201.5h
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A
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A

C2

A
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A
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A
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A
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
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

m

m

m

m

m

m

HhiHi
A

649.00hH

648.00hH
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879.20hH

199.60hH

173.60173.60hH
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B2B3

C2C2

B2B2

C1C1
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













0.649m1.65059))cos(101.17(54.2110H

0.648m1.65048))cos(101.27(50.0240H

2.838m1.65085))cos(105.26(54.2910H

2.879m1.65010))cos(105.75(5.2010H

6.199m1.65038))cos(109.16(54.7140H

6.173m1.65047))cos(109.88(50.5860H

0.000H

))h(h)cos(V(SHȹhHH

1.650)cos(VSȹh

1.650m01.650hh

)h(hcos(V)Sȹh
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C1
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A
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i
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i
i
A

i
A
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ri
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mdYY

mdXX

mdYY

mdXX

mdYY

mdXX

mdYY

mdXX

mdYY

mdXX
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mdXX

C

AAC

C
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B
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B
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C
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C

AAC

B

AAB

B

AAB

C

AAC

C

AAC

B

AAB

B
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049.51)8198.21cos(202.540)cos(

216.18)8198.21sin(202.540)sin(

775.49)2277.6cos(014.500)cos(

885.4)2277.6sin(014.500)sin(

019.51)6068.21cos(105.540)cos(

013.18)6068.21sin(105.540)sin(

759.49)2045.6cos(996.490)cos(

865.4)2045.6sin(996.490)sin(

11.51)7770.21cos(148.540)cos(

163.18)7770.21sin(148.540)sin(

745.49)1393.6cos(977.490)cos(

812.4)1393.6sin(977.490)sin(

6

3

3

6

3

3

5

3

3

5

3

3

4

2

2

4

2

2

3

2

2

3

2

2

2

1

1

2

1

1

1

1

1

1

1

1








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
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

































m

m

m

m

m

md

VS
i

i

A

202.54)1759.101sin(211.54d

014.50)2748.101sin(024.50d

105.54)2685.105sin(291.54d

996.49)7510.105sin(201.5d

148.54)1638.109sin(714.54d

977.49)8847.109sin(586.50

)cos(D

C3

A

B3

A

C2

A

B2

A

C1

A

B1

A

i

A










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ȹ h (m) D (m) 

 

S (m) GradV Hz 
(Grad 

  

6.173 49.977 50.586 109.8847 6.1393 B1 

A 

6.199 54.148 54.714 109.1638 21.7770 C1 

2.879 49.996 50.201 105.7510 6.2045 B2 

2.838 54.105 54.291 105.2685 21.6068 C2 

0.648 50.014 50.024 101.2748 6.2277 B3 

0.649 54.202 54.211 101.1759 21.8198 C3 

Y (m) X (m) 
D (m) Hz (Grad 

 
 

49.745 4.812 49.977 6.1393 B1 

A 

51.011 18.163 54.148 21.7770 C1 

49.759 4.865 49.996 6.2045 B2 

51.019 18.013 54.105 21.6068 C2 

49.775 4.885 50.014 6.2277 B3 

51.049 18.216 54.202 21.8198 C3 



250 
 

A

Hi=1.620 m
Hr=1.280mAHA=00.000 m

 
A (0.00,0.00) 

 

 

S (m)V grad Ŭ grad   

42.038 92.5545 114.5608 B1 

A 
47.674 93.5591 110.7248 C1 
42.631 87.6626 114.6009 B2 
48.111 89.2442 110.7492 C2 
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m

m

m

m

VS

mhh

hhVS

i

i

A

ri

rii

i

A

430.8340.0))2442.89cos(111.48(h

550.8340.0))6626.87cos(631.42(h

155.5340.0))5591.93cos(674.47(h
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A

B2

A
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A
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A

i

A

i

A


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


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A
i
A
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

8.430m0.3402))cos(89.244(48.1110H

8.550m0.3406))cos(87.662(42.6310H

5.155m0.3401))cos(93.559(47.6740H

5.245m0.3405))cos(92.554(42.0380H

0.000H

))h(hcos(V)(SHȹhHH

0.340cos(V)Sȹh

0.340m1.2801.620hh

C2

B2

C1

B1

A

riA
i
AAi

ri






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






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HHHH
H CCBB
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2
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2

275.3305.3

2
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2

)()(
1212
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







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Y
(m) 

X
(m) 

D
(m) 

H
(m) S (m) 

V grad 
Ŭ grad 

9.466 40.664 41.751 5.245 42.038 92.5545 114.5608 B1 

A 

7.953 46.759 47.430 5.155 47.674 93.5591 110.7248 C1 

9.511 40.738 41.833 8.550 42.631 87.6626 114.6009 B2 

7.970 46.752 47.426 8.430 48.111 89.2442 110.7492 C2 

m

m

m

m

VS

426.47)2442.89sin(111.48Dd

833.41)6626.87sin(631.42Dd

430.47)5591.93sin(674.47Dd

751.41)5545.92sin(038.42Dd

)cos(D
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C2

A

B2

B2

A

C1
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A

B1
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A




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
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B
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970.7)7492.110cos(426.470)cos(

752.46)7492.110sin(426.470)sin(

511.9)6009.114cos(833.410)cos(

738.40)6009.114sin(833.410)sin(

953.7)7248.110cos(674.470)cos(

759.46)7248.110sin(674.470)sin(
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ABCD A (100.00,100.00) m
B (110.00,141.65) m 

 

15.0010grG

ɚG,ȹY,ȹX

15.0010gr
41.65

10
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A
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ABCD A (100.00,100.00) m
BAGB

A = 200.0000 Grad
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A

B

A

A

D

D

A
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C

B

C
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B

B

C

B
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B
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A

A
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0000.05850.98585.98
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B
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 ABC A B 
= 90.0000   Gr 

  = 40.0000  GrA B 

 

AB  ACBC

GA
B GA

CGB
AGB

CC  

  A

B

C

B

B

A

C

A
GGGG ,
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mYXAB 052.4422 

m
AB

d

m
AB

d

Gr

ABBCAC

C

B

C

A

83.48
)70sin(

)90sin(*052.44

sin

sin

06.29
)70sin(

)40sin(*052.44

sin

sin

0000.70)4090(200

sinsinsin




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
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


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Y
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A

B

C

B

B

A

C

A

B

A

A

B

B

A

B

A
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0015.400000.900015.130
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0015.1309985.69200200

9985.69tan 1


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
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



 
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 ABC A 
= 90.0000 Gr  = 

40.0000 GrBC L(BC)=48.83 m 
AB GA

B

 GA
B =130.0015 Gr BC 

 

 

mGdYY

mGdXX
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mGdYY

mGdXX

C

B

C
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C

B

C
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C

A

C

AAC

C

A

C

AAC

51.233)0015.370cos(83.4800.190)cos(

83.87)015.370sin(83.4800.110)sin(

:

51.233)0015.40cos(6.2900.210)cos(

83.87)0015.40sin(06.2975.70)sin(
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



259 
 

AB  
 

C 

m
BC

d
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









260 
 

 

AC
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 ABC A B 
= 90.0000  Gr 

 = 40.0000  GrA B 
C 

 

Yc 

370.0015gr40330.0015ɓGG

40.0015gr90.0000130.0015ŬGG
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- 
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X
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X
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C

C

C
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C

C

C
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:
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D
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D
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D

Y (m) X (m) 

245.94 125.16 A 

108.25 –80.59 B 

–48.12 362.03 C 

= 36.1856 gr   β=62.2774 gr  
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D  A B

A (2685.15, 974.24)m , B (4833.62, 544.57) m  
= 75.2845 gr   = 64.0662 gr 

'= 120.5527gr  ’ = 130.5527 gr 
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Xc

 X (m) Y (m) ȹX (m) ȹY (m) IȹXI (m) IȹYI (m) ɚ (gr)

 Azmiuth (gr) 

A 2685.15 974.24 2148.47 429.67 2148.47 429.67 87.4341 112.5659 

B 4833.62 544.57 
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D  A B 
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A (1318.22, -622.98)m , B (3807.64, -789.08) m
= 68.6682 gr   = 45.1265 gr 
'= 57.8964gr  ’ = 76.4346 gr 
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Total 
StationAB

AAA (0.00, 0.00)m
 Gr GA

B

B C DEF

L Ŭ   

  B 

A 
141.421 40.0000 C 
180.278 27.4334 D 
212.132 40.0000 E 
181.110 52.7616 F 
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Y (m) X (m) 
L (m) G (Grad) 

  

100.00 15.84 101.247 10.0000 B 

A 

100.00 100.00 141.421 50.0000 C 
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Traverse

 

Open or Free Traverse 

Closed or Polygonal Traverse 
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Traversing Fieldwork

30 –120 deg

30 m

20–30 cm
3–4 cm5 cm

30 cm
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50–60 cm
3x2x1 cm5x5x1 cm 
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A>B>1>2>....B 1 2 ...
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ABCDA (100.00, 100.00)m
B (110.00, 141.65)m
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(abc)1–9(A)

A  =  [s*(s – a)*(s – b)*(s – c)]1/2 
s 

s = (a + b + c) / 2

 
1abc

c
hA

A = (1/2) * c * h 

ab
CA

A = (1/2) * a * b * sin C
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 a(2–9

A = a2                                             

 

a

a bA

A  =  a * b

 

ab
hA

A  = (1/2) * (a + b) * h
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5–9

 

A = A1 +  A2                                                     

a

A  =  π * a2                                     
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Ŭα

A = π * a2 * α

 91.

105010

 

0.5 x π x (10/2)2  39.27
50 x 10

10 x 8 / 2
39.27 + 500.00 + 40.00579.27
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x
(yi)i1nn8–9

Y

Y = [ y1  +  y2  +  y3 + …..  + yn ] /  n 

A
[ Y][ x * (n – 1) ]

Ttapezoidal Rule 

A1 =  x * ( y1 + y2 ) / 2
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A2 = x * ( y2 + y3 ) / 2

An–1 =  x * ( yn–1 + yn ) / 2 

A  = A1 + A2 + A3 + ……  + An–1

A  =  (x/2) * [ y1 + 2 * y2 + 2 * y3 + ….. + 2* yn–1 + yn ]

Simpson

n

A = (x/3) * [ y1 + 4*y2 + 2*y3 + 4*y4 + 2*y5 +….. + 4*yn–1 + yn ]   

(x/3)

92.
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Y
Y = [6 + 8 + 14 + 12 + 10] /  5 

                             =10 m 
x * (n–1)

10

(8/2) [ 10 + 6 + 2x( 8 + 14 + 12 ) ]

(8/3) [ 10 + 6 + 4(8 + 12) + 2x14 ] 
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10–9

 

93.

198.5 
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198.5198.5x2500

198.5x2500 

49.625
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12–9
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4x7213

x

13–9
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9.4

1:2500
1:20004000

4000x(1/2000)2/ (1/2500)2

9.5
1:2500

1:1000

2.39
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18600x(1/1000)2/ (1/2500)2

18600 x (2500)2/(1000)2

11.625

5.9 
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))((

))(())((

))(())((2

5115

45543443

23321221

XXYY

XXYYXXYY

XXYYXXYYS







 


))((2
11 iiii

XXYYS

 


))((2
11 iiii

YYXXS

 
 )(2

11 iii
XXYS

 
 )(2

11 iii
YYXS

)sin(2
11 iiii

aaddS  



308 
 

2

11

086.2165

172.43302

204.8321431.450646.84972

)36.35)(36.235()88.25)(12.174()24.61)(76.138(2

)36.13500.100)(36.13500.100(

)24.16136.135)(76.3836.135(

)00.10024.161)(00.10076.38(2

))((2

mS

S

S

S

S

XXYYS
iiii















 

2

2

086.2165)sin(
2

1
:

086.216500.50603.86
2

1

2

1

mACABSOr

mS

ACABS









2

11

086.2165

172.43302

071.8321751.28648508.159972

)36.13500.100)(36.13500.100(

)24.16136.135)(76.3836.135(

)00.10024.161)(00.10076.38(2

))((2

mS

S

S

S

XXYYS
iiii













 



309 
 

Y X 
100.00100.00A 
141.65110.00B 
136.55134.47C 
95.10 127.58 D 

2

11

086.2165

172.43302

80868.8288487.1370150.25882

)24.16100.100(36.135

)00.10036.135(76.38

)36.13524.161(00.1002

)(2

mS

S

S

S

XXYS iii













 

2

2

11

41.1123

82.22462

94.537916.159742.680750.24162

)57.27)(10.195()89.6)(66.231(

)47.24)(20.278()00.10)(65.241(2

)57.12700.100)(10.9500.100(

)47.13457.127)(55.13610.95(

)00.11047.134)(65.14155.136(

)00.10000.110)(00.10065.141(2

))((2

mS

mS

S

S

S

XXYYS
iiii



















 



310 
 

2

2

11

41.1123

82.22462

32.1114313.1086133.124650.87462

)90.4)(57.227()45.41)(04.262(

)10.5)(47.244()65.41)(00.210(2

)10.9500.100)(57.12700.100(

)55.13610.95)(47.13457.127(

)65.14155.136)(00.11047.134(

)00.10065.141)(00.10000.110(2

))((2

mS

mS

S

S

S

YYXXS
iiii



















 

2

2

11

41.1123

82.22462

16.327887.239959.488248.17572

))57.12700.100(10.95(

))00.11057.127(55.136(

))00.10047.134(65.141(

))57.12700.110(00.100(2

)(2

mS

mS

S

S

XXYS
iii















 

2

2

11

41.1123

82.22462

10.466308.625971.402065.46542

))55.13600.100(57.127(

))65.14110.95(47.134(

))00.10055.136(00.110(

)))10.9565.141(00.100(2

)(2

mS

mS

S

S

YYXS
iii















 



311 
 

Cutting and Filling volume

Cross–Sections
L10–50 m

V

Profile

%1%2 ...

typical cross–section

b
C

Profile
1 / S 

1 m S m



312 
 

 

1/n
n1= n2

1/n = 0

d1d2

h1h2

1/n =0d1=d2

h1= h2=C



313 
 

 

1

S
b

dd 
2

21

S

b
d

Chh 2
1

21




2

1

1

1

b
d

h

S
tg





C
CSb

C

bCS
b

A
2

.22

2

)
2

(

2








S

b
d

CSb
A 2

2

.22 1 






).( CSbCA 



314 
 

1/n

 

2
 
 
 

 

3

S

b
d

h
b

d

h

S
tg 2

2

1 1

1

1

1









C
n

d
h

d

Ch

n
tg 


 1

1

1

11


n

dCn

S

bd
C

n

d

S

b
d

111
1 .

.2

22 







)(2)(2

2

2)22(

222

222

)(2)2(

1

1

11

11

11

sn

nb

sn

SnC
d

nbSnCSnd

nbSnCsdnd

SdSnCnbnd

dnCSbdn















)
2

)((1
S

b
C

Sn

nS
d 






315 
 

h2 d2 

4
S

b
d

h
b

d

h

S
tg 2

2

1 2

2

2

2









C
n

d
h

d

hC

n
tg 


 2

2

2

21


n

dCn

S

bd
C

n

d

S

b
d

111
1 .

.2

22 







)(2)(2

2

2)22(

222

222

)(2)2(

.

.2

2

2

2

2

22

22

22

122

2
2

sn

nb

sn

SnC
d

nbSnCSnd

nbSnCsdnd

SnCSdnbnd

nCdSbdn

n

Cnd

S

bd

C
n

d

S

b
d
























)
2

)((2
S

b
C

Sn

nS
d 






316 
 

d1 d2 h1h2 A 
EF

A 

6

h1 h224

1
11

hSE
E

h

S
tg 

2
21

hSF
F

h

S
tg 

2

.

2

.
))(

2
(

2

2

2

1
21

21 hShS
dd

hh
A 











 










 2221

21

21 )
2

2
()

2

2
(

2
)

2

22

)((
S

bd

S

bdSS

b
d

S

b
d

ddA

S

b

S

dd
A

4

2

21 




11

1

1 .
2

2 hS
b

d
S

b
d

h 





22

2

2 .
2

2 hS
b

d
S

b
d

h 







317 
 

 h1h2

8

 

d1 d2 35
C

)(
2

.. 2121 hh
b

hhSA 

2

2

2

1

2

2

1

1

)
2

(
2

1
)

2
(

2

1

)2(
2

1
)2(

2

1

b
d

S

b
d

S

d
S

b
d

Cd
S

b
d

CA













318 
 

d=d1+d2 

9

 C 

C











2
)(

2
)(.

2

1 2

2121

b
dd

b
ddCS

S
A

S

b

S

b
C

d
A

4
)

2
(

2

2



)
2

)(
.

(1
S

b
C

Sn

Sn
d 




n

b

n

w
CnC

b
w

2
.

2

1
1 

nC
b

w .
2

1  nC
b

w .
2

2 



319 
 

 

C 

10

A1

)(2

.2).(

)(2

.2..

)
22

)(
.

(

1
1

1
1

1
1

Sn

wSSnb
d

Sn

wSSbnb
d

S

b

n

b

n

w

Sn

Sn
d
















Sn

wSb
d


 1

1

.

2

S

b

Sn

wSb

h
S

b
d

h 2

.

22

1

1

1

1












Sn

w
h


 1

1

2

. 11
1

hw
A 



320 
 

 h1 

11

W2 

 A2 

12 

13

X Y

10 m6 m
2/3

)(2

2

1
1

Sn

w
A




Sn
b

wwbw .
2

212 

)(2

2

2
2

Sn

w
A




))((2 11   iiii XXYYA

))((2 11    iiii YYXXA



321 
 

2

3

3

21
 S

S
tg

28,10,621  dbChh

).( CSbCA 

2114))6.
2

3
(10(6 mA 

S

b

S

b
C

d
A

4
)

2
(

2

2



2

2

114
6

100)22814(

6

100
)

3

10
6(14

2

3
4

10
)

2

3
2

10
6(

2

28

mA

A

A












322 
 

Prism

)(
2

.. 2121 hh
b

hhSA 

2114)125()183(

)66(
2

10
)66

2

3

mA

A







323 
 

 

 

Triangular Prism

 

pyramid



324 
 

 

Mean Area Method 
Average End Area Method \Trapezoidal Rule(

Prismoid
Mean Area Method 

N 
L N+1 

 
 



325 
 

L

A1 A2

14

A1 AN+1

15

Average End Area Method 
\Trapezoidal Rule(

L 

16

V=(common distance/2) × {area of 1st section+ area of last section+ 
2(sum of area of other sections)

Prismoid
Simpson

)(
2

21
AA

L
V 

)..........(
1

1321 



 NAAAA

N

NL
V

)..........(2)(
2

3211 NN AAAAA
L

V  



326 
 

 

ABCDEFG
A1A2Am

QRSP O 
Vertices

Apex
O

V1V2

 

222

111

623

1

623

1

A
LL

AV

A
LL

AV







327 
 

ADGEO 
ADGE SP h1

O–ADGE 

A (OPS) OPS

17 

)(
3

2
)(

3

1
)(

3

1
3 OPSA

L
hLPShADGEareaV 

)(
3

2
)(

3

1
)(

3

1

)(
3

2
)(

3

1
)(

3

1

)(
3

2
)(

3

1
)(

3

1

6

5

4

OPQA
L

hLPQhABFEareaV

OQRA
L

hLQRhCBFareaV

ORSA
L

hLRShCDGFareaV







))()()()((
3

2

66
21

OPQAOQRAORSAOPSA
L

A
L

A
L

V 

m
A

L
A

L
A

L
V

3

2

66
21


)4(
6

21 AAA
L

V m 

ALA
L

V

AAAA m





)6(
6

21



328 
 

111

21

2

1
)0

2

1
(

6

0,
2

1

ALAA
L

V

AAAm





111

21

3

1
)0

4

1
(

6

0,
4

1

ALAA
L

V

AAAm







329 
 

A1 A3 
 2L 

A3 
A5  2L

AN AN+1  2L 

 

 

 

)4(
6

2

)4(
6

2

231

321

AAA
L

V

AAA
L

V





)4(
6

2

)4(
6

2

453

543

AAA
L

V

AAA
L

V





)4(
6

2

)4(
6

2

12

12









NNN

NNN

AAA
L

V

AAA
L

V

 NNN AAAAAAA
L

V   )..(2).....(4(
3

231421














  









1

..4,2

2

..5,3

1 24(
3

N

i

N

i

iiN AAAA
L

V



330 
 

Simpson

V=(common distance/3) × {area of 1st section+ area of last section+ 
4(sum of areas of even sections +2(sum of areas of odd sections) 

Prismoid
SimpsonN 

Prismoid
Trapezoidal Rule50 m3

Am=5 m2 =1/2(6+4)

 
 



331 
 

1: S

Borrow–pit method

 

6

)( 2

21 ShhL
Cp






332 
 

 

A 

hc1

hc2        

Vhhhh
A

V cccc      )432(
4

4321



333 
 

hc3       

hc4       

V       

i 

2 m 
25– 50 cm 

Vhhhhhhhh
A

V     )8765432(
3

87654321



334 
 

 

L 
A1   : A2 

l1 l2 

)(
2

21 AA
L

Vc 

2

)(
)( 21

12

ll
AAVF






335 
 

Mass Haul diagram

Bulking and shrinkage factor

8 m 1% 
5.10 m 

)(
2

211 AA
L

VF 

mFF LAV  max2

12 FFF VVV 



336 
 

8 m

 3

m m m m

0.00 0.00 22.22 17.12 

40.00 40.00 21.85 16.72 

80.00 40.00 21.40 16.32 

120.00 40.00 21.09 15.92 

160.00 40.00 20.82 15.52 

200.00 40.00 20.47 15.12 

240.00 40.00 20.56 14.72 

)(
2

1
21 AAV 



337 
 

 
30

m m m m
m

m2 m3

0.00 0.00 22.22 17.12 5.10 40.80 
 

40.00 40.00 21.85 16.72 5.13 41.04 1636.80 

80.00 40.00 21.40 16.32 5.08 40.64 1633.60 

120.00 40.00 21.09 15.92 5.17 41.36 1640.00 

160.00 40.00 20.82 15.52 5.30 42.40 1675.20 

200.00 40.00 20.47 15.12 5.35 42.80 1704.00 

240.00 40.00 20.56 14.72 5.84 46.72 1790.40 

 
     

10080.00 

14.00

16.00

18.00

20.00

22.00

24.00

1 2 3 4 5 6 7

И
ϝУ
Ϧϼ

ц
Ϝ

 

 ЙАϝЧвЮϜ ϸϸК 

 сЮмАЮϜ ЙАЧвЮϜ 

ϣтЛтϠАЮϜ ЌϼцϜ ϞмЂжв 

ИмϼІвЮϜ ϞмЂжв 



338 
 

8 m2.5 % 
5.10 m

 4 

 m m m m 

1 0.00 0.00 22.22 17.12 

2 40.00 40.00 21.85 18.12 

3 80.00 40.00 21.40 19.12 

4 120.00 40.00 21.09 20.12 

5 160.00 40.00 20.82 21.12 

6 200.00 40.00 20.47 22.12 

7 240.00 40.00 20.56 23.12 

 

3

3211

10080
)8.424.4236.41

64.404.41(2)72.468.40(

2

40

...(2)(
2

mV

AAAAA
L

V nn















 



339 
 

120 m 160 m0.97 m
 0.30 m 

 

 

15.00

20.00

25.00

1 2 3 4 5 6 7

Ϝ
Ϥ

ϝК
ϝУ
Ϧϼ

ъ
 

 ЙАϝЧвЮϜ 

 сЮмАЮϜ ЙАЧвЮϜ 

 ϣтЛтϠАЮϜ ЌϼцϜ ϞмЂжв 

ИмϼІвЮϜ ϞмЂжв 



340 
 

m m m m m m m2 m2

m3

m3

0.00 0.00 22.22 17.12 5.10 
 

40.80 
   

40.00 40.00 21.85 18.12 3.73 
 

29.84
 

1412.80 0.00 

80.00 40.00 21.40 19.12 2.28 
 

18.24 
 

961.60 0.00 

120.00 40.00 21.09 20.12 0.97 
 

7.76 
 

520.00 0.00 

160.00 40.00 20.82 21.12 
 

0.30 
 

2.40 118.53 11.34 

200.00 40.00 20.47 22.12 
 

1.65 
 

13.20 0.00 312.00 

240.00 40.00 20.56 23.12 
 

2.56 
 

20.48 0.00 673.60 

 
       

3012.93 996.94 

 1 : 2 

20 m

md

d

d

55.30

30.0

97.0

40








341 
 

 

m2

m2

3

211 1749)3.646.110(
2

20
)(

2
mAA

L
VC 

3

2 1005)20.3630.64(
2

20
mVC 



342 
 

 

36.20 m3 9.60 m3

md

d

11.13
60.1130.29

60.1120

)60.1130.29(

60.11

20










3

2 04.76)60.110(
2

11.13
mVF 

3

3 458)60.920.36(
2

20
mVC 

3

3 409)30.2960.11(
2

20
mVF 



343 
 

 

md

d

22.7
60.920.36

60.920

)60.920.36(

60.9

20

1

1










3

4 66.34)0.060.9(
2

22.7
mVC 

3

4 890)70.5930.29(
2

20
mVF 



344 
 

10 m 

 

md

d

9.8
40.7470.59

70.5920

)40.7470.59(

70.59

20

2










3

5 92.412)0.040.74(
2

9.820
mVC 




3

5 67.265)070.59(
2

90.8
mVF 

358.365992.41266.3445810051749 mVC 

371.164067.26589040904.760 mVF 

Vhhhh
A

V cccc      )432(
4

4321



345 
 

A 

hc1           h1. h4 h8 h9 
hc2       h2 h3 h5 h10 

hc3        h7 
hc4        h6 

V      

 

20 m 
 20 m 

 

32394

)77.4(4)82.5(3

)31.221.372.614.5(2

)55.398.107.61.876.4(

4

100
mV 



























346 
 

mm
1  

mm
1  

hc1           h1. h5 h11 h12  h15 
hc2       h2 h3 h5 h10 



347 
 

hc3        h7 
hc4        h6 

N1 N2 N3 N4  
3.9 5.6 

3.7 
4.3 
4.6 

 

hc1           h. h5 h6 h10 h15 
hc2       h11 

N1 N2 
3.7 4.3 

21 4.3 

3

1

1

1

43211

12430)3.124(
4

25

)328.168.537.21(
4

25

))84()6.53()9.262(7.21(
4

25

)432(
4

mV

V

V

Vhhhh
A

V

c

c

c

ccccc







    



348 
 

A= 0.5*20*20=200 m2

+7.00 m 30 m

 

3

2

2

212

3.1973)6.29(
3

200

))3.42(21(
3

200

)2(
3

mV

V

hh
A

V

c

c

ccc





  

3

21 3.144033.197312430 mVVV CcC 



349 
 

+7.00 m 
 7 m 7 m

 

7 m 

 



350 
 

9

N1 N2N3 N4  
1.30 1.10  
2.10 
1.50 
 0.3 

 

 

N1 N2 N3 N4  
1.0   

 
 
  

 

3

1

1

211

2835)6.12(
4

900

))6.32(4.5(
4

900

)2(
4

mV

V

hh
A

V

c

c

ccc





  



351 
 

3

1

1

1

43211

5.3622)1.16(
4

900

)8.202.91.4(
4

900

))7.04()03()6.42(1.4(
4

900

)432(
4

mV

V

V

hhhh
A

V

f

f

f

ccccf







    

3
3

3
2

3
1

1

25.11)003.0(
3

305.7
2

1

15)002.0(
3

3015
2

1

75.78)002.05.0(
4

3015

)(
4

mV

mV

mV

h
A

V c


















 

3

2 10525.111575.78 mVc 

3

21 29401052835 mVVV ccc 



352 
 

e= 5 m 
Hw= 512 m 

3

3

3

2

3

1

1

56.216)002.09.0(
3

30
2

305.22

5.67)002.02.0(
3

30
2

3015

75.78)002.05.0(
4

3015

)(
4

mV

mV

mV

h
A

V c




















 

3

2 81.36256.2165.6775.78 mV f 

3

21 31.39855.362281.362 mVVV fff 



353 
 

 

 

3

490485

3

495490

3

500495

3

505500

3

510505

3

512510

130005
2

52000

312505
2

52007300

395005
2

73008500

570005
2

850014300

822505
2

1860014300

436002
2

2500018600

mV

mV

mV

mV

mV

mV













































354 
 

+19.00 m 

 

 

3266600130003125039500570008225043600 mV 



355 
 

Vc=0.5* (A1+A2) 

m2m3

 
0.5×(15+57)

0.5×(57+90)

0.5×(90+134)

Vf=0.5* (A2–A1)

0.5×(178–134)

0.5×(211–178)

0.5×(243–211)

Vf=0.5* (A1+A2)



356 
 

Vc=0.5* (A1+A2) 
m2m3

 
0.5×(15+57)

0.5×(57+90)

0.5×(90+134)

Vf=0.5* (A1+A2) 

0.5×(178+134)

0.5×(211+178)

0.5×(243+211)

243×3 



357 
 



358 
 

  

  

 

. 



359 
 

          
            
            
             

         : 
            . 
            

. 
               

            
    . 

              
 . 

  :         
          : 
 –             . 
 –       ""     

 . 
 –             

            
       .

           
Geographic Information SystemGIS



360 
 

 

Geographic Information System

    GIS      
      (Spatial  Database)    

Attribute Database        
            

(Access)    
(GeoReference)           

   . 

(Query)
(Data Base)

 

 



361 
 

 

    "GIS"         
             

       

    (GIS)      

            
           

    
          
  GIS        

              
. 

            
     . 
 –               

   . 
   GIS      

             
             

 .



362 
 

 

Global Navigation Satellite System
(GNNS)

 

 

  
 

  
 

 



363 
 

 

Remote Sensing

  

  

 

  

A

B

C

DSensor 



364 
 

E

F
 

 

  

Passive systemsOptical system 

 Optical 
System



365 
 

  

Active  systems  

RADARLidar

 

 (GNSS)Global Navigation Satellite System



366 
 

 

Global Position SystemGPS
GLONASS

GALILEOBEIDOUIRNSS 

 

Space segment

Control segment

User segment



367 
 

 

 



368 
 

 

  
 

 
 

  

  

 

  

vector data
 Point

 X,Y.Line

Polygon
(Vector)



369 
 

(raster data)
(Raster)

 (grid data) 

(Raster)

Point 
 (X)(Y) 

0-D
 

 Line 
 

1-D 
 

Polygon/ Area

 D 

 



370 
 

 
Vector

Raster Data

Pixel
PixelElementPicture

(Orthophoto)
PixelRowColumn

Digital Number (DN)

 
Raster



371 
 

Digital Elevation 
Model (DEM)

(Resolution)
(dots per inch) (dpi)

 byte
 

Raster

 

 



372 
 

Raster DataVector Data
(Raster)(Vector)

(Raster)
(Vector)
(Vector)

 



373 
 

 

VECTOR Raster 

  

  

  

  

  

  

  

  

  



374 
 

topology) 
 

Metadata

 
Topology

Building topology

ID
 

Nodes  
Chains

 



375 
 

Polygons

Connectivity
  

Direction 
Adjacency

 
Nested

(Data Modeling) 
 (Model) 

(DBMS)
 



376 
 

DBMS

Primary Key

(Data Analysis and Querying) 

criteria

What If?  (Modeling) What is at?  Where is it?  Where Specific 
patterns? What has changed?

Laser Scaning) 
3D Models

Photons



377 
 

 laser beam 

 
Scan Station C5

(Point cloud)

3D 
printing



378 
 

 

 
Fix Terrestrial Laser Scanning

Mobile Laser Scanning 

 Airborne Laser Scanning

 

 



379 
 

 

Laser Ranging Sensor /Laser scanning System
Precision Global Positioning 

System (DGPS
 Inertia Measurement Unit 

(IMU) / Inertia Navigation System (INS)

Airborne Acquisition 

Multiple scans

GPS

bare–earth (hard ground) 



380 
 

The last return  

lidar intensity image 

DEM

red to IR



381 
 

Terrestrial Acquisition 

tripod

GPS–IMU solution

GPS
IMU

GPS

GPS control
tripod mounted systems

  

GPS



382 
 

(Target

 

 (Targets) 
White Black 

Targets(Spherical 
Targets



383 
 

 

Registration

Segmentation)

 

(beam) Box
Patch)



384 
 

 

Photogrammetry

Terrestrial 
PhotogrammetryAerial Photogrammetry 

x
Aerial Camera



385 
 

analytical or digital plotters

(Space Photogrammetry)

 

SPOT XS

Aerial

Drone



386 
 

 
 

Terrestrial

 

 



387 
 

Close Range

 

 

Analog 
SystemsAnalytical Systems)

Digital Systems

image orientation

Analog Systems 

22



388 
 

 

Analytical Systems 

 



389 
 

Digital Systems 

Scanning
Digital Camera

 



390 
 

 

Orthognal Projection

 

 

 



391 
 

Perspective Projection

 

 

  (Rsolving) 

 



392 
 

 

 

 
V
F
U

  
 : 

   

 . 
 : 

U

1

F

1

V

1




393 
 

   
 

 : 
 . 

 . 
 . 
 . 

 

 



394 
 

   

 (filters) 

 . 

 

Ŭ   (deg) 
F  

(mm) 

Normal Angle 
60 –70 170 –

305 

Wide  Angle
70 –100 100 –

152 

Super–Wide  
Angle

100 –
135 

88.5 –
100 



395 
 

 

 

 
 

 
  

(



396 
 

 

 

 .

 

  

 : 
(Mark– Fiducical) 

.(

FV 




 0
F

11

F

1

U

1

F

1

V

1



397 
 

 

 
. 

 
 . 

:  

 . 
 

 . 
 :

.



398 
 

 

O

H
F
C

P

N

θ



399 
 

Vertical air photos 
 

 .

Tilted Photograph

 

 
 

.



400 
 

Low–oblique

 

High–oblique

 
.

 



401 
 

 

Pixel

 

 x 
 y 

 .  

 dots dpi) 
 . dpi 

  

 



402 
 

 

 
  •  
  • 

  : 

%.

 : 



403 
 

.

aa' a"
a'a"⊿a

a'

 

 



404 
 

 XY K Φ ɯ 

Exterior OrientationInterior 
Orientation

 



405 
 

 

 

 

-(1) . 
(2) . 

 -(3) . 
-(4) . 

 . 

 . 
 . 

 . 

 . 

 . 



406 
 

 
 

DEM

  . 
  . 
  . 

 

 

.



407 
 

S

 
S
F
H
h
Z

 

 

hH

F

Z

F
S




i

i
hH

F
S






408 
 

Sii 
F
H
hii
 

 :

Sav

F
H

hav

.

S
Lp

LG

Rectification

Orthophoto

av

av
hH

F
S




G

P

L

L
S 



409 
 

Mosaic

 



410 
 

Stereoplotter

H
Sav

F
hav

Altimeter
QNH

GNSS

av

av

h
S

F
H 



411 
 

55%–70%10% – 30% 

No.Flight lines

Wide

Sav

WSL



412 
 

NW

Wide
W

W
Dg

SL

 

1
W

Wide
N

W

100

)100(
L

SDg
W






413 
 

Dg

d
Sav

5x6km
1:200023 x 23 cm %20

Dg

W

NW

No.Photos per Strip

Long

av

g
S

d
D 

kmcm
S

d
D

av

g
46.046000

1

200023

2000

1

23





km
SDg

W L 368.0
100

)20100(46.0

100

)100(








1558.141
368.0

5
1 

W

Wide
N

W



414 
 

B
EL

NPLong
B

Np

Long
B

B

B
Dg

EL

4
B

Long
N

P

100

)100(
Lg

ED
B






415 
 

 

5x6 km
1:200023 x 23 cm 

%60

Dg

B

NP

kmcm
S

d
D

av

g
46.046000

1

200023

2000

1

23





km
EDg

B L 184.0
100

)60100(46.0

100

)100(








376.6364
184.0

6
4 

B

Long
N

P



416 
 

VB
km/hkm

h

sec

T
Bkm
Vkm/h

WideP

NW

DG

SL

V

B
T 

3600
V

B
T

g

L

gWP
D

S
DNWide 


 )

100

)100(
)1((

g

L

gPP
D

E
DNLong 


 )

100

)100(
)1((



417 
 

LongP

NP

DG

EL

D/2
W

D/2
B

1:350002.1 x 2 km
NW=5NP=12

SL=%20EL=%60Dg = 
0.69kmB=0.276 km

kmWide

D
S

DNWide

P

g

L

gLP

898.269.0)
100

)20100(
69.0)15((

)
100

)100(
)1((











kmLong

D
E

DNLong

P

g

L

gPP

726.369.0)
100

)60100(
69.0)112((

)
100

)100(
)1((













418 
 

cm

 



419 
 

 

3 x 2 km 1:4000
f=152 mm23 x 23 cm% 15

% 65390 m155 
km/h

1 : 50000



420 
 

H

W

B

mH

h
S

F
H

av

av

998390

4000

1

152.0




km
SDg

W

kmcmH

S

d
D

L

av

g

782.0
100

)15100(92.0

100

)100(

92.092000

4000

1

23













km
EDg

B L 322.0
100

)65100(92.0

100

)100(








455.31
782.0

2
1 

W

Wide
N

W

143.134
322.0

3
4 

B

Long
N

P

sec478.73600
155

322.0
3600 

V

B
T



421 
 

cm

 

 

 

kmWide

D
S

DNWide

P

g

L

gLP

266.392.0)
100

)15100(
92.0)14((

)
100

)100(
)1((











kmLong

D
E

DNLong

P

g

L

gPP

106.592.0)
100

)65100(
92.0)114((

)
100

)100(
)1((













422 
 

Shape
 

 .

 

 

 

 Size

 
1:10000



423 
 

1:50000 

.

 

 

Pattern 
 

Replantation

 



424 
 

 
 

Shadows 

.



425 
 

 
 

Tone 
 

 
 



426 
 

Relief Displacement

Li'= Li– Di 

Li'= Li+ Di 

Dii

Lii

Li'i

H

hii

H

hL
D ii

i






427 
 

 

H=2000 m
A B 8.8 m  7.5 mm

AhA=30 mBhB=24 m

mmDLL

mm
H

hL
D

mmDLL

mm
H

hL
D

BBB

BB

B

AAA

AA

A

56.706.05.7'

06.0
3000

245.7

8712.0088.08.8'

088.0
3000

308.8























428 
 

Di

Lii
hi'i 
H
hii

 

i

ii

i
L

hHD
h

)'( 




429 
 

H=500 m
hi=260 m

Di=54 mm
Li=122 mm 

 
 

  . 
. 

. 

. 
. 

. 
 
. 

 . 
. 

: 
. 

. 

mh

L

hHD
h

i

i

ii

i

2.106

122

)260500(54)'(











430 
 

Terrestrial photogrammetry 

Close–range photogrammetry
 

Macrophotogrammetry

Microphotogrammetry
Microscope

Close range 
photogrammetric survey

xy 
xyz 

 

 

 
 



431 
 

perspective centre

 

 

3D location 

 

 



432 
 

 
Photo coordinate system 

Image coordinate system
World coordinate system

Single photograph
Stereo photograph

fiducial marks 

 



433 
 

 

 
Photo

Image

Photo coordinate 
Photo coordinate
Fiducial marks

X0,Y0
x 



434 
 

 

Image coordinate 
Projection Centre

x
Z 

 

 



435 
 

Lens Distortion 
Motion Blur

Emulsion distortion and orientation 
Film base distortion

Atmospheric scattering
Refraction

Curvature of Earth’s surface

 

Metric Cameras

Perspective Center 
ray bundleReconstructed

Focal LenghtThe position of the principal 
pointLens Distortion

Principal Distance
principal point



436 
 

principal distance
sharpened focus

Four Fiducial marks
23 x 23 cm

 

 



437 
 

Stereometric Cameras 

Projection CenterBase

Normal Case

Stereopair

 

 



438 
 

Non–metric Cameras

Fiducials

Single–View Geometry   

 

Interior Orientation

Exterior Orientation 



439 
 

 

Single Image
Stereo ImageMulti Image



440 
 

 

 



441 
 

 

 

convergent; strips; fans

ad–hoc basis

Interior  Orientation 
internal geometry of camera



442 
 

camera constant
principal pointlens distortion

Camera constant
Focal length

 
 

Principal point (x0,y0)
perspective 

centre
Geometric distortion 



443 
 

 

Exterior Orientation  

perspective center
optical axis direction3 

rotation angles3 translations
Parameters

X,Y,Z
, , kOrientation 

 



444 
 

 

ideal Central projection
Coollinearity

Coollinearity 
equations

 

Coollinearity















































0

0

0

0

0

ZZ

YY

XX

R

c

yy

xx





445 
 

X0y0 Principl Point
cCamera Constant
λScale Factor
R3D Rotation Matrix
X0Y0.Z0 Projection center of the camera 

in the object coordinate system) 

 

Two–View Geometry  

Triangulation



446 
 

 

 

 



447 
 

Relative Orientation

Freely 
selectable object coordinate system 

Absolute Orientation
ground coordinate system

Exterior 
Orientation

 

ParametersX,Y
Orientation 

 

sensorground
pixelsize

f

distance
pixelsize 



448 
 

 

base/distance ratio
error ellipse

image accuracy

 



449 
 

depth 
accuracy 

 

Bundle Adjustment
X,Y,K, ,

tie–points

X,Y,Z
absolute coordinates

X,Y,Z
Ground Control Point (GCP)

Pixel matching



450 
 

 

Key point (tie–point) extraction

GCP

 Scale Invariant Feature Transformation
Random Sample ConsensusRANSAC 

SIFT



451 
 

scale–space
octave

 

 
 

ab SIFT c



452 
 

RANSAC

least means square method

RANSAC

 

F 

F
1 KtRKF



453 
 

K
t 
R

 

The measurement



















100

0
0

0

yf

xsf

K
y

x



454 
 

“relative” and “absolute”.

 

200.5 

 

Meshing  
 Delaunay 

Triangulation



455 
 

 
texture  

 

13 



456 
 

 

 

 

:  



457 
 

. 

. 

: 

occlusions

(foreshortening)

.

. 

. 



458 
 



459 
 

1– Avery  T.E. and G. L. Berlin  1985. "Interpretation of Aerial 
Photographs: 

Chapter 8: Geographic Information Systems". Burgess Publishing 
Company  

Minneapolis  Minnesota  USA  pp. 235–243. 

2– Kennedy  M.  2002.  "The Global Positioning System and GIS: An 
Introduction". Taylor and Francis  London  UK.    

3– Leick  A.  1995. "GPS Satellite Surveying". John Wiley and Sons  
NY  USA. 

4– Kaplan  E. D.  1996. "Understanding GPS:  Principles and 
Applications". Artech House Pub.  Boston  USA 

5– Sickle  J. V.  2008. "GPS for Land Surveyors". CRC  360 pages. 

6– Research Center for West Asian Civilization  2010  Photogrammetry 
for culture heritage  Booklets for Protection of Syrian Cultural Heritage 
Vol.1. Tsukuba  Japan 

 

 

 

 

 



460 
 



461 
 

 

 



462 
 



463 
 

 

SI

 
1000 m 

m10 dcm = 100 cm 
dcmmm 
cm  mm

Hector meter 100 m
Decca meter m

km dcm
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MileYard
YardFoot
FootInch

 

 

mFoot
mInch
mYard

kmMile
Inch cm

Footcm
Yardm
Mile m
Mile km
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m2

  
.

km21000000 m
m210000 cm2

m2

Hahm2

Hahm2m2

Km2   
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 degree

 1°=60´ , 1´=60´´ 
75°27´48´´

gr or Grad or Gon 5
c

 cc1c=100cc  1gr=100c  gr
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 r(radian) 2x(22/7) = 
6.

 

2ˊ

rad Ŭ

400

grad Ŭ

360

Ŭ




rad 0.78571428rad 
2

ˊ
grd 50deg45 
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