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systematlc €error

m%fﬁtd\%ﬂ’“’“:‘i%? B8 AR A B R

n

e "
%E'ﬁﬁ,"

random error

Ze o) BE ML R ZE LR R RO AT T R A o B M

Gross error or blunder

AR B R, — KT s A R =

[¢]

accuracy

¢ R OHC R TR AR

average ertor

A /n;

RMSE(Root Mean Square Error)
sqrt(X A A /n);

R E Limit error

2M

. e
i %z—}}z—lﬂf«a’%
%n%iﬁmA

M 'Em

an =

g{.Wr

O

o
i

relative error
XJH')THEZtE ny oA AH R ok 2= Tl o A A o 8 L
Xoon o BEORE OBE L W H/8000.

standard deviation
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I
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mwﬁk

3.90 & F = Survey adjustment

XE— AL T A B W, R W R S
o #&AE, JF R R ORS R AT VF E .

I /N Z ¥k (Least Square Method) J& Wl & P 2 1 4 fifh o 3 5
AP

> PVV = minimum;

4. =AW & Tr1angu1at10n

5111 O V1 B 3 7 < S 1< - 5 e S
W —seah, il — = ﬁﬁﬁﬁﬁa’ﬂlﬁﬁﬁ
=ML R R, #E S H MR W AR R,
= s W &

5. 4D = 4D products
a. DEM ( DTM )— Digital Elevation Model ( Digital Terrain
Model ) # F W B HEE (5 FHmHER)
b. DOM ( Digital Orthophoto Map Y ¥ IE 5 ¥ % A
c. DLG ( Digital Line Graph ) or DTI ( Digital Thematic
Information ) F L VW ERKFLTHERE R
d. DRG ( Digital Raster Graph ) % F t} #& K&

6.= S— GPS, GIS, RS
a. GPS-Global Positioning System & B & L R &

3



b. GIS-Geographic Information Syste # # {5 B R &
c. RS-Remote Sensing & &

II . #¥R& 4% Coordinate systems

1.k #t A #5 R Geodetic coordinate system
KU 2 % reference system: i $7 & K W 2 = F i £k 1
K 2 B longitude

K 4i Bf latitude

KMy J7 A2 4 azimuth

2.E B P A A 2 AR R Gauss planar rectangular coordinate

system

% M project plane: Ao BRI B B, — BB B A
B
1954 db 50 24 B3 &

3. H BRI R:

UTM K ® E M b R : Universal Transverse Mercator
Projection

WGS 84 A ki &

4. E W Vertical datum
1956, 1985 3% i /1 & &

1T . & 2

theodolite

level or leveling instrument

M EE AR Laser geodimeter

total station

E GPS- Global Positioning System
% Sterecoplotter

e Analytical stereoplotter
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0% Orthophoto projector
Y M. Arial camera

\
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Editing workstation

1.
2.7
3.
4,
5.
6. bl
7.
8.
9.
1
1

= Digital plotter
Geodesy

Il % =f A Triangulation points of grade [, 1
) E*ﬁﬁk.%‘ﬁj{ﬂﬁ#ﬁmﬁﬁ :Eéﬁiig*]\‘/u\m\o

Geodetic trlangulatlon network

pa (e 6 BN | N W S 1S R B O S g S

N

S ER S EEH M National Elevation ControlNetwork

B XK mﬁ}“f‘ﬂﬂﬂﬂﬂ M — . KU L MM . RIEE
1 e T S N V1V R\ B i S u&é?ﬁﬂﬂﬁﬁﬂjﬂﬂgo
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4. j(ﬂﬁélé*f\ i Geodetic zone

6 JE A -LLME e B T 14 &k o e, W& 4R % 6TLQX§§:}?H
CIE- S 7 = Iﬁ(ﬂ“%# O 7O N 5 7 = =T T O (T

1 A by o

V.IEMN=Z

ngineering Survey

E
1. TEMEMHMNHAHEE Application area of engineemng survey

Ifﬂi?ﬂ]i”ﬁ%Mf@,@%ﬁﬁfﬁ@ﬁ\Iﬂ | G R /1N
P Ry T T L = SN i Y 7 D = 1l = 4 22 S B

2 TRHRUEH AR Contents of engineering survey
S 1T 1 S SR SR LT GO CTI 01U+ N = - - = N -
PR 1L TN T BT RN | A= g

3.°F T H W2 Planimetric control survey

B0t R T I VARSI T B
/T ST O N G N7 R U+ P -1+ A A 1 =
ool I IV L — ZHAD=S. M=,

4. EEH N E Vertical control survey
/I o SR 7 QO I R 1 e+ L R S 1 I SR B T L
(SR U 1 == T /P 17 /S B | AN 1| N L L

JHL TR W& Topographic survey
F

5
TR & o R, R
Ko1: 5000 b @l ROp & 2 % B K.
Moo BB . K R R ML AT B R

struction survey
WwhHRMBER, KT@K, vih@Ex, kiE
) &7 e S 7 D = o R LA &7 < L 1

Deformation survey
%E’Jfﬁﬁzaﬁl (N R NS Fea 7/ P e S i
7J<i LA K il
W%ﬂﬁﬁ1 ¥

VI. MEHBEZWEMITIRBFERLZIWE Ground and

Close-range Photogrammetry

R
(7 G G S 7301+ G- <SRV N G (VAR 2 (oA
W, IR BE AT A )R AR O .

1.8 H & Z W E M F A Characteristics of ground
photogrammetry
a fi H Hb o 5 2 W ’JT‘%%M;
bfﬂﬁﬁﬁiiﬁﬁf 2 B SRR NE I
i Jﬁﬁﬁiﬂﬁiﬁ B 3 i $k 52 B O 1 A T

f@%ﬂﬂ%ﬁ ﬁ%l]ﬁ’]iﬁﬁ%g?ifzk@J
ﬁ%iﬂ i R CRRVAR N I R D L




c. .t % U5 X IE H #E 5% 5F OB A B UL &S BB
2.8 O ¥ W B2 W M H ¥ B Application area of ground

photogrammetry

a.  BE WKl XS REBR B IX

b. %E%l Yoo BFR L BEIE . R B IFESI L 1:500 BCE K
A 1/ N

c. MU B R e R M b e I R

3.IE R BB W E BB R Characteristics of close-range
photogrammetry

a. TN E - KE T MmN E e
How BB — A 100 KL W
ﬂﬁﬁﬁ%iﬂﬂ%wﬂ%ﬂ#;@ﬂﬁ
e = W B L R

4. R BRAXWENNHEH Application area of close-range

photogrammetry

a. 7f’J4@E’J§Eﬁ/Uﬂi,
bEL L LRI 2%
c.}\%‘éﬁlXﬁiﬂﬂJ?"'

d. s K5 8D SK W AR K L B IR B R B 3 e il 2 i H

VI.Z2¥KEM AL GPS— Global Positioning System

1. EBMMKERXFEE Basic principle of satellite positioning

Moot B B AL R RS W 4 BURL B D EE S, W BLd &k g A
HEMG A LB E A ¥ At %uﬁ‘ﬁiﬁﬂﬂﬁf%
a1 R S (TR AP = £ B A i S A 51 I N A
ZE o R TITIR VA R L 7 P B A IO (7= AR 2% 1) M
AN — R B4 B IE .

2. GPS P B E A K 4 K GPS Classification
AT M Static positioning
.8 A& E M Dynamic positioning
.Elﬁ—)ﬁiEb_ Single point positioning
M X 7 Relative positioning
S22 4y € {7 RTK— Real time kinematic differential
positioning
.M Ml Single frequency receiver
g. X A W ML Dual frequency receiver

3.GPS [t F & GPS applications
DKM, MM S A Plane and ship navigation
DR S Missile guiding
. Precision positioning
Geodetic surveying
Engineering surveying

o Q.0 T o
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.30 & W M Dynamic supervision

4.GPS B(Jﬁfgi GPS accuracy
a. M H EANM K E (Accuracy of single point positioning):

(Accuracy of baseline ) : bmm+lppm
M &= % & (Accuracy of RTK GPS) : 1CM+2PPM

Remote Sensing

]5%(}?/ E

ik e

&
< =

¥1}
H

W O¢ &R AR D . 1980 4F <H By ¥ M
”I%T%@@IJ%'E%M‘S%%“. i HAEH 14
moEE s E R R g X fit I — MoAL K A, R
; T%ﬁi%ﬁiﬁﬁﬁﬂ RAH BOR AP, 3R
PE BT, o«

Type of sensors

% 45 MSS— Multi-spectral Scanning System

% Bh E
o E
sl

”W“?“???@&%%
%%Hﬁ

%E&%@Eﬁﬁ

ﬁﬂﬁ%ﬁﬁ%&@ﬁgﬁaﬁE
T

wwmaﬁww
agh Sl

ZEE N T T
o
%

By Panoramic camera

. QI A ¥ Infrared scanner

v Ml Color infrared camera

CCD( /Ay B A A CCD matrix scanner
& ik SAR — Synthetic Aperture Radar

R E X Side-looking Radar

il?
& = O
S

By o) &

>
T
B N

2. FAMIERR Main satellite images
a.MSS £ ot i TR K% R PR D) R 79m MSS
(LANDSAT) satellite image resolution 79m
b.TM (L B> TREMZ (il BED) %% 30m
TM (LANDSAT Thematic mapping) satellite image resolution 30m
c.SPOT (CCD) B EKZ 7 E 10m
SPOT ( CCD) satellite image resolution 10m
d. ISR B E M Z 7 #F 5m

India Remote Satellite Image resolution 5m

4 # Remote sensing image processing
A 1F Image geometric correction
hb Image enhancement processing

Data synthesis

Feature abstract

Data classification

Image filtering

W

HS R E S g

EEFERR
%%%EW%E

~
W oS o T

Ht
i
=

VR Main application area of remote

i

iy Mine resource exploration
ﬁiﬁi Estimation of grain output
PR R M kK WM Resource classification
pervision of forests

Environmental supervision and protection

Thematic mapping

Geologic and hydrographic survey

Tﬁﬁﬂﬁimﬂ Disaster predict and supervision
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ZE I Ay 8 Military reconnaissance

X. #EBEER A% GIS— Geographic Information
System

1.3% X M & Basic concept
s L = SN S W - A S S R = N ) W< N L O (=R S N 5

SN
i EEEE . El%ﬁ%%ﬂ)%fiﬁ%EI’J/EIH‘J%,H?,JL, HA
BN AL BEL . RR. Wl EIE

2B FERRE S KGR ARSA GIS and affair information

system

—HRERARGLUE AL E HE R ?% S AR
BERg. a8l A4g. NFHMHEE 1“5%%?

A4, ﬁﬁ%u%%m}iﬁﬁﬁiﬁﬁ
I (2] E N N N ol 1 R =

5
ZE :o
27, z=

fili |
IS

t

BT G T

|
7

I8 ot 5 -
TS

= o

S}EﬂM
=x|
=T E

GIS and digital map

[mj

IS /) B 2R 9R, B2 GIs mro ke %
\1Eﬂ§iﬁ@]§ﬁﬁﬁﬂégﬁﬁ%iﬁ. AL
%E%TT@E{% GIS B #f,
i B AT W2 R WA W

{EI

CEA N BT GIS B4 FE & Main GIS software

platforms

. ARC/Info ESRI(US)
. MaplInfo MaplInfo (US)

. MGE (including MGA) Intergraph (US)
. GenaMap GENASYS (Australia)

MAPGTS T2V A Tl N
GeoStar (7 B 2 &) TRV 2 S 5 2 = 4

X . w8 Kk HENHAH Digital Terrain

Model and Applications

1. i HmEENMD Concept of DTM
%&%i@ﬁ*ﬁi (Digital Terrain Model) , fij #x % #h #%

(DTM) , A ERIEEMW — RI 8 BFMH (X, Y, Z2) K&
= Eﬂiﬁﬁ/ﬁ?ﬂfﬁﬁg *ﬂﬁfﬁ

oot AR X — ME S, SR KA B L % B B W Charles
L. Miller TH +HMRE W EM, HXHT 28 TEEIHT.
2. ¥ HmEERE R Classification of DTM

4 L RTINS ST S (T 3 B < VAR R N £ £ 5 S v
K DTM w L E X & — %Eﬁimﬂ%\ﬂﬁ‘ﬁﬁ\%
B. tHAHH. NO o Mm%E 2GR

1) £ 5 #h i B2 8 DT

DTM & BL— &R # = 4 A& dx fi CABLF6 1 o A 4% X, Y Rl & 2

7) Fox R R

2) H T B D




DEM (Digital Elevation Model) & DTM [¥ 4% 5 ok
BNk To4E X I B FE . DEM b I CF Ay B,
DS 2 T 3 R (1 WS E 1 /A O L P = R 1 T (VA MG -3 D BT
O 71 5 = SN < N 1 VA S S W 1 B 14 ) A L j
Hook .

BOF mm FE AL M | DHM— —Digital Height Model.
3) B HL AL DTM

BOHC A DTM, St R R R MR O S W B A4 E S BE HL

LTI N 5/ 3 PR 17 R e =00 2 R A & S (12 A S = e o £ A
DTM.,
4) = WO Hh i B Y TIN

=M DTM, &5 % — mﬂﬂ”%&%?ﬂmk5%MTm
(Triangulated Irregular Network) ¥ 12
%%%ﬁ,ﬁﬁﬁﬁiﬁﬁfﬁﬂﬁfiémg
TIN @8 W, 3% 2 3 T HEMdE =M &Mt
= R FE B A v TR S5 [ O E
KK %E f %n d

N
7

IN i T 68 % 1R 4F #h

& WM (Grid)

o TIN [ & 5% &% F,

A E R, &
KE2 = ME LA =M

)
CEAw E
Em%%&m

T S SE At
& =3

%%Eg

™
W EEES

E%ﬁ%ﬁ®§

T EREF|
N2 EE-
W =

ozl
=

>+
il

b K o W I
ar

CEHIEAX

DEM #( 4 R % 7 &
1) Hbopm =
Bl A b A S A shid sk 2B M MmN & {8y, fE B 4h st
R R &%ﬁo
2) BEf B K A
a. A BT AT T OB R OB
b, M AAMB F T EE, §FE s WEkirXx
b B,
By R 4
AE 17NV 1 S Y N S T < o
K4 DTM, [H W & W H# B R IF &
I &R 4
ﬁﬁ%@&i Al LR R WG Hb oW T .
B X HEAT DTM £ K FF .
WOl R 4
Em%ﬁﬂnwﬂmw ) S S L S A 7 = v
mEMNEREHRBML S Z —
mu%%
) GPS 4 Bk & AL &R 4, HF ) & i 3 & LN £ &
ws, Al LLAE B A K 4E DTM I A .

4. HF R E A K
o Moo oA B DTM O BE S R0 SR b %4 R 4R . éﬁ W Ak
K N = A8 o 4l e . DTM A $ 4l 4 # F N A, FE LTI
DTM & fF 5 K -




DTM 1 % 4 Ak #, @%iﬁzﬁﬁ’aéﬂéﬂ\
o, MR oA . AL Wi . T

B b bW % 4 DTM % 4F 1, H 1
SCOP 2 /¥, %E)e B K% 1 HIFI%%F%‘,
SORA £, Hi Lt 98 2+ T\ K2 CIP & ¢ 2% .
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Aerial Photogrammetry

1M ZHTER Aerial photography
a. it & %Nl Aerial camera
Leica: RC10, RC30
Zeiss: RMK, LMK
b. fiin & A £ B Focal length
Z M 300 mm
WM 210 mm
%M : 153 mm
oM 70 —— 100 mm
c. % g Format 180mm*180mm
230mm*230mm
d. 1% F i 2 18 Photo tilts and rotates angle
Ao o) AU S% ) M S < 3--5 B
fifw Mo < 15 %
e. B i HE & E Photo overlap
Bt >= 60 %
Fmo o >= 30 %
3= A AN Photo scale
ME MK =5/ AL

2.4 Mk H W 2 5 & Field control sutvey and Identification
L
53

a. & il & AT Y
VI — A B AR BT DX DY Ay S L, R AR e U
W4 K T B OR f JE A B oW R T A

Control planning

b. Hb TH br & A Ground mark arrangement
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L2 = I SR /Il 7> 4 A VAR 4 e i T Sl THE - I
I'_’Eﬁ/’{j(E/J*TL‘

Control surveying
[T B S S S = 5 QU I 1 < e T I
BEAC, GPS & 3K E {1 &R 48 5 A A AT .

LY N2 Field Identification
A b R 2 %Taﬂﬁﬁﬂﬂ%@ﬁ ﬁﬁlﬁ%ﬁj@iﬁﬁ/ﬁl
v}\ﬁ ﬂii‘ﬁ%ﬁlﬂﬁ W) &, a2k, DL A E B, IR HL

Analytical aerial triangulation

Point marking

(L SN S| N E I - N QS A il S e A - N S S RS

Stereo observation

G20 1 NG A VT < Y VAR N+ [ ) B S 2
E‘J QM‘/
SRV N VR 1 Ao S |5 [ BV = S LI S S
1ZF 7‘16 7R R
R E/Jﬁli (EAECTE
(Complement color);
AR R 85 ( Polarized stereo eyeglasses and emitter)

WA L AR AR B8 (liquid crystal eyeglasses and emitter) V4

Vv
&

c. N % B Internal orientation

V\JIEI’?m?a/rETEEUHJEI’J%)#IEIﬁ%)rE*TJJ‘\%D*H
L R B 5 8 LI A Ok & ED A
ih]

e
H L

Ak
d. 8 Xt Relative orientation

A
Vi)
X
YT}
AN AR
1 JiE

il




SN R VARZ K © S IDS = S

d. 45 XF % I Absolute orientation

g6 %5 € ) W ORR O b E W2 4R E S
LA A P A 1 B2 R I (VAR (R Wl e 1
KE. BXWEWNSHAN TA.

e. X P = Block adjustment or Block aero-
triangulation

¢ Kk 5%4*%””/£EU$
(L SARVSI

Simultaneous adjustment
w7 (DTJ%%Z% 5k & (DT
AR O =R (T O Vs
Xjﬁli}ﬂﬂiﬁﬁ, U T
i TN T S N S
B GPS Eﬁ R VARG 1
PL 5

ﬁ%%—
= g o> |1 B
FxEaaE
= &

N N

F
pmmy
il

g—ﬁil' ‘
N

/
HE

&

2

b

Triangulation results
ﬁ%U”JEE’JEJZ% @%Fﬁ
I3

mE A= é’ﬁéléh%ﬂf%i

a

H o6, BEEGRFXNNB
*E—-WHE Data collection— Mapping

. 7] Inner orientation

ﬁﬁﬁ%—Eﬁﬁwmmx%
S S R

PO R AT U”UIEHX { 3
L O S 1 =4 T wm ol R A RE bR,
ﬁﬁ*ﬁ"fﬁf%ﬁjﬁﬁ Hﬁlﬁﬁ@hﬁ’]ﬂ%%ﬁ&E.
b. A8 Xt & MW

] 1at1ve orientation

<
Xﬁ?i‘%ﬂ ”\ (RIS G ST LI £ L S N VN VAR N - S P ]
Mo |, 22 AR RKNEEZES RS, AW R
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Absolute orientation

/YA 1 B Y COD S = T
- 3 QT A VAR N ISR T /(I
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4 LBy W B R g jﬁk
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. Feature collection

PE O N B3 AR 58 B o AR B RS 4 X e
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pographic data

ELT 1 £ L S P R 7
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RV — i ik
ﬁU&i{ﬁ#ﬁJﬁ}Dﬂﬁﬁ/ﬁ i
10cm H 5—20 4 A .

Eﬁ%ﬁﬁm@ui
g RN o FE VR D AL Ak
K%i‘mﬁ/m\o

%F‘jmgﬂkk
\

HE
L%

R B g E Editing of original map

;L1 W < = T D C - LS [ S [ 7 B L
B, A AR B MR R B L b B, DL OK il . Y
i .

6. R EEL Map drafting
AL G B, R EE SN AR SRR R R R AT
HOEE M, BE R W R4
XT?%I%%JDTJI gL EEmBEMmERRE, THEMNHS
*EF S | N2 2 1 | A S I < N1 25 0 - G < LA < R

757|‘ | 3 /N N | Field addltlonal identification and survey

XOF MBI R, R AR B R B = M R s oy B B
o u&%ﬂz%ﬁj(l:[:%}i'{ﬂu@*%/f}%fg’“,i’]ﬂ;&ﬂﬁl&ﬁ%l\
Je W L RN M T 2% o AE X PP T LU, MW HEAT K 4

BrYrHENEELAMES
Basic concept digital
photogrammetry




Def1n1t10n of digital photogrammetry
% W R e 3L, Egﬁﬁﬂﬁu
?iﬁlﬁg’%ﬂlﬁ 2RI e |

VUISE NI 2 3N VNI B i

ﬁ%uﬁ%ﬁiﬁﬁﬁﬁﬁ

Photogrammetry )
Digital Photogrammetry
S L N VRSB O (1
B BT

b. b — M E X,
T A, B R
HHER, NEH
BT B % LL o F
.

i

X Rl E X
iﬁ?lﬂ”@l)~ﬁyf 4
2 S G A
lﬁﬁ&@ Ak 5
}\HEE’J Z!Si/'ﬂJ'?

digital image
1)cﬁ?%%
BB eHT
JG (%\% pixel =
OB .

i R

plcture

15 b B s =
Xap— (X, Y, Z
ﬁ%ﬁ

1 T X 5
qﬂﬁﬁﬁﬁi Xdp M

ot 2 B, AE R PRt
BB ye BlOC— A B i XD BOK I B E A
— A H AR R R Xap 2 = 4E

TEEE L ES
2 3 $£ Ui R &R o e ik B

2 I 7R I~ S Softcopy
ﬁ&%ﬁ%ﬁ%%#% ( Full
B W oE g M
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