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{BRBLE - AT ORI TER (Unmanned Aerial Vehicle, UAV)se iR - DIHHEf
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A EACRE  PRENE O o S RS Tt e S R S IR R B 2 L - 24T
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An Investigation into the Generation of 1/1000
Orthoimages for Local Urban Area by VTOL UAV

Images
Shih-Hong Chio?*

Abstract

The image displacements on aerial images due to photographic tilt and topographic
relief should be exactly removed to generate orthoimages. Thus orthoimages can provide
the correct geometrical and radiometric information for basic image maps for geographic
information, or they can overlap with digital elevation model for landscape simulation
for advanced studies. In the past, 1/1000 orthoimage generation relies on large-scale
aerial aircraft with metric cameras for collecting the aerial images. In recent years, the
development of UAVs (Unmanned Aerial Vehicles) is quite fast. Due to the automatic
navigation technology, it makes UAVs be a stable platform to collect high-resolution
aerial images much more safely and automatically. Also, UAVs can acquire the aerial
images with low-altitude and under cloud, UAVs become quite suitable aerial image
collection system to locally produce the orthoimages. Particularly, VTOL (Vertical Take
Off and Landing) UAVs can take off and land vertically, therefore they are more flexible
and more suitable for acquiring aerial images in urban areas to generate 1/1000
orthoimages locally. The payload capacity of VTOL UAV is much more limited than the
fixed-wing UAV, thus only the non-metric camera can be implemented to collect aerial
images. Additionally, the images are often limited ground coverage. Therefore, this study
will focus on the investigation into the generation of 1/1000 orthoimages locally by using
these collected aerial images. Based on the experimental results, after planning and
acquiring the aerial images with good quality, self-calibration bundle adjustment for
aerial triangulation is performed to overcome the imperfect camera parameters calibrated
by the procedure of close-range photogrammetry. Next, by limiting the used image
content it proves that the aerial images collected by VTOL UAVs can be used to generate
the orthoimages locally in urban area. Finally, the suggestion will be presented based on
the experimental results.

Keywords: Orthoimage, UAV, Self-calibration Bundle Adjustment, Aerotriangulation.
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IER G RHE R G BN GRS NI GIERH AR - Aie Bt bRy 28 0]
FIFES B ARV AT LA E AR R - B a] {E Rt B B AT
ZHERE L BRI EHERRRE b e R OB S N BARIZZIER
JE T - T2 —IER 2 GE R RIEE - R EEDET L h(E ) - Bk
PR g e it {F Ry I S at B S i T BUR Z S ST BUF-S B R EIRSEB K -
WHREE A= B - NI T Z — RS REBR T BUT R EE g & (E T E )
— Tz WP ERGFTERNR . — - B 87 FEAEANBHEILL "Bl &R A4
PRI B TE R — RS =) | T BB AR E S AR L IR
B TRE ) - BESEE VTR KT - S B 2 B g &
(EhEtER)—T 0 Z — P E(NEES - 2013) - @R H RN B EZ " —T
7y < —BUENTIH P BB ESERE | mRT 2 —ENEG  RILHATTZ—
TESSZAGUANEL T 2R DL TR T3 R e 2 B AR 1T it 2= S M 2 HUGAR
ARIEE HE T B PR IR (A B > 2010)

i ORITEE. VAV JTaEfess e bl > b B BRE ROty 20 B e A
AUt > (15 UAV m] DI 204 ~ 5 H E{EAY T UHUS S T AT - UAV
TRREBNTRZESE N HEMEAUG: - HEES(E RS2 BB ER AIHTHEUER 247 -
IEE PB4 0 (2010) AT A SR e DL UAV s PR S i s &
e > AR AT TR - SRR B il - HERR UAV ARG 22 e & ER,
DL er £+ B IR ORERC & BTV B EE AR Z A - 11 H AT LUE RS UAV
FERTUE 500 4 RUEL 1000 A REURE SUEIESR #4% » HAEEA b L& s PHE sy
EL AT 1/5000 IS 525 B E RS I BOR (B EY 1% o0 - 2011) - ZRIE T AL UAV
AR E Tt 2 TG e et 2 2| > HHFREE ISR R S A=
HEE > RO ERET UAV BERTRERC N ~ DURIEROE AR - (EIN A EEERE - %
B > HE S AR AT EATHE G R E ST Z — B - ES
RAEITEHTERE UAV it G G Fme § BT 2 —RE%
KZIES§G - LA LU ey - B AR B Bl e th A am B o -

g é}f’eﬁbl&ﬁ

UAV ELiEEn M58 ~ B ~ BIBH O RCHIEHE BT & b 2 it A T Ak
HIZ (BEAR » B2 FE A 402 15 (Bendea et al., 2007) ~ E2 2 (David et al., 2007) ~ $§#
HIRSESH] ~ [ 2REJEES 22 (Horcher and Visser, 2004) L) K fE¥E: 122 (Kise et al., 2005;
Laliberte et al., 2007) ; UAV JRA A {KIB(ES TR KERERIT S X » e 2R
Zfifascts  WA{ESERRFNE Mo s - R ERNREREE 2 ER 5
(Bendea et al., 2007; Patias et al., 2007) ~ #{E U F5 % (Haarbrink and Eisenbeiss, 2008;
Eisenbeiss and Zhang, 2006) &z = 4Ef& R >~ 75 (Pueschel et al., 2008) ~ F & = 4Rz
BRI ERT - VAV FgHLS TS ss SO E i 4 1E - al ity
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L AE (King et al., 2011) -

JEF UAV 2GRS 24 H IR B - Bd4) Patias et al. (2007) 77275t fEH
e 10100 (RS s2(5: DUjESE 5 1% CropCam UAV ffij#y CANON EOS 350D #fir
% - DA 30 4 R HUSH H AT J189 2 207 TURMTR 3L 97 58 VAV 245
HMUR s G RTR B AREY 60% ~ /e EEARL) 30% - (A AIEESHIFS 70 {Ef2eH%h
B R 722 Hh = A2 (R 25 =) 12 » etz 6 RMSE 2 2.5 A9 » &2
RMSE & 4 A\ 5 5ERKZE =15 LIFTUHIE EE LPS (Leica Photogrammetry Suite, Leica
Geosystems)#{E DEM K5 /& 15 /3 AVEUE (R4 52{5 - Li et al.(2008) 7 4A1{E2% UAV
SAZTE TN BB TERN ARV - ST R LUERAY UAV Bk E{E/MEiE B AH
AT P 4H R Y B (super-wide-angle) R s (5 » R G0 ok 25 K/ N FETRE -
A PASEERTE 1100 22 RS REEEINE LY 38 ST A HNEAG: » EliZE ==
& BUERT & K RE 1/2000 ELIRUREEE CF- 1 i B FR R 722 T Fr Pt A EK A 2.5 ms
FALL ~ SR RS 3.75m)VEME IEAT 5215 5 3200t r 480 UAV s25 8
KEEFER AL 1 37N BEFE ARE 1/500 CLBI REE CREAL B T aR 72 A~ %
HIARTERTY 0.6 m s AL ~ St R ERTY 0.8m)AVEHE TEST 525/ F Ry i fi &1 2
FH - Ahmad(2011) Hi| AR 7 2 321y CropCam UAV Bl 82 75 24.mm i3 Pentax Optio A40
BT A BT EUS T TR R84 60%EE B - /2547 30%E 5% » DL GPS
TS R PRI R TE A 2 =2 (HC P RERBARUS ~ UAV syt i gt
77 ~ B AN BRI G E - DU B2 B B+ ez = 1% DA
FONMR RS B E B RS 25 G DATTRE 2N 720 6 {dlfnixBhEd GPS Frlll At e
il FORE & AT 22 20K (sub-meten) RS - Li (2011) DA PuWen 8 Frf21E4Y 20.8 S5 A
EAfy 1:2000 #4[E B SraARzE UAV 24 B AR EERI R E RS - DUERE
A5 UAV i EERE 24.mm 1y Cannon 450D B fir A - 2~F- 39l 800 A RATHHUS
I AT 744 20 27 HT UAV 5248 Hfir Bl s2 (8R4 65% B8 ~ 745 B A4 35%
DUl & B E HPEIRE S pe s =72 » B3l RER B AT (8 HHY 2 B IR SR 1s2 15
BE ~ DUSAERIR BE 5 5epkzE =1& IFURTEEG Virtuozo BUETER2E - SRR
A HE TR -

NI TER VAV 28U EIER 2GR R SR - R SR il
L:(2008) 2797 A HOMELE SR 48 & 2R B FHIFE st S E P DUe = T
RFa UG B FIES 5218 FaRiEE 70 B 5 600 4R~ 900 AR ~ 11200 AR »
Ze = ERHC & 5 2\ K DEM(Digital Elevation Model) &} #11E 800 /3y K x600 .\ K #i
EHiEEL UAV TES 25 - BICRSTEEE#E TR © Bl 600 AR - i
IR I Ry 17 257 » SERRZE = Z fx Bk RMSE £y 0.484 AR~ 5#2 RMSE fy 0.692
AR AR BUET 7y 2 —aVEEIRRED o HhAh - WEGHTE 4G o0y 2011 4
i1 2012 AV AR TEL AT R (FE LIE 2 (E A E =AY UAV 1 fijs 500
N REL1000 8 REUER1% - PLE BRI UAV 2558 il H R RUAZE =12 BUF RS 2&
HIBE RN ESCERE AR S 1/5000 [EET 525 B RS FE Bk (B E 1148
Hls 0 2011 5 ECEBE LORN4g oLy » 2012) -
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Gty bl > BIASNG RSB DUERAL UAV G 8UERTE ST &R T2
ISR TR TR LRSS TP IR AR AL - 1H it H R s 22 (ir
T W)L - RE B E TR/ NG 50 207 0 I RKEREE/ NN 2 AR -
BEATTER DU R BRE T8 > LU NIRRT 4B 520575 ~ $ERITELERET ~ DURSE
s PR o

AT FEMRIE N ECE (2010) 2 B AT & W — 53 2 — BUE U [ 5% A E -1
RUE > ZERY UAV B EE ARSI ARG 2 HiTHs G2 @S RE fm Bl B E i e &
i — Ty Z — IR G 2R FE R - BT 72 (e 1) AR A B
(2010) 2 E A & e — 172 —BUERTHH P E ESE TIETIHRE 2 — 0 Z — 1B
s GEFRR Gt EEHEEDIR © —  BEEMEETE = FUNHFEHRTREEL AR
BiAmE =~ FzEER 0 PERIE SRR T = =R o8 I
G E(EEBEEEEL DEM HEUCRCELRE) o DL ~ S{TREREIHT -

BEE UAV sl &
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0 1R EI R > W S e iR AEEkey 3 E = A B AR ~ DURCAR
BEE i b s TS S AT 5 T 22 > ATERAR BIRHIAR DT R LR L ~ RIS R JFAL
MRABRTAR A0 BB REY 40% 5 SR NG AITR BB K 8096 -

g BUREE G S T 2 BUENTRIHP B (F S TIF TR (FEED -
2010)7 F457 2 — IESS G EUERE P R EATE » AW A 2B Gat 2 izt
Sl 2)METTZE D A E R R H AR B AR B8 2 AR LR G i e R ] -
s AT R Ml SR 4R Y MR LRI AT I FEIRREY Ry 2 22 4 (22 s AR SR (AR R DU
B 60% fHAEET ) - BTEREHY I RS iR AR AT T

(—) R PRAEEAE S S I T S R A& 2 EflRE > DL BB A
EMIPESETM ) e Z RTK MR B ARON & 5 7AREH - A2 E (84 [F Lk
ATt 2 AR R Pl HLZE g NFY 10 Ao ATECP9ME - 1F R B2 Ve
SRR -

(Z) eEhhE R AT T oK E SR A AR H E AT S A 2 fRLS ]
PAE RS —EREIEERES W A REUN - S dtais SUERT AR L XA
GARFAR 10mmVK (K E—HERRE 2 km 8 240022 BUE RS
FRAEIBGREAG 7RG AR 10mm\F (F Ry KAERRGREFE > km %) -

. 15em_10cm 30ecm

—

15¢cmy

10cm

30cm

B2 Ay el sy ik

BESh > AbtsTE SRR A e - DIz ER A EE - RIS ET0 2 —HiPE
IRF 58 e ZE = V22 Z Ml s G 1T 1L e B PR RE (R RS R B 2 s e i )
BRSNS LA 0.3 HEE SN 2 = KEUIERE-FIEE Rt
BERHENTZE G SR = 4EARAE © ARWEIE S9a E ARG itz ht » DA T S At
FEE EAEETAN ) FrEZ RTK SREEEARHIE TR - [FEBGR 8 A F £k
FTfe 2 AR R LR > S HZEMIEEE NFY 10 S AIHCPHEE - (F Rl 2 P
25 FrAlE R AL BER A& 2 Z R RIE A UE Ay IE S

SERATAERIRATSEE N R 2 1% - BREE Ll UAV IO T2E = ~ BiE
= 2R (Digital Elevation Model, DEM) 5 SHUCECEAGR(E ~ DU ISTRERUE -
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HHYAHTFE UAV S 2 T E A B AR - (iRl =2 1. (2010) - MRS BER
TENGAN SE e AR TE B R Z A S B A e B O A I AR AR RS BT
FERTRE UAV FliHsi g 2 25 PR B3O ER0AZRE = P2 T U R LR - (B4R
T A e E DS S Bl E - BHREZE = PR Al IgT I 2= HeE -
AL - BFEAF PR A IWitnessPRO @G (Photometrix, 2010) 1 TABERE - Hfr g S
HEPRIE - RIEFEE 2 BB E ST A i 8 (EFRELATEHRAY 20 (HEH
HIERR o MELAEFOEAHTA VR RAIRSE - iWitnessPRO Hie R EHHIR S8 E
2 0 FTER A I 2 BE S A= (2) (Fraser, 1997) :

(—) AN FHr2#(the element of interior orientation) : £ FiE ¢ ~ 5 FEM R E(Xo ,
Yo) °

(Z) EiEug ST 228 (Radial distortion parameters) : Ky, Kz, K3 ©
(=) FEemit [ HesEE== 2285 (Decentering distortion parameters) : P1, P °
(P9) {75 5+ ey 828 22 22 85 (Afffinity, non-orthogonality parameters) : b, by -

TR AV IR 02 S e =40 30 (1) (Fraser, 1997) :

AX = —X, —%Ac+§r2K1 XK, + XPOK, + (2X + 12)P, + 2P, Xy + b, X + b,y

Ay ==Y, =~ Ac + Yr2K, + yriK, + yreK, + 2P Xy + 2y +r2)P, (1)

—2 =2
I’2=X +y =(X_X0)2+(y_YO)2

= or  DAG B R TR A (G R B PR
Xy  DAsg g 0 Ry JURE 2 R GG G AL AU &
AX, Ay JFIRG SIS 2 UEE
AC G FIEIESE
OB MER IS AE 8 - iWitness Pro RES S0 F-F e e e BV I AE R
SR TE (% S HUG R It FH Y 52 e M IS5 (S e T 8 e 2) LR EARAAAE LY 3 A RS AR
22 REMEZ FEERN ARV b 5 2SR A 2 e R 2 e A
Z [EESZETAE 15~20 o7 28 5 Sese e ek T 3D SRRV (AT 22 it
FHEUG: > R AR R AR A I A (G 2 R R [EE 2 ) 5 RIBss e i ey fEEE DL
BB E R R TR ERRA AN | T EER e 2D 3 AR ~6 AR BLE 5 HUG
iy NEIFEARAS T 2291 17s 70~100 fE 2~ fif] (Photometrix, 2010) -
UAV friiiiEk GPS K2 AHRS(Attitude and heading reference system)(B[IAH & 7>
Inertial Measurement Unit, IMU)E 5 A & DUsEBNZE = (N EEREL A48 ey - 2011) »
EREFRMEINTALPIAE - I » AWFFEIREH GPS/IMU &ifliHBhZE = » MY
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FORRICP AR T2E PR RN AR Z T AL B ZERE (RSN AL 28)) - T UAV Fr
Biffeki e AR B AL B AR B > BEE N EARE » {EMIEH 2 H (2010052 8R
TR 2 R e A 58 4 HARIE & e Z A i S B A S Bt A AR AT R O AR IR
& INIEAHZE T VAV fifas B 222 =R B RUAZE = P77 20 0 MR
SOCET SET ORIMA Fp IS - 328 B FRICHRIAZE = PR AR IS 8
A0~ =0(2) > F Brown PHEEL A (Brown, 1976) » HL A Ax~ Ay Ryt At {BaRER) Zadtaias -
FA Fn i R G AR ek 0 P 18 (e Bumil s - MSBEITF I - e
BB = SR -

AX =X, + X[a,(r* —=r}) +a,(r' =) +a,(r® —r))]+bx+b,y

+§[cl(x2 — ¥+, X2y7 e (X =y +dyxy +d,y? +doxPy +d,xy? +d x7y?

Ay =Y+ y[al(r2 - roz) +a2(r4 - I’04) + a3(r6 - r06)]
+X[C1(X2 — YY)+ CXPY2 + (X — y )]+ dgxy +d, X% +dgx?y + dgxy? +d x*y?
C

2
A Ax, Ay BRERUER
X0, Yo A5 T REAAAE
c B IR
ay, a3 HEH A SRS S 20
by, b, A KIRIER S8
€1,CC3 R ANEHESE
dy oo, dyy R BT R IR T RS S
IMAHAFEIREL SOCET SET ORIMA FRIERAS H Bh& HI22 =i 2 HEERE H.

(—) RRERICHTEZE = VAR 2 TN - HERIUCECE: - FYE R BOErY 9 (B
FArETHIFEBLE 9 % HNECEGRENREE - CHZEEERE 1RE
frE=/DFERE 6 Bl E > Ae 6 BiFEUA T TAENME - HE R UE
ZE/VA BN ERUT SRR G R DI HERATE > A FERER SeET LA E
SEMIREHAS -

(5) ZE= SRR SelEy NIRI(EE 88 ) YA P AT RSELRRR - F#ErT
B/ NYFIEE B9 BRORAVZE BTN S ERS R
e > HEUNEZ e HIREA AR 1 6ot > RS2 IV il EZ
LU SR 7R 25 2 IV SRS RNR 1.5 (BT - R SRl = Eadiah_ b
TTHR AV Z » HENEZ IR =T RE N B AR 30% > AR
IRIBIZAE RSB S I N BRI - B R R Rl -2 mie - F R AR S
RIS H b 8272 (Clarke et al., 1998) » [NIEAKIFEST HHLHTA-ERS -
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HRSEEHA 1.4 FEE(Principal distance) : CFL ; 2.{% F EE(Coordinates of
Principal point) : x0,y0 ; 3.5 $5 7 #i5 5l 685

seik VAV fiifase B Bz = ek - Bl ER R H BN T i 28U UE
RIS FLIBUENTAEZ G TIFIA8E 2m S8 MIEEE SR &R 8
TEIESR G 1L GBI - &G R E ARG LR AT 2 BT RIFEAL -

o~ BRAFTREH

AHIZE BRI B LA » L RAESRPR - RIS - T
BILR P EIES - AT EESPT AT - 49 1Km X 1Km - i TAS71E4Y 20
AR

(a) ¥ & by FHH= (C) ¥ & £=4) =k
B4 AI-RIDER YJ-1000-HC % *2¥ % @ #&% % s(k|4= » 2012)

AI-RIDER YJ-1000-HC %Jig5a2s sy 247 n] hofef 82 25009 THRT 27D 20 73
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1

§ o E e/ NEE R 0 TR EEZE 12 misec » TR JEZE 18 m/sec 3%
ZEPTER A EE A A F Canon EOS 5D Mark 11 ((R[E 5) °

5 Canon EOS 5D Mark Il ¥ p% #ic i+ 4p %

Canon EOS 5D Mark Il JEE RIS AT AHRIERC 28mm SesafiH s - EAUGR
JE 3648 {5T ~ 1S 2736 BT © BUTAVINVE 6.4 pm ¢ /H—?FETA%%%Z%FH R BUG R
Sre b bR =P E N (R T E 6) 1R eSS TR E

@6 Canon EOS 5D Mark 11 4p % 28mm 4558 mifa t‘éﬁ U%

<% iWitnessPRO #RAS(E HFF ek - FF 20 (EROREEI Mm%
RIEE TR E RS2 UG RS > kg 27 SREEHFG - DL iWitnessPRO 8 #E
28mm SEEHN 2 HEIRE  [B 7 BURREH 27 iR G mRA E R e ML E 5
18l > £ 1 FAERE 2 455 - iWitnessPRO FEH & HEURRENME 1.0 AR
9 TR HVGERE DRSS By 0.11 (57T > 3D BRAMEAE X~ Y~ Z J7 [ TH ALK 2 0.0088
BEA7 (24 1:154200) ~ 0.0127 BE{ir (5% 1:107200) ~ LI Kz 0.0070 B {7 (5% 1:195100) » fcpe
F5REEE 0.0095 B A7 (8 1:143300) ; MifE#E iWitnessPRO SREHZE » BIFHYRELE TR
Heifm 5 7Y 1:500~1:10000 2 i » AZRAE 4SS HE 4 1:10000 - (Rt He _Efalin]
HILL iWitnessPRO AT T SFAHE R E R BRI fER -
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W10

SEid

...Efl,."'..l"] 5 _-.Ef'.""'.""l 4

B0

RBI7 F2% 27 %Ap P B FTHFIF=E L B
# 1 Canon EOS 5D Mark Il 4p#% 28mm 4t sf & 7% %

o p 2012/07/10
Canon EOS 5D Mark 11 4p #% 28mm 45 Ef
Principal Distance .2 §& ¢ (mm) 28.4793
Principal Point Offsets .2 2k 45 (X0, Yo )(mm) (-0.0593, -0.1212)
o K1 1.3230e-004
Radial Distortion K 5 23796007
ELE 4 d it
Ks -1.5571e-011
. . . . P1 7.2189e-006
Decentering Distortion &t v % %
P2 -5.8909e-006
Affinity Parameter X ~ y fih & & 1t B1 2.695e-004
Affinity Parameter X ~ y gih2t i % B> 1.225e-005

REGEIHRSE &R - SR SGT MG THE AT ESY 4.5 2257 MIERATRR
5B R 8026 AR /ARG R 40% LU TS B =4y 200 4 KU AI-RIDER
YJ-1000-HC Zigs UAV fiiidsafl SIRae i SIfiaR - AT &2 fidrfirtot 2012 £ 10
H 15 Elﬁn?ElHW% B RPE NGB N EIVURE TRTRESS - R
BEEENAER > ERKEZ ZRYEN - (E5RERE TESE > BUR UAV ETEE
HVRFE > SHAEELY 3 /NRFIIEF]SE AR AUE: - JFEHUSANE 8 ARz 7 R - 147
AR - AT G AHB iR > ot —RERR RS 2B
iz FR R S A RS IE R - TR E Z R PR PN A BIIEARE - H
LR R -
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B8 %% ¥ UAVEifissnd ¥ B m s e e snd R+ £ F3,2 BT

TR AT E G 45 SR LAY EERR 10 sRIEHY 1-2 RREARTEFRITAR (0 T E 9 Fr)
=0 FREEEY 22 pRETFEE MTF ( Modulation Transfer Function ) f5EkI <8039 7F 1 (@&
TELAT 0 SEEE{E 0.802 (5T » FEAEE £ 0.095 (T » BnAXN G EE -

B9 #7iE P BEE BL 3R 8 MTF fioh 8% 7 2 Bl(o ¢ 5

PEEHELTZE = B > 25 = AL A 15 (2R 11 (ERERT T R EER
6 {iEl izt » HoorAn e 10 As o (o AR 22 st E Ay R IR 2 R e el
BhAT R DL A AR /e UAV A2 Ricoh GR Digital 11 FHESEF AR ]
EEFAR R R e 22 =HE 2 FB oK - IR H 101 A2 T 2= AL 3D I {(E M
PrEERTIER ) duaEsliRlEm H OSSRz = 2 fiins G - ke - &4
FUFTRE R B ZE AR RN © JERZE = PR H RO CRAZE =P - &0lHE
HeEHAT 4186 BEHIPRIAIE Y (GUREAAER - ST HREHTAZE = PR R e
SR E (R EEE(X0,Y0) ~ {5 £ (CFL) LR SR B B ey 52 72 (al,a2,a3) » B HITZEA]
il 7 M FESEE #5(0.05m » 0.05m > 0.10m) - BERF T 2E 52 Bl B Al Z M FEERse e By
(0.10m > 0.10m > 0.30m) - {GRE NG ESE Ky oum - HEOEHIAZE = PAERVERA
11 forR - ZE = PAGERIANE] 12 > 22 = PrE i A 08 2 erd IR AR IR AT (S
FZ P L ERETAEEY 0.6 > mlRISAGEHIZE = HEERE VA Al SEETEIE = 0.6 T e i
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O o TSR N~ B~ h = (&7 H RMSE(RIAEIEE) 53 Ail7Z 0.07m - 0.06m ~ K
0.19m ; RAZREREEANZE 5 BFEAUEZE =FAMAFUR » N~ E ~ h 42 RMSE
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Ay 423 (m) |200.00
# 4 3 4#2(m) | 20.00

g gh(mm) | 1.50

#4 % &(m) | 5.00 | 10.00 | 15.00 | 20.00 | 25.00 | 30.00 | 40.00 | 50.00 | 60.00

%-gLi=#(mm)| 004 | 008 | 011 | 015 | 0.19 | 0.23 | 0.30 | 0.38 | 0.45

8L~ # (pixel)| 5.86 | 11.72 | 17.58 | 23.44 | 29.30 | 35.16 | 46.88 | 58.59 | 70.31

#ifa gh(mm) | 2.50

#4 % K(m) | 5.00 |10.00 | 15.00 | 20.00 | 25.00 | 30.00 | 40.00 | 50.00 | 60.00
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