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Aerophotography and data processing
in the geological calamity monitoring of
Three Gorges reservoir area based on
LIDAR and DMC

Master Candidate: OUYANG Ping Supervisor: WU Beiping

ABSTRACT

Light Detection And Ranging(LIDAR) is called Airborne Laser Scanner in some document.
It is an active observe system to the ground and a new developing technology first used in
commercialization by the western countries at the beginning of the 1990s. It integrates Laser
range technology,computer technology and inertia Measure Unit (IMU) /Differential Globe
Position Systerm{DGPS). Little influenced by the weather,it is a new technology to obtain
space information of the earth in high precision. The laser pulse can pierce directly through
the woods to the ground to obtain the high-accuracy three-dimensional topographical data of
the earth’s surface. This technology has been widely used in many fields such as topography
surveying and drawing, environment measuring,three-dimensional city modeling and so on. [t
will be a new technical revolution for surveying and drawing.

In the early of October 2002, the first digital photography system which was compounded
of color digital camera,ultra spectrum camera and laser scanning appeared. When the plane
with this system flies over the carth surface , we can get both pictures and their exterior
orientation data, thus we can reduce or cancel ground control point and save money.
Meanwhile, based on the GPS and IMU technology and laser,LIDAR has opened a new way
to obtain the information of three-dimensional of ground in high precision quickly and
effectively.

LIDAR can obtain some point clouds of three-dimensional data of the goal directly, but it is
difficult to attain the surface information such as material and structure.On the contrary, DMC
pictures inciude abundant surface information.Moreover, it is difficult to get enough
three-dimensional points by overlapping pictures.And we could not rely on the result of
automitic matching directly. So, LIDAR data combined with DMC image is a new research in
photogrammetric and remote sensing.

The Three Gorges water conservancy has enormous comprehensive benefits, such as
preventing flood, generating electricity, shipping and protecting environment. We should
monitore the geological calamity and guarantee the reasonable use and sustainable



development of the water resource in the reservoir area of the Three Gorges , land resource
and ecological environment.Expediently, we can obtain the digital ground model of
thereservoir quickly by LIDAR and get the digital images of the ground by DMC,thus
gai-ning integrated and high-accuracy topographical measurements. These data will play an
important part in geological disaster prediction and supervision of reservoir area of the Three
Gorges.

This thesis mainly studied the data processing theory and method, comprehended LIDAR
technical principle and characteristics,discussed some key technigues in LIDAR data
processing, and summarized the integrated LIDAR data processing; LIDAR and DMC, two
kinds of new techniques ,were integrated in aerophotography.Using the theories and the
processing means related to LIDAR and DMC, we could classify LIDAR data on the
ground create the digital elevation model and research utilization of Imagestation SSK
software in DMC images processing.Then it put forward a new method which uses LIDAR
points as ground control points.At last it studied the transformation from WGSS84 coordinate
system UTM projection to Xi’an 80 coordinate system Gauss projection.The main works are
presented as follows:

1.Summarized the development and presemt condition of LIDAR and digital
aetrophotography at home and abroad;analyzed the opportunity and challenge of
LIDAR;Compared with some softwares and hardwares which are used in digital
aerophotography at present in detail.;discussed LIDAR basic theories, work mode and system
compose in detail; calculated coordinates of LIDAR points; analyzed its superiority and
extensive application; summarized several commercial LIDAR system .

2.Studied the LIDAR data processing process, elaborated how to generate LIDAR points in
the standard las format, filter the useless points and classfy ; generated the digital elevation
model; analyzed error regulation and accuracy of LIDAR ,then put forward a corresponding
methods to increase its accuracy.

3.Analyzed the horizontal and vertical accuracy of LIDAR ground points with examples.

4.Summarized the program of creating digital orthograph maps with LIDAR data and DMC
images;analyzed the accuracy of these maps.

5.Put forward a new method which used LIDAR points as ground control points in
aerophotography and has certain superiority in economy.

6.Studied the effect of LIDAR and DMC which are integrated in drawing digital line maps.

7.Analyzed the accuracy of digital orthograph maps and digital line maps, and researched a
method to raises the accuracy.

8.Studied the transformation between different coordinate systems and projection;
provided transform operation from WGS84 coordinate system UTM projection to Xi’an 80
coordinate system Gauss projection.

Key Words:Light Detection And Rangring Digital Mapping Camera geological
calamity monitoring
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EROMITA

AR POS F#E
FESHE,
CCD ZRbf MR B 1T
2 (H AR
I8 R i R #
#.

HE 4 PR #T
MR, RARE
i 2R LR
ERTOREER,
JUlR R R R E 2
ifii 7% 2 A
BAM RIS

Hi 4 & HLE AT
WAEE. oA
%, LK ERR—
B, Hf—1#s
Hl-—HRNEES
W ORBRL T &
%),

IR A Ao 72
wE

—

~

i

R ERERRR
b

BRI,
LR LR e
HYRR 3 0f ML AR A4
A, ML
T GPS R MEM B
3L (TMY), W LA
DY A bl ok T
FEEIIE R F I
it i i b ) 3 4
ENL BHK:
BHGBME, 5L
43 B % 4 Bl il
20 k. RiEH T
NELE RS R 1
BNH: TifH
L83 /i,

IS RE A/
i HifgarHE
Fo: R0 2 PIC
FAMB T Ha
mEMEEYE; EH
TH4EZ-HE, 7
FH B oA £ b
HEMHRE LT, &
72 MR BE
WIS, RN
HE IFEH A #
R W,
% il CCD &5
&: BEKE (K
F28), AEHBA
EBEEHR KT 80
% o

BB OIS e B/
W 2SR E
%, BHAHESL,
A K 0%
MR ESEEg, &
K RE . ik
TR N A
B, BT BE
BBk 2.2
JEK; AR AME
(FMC): MEHI T-#4
2, EHTH
W4 KL BT T
Mu RS, RERF
thod: JA A IR TR
K MEBHTRE
BEBEK A

R H) B,

R F—AF4h.
gy DB R AR
R SRR
i tde

FH T—#FH#. K.
B AN R K
P 5 IE AT R 1R A B FE
£,

BHTXR. . i
B R L 15
R EHIE.

2. BIBUEBRYE

HFHENMEXRAELRETHERE T ESCBARE, EHNMEEHN R
ME, BBt REF L ER (DOM), BFZHEEE (DEM). BHFELDE
(DLG). B &8 (DRG) “FHTIAM 4D A~ B UL ERIER PN ERRE L EibE
Bz MESEBFRMAZERRF EHER BT LRHUEFTER I ANEHY
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¥, ERARX DEM, Fdi DEM 43RG F AT 21 E M8 8] DOM.
THEEN EE™ 5 &L E R4

OESMMTFELURRY

ImageStation SSK M FBEMBREE™ . £H 2/1 AR EELMBAN (DMC)
PRELBRHFY. (RENFLBEEZHMEE. REHWER. TEREKIEL
FiE e 8t 1 AR EEHRA R, #tad. BRRBEEN AL
ke, M=% S DTM RESI T LA HIE, TFEMeLKE, 5 GIS (4H
ERAZ) LR DTH (B FHBHEI) & LB CAD PRMMEESSE& K, REBEHY
MR EBENE 2T R, Inagestation 851D A RLH R PUA By i He LBk
Imagestation M 5% B KM (ISPM); Imagestation X7 M4 (1SDM); Imagestation of
AR HiE (1SSD); Imagestation DTM SRAEKILE (ISDC): Imagestation FRfFFEH
W CISFC); Imagestation HEAEE IFHIER (1SBR): IRASC /18 % b B Mtk Imagestation
50 DTM F MR (TSAE); Imagestation [157%F “#HH (ISAT): Imagestation DA
R (ISST): Imagestation &L ET#EER (ISOP). EMAM Q&4 Wit 1— 1,

i , - IMAGING

Bl 1—1 ImageStation SSK KT HBYMEZLEH A

DVP B ZHBE R ESE™: DVP (Pigital Video Plotter) eI K Laval K%
DRI MF R E RE . B h— & PCHUM— AL (R8I Ry I A4}, 77 UL BB
PREEMTEZEEG. XHERBMAREERG a5 HBE IR AERE. W
SE R AN E ) I SE ) P B B 3040 4 H SRR X SR M Tk e A Al R B
BR&E. §MEMER—KGE, BREAH, RuBHEH, @TEHRAMEE. |
FABRENTIEEY, REABYREHES, HTERE %D GIS B4

Helava M FREMBRE™: GIFM T T M55 0S¥200/300 5HTHEMRT
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fE 35 DPW6T0/770, EAHREAX I L] 2 BEE K 0. Sum, K5 <3um, % 12. 5um, AT LLHEAT
B, ST UER Sun Sparc 20 14E¥, WAFE=32M, AL = 100MHZ. 10T
4 T FF = 180MHZ, 128MBRAM, 4G HD A% Pentium PC #1138 47. BN Nu Vision Perceiva
2IMX AR R4 . B Helava 20 A2 /207 DPW RIBCF B E Ly, HTEHgEa
EAER DTM. Skt LGB FRBRAE%.

PHODIS ¥ ¥ H M b B R4 HME Zeiss T £, HELKH “TOPOSURF”
MEE )Rt 3507/ DEM, SIfFICHER. BHEBIKY,

Bk, HIW 2 T 07 1 3 5 18 -6 (Ortho View) ) = 22Ty 8 G5 R AL v
A SPOT ®AZLLE DEM By 584, 128 27 90 FRHEI M B AL 8 R4
PRIZSM, H T ELREUAGIE DEM. r 1 RHEAR LLACAE#E SPOT 3248 R L hliE
ik BT AN 7 B B AR FRRLER, BT ERDAS ) LPS # AHEBE R ARk, PCI
¥] OrthoEngine #:t &1 0] LLBE [ i 55 s (GCPYRIE I W7 2{(TPYR K Hi. DEM
Pey RN EIE . EE RS IR R R .

BIEE S22 Y T i

WuDAMS—VirtuoZo M FH LM R4 MM 1—2: 1996 F, IR A F Gl
FEEAT, HEAHT 1997 F£R 1999 £ )% B ) B ir B34 (DG K Intel 2 7]
YT, MO S ENE S AR RN RSB R T SRR IR T RO R RE
MBS B RS VituoZoNT, ZRYAMERE. HA. MARW., FilH HTBK%
ERMEXMFAARNSE5REEELS, B CRBEARTY). #AEFZKEANK
LA REZ —. WDAMS LAB bR VirtuoZo yEM, WAFELEE: Az =,
ARVLAC LA B DEM sk, WHTEAR: MM DEM LR, kR
WAL . L ERE. UPEREGHER.

LN

e N
oy ||

1=2 VirtuoZo 7 BHME T /Eu65 R HE
JX4A DPS £ B FZREHE 145 mAE 1-3: AP EMLH AR BN PE
MARLHERIEKAFAFEHFEHR 2B~ IX4A, LEE Heleva AR
DPW770 Z 5 EAK VirtuoZoNT R AR RL, £EGRFRENEF BT Z 2RI
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Fi. FEDREAE: BHZENE: EHER (FT/EAFNER); BRLEERE
%ith; (3048 DEM; HEV2HITRE: ERIERER: ERRFLIE: DEM. DOM
Wik L) SRR R . BN, R VEERRERE.

rE. =
j J

B 1=3 TX4 B T kA

oh, BEMBIL R ESRILYITIET, FMayr ek ot HiE 5 AR FR
R RS, B T8 S BB R

EAR, PHEHEXMLEN CETEEPARATED, 0. 2yt EERSE
(MR HE (CNSDEY HINBH Kk S IR ™ fh e /= R O A% WERLE
REFERALE. B SR AEG R AL (CNSDD METHER, €4
CNSDI #1444, Hil, RECSB L TON, B, B, dbal. L#E. )7AR
WAL 7 MBS A AR R, WV EOR PR MR TR T &
.

§ 1.3 AXMRABEALSGH

1.3.1 EXMRARE

FXTEMANEBOLE L RBLBGERA %, E2mMBERMS &
BTN R B R R R |, BB A MR B — SR EER, HB
BB AR LIDARFIDMCIX A R R E B B A BN, SAaHHA
LIDARAIDMCAH X218 L5 4b 75 F B, XL IDARSCHE 47 4y 70 4200 . A it S F b ET LAY
F1H Imagestation SSKA IR R AL BE SR /F X DMCRE AR I b BE R AP BE IR AT s 4R
T HILIDAR DK RO T # 0 5, BT =M, LxbE m M T iR s 0 EE R
BB Tk WIFINGSSA bR RUTHBLE ST R80MA B R HF B Z MBI 8. T8
WNACHE:

1. MTHRBOLF LR, RFENSEEZMBHRBERBNAIR. 28 TH
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EROLEAEAWIGHFLBRSGR, URBWIHRARSRELS. i /LEEHEF
B R R PR EAT T R, TN TSRO A R AN A .
UAEHE R e R 4 A UL e M T e s AR BR R T L ST O W K HE R AR R
BRI AN S, Y45 TEBMAEAE LR HT T RAR .

2. IATHREAEAMBELEIR, #9087 lrElask X SR, %
# DE, BERPEERUG L e s AR BR R, MBMOLE L RS
MIRFAHNE. SWARYE, BB THNAESREN .

3. W UR IR CIDARELYE Huv 46 Tl . A PERSTE A T RE.

4, EELESE T I AR 0 H FRL.

ho Bl £ RICIDAR S RGP, AT T, SR SE 1) 1 TC M T 4 i
BB AR A PRI i), P HAE B i N s e e, e - AN .

6. EANESE 11T DARKIDMCIX Py R H A 4 2k Rl P shi A h A i)

7. G GEPIIEH BB, &R0 a8 0. o S S HER T
SHVEE, MR EBER Tk,

8. WIR TR AR 2E. P MR A LR, RERE.ZH
PHE R, 85 LRSI FTRCSB4 UTHELSY — ot RBOR T I 2 [ AR AR RS ¥, 3
B OE XMBRZRS, AHZ AT HE GRS, GISEK Mk B brTn H &
REEHEENERIN.

1.3.2 NS

B—FHRARTEIRMRMGTTR, HXBEARRHRENL. FBTHESORE AR
HFEEREEAROENRTER, B TR XHEEFTASR.

B_FIr4l LIDAR R%, MESABBAET T HFARER, LT 445
TR kAL LIDAR R4 Bk o o

 CEFAISE T LIDAR B, AL LERA, 4T LIDAR
Bt G, RBEREE . REWY AR 1L, BIEMTT LIDAR AR,

EVUEDL T REFIA LIDAR § DMC Wi M, BiI—80 (G0) shimss A
PR BB AR A, T ITRIEN, B,

EAEYHE WGS84 UTM B #1009 80 R i e,

BARESTERYMERTE, BEERBRERTHE.
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woE NBETEERS (LIDAR)

§2.1 REGAMN

LIDAR BLKHULIE NS B TR, B AT, GPS M ERE . IMU BN L 23 A&7
WOMLEARMNAR, —IEFLE -ERREANLEERESEE - ENRE,
RAT o) i R4 = T MR RO B R A . BOMRUAHLASE, RERETY R4
PEANT 10 pK, BRI BANILAS. £ DO IR BRLRIfERE KITHAT
KAEBSERE . WAL, GPS F0 IMU 508, JFURAN LML BT, RESER REUHE R
[ = B R, BRI R A B 7 L

MBSO E K AL T EARE 0. (DEBFES GPS BN, H THEHHE
BB PO A G QBEMEBREEAMU), M TREHEEYE L mmrRLEss
¥ G BoeBEa, HTHEAERSAMASMAE: O EXNRELHETERZY
FUAHAL), HFHREUS MR R R Rg, BT RESE LR,

LIDAR A kB4

Airborne Laser Terrain Mapper
FEIbLIE T 5L

E—
“LF e
‘ﬂt G Mo
| . KT
S — G4
4% BRI L

N |
Ty

B2-1 B RE R4 N
(MEX Optech 28)

T Wl
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LASER—-SCANNING

B 2-2 LR AR A

§2.2 Z5iHA

2.2. 1 BHRFAWNERGEE™

Bt fli(Laser Scanning): k& K H — & MR K 5T — 7 510 Bk o B SE IR % H 1 A
B R,

BRI AR AR AL TSP NEFER S5, B tBEsR
VR LR RE Rk R AR ROBER B LR R R ¢ 8
e Plarkn.

D=ch
2

AW, c WEREHTPOEREE, 4%3x10°m/s. REMFR MR ¢ RT

PUKHIEEE D, RARLH AR, s, BE MO~ EREmE.
HRA A T 3 4L B (continuous wave, CW)E 5 AN EH) B 24w, BKibik
HERMRPIESEBE. 8 2-3,249 MR T RPEREMENEARER,
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Ar AT

1nl

e T A fe ———————=

[T 1] ~
t | -—r/a—-:\_/ 4

R .

Ar ’ AT |
|
!
IniaInin TN
—"tLl_ t / _' +L U
i) 2.3 Wb 18 2.4 AA17%
SR, A ROBSR T
i 5 D=%cxtL B A AD:%CXNL

Ad, ¢ M, « Rfkev L REI .
FEHARN R, KR gmREAmF:
M ErfeEntE. T=2x

t =ixT
27

IL=¢

5l D=lex P xT=Pxg  EEABE AD=TBr, g
2 2r 47 4z

Kb, ¢ Wi, THEH
2.2.2MEEMER RS

i EM BN ES (Position and Orientation System-P0S) & LIDAR RHRI%
@, hRLIFESNEMS. ABOBBEKABIAX S GPS(Differential GPS-DGPS) H
A B B2 E (IMU-Inertial Measurement Unit) ELFEZE MM K47 4 0 2 R MY 33 A0 b7
BHES, KB MEERIEAHE B KB EE), KRR R TT0r
FoE, AL o # > Hh i3 B PR B A E AT RISE . W 2—5 4 POS R LB
B, B 2—6 }EEE IGI A FH POS REIHHE.
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AE : £ T
o . h#GPs ZhH1IME MU
;e "
it % GPSHEA

R
N #EGPS

€1 N

i eher izl
ME SR

\A HERMES

AR, ERERTREANE

Bl 25 POS RE THE A

 CHESERU
- .. -:"LI_":'F‘:-C'::H.:. - i

B 2—6 %8 IGI AHEK POS RIS AR
1. DGPS
GPS MEFEMREEZTIEAHFHAXOSENSENNBYER, B EHXe®
ZARE, St EkNERF SRR, SHEm A RESH a5 B i
MUREATALWNE, EAFRMMEABAR S, W5 SRR S RORE™,
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FEREE MNP EERAES GPS EAY (DGPS) B A ¥ —& (BRJLE)GPS MM Z B A
s b, SHEEEHLESRHEEHRR GPS TRES. RIFHCRBOENK & 5 #iE
FVBRD AR BT 8 (a] RO B (B b, A T AR BT W B 2 A AR AR B B BRI b R
B LIDAR =48 4x, B R A CRIF B AR, TR ERES TREKRESSUER, 3B
LB HMOLIRE 85 REBATSUE, MIRMERE. % LIDAR R4 P TEXM D6PS
B, R R R0 5 &4, tindr 5k BR B AN A T 25km, %2 () 7 B85 AE R -F (PDOP)
AT 2.5, GPSIESETROEIR K, bRz ERA# 0. 05m-0. Im. DGPS HAR
KENHTATERSEN S,

BLEL GPS KL @ik CHLIEARPRILHNE, RERE CHECHSGHBP LR
fr&. S5, Hudd 6PS BN ER EHMENME FHILEEMWIAERIE. mEXMH
LB ENFA, ELARRHE RGBS, LUELL BN RIELS L ErEK
Hl.

2. IMu

IMU 3KEL M0 & LIDAR &SR, &z, MRHEA. :

AR DCPS af EMMEMI B AR, DAENE, REAHNEHEE AL,
B AR (BBD . Wil s2E, AR MBI PEM B, BATESEMIIGE.
T IMU TSN, RUxeenE. TET4E4E. BaEi. B, Xtk s
FWBRWEBE, MIESERSMA, EEHELIRER RN Ak, T
& DGPS L5 TMU IE3F R B A4ME), (Rt BARL M 7T R 8 A R KBS BEITEHS,
XEEAT AR RM S, HEMEEHE. U/ DPS HHNLE T AL FR
BIEWKTH.

MU B84 LHERME, SEaTRBIHRED NMESHAALRS, FEXME
KRB INBOLEE R, AREKGNE, RERTH GPS /44, FERE NG
BFHETEAF B IMURGPS HAMELRSCERAS 15" FRE, mANE K APPLANIX
AT POS RAIEANE RS (W 2—7), HENEARERHEN 0", FEL0EEE
R LA 15~20" . REBHME ZENHENESERRAEE, REFHRIE=
HRBICPREMPHESHBRYE. ZHARTEEAREHESL O GPS H7THE. TEH
HGPS MIZHM S .. WEAEXMASRNENESHITHEMNE. 2d%FR%, THRE
AT 100" ¥,

g 2—7 APPLANIX 2411 INU %%
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IMU/DGPS $#Bh %2 = M B &L 2 4k GPS £ TR 267 B84 K BB P EUE %
Bk, FREMELBROSFANEH N - AT REXNEER, ehAERNE
4 AR EE L T R R R E B,

76 LIDAR Mi#iT 2ol Ex INU #4T81dk, Kt CTEi8E (calibration
field) RERVNGHE, REOHHETHER, wWwE2-8.

/”' / Al Fletcd
f/-’-'
| alibration Ficic
\ R
=% )\
=
—
C ™~ . *—,..:“;
= T ]
Cﬁh ﬁ;/
B 28 1M WAL R E A
2.2.3 Bkt

BOLE#EB R LIDAR M0, —MBEOLEE. B3, HRRENERE. %
BERE. ARMKFES (WE2-9).
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BOLRHE

S mﬁm&xﬂ

sTop

EMB HRRRE

B 29 A EHGB LK

2.2.4 BEBH

HWEARRMHZART DR, PR A—H, TEXRRAERMRT. Pl
WRERARMEEA X FHE. HORmaREgik. iRkl E Y%, &2 HJLHEH
LIDAR R4 H a5 5005 tE P8,

%2 AMBR LIDAR REES BT

Hegem E ASL50 ALTM LiteMapper5600
*H JIIE- PN #=H
TR Leica {Optech IGI
HOEEK 1064nm 1064nm 1550nm
B KBSk vh
2 84 100 100
(KHz)
i L RT3 3 4K 2K
BRI 0. 33mrad 0. 3mrad/C. 8urad 0. 5mrad/1. 2mrad
i i
/) CE:'3 20~50 3~25
. B/ MAES 0.02/0.05° 0. 02/0. 03° 0.01/0.02°
b =314
A 10~75° +25° +225° #130°

R E5R e 278 PATE
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MEE 200—4000 80— 3500 2 1500m, p 2 80%
- j — —
" " " >850m, p > 20%
gﬁﬁﬁ 6~10 Z 35 (KR 3000m) 13 (HiH 785m)
H (i

AR 1 3000 4 (Hif 785m)

{m)

=)

b K A <15 9 :

(cm)

2354 4000 x 5000 4096 x 1096 5440 x 4080

Ok Hl#E LIDAR RAIMBEOL K- FEPas KR En, SHMH
1064nm. 11047nm. 1550nm %, M LIDAR RZOEF B A Hebr 09 i SE L I B,
1 532nm.

@l ERSE: KA EFEBE, W0 T8GR RS WA R RS . £
BEMNSEALBEANEAT, R ESAEES, FHRBOMASASOEEEN.

@ThE: KPP BOLRS AR SRR MR R A . BRI EER A
E, WHERMKPEERAYA T, BA, BAEKeHTFHHEP,~E/T, (HE—E
SR Pq g BT B TR L M B D). BRPP G e B T % (peak power)Py=E / t. FEFHMH
—EMHRT, WEER, BOCTTRHE R,

@B T BT HORKRBNRE, Bt G SEMmERAR, B,
Nk I PNGIE TR

ax Hsec” ¢ ax Hsecg

A aRBOCHRESA, H RUTRE, ¢2HERHTEHAAZSERG S

B .

@R : RHUMHEAEFRFLAME. HERHARFaR=m. K&k
WERHRHER <27 FRNPTEEY, REAHE ITREeNES, 2RS4 HmE L
FEH—HEESHE, EAHHAEHT LRENEABERFITR 27 F3,

@kl g A : MR ARTE, HEFCEFR. L, ExFEP—4
HENEBES: K=, xR ESHER. HEEXFER LM 8iE, oy
EKFAEES. TAEECRTARNANEXERHAREMEH. ERBIMEEE
B Fig SR, ARROBPERRETHMN. — &, RFERRBME, I RIGEL
MS-560 B4 inm. FRIZF T4 X4 INIS SLICE. RIGEL MS-560. [li#i{55
HEEPEFAKEMGEE, BdXERATHTURREFENER. FEMEAHE
MEME L. H—HE, ATTTUIRESCFEMN X BB AT Kb, AR
EREB. ERABEHNHAETEEEN.
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2.2.5 S

LIDAR BB mfy ZHARRNIIRBE T A _ERRSZHREREE, A28
THEFENEEGRE, MAEER. IEARNCSHGEFER £, V8 LIDAR $4#&
AHERASHEY, AEEEEATHESEMANYEEATEENFEH. XHERD
R IR A% LIDAR 3038 5 e a5 BB o i R R L —.

FMERHRNENEEANTN RSO EHARRINRFEEER, UK
LIDAR fARZ, ELASIF IR DEM =8 &R it SEA—REHRE, XEBHF
HEATARRY, SELGEKRERE. Bl CCD MBS AN EHWEERITE S
AL EkK,

I X Optech 2 8] ALTM 4K02 ¥ t948¥1K I 4096 x 4096 A HPEE R CCD KI5
FEHL, £E¥EN S5mm, WHISEHEH LIDAR ¥ERSNRESMEN SRR, HAK
Bl EMEF HHHMBARM B AN B R, TSCGest, RESHS
ORI, O ERNEN A ZTHEEEE. ML AR TRE Y HER
RAN, BA™REIERENRSE, BEET XM R R &, o]
VA Bk i S B SRR, LR )30 s e R S Th B, Bt BMLIOE,
MR IMUES.

2.2.6 HOITHIER

LIDAR RA BT M EREHAR, HPRBOIBARRMALTH=AEERE (N
TREfr A% LIDAR RY. BB BHHRE. TORBSE—RIXH M. 2N
B ARG R 0 MU 9 A BE A I P R B LA S GPS (L BB A
Hoo LA B .

2.2.7 HIEHATEIEREH i EN T

BB AP — 5 0 M EEER X, Yo, Z) B8, BADHA, REHETH
fi, hafll&Sd, E—SALBNEAPNRE &, T vEgHRL, Bark
BEARZHAEX, Y, ZOWARECHAMRZRTERE,

X;= Xo'l‘AXl

Y= Yo+ AY 2D

2= .+ AL

¥

AXi = file, a, x, 0, 9

AY, = f{e, a, «, 8, S

AL = f.(@w, @, X, 9, S)

BHEAAE M= X, Yo, Zo) B GPS YL HH|/RELHRMTE LN R
foo. WRMa. VWA x RLETRGEERE R H A KM RBERE D, QMY
BN, o, x BEEMBRESH, RENES BB/ SE. £R X, Yo, Zo,
o, a, k, 6, 5 B8, BAEESHELS PHZESEN, Y, )BTk, &
2-10 AHEBABERARAEIREA .



2007.5 o [ it B KBRS A i 21

] 2-10 BLEHOLTE IA (LIDAR) R A ™

B O“M” IR “” SIrHmsAR, o “&” ER B FRINTE Mz,
BT “ g7 AR 7, SERATRE ORI, L OM AR ERY D
e, XA QM A FREME (R TEHHED, BT 58575 LRt
A B, TRITHEM SRR AT ERL R ARk EXME . XK
ey sl R—ER - HEEMERCE", BiTUE—MATUEE AN RIS,

HHEE MRS A ENRE mE 2-11, BRReT RO
G /i fh GPS AT E (X, Yo, Zo) ,POS RARERI AL, BEAa, Mo, S
BOCRIEECHIILAIE S (HP GP KB, Wl mBOL % O0M th xR AR nfs B K

74 XA
6(r,0,.2,)
O
[74 \\\:\\ \\
\ ™
\, R
\. =,

{covercone

0 femersina

AR 'S
\\.

E2-11 SRR E o f ™
HARBRE—MHERBA, RB0LA PXNMAE TS HE BN P EGT (B
BHBfI F i Q) ZHMKAE, REBEXERBRETIME P AMLEA:
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x=X+AX
Ye=X+AY } (2—2)
Ze=X+AZ
Kb, AX, AY, AZAWHEHEPLOC SHH L P RPLEYEE.
8 E4 6G=1, QP=d, W)
AX=lcoswsina +dcosx
AY=I1sinw +dsinx (2—3)
AZ=lcoswcosa
AP, o, o, HIANREH KBETFK1HAJ
HEHAAQPC S, HMBREEHITE
¢ =1°+5"-215cos @ (2—4)
TEB R AQPT 145 QT=dcos K, PT=dsink, AHA=ME OQR 7 QR=1sinw,
OQ=lcoswsina ., A HEZ ORU #, OU=0R+RU=0R+QT, #}

U=lcoswsin@ +dcosk (2—5)
H
PU=PT+UT=PT+QR=dsink +1sin@ (2—6)
EHMAPUG &, GU'=CP*-PU", B A (2—6) KNS
GU’=8'~ (dsinx +1sin@)’ 2—7
EHAAGU B, GU=06+0U°, B, (2—5) AH
GU'= (lcos@sina )+ (lcos@ sina +dcos k)? (2—-8)

A (2-7) R (2—8) TH
52— {dsink +1sin@ ) = (lcosw sina )"+ (lcos@ sina +dcoskx)>  (2—9)

BH Q-4 # (2-9) BITHER
Ssind
1-5?

1=Scos - b

= Ssiné
v1-b?

HH, b=cos@sinacosk +sinksinw .
X (2—10) RER (2— F (2—5) FHIEHEPH=REMAR:

d

(2—-10)

Ssind Ssind
X,=X_+(Scos@- B)coswsina + ——cosx
T -5 Vi-p? A
Ssind | . Ssinf
Y, =Y; +(Scosf— b)sin @ + ~—=—=sinx (2—11)
roe V-8 - e
Z,=Z;+(Scos8 - Ssind bycoswcosa

J1-p?
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§2.3 fiditt

LIDAR ERERN B RARK, BRESRTANMZXENNE, BABREWHR
ARMMEHARZ —, REMBEEHAML, LIDAR BALH O 006, T8
FUUF LA @,

1. LIDARA RHER—FTHAMERSL, RN, ZEMERN.

2. BAMKHESRET A FIENE, BEPRE. R R ) 4 0 AR R
R EC M b, BURE R B A 2 ARS8 DUR AR SO 15 ¥ B b 0 S 1 T 8% i IRE 42

3.0 AWEREH R A, HEAR R, TR BUAESE IR 1000km? B i BLA /S B b
TEHUE T4,

4. FEdvied, CHEEHITRRMEKX (WA, KLY ) AT A R 5] &
B A 1A,

5. fEkARYE, BTEH.

6. SEEMEE, 24 NS AT LR MK /9 DEM #048 .

7. BEERR. RBENHEAAAR—F4D, FEHRTREQSHLAEEL
BE.

§2.4 LIDAR T EMN M

LIDAR B4R UL bR, HF, W, A&, . A0, 5. 2% 5iRiat
M5, HralRERHE. WAk, BEER. AR, £SFMA LIDAR
RAES LR VRN FERRALH DA O RER 1. HFENHAEUT
AT :

1. HBFHTPRBAGESEEN 4D =R

LIDAR R Bobt6 b B2 s m A r 346, FEstRM IMU (ISR ESL) LatEr
ENEE (250H2), FEME GPS (SHEMARL) WML CREEEED 1 #), &
LIMTH LIDAR #53% mMmALE T BB, KB, LIDAR Hifli FEREAE R
FEFR . SRR, 1200 KA L T3 15cm, 1200-2000 K47 #5145 25¢m, 2000-3000
KRRk E 35em; FHFE W LLUALIER 3000 22—, Wl 2—12, 2—13, 2—14,
2—15.



24 Bk F: LIDAR Bl DMC £ gk bX kb i 7 3 5 8 b 0 R 2007.5

2-12 DSM Al 2-13 DEM

o

B 2-14 i8R LHhIX DEM(EB4) B 2-15 RS kDX POM (3B 2r)
2. BHHE=HHEAHE
WMEFEBHBTAL=SLY, BETEAMRTRAYAHEENRRMER. &
MEHBAEABITARG, TUMHBEMEIHBENESY, REER RITLHE
FYERI R, S ATRBZE, RTUASEVESH=gRTHRE. miE 2
—16.

] (B E=REy PP A
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M 2-16 RER LK =R EAE (35)
3. BFKA. WARBPORH"
3T LIDAR ZEET XA B WU THIRRE 19 Tr AL B UL R BN L AE,
SRR BRI R, BLHAARE, hKERE, FRAEERMT RS
ki, 217,

B 2-17 #EREL
4. FFRHX DEM F3RER L R HE K F bk e H 45 M08
B BRI ERS B THRALE ARUHMEREFEE: BERMME. &
HHEESEERAMARYHITEFEE., MREHEHFERFERERE. LIDAR f1E X
P4 A9 R R RO SRR OB BRI RS R .. Bl EdEEL4H, o
g R MUy, e EM A, KTEFRAM R, EF3)& NN
R, LRI AR AR, g 2—18, 2—19,

Fl 2-18 JAHX DSM fE 2-19 #fkHLEX DEM
5. ®HHRHFHmEE™
BIEERME, ERANRT; PERK, BREEMNEN, ERBTTE, L&
B, MERKEE, CEEHE, MNoKkRAR, LARR, BAEE, HEE. o
2—-20, 221,
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P 2-20 iR EE B 2-21 & bW g (B
6. B HARUEITRY
TENMMHTEAHEAORKE (ER. HE. JUK) MEKEFHERIRN. X[E9. 11
BbJE, A LIDAR St KIE gt iTah A MM, w222, 2—-23, 224,

2-23 9. 11 St H KM B FREE
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FEHE N ES SR

27

B 2-24 9. 11 SRR EBCF RS B A
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®=% LIDAR ¥iEaiE

§3.1 LIDAR BB IB T2

LIDAR RERBHEL A Csen 1) RAZEGEE, BRAGEHELEMN, RS
POS BB £e5d MU SR GPS B3 7y &, ©HL b GPS %038 LTl GPS 38 7= 4 At st i
TLE LR LIDAR B s A W34 A hr AR R (L las) M LIDAR Bz, RETAXT A
AR AT, Ak DEM J KA dh. LIDAR HURALBRFEWE 3—-1.

Bk vt Vg K& i ne
WRENGPS | X5 GPS M | 5
ks A s
_ ‘ IR
BBt LR ' 87
i B e
st GPS/IM %47 ol IMU/GPS -
e o B M g
P R BART
¥ e l845 _
REEER
RS & w5 o
Wik R R %ﬂh
L5513 L it J 5 ¥
4 ;um o EBRES TIN/Z 2 [
-3
I

P 3—1 LIDAR B M HEM
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§3.2 LIDAR i ¥R E R A T RiE

3.2 1 BBk EMMEREERFR

HLERAEERBNEREEAZRSAPEARAUWI N AL, £ FRNH 16
A CHMALAMNEE “mz=" (Points cloud). FIXSAF, AN T L LHE
&, AEAMTA LBRY SR, Mk, 5K, WL TS ORME (B, # A B
bl MR AUBOR 2 P BREC T o R Y S R MM EGR A 2, X
FRE IR AR o B R BE B, BIFFTHO T MBS 2 20 P S 8 N O e ot S8R B
TRUARK I Do) (B 55 )4 JEBE . MBS ) BOLBIG 80 r4:, sERPTISAIE
g Moy

BRABRARBLETHERANEANARRE(RERELE, —BRERES
BERERIRFTIIR. BIERMRE BB RLRT RN, B MRk, KRS
AR, BERASIEEAN T RNERER, TpRISEN AR EENF
TR ERIL R o £ [ DI, — A5 B K A 4 0 T 2 B O B e A R R (%
B, A, MEHT) BAMASBEELES, £RRLALELHRE. BREHRAEYE
SR ER R T B RERBR. LSEARR B BTRNE R XM, SR AR
BELSHARBAEENER, ARKULEDLWNELTEFES.

WL ARG ERE, WAREBA, B THRERE TSRS, W
e, FIER GRS THBRETIN, EWA SR AMIRE, 55N SE
A, HEEH (threshold) tRRELH, THAN T REE Bith R R~ LM H
AL, P S 08 AR B, ORFE GHIR R RS Ra K.

R RS A 2R R T T BT I AR AR . B DT B R T R R T
W, MBERER, NERTEYRERTE. MRNKERES BOERE
£, WS IERFEEMNRERD T HRARER".

3.2. 2 AN LIDAR BB A%

BRI LBV BT EHROXR. EFk, BRIMMSEEERTTH
FHKRIAA, RRTAXALRIXMAARE.

1. BETFISRERE RO BRI

HAl, MEMEHELRGEA LRERAPEBERGFR, HRAEHREDHRLR
Tk, —HURERETE TMBERMEE AMEREE. KERE AR HMREENE
FH, RISHM B, LM, BEETHEASKER 2 YMERINLERY.
MEWR BV, XMTEN LGS DEM. A% L, BT RsgORF R R K
£, BMEXTHE—MK, £ARN CTEERTHHXTREGERRAN T, BOtEHK
BEGFBEAR—RAZN. BERT THE, HEERERISRA (5 R
Wrnl. Rk, BAERIX R ER H kD .

2. HERBEAEREE
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A7k R LR, A S R AT RS, A YRR AT R — RS
EREBI . HARAEEE, RATKMAERTIE, ETRERSOESEEM
A, AOhERE EHZ DEM. XRFENEERLME, HEREERK.

3. QGRS EER, WAERMPEERM DSH H R EE L%, EH
BEAT ORI 4% 19 77 25 1) (1 38 PAR R DB U HVE .

BAMBEAKERT —EWEEY, M2 ORRERGBERE TATEAF—NE
NMETT M EE. Ak, BEEHNARORE, ROAEMEE. nRERSESR
BE. THRIEHE. BB IS g, RAH AN, B, A LT,
HEME, BAFEEOMRE, TEREBHEENER. YREEELET. LEFER
BRET Ay, AEREHAA . XYL — M AE R 7 LIDAR B e A,
HAHLREE T EEANE, ANABMBELHhERE. © 32, B3-3 X
TerraScan B PR LR B JriE, ® 3—4, B 3—5 % L1DAR MEHAT 5.

Claszify ground
Clazedy
from class] 1. Defaut v
Tockss 2-Ground bt
I

Iratial poande

aelect Asnal low + Giourd poinls
M budding soe: | 0.0 m

Clazsheation maamams /| -
TLeniain angle: [E3.00 degress
[terabin e IEII! degreas o plane
Rbet abory cestance: [Ta0 | mtoplane

Clazehestion aphont
W Aaducs dsston snge vien
Edge kength < [50 m
™ Stop tianguiation when
I m

Carcel

B 3-2 BiAML2 %
Claszify by absolute elevation

Erom class:  Ang class -
Joclass 2 - Ground
Elevation: | 196.00 |_-: 450

Caes

B 3—3 xR K
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P 3—4 ZEB A i

B 3—5 38 RHY S5l

3.2.3 44 DEM

DEM AEMLPHBTLH TR, WEEmM, SAENE. $ifEHERnmE
MM FREDIELSEGBHBE. CLARBEEERASENEMEE. REBRVH
FFE DEM, A REAATHEH MRS RIR SIS RUEE . LIDAR W] RAHUA , HERiHh
FREY DEM %48  LIDAR 345 8% M8 B B A5 2 28 R WU T2 % 1 (¥ 3= 15 R (DTM o, DEMD.,
JREGHE AN ERERIFEER, SO . B R R RSO AR,
AR =AM ANZ LR %% DEM. B 3—6 % DEMAIMIB ER. IREEBH. B
Hoim A BT LA B B LIDAR =415 B ARG Ak M DEM SUfE, Filin:
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PCI10. 0 FTUABEH5EM las # 2/ LIDAR &, H#HIE M pix B, REWHUEE
B AW pix A K DEM, ZEHE T HER DOV,

B 3—6 DEM ®iig R

3.2.4 Hip 5

LIDAR ¥4BB: T T LA RS TR DEM 2 4b, BaY LA iR & 3Lt 4D 725 #
MR FEHREEY (DSM); AHENELBRETFHAEBE®R, $A LIDAR AKH
DEM 2 BE/L 1% - 4 B E(DOM); &6l LIFEL K (DLG) F.

§3.3 LIDAR BiBH S

1. HEHE

B TEAFARENBEEANBBREEER, REBEES KON ERERS
RS, KOENGEES SRR EHIE, STEARENRAMNT 6, Bt
BAKMEETENEEHE . Wit N, RUENFEREEHRE THERESXK.

2. BOKEER

AT ANERBANZHLREMBRMET SEEMRIMEEER, H2K
TREMSBEARCER WhEER. RTAKNFRAMERGRL, HiERE D
BOEEARESE, BRESHER. EEBEH AR REEEMEN. Xl
RAOMHBIREEAEE LB S HEAFHBELSSETHNER L —.

3. M ESERED

ZEOLE IS A RE RN R E AR, BB RMAHTERRRR M=
W 138 R MO T T BT Y ALTM3100 F438 56 5 0 1800m). 4 GAT R, HERE. W)
BiRM S ESEHRMEAT, A0S Biln)R SEMRLRAHHNG AR ER)
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2.5 0. XERFLVRBHMAHBRER, FENESZRHBRVETHETLE.

4. KR D

M & A RENE., HEIAEAES NP IREREERNAE. REBOLELH
REEROGE R At 2R, ANMREWATERTINE. A ESAHE, AT
THU/DGPS {3838 2 A MU W A, AR R S E MR R BT 2 R,
DAL DR AR A RGO MXOEIR. WA, R BB RS EBIT R H
(ol ik ik 8

5. TRACHAR SRR

TSRS Pty v (gt i ) TR &, B B LA HBRRTRENE S (53
B . —AWEME R R R TE ARG BRBHLR, BotdH A AHEA
TR, 3 CMUE AR, Ddifi2 B 58 B AR A e o A4 T4 490 2% I 2 (e L) R
LR g, KB PR A RGP EILEX

6. WA IR

BIFA B R4 20 2l 80 SRR EEVERS], AMMBULT IS ERA AR R, W
BARAETERME . SRR Rt — SR TEARE . e, KHRRHH
BOEM A EIEHRMET M. BREHARMERTEERE h THREEENERER. i
B T R R ARSI R, LR R R R AR B S B R A
H‘]'fﬁh;@lzsju

§3.4 LIDAR RRIRER

LIDAR BEMEER B EEALU T AT E:

1. AriR%E

IR N R R B R AIARRRR 2, I GPS MIERZ . ButHH N RIMER R~
BMUP LRGN ERE, HRRES.

2. RURE

FHRETERAT AARESFHEETIRM, WePS BRAME, il Bk
SBEASS. LSRR AR EMN CERIMUARERR, GERE
R hfpmt B, B4R GPS ZRETE CHLEMOR #I DR X RGBS, WLl
EHFEAS, BB R SO SR .

3. R¥RE

BFBAAMARATREE, SBHEHEENOER, BRBERERSH “Z
% BHHESTRSIKREERSE S, 483052 M0 E E5 e X T80 R LRI
IR, ERBEHETK: BATRKLEE3I—6 FRmER.

Mo, MRS RSP, o CHLFTRESA WM S, AR EOTHATE
MPRE. HE L FLARENE TSR EEAEAREMMES R, X
B —SEERY G, LR K287 LUt #1F R .
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|

¥
. L |
;'
—
I
A —
4
! —
[ ———

B 3—6 0 1K )i WM A R

4. BB RAHWAR B

TR WGS84 BEERAMRARER, W CHELERRAMRERALR 80
MERRIER SRR RS, BT WS84 Mk ZRIM kT & B 2 5 M ik H F 4845
FALEERBALZE, HPLRTERE, Y ERBERIED S5 LR ARE,

5. BB REEIRE

FEXEBHIT AN, BAFGHTRER M AREN S EHE, FERE
A& CHMIRRZRE LSRR ITHABET IR, TR AR E MR
FETH, SR ERE, SHREHEBRENRTY, XN, AsMEER, EN4H
AT A LB EP,
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§3.5 LIDAR HiBKEE

1. BIRHEIE

BTFAREET ENEONREFAKRORETZEANY, i, HEAFM
ALS50 BRFRFSAE N - FH<Im, #5FE 6-10cm (Fi% 4000m); ALTM3100 MbRFRIEE N - T
1/3000x B @, R0, 35m A7 & 3000m) ™,

EERAE R EMN LR LIDAR R4, KR in it ir g

2. EBRE KRR TT

H 728 50 TH 1 e PR S F K JE R - AN BRKCT T, X AN I L (8 P N i
KI5 R SR R AR RS BAREIT S K AT, EUE M EERBEENHEARE, REHE
AP RRAR I 5 B R 2, K0T AR 0N M L BB IR E R PR 2

3. PETRERR T

HTHEBRA MR S RBERAMWIHES EXH, dREH, Se—1
B T A 1A ) B S S o 1) B ) A TG A 2 o A R AR R M s R A R
BN ARG RN AT. AT R/ B P G R FIX L SUR R R )
RUFREE A, AR P ERIE RSB EE. RASHBERNBREN, RLHE
B E MR, SRR, BRI MOk A B T R R,

LIDAR ¥EMHELELRER X, FHEHARPMEMARE W+, BETEE
MR R s BRI  MIR R R AR T EOE KB 0 L A
MR LT ER,: B WGS 84 S bRE; SIH0 5 AR AR FiE R IS R0l
Eebb g KHL R SR AT % P B A K A TR AR T th 2 B TS T . T B S A
B By — AN H T 2 % il o B RS BE AL RS A3 LN 283 i I, B O S b 1R O S S AR R Y
W B ke T3 i (A) AR AR ARG R B8 s B % 0 1) 1R 22 S R MR TR K AR AR 008
. BHETHCLHmAI I 15em; MAKZEEILH] Sem: THAEHAR R E
B AT CITEECER RS RN CITHEIER 1/1000)8 S5 8% % dm 8 m &M
FHE, HWMPLERECE MRS EE S R NNE GPS EACHE, WRER
6 AT, 4 8 GPS MEMHE EEEH AT EHA mBEHERS 7~8cm MK
F, BEE A AR A A i, f R SRR — S S ol Uy vk R LR ) S X SR X R,
e Ea s — e,

4. LR

=k WM B, A Trimble RTK ZE4E4 ALTM 3100 BOGITHIN &
RS (ELI% 3500m) MSEMBIRTEAMGR, SEBEHTER™:

RTK 4 H{X %8 4 Trimble 5700 #RFRFEMAEX (£5 + IPPm X D)mm, WERKH
42 MMM, (— &R, WSRE), HFEIF RTK MG R 5 S Mol ik,
AR MRS, FH RTK X 2o sl sUATRE, HRAMEHIS S WER—fE
RE, DIHTUMLEBRE, SREHRTK RELYHFREHEARAK CPH 9. 5on, &
B Tom): FE RTK FATEME A8 sr R REAR—B, BKeT N, ZuEah SR R
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¥, RIK RIS LHFEHR, AEHER.

BRth A, RRAEEB P, WREMOBT ARSI RS, BdRRE LN
AU 5m A AR S, T Bk N = Al R A 0T T L B A B
B S TammBERIT . JLEET 9 MRBEE. daRRRES AKX EAE 3,
B RER A E B W 37,

RIAEBHEREDHREAR
1) (m) ™
-1 0
-1~-0.5 2
-0.5~0. 5 33
0.5~1 3
1~1.5 3
1.5~2 6
2.5~5 2

2 -l -0.5 &5 1 L5 2 23 *
W 3-7 mRRENATE

MNREFHDHTEAKE, HaBBREIA4-1n 8 3n HHREN: HP B3 E
76-0.5n $1-0. 5w TAFE M, SEMIEER67% 6 MHE0. 508 1.5 WHER, HBM
PEARM 12%; 6 AN2HA7E 1. 5m # 2o VAN, SERIUREARAR 12% BAAT 2m, RN
KK 4%; 2 ADF-0.5m, L MIEE A 4%,

MRESHAHRRE, RERAMRES (KT ) X 14, RPF74M9%
LT (B E. B4-" REFGRATAD, M “+” FiRE2 4,

B O MATHEREERR: F 1200 hERKEH RN, BESAEH
HXEFHY 0.286m, RE—AAMEHELNE> 10, EREBRZHEL, WHEKREA
{46 2= 1 4 50 E 2924 0. 205m, 22 M AR E B b S JCAbE P I B IX , KR p (R AR X
EATFEH 0.526m, HEMHEEMEEANE e, FEBRZ=1AWRE 19 M
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BRI EEA TR 0. 291n; 15 M RERE T LB KK, B¥m 2% E
FIFE A4 1. 087w, AP 7T MO AR ZEHAME> n, 5 MBARNZEELXTEDL Sn.

o LUEN, HEMRESAE—0.50 2 0.5n MAHEN. BB AL ENTEERE
3 0.639m; FHMRIRED>=In WEEA (11 1), HERH 8 MR EREARES
*HEATEE L 0. 305m, SR IERNT.

FHAE: BURELWAAE o TRANKNES, FRXESSSRETEEN
HEWOHFR T EHM SN EEAE, BHBEARYRRERS a0/, BEAE IS
Z PRI A bR S A P A AR, F L RIARERBEA TR E, ST X TR A
YHRERERA. HAEEY ARRERMETH N L. 700, X FRIRELIETH A
2.22m, BAKSATRREN 2. T9m.

Fe d YR AL 25 TR AL (ALTM 4K02) ()8 L m8 2H0R A1,
HEGRLAENEmE, AUBEEN, REKAZHVHRERHAAASZE.

§$3.6 1275 LIDAR HiEFEMTTE

#% LIDAR £ E RS HREER A FRL S HEEP,

1. BUHHEAERBREMREERN /5—1/10 XK.

2. BHEMAZBOTFTHIEKREERORESR, ANRLIURERHTTER
BEAR, B EANEHPE.

3. KENHBRkE RN E, KR EIAHEEREFERENERL RS
IMU M REUERIBIE TR %R, i BESHE. %E GPS shAMRIER.

L RATERIAR R, MRS RO REH T ABS A HECERERESH.

'y
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#P0E  LIDAR 5 DMC fi2:& M

§4.1 TIEZLBIBN

R _HBRURITE PR ZRER KL TRERESRFRR O RKE™
HHL LT DMC (I 5000 F A A E) & LIDAR (H# 300 EHAR) FiE, RE
A. A, BaOAREAZSH LR, ERETAE, 2.7 DOM. DEM, DLG.
DRG. 25 _ W8 Ezhab N ME RRER T EEY,

4.1.1 LIDAR friiE

1. W B, BR. R, B, M. sHNAER 7 AHRBBRREEKE
SRR (FE—IAMED, MW 125 J7 oI ) B % 9CE 2 A 18] s R e .

2. WA EAMEEHEELG 300 EHAE, REHH R A 1:2000, ZHAE (A
#) TAFE DMC BidE—# 317, ¥ DMC. LIDAR S IMU 5 X GPS R4,
fIRA M TR SR AT AR AL 1:2000 kB S SR FTIRHL Y B LB R T K
HE R ERPT g, AR TR RREA. ERl. BASBIER LIDAR BZ
LB

3. BB #1:2000 MEREERMFE (W JIEHTEEARNEE,
7F Oracle 3 # ¥, HILEST B IR E(DOM). By BEEREEEDEM). H¥4EY
M BIEE (DLG). MEmEE#ERE (DRG).

4. HiMEHEXSH.

QOHESLES (ALTM-3100 N K Optech )

KATHE: 3000m
MO A E: 300.1km’
Bk o¥: 1034

W B 880.6km
B rhSIZE: 70KHz
H#HIE: 32Hz
HitmE.: 208
AR 1800m
FEREB: 40%
Hem S EEE: 0.68
WOLER: FHH
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@ %A HHLALTH 4k 02 (%K Optech % A])

FEg K/ 4096X 4096 (H XITHE) BE

BEAD  0.009 mm JEFH R

# % Zeiss Distagon 55.0mm 36° FOV (#Izf)

WAEE B5h R IEE

11 BT

HWITHE  1/125-1/4000 %5

Bk 4hE 2BV in 1/3 EVEK

WL E BBANAP

A ERAR P : REALM Ml ut KT £2(POSPac 4.1, ALS40 Post Processor), MicroStation
TerraScan, VirtuoZo3.6, AutoCAD, PCH.0.

4.1.2 DMC #FiniE

1. faf: SKILAROE, HREER 3— 48, AES=EAH FiE 10 48
HHWEm L Z2ERILET®RE L, SK24650 28, W 4—1

L

HELES EL f b

B 4—1 KL=k NC i £ Bl

2. W& WNERL 5000 FHAR, RELGHRE 1:10000. £H DMC 28%
M GPS RE, MIBNHKT =B ER THEEALRO—EREBRXERTH]
K. CITHM 2500 K, MRHCHIRAY 21:25000, 32 1:10000 & ZRk 1 FetENE
BREE AL RBREERGTH, ARYTANKNES. B8, BOA5E.

3. BRAEE: 32 1:10000 WEREER, DR (M) HEHTEEMNERY
£, B EHEREBEEDOOM). BFRERNEIER(DEM). 374 %) 1 8 508 B
(DLG), #H&Hb B EIEE (DRG)

4. FLEITROAE XS 1Y,
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H A BAEH (DMC) £EE =120 mm;

BB 13824 X 7680 R K,

BBEE R, 1:20000 ;

KITEE: 3000m;

B EBE: KiH 60%~65% FE 32%KEHA:

BT HER 12,

B NT 2, ERANTT

R AT 3% HFEFMERETHMERN KX TR L Jom;

FgEAEANT I0m, LhFLRITHEZE/D T 50m.

A DMC (X 21 4D

M%7 ImageStation SSK, VirtuoZo3.6, PCI10.0, AutoCAD, MicroStation,
Geomedias.l.

§4.2 TN

AAB S, FHLIDARRLE B EER ¥ b m A, FHOMCEIUAE & 2
BEBF G, AR SRR E T E R A, 8. FREHE WA
#, LURSERBFRKEBMAENTE, oK 5K S M BRI e, R
SEERAKRR, THBREAESHAENSBREMMATHEERR.

LIDAR Z % RHi & A Optech 22 T ] ATLM-3100 R4, EHFLEEKT POS R4
(DGPS+IMU); il DMC # £ B Leica 2 & 7= &, FEE FRELF %8, HE DMC
FHERT DGPS, BAES IMU R4 . # 4 LIDAR XA T IMU/DGPS B4i; % DMC
Fiftet REEX A DGPS #HEAR. MREELH AR DE 4—2;
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WEGA His% Lidar S =818
I I
v "
— P 53K
v
v v v 3
F A GPS.IMU KE GCP. TP T
ik I
TR
l
v
RV LY ARl
Y
LEEW DTM X4k
¥ v
Al 4h7E AL DEM ¥iig [
v v
WAkt H EAE
¥ ¥
¥ v
DLG i DOM #uif
y
BE. 2. BB
v
Mg BORE
v
DRG i
B 42 MERBLERRE
4.2.1 DOM HI{E
ZIH th DOM #ED HF RS
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BTV E .

DMC & &R DOM fE 4R 2%, *i% DOM M TFHEMERAU T HERE
W, ®—, 7 DOM _bHMes FiiE M NBRE S IR BHTHR, BIBHEHY
i DOM (PR RE G BR& iR %0 0.42m); B2, £ AR EEML DOM
FEMEY A THR, BEXEMY%T DOM MFEFIRE (REWHKHPRENR
0.40m, 1% 4). DOM M Rl T =i FEIX b ik F B AR SR ik .

®4 SiEmEHLE
=g S (1m) 2 P LA b m) Ve (m)
b3 ¥ zZ X Y 2z AX A . Az
1 3435557 7 |435533.23 | 212004 | 34355574 ) 4355336 | 212352 | -0185 037 -0.328
2 3435710 |43607308 | 40478 |3435710 2| 4360734 | 404 35 -0 131 -0 321 143
3 3435053 | | 438600 85 | 506 709 | 3435953 3 438600 57 | 506 91 04 0.275 -6 201
4 1475805 0 | 440117 34 | 364 283 | 3435205 6 (44011765 | 364641 | 0333 0311 -0 358
5 3475743 0 | 42066674 | 278907 | 34237477 | 480606 44 | 778983 | 0.267 0.293 -0.076
6 3473515 | 480483 36 | 308 345 | 4295153 430482431 | 308011 | -0303 | -00% 0 334
7 3413118 2 [48317753 | 400764 | 3413118 6143317795 4006 0473 | 0424 0 164
3 1423650 3 | 482845 81 | 25680 | 3423650 1 | 482847 38 | 256 35 0.29 0.429 0%
9 MIIETEL 453856 28 | 379592 | 3433577 |45 M| 380 0338 0057 | -0408
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T 0462 | D602 | -D105
. X Y 7
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2. LIDAR A i &l s #6417 DMC B80S B E
PR A AR E (B
Photo-T Parameters and Results for Project project
PhotoT Triangutation Options
Adjustment Mode : Absolute
Precision Computation : Enabled
Error Detection : Disabled
Camera Calibration : Disabled
Seif-Calibration : Disabled
Given EQO/GPS ¢ Enabled
Antenna Offsets : Disabled
GPS Shift/Drift Correction : Disabled
INS Shift/Drift Correction : Disabled
Parameters :
Parameter X/Omega  Y/Phi Z/Kappa XY
RMS Control 0.000 0.000 0.001 0.000
RMS Check
RMS Limits (.080 0.080 0.080
Max Ground Residuat 0.003 0.003 0.015
Residual Limits 0.160 0.160 0.160
Mean $td Dev Object 0.014 0.014 0.062
RMS Photo Position 0.000 0.000 0.000
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RMS Photo Attitude 0.000 0.000 0.000
Mean Std Dev Photo Position 0.600 0.000 0.000
Mean Std Dev Photo Attitude 0.000 0.000 0.001
Key Statistics
Sigma: 3.4 um

Number of iterations: |
Degrees of Freedom: 48940

Solution Successfut.

MR ERITLEL: 2 A GRS O AR[EY (Sigma 248E/ T 8um)

3. LIDAR pif 3wl S 8E17 DMC B85 A < A fy DXt b 2= K5 12

Bh R X kg F AR CBE 22 ):

ROOTMEAN SQUARE VALUESAND CHECKVALUES OF RESIDUALS OF
PHOTOGRAMMETRIC OBSERVATIONS

image points

obsx= 979 rmsx= 2.42 msx= 0.021 chvvx= 5.42

obsy= 979 msy= 2.12 msy= 0.020 chvvy= 5.01

ROOTMEAN SQUARE VALUESAND CHECKVALUES OF RESIDUALS OF
NONPHOTOGRAMMETRIC OBSERVATIONS

control points with sds- no. 11

obsx= 12 rmmsx=  6.15 msx= 0.105 chvvx= 0. 48

obsy= 12 rmsy= 823 msy= 0.132 chvvy= 0.39

obsz= 12 msz=  8.96 msz= 0.185 chvvz= 0.64

MU ERE Py UUE MR AR xo y BB M 2420 70 2,12, BHIA
M x. y. zREARR EMEIESSN 6150 . 823p. 8. 96y o WMEEHISLR
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G482, 3, 4 1% RITLAA N B A LIDAR S sl AT DMC BLE 9 = s
WRE A, FRWLA LIDAR sUEHHEEH Ak e EE 1F. I E LR AERe
gREFU TN, BT =MEHHNTEHRT.
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6

72]; sinpcos’ p(61—58tan’ @ + tan* @)

3 5
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