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Abstracts

The efficiency and advantages of spatial information systems rely on the validity
and time effectiveness of spatial and attribute information to work properly and
express the phenomena of real world. However, traditional surveying techniques
can’t fit the trend of technology revolution and cost reduction due to their heavy labor
works and slow project progress. Generally speaking, survey and geomatics
technologies have been revolutionized since the early nineties in the last century.
Advances in satellite and inertial technology made it possible to think about mobile
mapping in a new way. Instead of using ground control points as references for
orienting the images in space, the trajectory and orientation of the imager platform
can now be determined directly. Cameras, along with positioning and orientation
sensors, are integrated and mounted on a land vehicle for mapping purposes. Objects
of interest can be directly measured and mapped from images that have been
geo-referenced using positioning and orientation sensors.

The Self-development of mobile mapping technologies applied for various
platforms can be considered as the ultimate objective of geomatics communities
around the globe. This project aims at developing several core technologies
concerning multi-platform mobile mapping systems including professional
calibration facilities and inferstructures for multi-platform mobile mapping systems,
anti-GNSS outage multi-sensor fusion algorithms, post-processed VRS embedded
multi-sensor fusion algorithms with new applications, and multi-platform mobile
mapping systems. In addition, this project enhances Taiwan’s capability of research
and development for advanced mobile mapping technologies and to be comparable to
regional and international geomatics and navigation communities. The progress of
this project is beneficial to the development of national spatial planning program as
well provide proper and professional training to young scholars and engineers thus
enhance the competitiveness and academic achievement around the world.
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(R /%)
5 T (1) 0.05-0.1 0.02-0.05 0.05-0.1
Ce= i () 0.005 0.003 0.05
POS #
(= ‘\;ig‘ S (R) 0.005 0.003 0.05
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GNSS i j# % (%) 0 10 - 70 10 - 90
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The Litton LN200 system

| R it
oy | 1 deg/hr (1 sigma) | 0.3 mg (1 sigma)
O T | ;(lem]qﬁelhr (1 sigma) | _:_ei? ug (1 sigma) (10
RERT | 100 ppm (1 sigma) | 350 ppm (1 sigma)
R | 0.07 degisqri(h) | 60 pgisqr(ha)
AT | 0.1 mrad (1 sigma) | 0.2 mrad (1 sigma)

& 2.4 POS AV510

Range: + 400 °/s (no angle limitation) +20 g

Drift (unaided) / Offset: <0.002 °/hr <25 g

Bias Stability: < 0.002 °/hr (const. temp.) <10 Mg

Random Walk / Q: <0.0015 °/\/I_1 < 8 pg/sqrt(Hz)

Resolution: 0.0003 ° (1,13"), < 0.001 °/s < 5 ug (depends on data rate)
Scale/Linearity Error: <5 ppm /<5 ppm <100 ppm / < 20 pg/g®

Axis Misalignment: < 25 prad

B 2. 5 INAV-RQH

System Performance

Specification
Position (SEP) 3.9m
Velocity (1o, horiz/vert) 0.1/01 mis
Pitch/Roll (15) 1.0 mrad
Heading (1c, in motion) 15mrad+d "
Timemark Output 1pps +1 s

Gyro Accelerometer

Bias - In run stability from turn -on (15) 1-3 °/hr 200 ug
Random Walk Noise (1) 0.035 °hhr 60 ug /\Hz

& 2. 6 C-MIGITS Il
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# 2.2 1R E k2 A #F 24 (Titterton and Weston, 2004)
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¥a- %“(RMS) Hoe TE e &L pERp s S > B E LR ks i
E’mb”ﬁm@éxwmﬁﬁié‘”ﬁﬁﬁii%%ﬁi’iﬁﬁﬁﬁa
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—
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N mﬁé\*
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FHARR S FRESE ¢ LAgR F R IT OEY o
AVG = Z’iLl% (2.13)
STD = [RimCe v (2.14)

RMS = /% (2.15)

% 2.8 £rdlEF A2 IMU# j 2B 34 4

By | A(m) | #(m) % (M)
u:}': AVG | 0.0116 | 0.0309 | 1.2678e-004
;g5 | STD | 0.0165 | 0.0122 |  0.0302
RMS | 0.0194 | 0.0329 |  0.0287
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0.05 T T T T T T T
oF
0.05 1 1 1 1 1 1 1 1
1 2 3 4 4 G 7 &3 9 10
0.1 T T T T T T T T
0051 =
0 1 1 1 1 1 1
1 2 3 4 o G 7 &3 9 10
0.05 T T T T T T T
D -
0.05 1 | | | 1 |
1 2 3 4 a 53 7 &3 ] 10
Position Number{m)
. . ST T : \=g
Bl 2.15 #4185 A2 IMU & fs =8 374

me E(m)/ N(m)/ H(m)/

3]? s Roll(deg) Pitch(deg) | Azimuth(deg)
% | AVG -0.1444 -1.0086 -0.1907
w1 | STD 3.8355 10.0232 1.2448

RMS 3.8382 10.0738 1.2593

Z Ay | AVG | -3.8789e-004 | -7.8112e-005 -0.0643

2% | STD 0.0022 0.0022 0.1297

RMS 0.0022 0.0022 0.1448

e s E(m)/ N(m)/ H(m)/
EHFH | Roldeg) | Pitch(deg) | Azimuth(deg)
i~ % | AVG | -3.3719e-004 | 4.2304e-005 | 5.9178e-004

.gy [STD| 0.0918 0.0937 0.0171

RMS 0.0918 0.0937 0.0171

Z iy | AVG | -2.6895e-004 | -7.0577e-005 -0.0428

w1 | STD 0.0020 0.0021 0.1101

RMS 0.0020 0.0021 0.1181

g u ﬁ Ezzth
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§ R R e R - STD
_ 2000 3000 4000 Ps times_uqugugggg o) 5000 Fo0a 8000
T e S S S S S S S SSRTA (SS s North
E S_ ............................................................................................................. :E:Eht
Bl WL S

; 2000 3000 4000 cps timf_ufgumm o) 5000 Fo0a 8000
< GPS time - 180000 (sec) EIE:
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5 0 e H ; : e Haight
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— |
Fitch
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GPS tirme - 180000 (sec)
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232 BRRZFZ

Pai ¥ AFe S8 NL DR - R A R MR
13 5 #p#%BiDGNSS/INng@ T R ;;,,]\ £4appsr t2 INS =%
,1—}:—??5‘: fz"l“‘%\'liﬁ ’—1?\* P)" /'/”P""“’#H-ﬂﬁl’]y‘éi
INS ¢ o [ infn $H 15 3 5 S R s o B o INS
Bk fhil F AR & Ei\%ﬁfﬁiﬁi#ﬁ}’? A A fEEA T A () CRYM® 3
SRR PR S D RTR R 45 200 RO A F XS]
Vo E T E A L KA AP MIEE T 0 1P R Hgpa 5t

-

/Mi‘*

“E}

g

N\
gh‘i

}

R TT

= R (™) — 15" (®) (2.16)

RZ = Rp(ORT' (1) (2.17)

éf«— ]xb_FA__f L.I}’J/Z-MT—‘J-E mﬁ’,\g\?}’% > > ﬂ%@ﬁﬁ\‘.gig_y,;w&;ﬁ s }j_
Pl % <8 B A B 4 R0 i % A AR T 5 et 1999 # > Skaloud ¥t % 3R B2 fthak 3t
ﬁef f* 48T 325 % 7 i (Skaloud, 1999; Jacobsen and Wegmann, 2001)> @ *+ 2001
# > Grejner-Brzezinska # * & > 58 > % o) - fEFEFEHE G E - &
PRI At 2FAA B D PRECE TR EAR BHEF TH - ¥ FiAiE-
me%*ﬁ’%ﬁﬁwﬁé%iiiﬁﬁ&wﬁig%m;yﬂwﬁm%%ﬁ%&
b @ ¥ § B AP M (Crameret. al., 1997) » v 3 3 Ep BP0 S A2
R = )% A
%%E”T'J’* —RERFET AR AFIHAE - FERF T "f K P e
LR AN > e r Rl E R AT 2 A RPN 4 E INS gy i B
2 RBLRI D AR TR PR F TSR B ACT

i W =

\v
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rpt () = 1"(t) + ROy (2.18)

Ry (6) = RT"() Ry (2.19)

HeY B BB >HEN 2 2172329 TET 5 3 BB AN AR
Lo 3B rEdaEL o F 9 BAMBEAE REJrHY 3 Bihr A
15,113, To3 7 f d& F 2 L BLp| = 4250 > H Ve
COS ), COSK,, —COSQ,Sink, sing,

RIF(t) = |cos@pSink, + Sinw,Sing,cosk, CoSw,COSK, — SINW,SINQ,sink, —SiNw,cos@,
| SinwpSink, — COSWLSINPLCOSKy SINWLCOSKy + COSW,SINYRSINK,  COSWLCOSP)

COS(PCOSK —Ccos@sink sing
RM™(t) = |cosgsink + sinwsingcosk c0Swcosk — Sinwsingsink —sinwcose
[ SInWSInk — cOSWSINQCOSK  SINWCOSK + COSWSINPSINK ~ COSWCOSP

cosApcosAk —cosA@sinAk sinAg@
R} (t) = |cosApsinAk + sinAwsinApcosAk  cosAwcosAk — sinAwsinAgpsinAx  —sinAwcosAg
sinAwsinAk — cosAwsinApcosAk  sinAwcosk + cosAwsinApsinAk cosAwcosAp

T, = —Co0SQLSing, = cospcosk(—cosApsindk) —
cospsink(cosAwcosdk — sindwsind@sindk) +
sinp(sindwcosdk — cosAwsinApsinik) (2.20)

T3 = Singy = cospcosk(sindg) —
cospsink(—sindwcosA) +

sing(cosdwcosA@) (2.21)

Ty3 = —Sinw,cose, = (cos@sink + sinwsingcosk)(sindp) +

(coswcosk — sinwsingsink)(—sindwcoslp) —
sinwcos@(cosAwcosAp) (2.22)
A GRR G AL - 6 ERRS AN  FRMET N BREE AT B
PR gL &4 N epip] > f258 T ZiEsed » B 47 e
MO} = rME) + RO j:1-N (2.23)
RMOYY=RMORY  j:1-N (2.24)
HA S RIERBIE A - BRI ARPIEFSP G RIE
ax

SRF TIORE 2 ROP (R QRIS > HE - BRI AR E 2 % 8

F 7% 3 AT
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= RGO — ] = R — 23] = - = RGO — ]

Ra = Ra(tl)R (ty) = R%(tz)R (ty) == Ra(tk)R F(ty)
=12, N1 ; j=i.itl,..N: k=12...K (2.25)
'/ii\ ‘:‘ ’ I F‘ *Ew ﬁn%’;u

Kk : epOCh S5
N @ #75 criplig & P % P
K % # & 4 # < epoch

ARG -BEE BRI CBERZRPE B IRTEETHENE
#4233 & lm L p ’?'J PECRIGA T R e L %ﬁ* T AT 2 S AP
o B BLRI B R E R LR AT BT R R P B RS ST 0 s e

%210 5~ %% 82 ¢ AVG-STD-RMS 4 8|t & T3 L8 £ <353 42 >
d &7 ﬂﬁﬁwﬁ%@ﬁ—Mad%ﬁ:M&iﬂ%"fﬁﬂ%ﬁ%@ﬁ%
WIRF R A RIPE— HRIEA AT

4.2.10 - FFRE - PRE AT

A

TWD97 2TM (= R)| AVG STD RMS
£ two step| 0.088 0.082 0.119
one step| 0.089 0.081 0.119

N two step | -0.034 0.253 0.248
one step| -0.035 0.253 0.248

H two step | -0.291 0.105 0.308
one step| -0.327 0.112 0.344

3D two step| 0.306 0.286 0.413
one step| 0.340 0.288 0.441

2.4 Ja&—ﬂ'rﬁ'f:tiﬁ'li kit 2 #

BRI &Re 55 @8R L Sahpie 22 2 H iz e if AL (O ()
RIM(t))H#-2 £8° %E'Jﬁizsgw'ﬁsb(drms(t)+6R (t)- (Sl R(*-r +ab)) =d
ﬁrl?aﬁ—* T RLITE h SF A B A kY R Roni A EEFEA Y
AL - BRPERBERLED - = ll% A2 Al RE - B BT ApLD
T2 Avig Bt o Bl 218 1 5 - BERRIE RIESE R e BR Sk
R B 3 BARIT E e A NS iR - BH fh2 U] ‘ibtaé‘?k B ’7‘?‘@:
LN o s AR R WREFTRFELURZA - B rF\ VeI S
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W 2.18 17 {20 & %

GLFRMERE ] RERFAFE TG PAFL RLFLT ¢ G

I (whlte noise) ~ 2L v 2231 (colored noise) ~ 4c:if & 3+ ik £ (accelerometer bias)
Fe 4% i A (gyro bias) ~ & & %]+ se2(scale factor error) ~ #ih % 3% £ (misalignment
error)£2 4§ % 3% £ (random error) (Titterton and Weston, 2004) - f iz it % 338 % ¢ >
12 4esd B 3 i A (accelerometer bias)£2 F= 4% i £ (gyro bias)® g HiR £ R i
BEF o pL AL RRE A e 2RE R WA AR EHRIIAH -
AP Wi REFYOFEN T T ARTRFED FLARERE RN
4’wM$W@bﬁ&a@ﬂmmﬁlmﬂﬁﬁw%’ﬁf*ﬁﬁﬁl%ﬁ*
K I EATH PR R RL IR R PR T EARM AR S SR
i%@%ﬁﬁﬁémﬁ’5%%5%ﬁ¢*iﬁi#3%7xu kAR
xS Az FERERA T 0 R liQNLW’?’—%L'*’ﬁ«?)iL%%f
(accelerometer bias, b,) &2 I+ L3 4% (Qyro bias, bg)2 B 4~ %] 5 ~b, 2l ~b o3
SV RRY G R KT TEARERIAAEE G Pﬁf’ﬁ? l“ F”]Mm
B AT ELAZ PEF AR RAT BRI PR B LRER asgi,;] Ul -R 1R
?%,ﬁ:r:f. B PR MRE R R TP 0 A RAEH TS L AR S AT
F) oo BT A RERA R LRI R R RASERIE 51~ A0 B R e
PR R LT e R

AR R B R R Y L B T L WA 2,19 45 - WY 3R
£ %A o Y ()R e Y (3 4R)F4 - B 2 20 Mol FLiwr B S
AR e bR e Rl R AT B R R B L (B4 GNSS % 2
FR) A EFHFALNYINS DESUFEZEFRA T EFEETF R Ko
B 2.20 + 3P B & eniBBER T 5 INSIGNSS 3L 4 ™ # e "L R
d GNSS gmiplE ¢ chip L £2 > @ FFRA LD BEE R Bhet sk
:’io

F] L 0 5B 2195 B 2207 ¥ GNSS%ﬁ%ﬁZ#v‘ Flepen ik iim £ o
AT AR B S IR R B SRS E F AT R AREA o d
LTSI W DGNSSﬁbF A AT F 7520 INS 7 0 {1 DGPS i
a’iffﬂﬂ INS %4 e % & 2 B % o F|ot > FEF & GNSS e At & 8
SHA sk » EFHFLHF -

-
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TR s e
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Slce FY > R ELFHFEALEER
i ”"fﬁ»*‘l d e L - 4 5 4 GNSS B - L B4t i
J&iéi)ﬁr REpEchLEs 230 >

%q’mf,@,f A T S NPE 2530 - Rk
T 1E R M INS ‘B P J—imﬁ/f}?‘ IEd
= INS /%'%zpﬁ«? SRt IR i 1 GNSS 12 PF > At J9 4~ INS/GNSS # & ;¢
i {'?’ ,J\ vz #é:)i °

’ ﬁ—ﬁ#’\%} //%&/Ji B P 'fgrl‘

«Fs/2:Naqusit Frequency (Fs: sampiling frequency )
«VLE: Very Long Term INS Sensor Error
«LTE: Long Term INS Sensor Error
Amplitude -STE: Short Term INS Sensor Error
«TMD: True Motion Dynamic
-The plot is not to scale

Fs/2
Frequency

Bl 2.19 INS g R %% £ 4 3 o & R

-Fs/2:Naqusit Frequency (Fs: sampling frequency )
*VLE: Very Long Term INS Sensor Error

-LTE: Long Term INS Sensor Error

*STE: Short Term INS Sensor Error

-TMD: True Motion Dynamic

-The plot is not to scale

Amplitude

Reduced by
INS Mechanization

Fsi2
Frequency

B 2. 20 & & INS/DGPS fs 2= INS g ip| B 25 #7 3% 1ot £, B

Bl 221 5 - ‘?ﬂ'f‘%"%‘ﬁ'iﬂ?’%?&v% PR e fianF o B¢ 2 RBEKR X
Phefifeil 8 P BT Hiek SR R X fhinfeiuar oo
IMU v — e 2 Kk if > e VB T e 2 > T K = B IMU r’v’ﬂfﬁi?' |2 7
e & e (8 i £ 4 w5 0.01,0.05 and 0.5 deg/ hr) o i3 a8t (B 4 ] N 4
B~ BRI R B R IMUS epe 3 iR 8 s 0 5 R E B2 INS frb,‘r’m' >

Fiw 4
B ARELLGEAL R 221 P %Pa‘g R BB RN AL R MR D
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T T fE o
The impact of X-Gyro noise
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Bl 2. 21 Fe R iR X dhie it el 55

.;w%mfa;éﬂu»awﬁwaﬁﬁwﬁénﬁﬁéﬁﬁﬁéﬁﬁﬁ°
{ﬁw}iiI%Aﬁéﬁ&% ﬁmﬁ%f’*ﬂ?%%ﬁ*%ﬁf #
Sodfche » PUE BB AL S A B0 o T 0 R AL B BT '13&@“%
WE T gd] o A EYIELS ¢ o ﬁ% » 1 & GNSS m%i’i TR X K ed
RRIEY & 2L i & FF o FPE A éIF Ii'?I Wi o 4t £
TR A S e L PR G S LRI R S R R
SR T RS T AT o

%%Iﬂg%ﬁﬁﬂ&ﬁﬁﬁé’?”%ﬁ
FAFL c Ko o $0E G PR AT Mt
EIFH AL BAFAEM S BRI LE H B Fh TS
WA B LI PMAEFER R oD
;,,L,&\% PR ,;i,)gﬁapm b N mﬁ?;ﬁfrﬁxo E
%%ﬂﬁwf msm%$$#&¢&$ﬁﬁmh&a%M’m%?ﬁvﬁﬂ%
Bk IMUBBIE » 7 Mg Dlicd R 40P he AR&? » 2tk 5 ) A
e (CWT) it 53 # S 240 3 F a0 b g3 (DWT) 2 2 5 = EﬁﬁWmMﬁw
MRA r'ﬁ;t;a*;,sgn T ¥ b BRHRES DY TV NEER L IMU g
HFA T A PR RRARE AT LS EREA O B SR AR
AAR D R RIS R R U R o R R TORRIR A A 4T ki

241 5] p %

HAER T E A7 (1) 7 AR ¢ ZBFm o
#% 40T (Mallat, 2001):
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F(w)= j_*: F(H)e™dt 026

5P W RHEF ot SR B2 EL A AREIESF TR AT A i M
Bi“'F"" DT FRR LR * ¥ § e FEL ZEI« - F e F - W

AR - BPRIOE T IEERWEFF(TFER) FALAREFLF D
(A A %%Eﬁiﬁﬁﬁﬁéﬁwﬁ%’@ﬂi*%%ﬁﬁ$i&?ﬂ
Fla T3 I hE ERRARF > F BRI DT 5 - A D¥ B KT
LR R RS R s ol L5 e R BEESTFT) v g+ A
;% (Mallat, 2001) :

T (u,t) = J.%f(r)g(f —u)e ™ dt

(2.27)

Frg) sk F :mﬁz’ AT (T X)) PR EET LR E G R
e P oerE_S T EJR STFT en— 322k o /_fl}‘*_t by R R E TP R R K
7 R A b'—iAfm'F’z. ’ I% w3 jﬁ**%fﬁﬂb B P ’*F'jt T G g‘& L B8 % ﬁ)ﬁ;’ﬁ)i

VA L {.fééz L ¥ 0 AKEF A AT E g 3T i 7 (Strang, 1993)
@Wﬁ?§%ﬁ$ﬁwﬁwﬁﬁ’ﬁﬁﬁﬁﬁaam%ﬁﬁwwaaﬁﬁoﬁua%%?
SR AR et & 5 - F e @ 9 4o(Mallat, 2001) |

Time— Bandwidth product = At * Af = %
A
Af
p— (’
s (2.28)

bk Bamnd o Atk e § R BEpHEHY Thd gt B (5]
A i Q A7) o A TR B RS 1._«1%/9‘»3*3 v o AR HER R
AP B ke (Strang, 1993) - F]pt » B*P‘*ﬁ’*#fr)i rg&t;n P 0 @ A ﬁar#‘r)ii 4
P ] g i (Olivier and Vetterli, 1991) o & 7 = B 2L Eigen@fyphd > g H P -
B IR E he A I ~TRE PR EFR ﬁwb N lru\%;t ok A
1T id EFHAFHELAE N EFP L T BN B RE T
seie o L A EHCWT) T AT BE - A7k Borg -8R &
A BEYPRITRFIR - AR IEYDT B R (W E\,@éfﬁ.)hﬂ*
(Daubechies 1992) - # 5| ki » - = R F]F a» jpit BRS¢

gfa ('t) _—Uf( )
Jlal e (2.29)
¥ #——r 41 (Daubechies 1992) o i 4§ i ? - %

5 &
B Hch 2 BOE Slica £ AR o R LRI T A 2N
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' )
v, ()= ! w(r —Ywith a,beR,a+#0

‘(}l‘ a
(2.30)
Flt o f Solceid ) AR LR S
“'(H-b) = <j gﬁa:b)
(2.31)
Bk | ik B AT aiE 2 > PlY(w) h 2 & 2 i
C, = _‘._Jr:de <®
(2.32)
K15 CWT w(ab) it BN & 592 7 5 gt » m e R0 T 7 M 50
(r)——j j w(a.b)y,,(t )dardb
(2.33)

BV RJL i T 5 )(0) /5 0(Daubechies 1996) » * %% {wg
i’ P R E BRI )ﬁ{»;f it (Daubechies 1996) - &% = i * + >
Fadhdhi- AR * w@b)dddi o 2 g az bk ngf@;%;gyﬂﬁ L—T&'T a
"“-‘}-'E"E\:“"-—LF-"*}P‘-(‘E'B;’JI% #imgﬁ{@?'%%ﬁ,o#ﬁ;j@i,%
RT A bk F R LB i & o CWT ) gt ¥ 2 F o L
o fh T - fBHEHE R @ 2 b s & ERIE S AEEC ] A B H (DWT) -
243 ) & % o

2.4.1.1 i 3] B e g

0 RE 2 E 4 (FT) ~ STFT 2 CWT ki » & % = AP 48 5
(Fs)(200Hz ~ 100Hz ~ 50Hz) > * ikt 7 Fe ek 2 # {47 5 45 Bl & 1Hz 3| 90Hz >
FPIf 5 2HZ - E 5= AP 5 278 i 3R 5 - 4 IMU B8 4F & o STFT
fi‘ TEP YR S ﬁiz(hamming window function) - CWT 1 i# * Daubechies -] ;& Fe

e’ DB5” F & }*2.%@1 6 %4 B 222
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(F4=200 Hz) (Fg=100 Hz) (F4=50 Hz)
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B 222 ¢ SFT 3 gL 3| Ag S frad 4 0 pFAF 200 ga\ﬁ%%{ﬁﬂFTﬂf’
EiEPE e pER A *?Vv'lmii P TIAZ PER-RFAR T FT 2 &%
%ﬁﬁ%%iﬁﬂ%’ﬂé““mﬁ_%ﬁﬁ m& IR B ok )
(Aboufadel and Schlicker, 1999) - @ STFT B & 313 %%iz‘ik : Bi‘F'“‘ B OAE O R A L
8L, JEREIRPFL R .a;féatg_, "r;;;f«‘ MELE nfmF oo 3% ka <2 R R 49
d 3, m—:/ ‘f\io

BASTFT i A PFF A F TN L8 - @ % Ha x|
[ E]'J”'“r”ﬁ *i?"—‘%"fﬂl ’b#BH—’" wa%‘l 222 ¢ gilﬁ?ﬁ? ﬁjﬁ E?ff@%

%i’”ﬁ@%m@ﬁ%ﬁﬁ %%ﬁﬂiﬁﬁm*é’ﬁi'k¢j%
B PRI AR 0 S Lﬁz&ﬁ; iq‘%r bo@) 2.22 #57 > CWT & 2 % 1347 &
252 %‘r(MRA).u SUIR FT 2 STFT e7 4] o 2 i STFT ¥ it § B 2ef2 s & hr
TR 2RSS CWT &g PG Ui s [ f247 & fzﬁ?‘v;%;év’wﬁi:ﬁ;ﬁ)i .
BT R IR R L 0 (e A A iR R o et B (B )T €
et RETR 0 TR e R dn ¥ e R A E R HOR o 1R TR
A eiE % 247 & (Strang, 1993) 5 i3 > P 0 R G RA DR BARF R4 R
¢ P ALRE R iR (DR 1L SR R I S 49 A (Strang, 1993) -
7 > MRA tp st FT 2 STFT > i &4 A 47248 5 » B 2.23 3P 7
RS a0 Bl 224 PIRP CWT $H R BRI F 2 % % - AR ivi
AT Thdic

N AN ra nnn
{1 ”t' | /1 fif
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‘ (Fs=200 Hz) | (FS=1OD Hz) ‘ (FS=50 Hz)
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(Daubechies 1992) :
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psy FR(R) 22.99889690 0.00000017
(L 2) A (R) 120.21986155 0.00000017

ek B (2 ) 42.63642500 0.00905419
aps3 FR(R) 22.99904453 0.00000002
(L1 3) =B (R) 120.21977048 0.00000002

ek B (2 ¢ ) 42.74440833 0.00939560
pss FR(R) 22.99927268 0.00000000
(1 4) =R (R) 120.21963074 0.00000000

T ICED 41.33911765 0.00060025

Agmiie | R [~ ] # B

GPS23 [330 |19 [49.2304| 330.33034179

GPS32 |150] 19 [49.1023| 150.33030620

GPS34 |329]56 [45.2314| 329.94589762

GPS43 |149|56 | 45.035 | 149.94584305

GPS24 [330| 5 [55.232 | 330.098676

GPS42 [150| 5 [54.9074|  150.098585
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H-Aptpp 2 5 $38(2) 5 BAp 2 N 2 B AR 5 T o TR T oh
# k8 5 Photometrix Australis® & § m2 T & B (i) 2 bz A 3k Ve
B HEE BRI SR L R SR 1 BRI R R R (i)
Fotde S lcp F R LT LR ()T RESF S B (V)T R e
2 PEAEE TR RZEPIE o AEFWMT IpEE T wE o R RAR O F
Pla R P oo

Australis # * 2. #8050 5 R SIEE 5 4o 58 243 2 2445 Hovgde Sdic
E2F R EART E 4 EHEC) ~ i B R SR~ Yp) ~ AL S S
BK Ky~ Ko~ 7 5 803 (P~ Po) 2 5 5 35(by ~ by) o B 4 S Bl 2
Fodr 2 38 (2.45) % (2.46) %71 o

_r11(Xa—X0)+121(Ya—Y0)+131(Za—Z0)
r13(Xa—Xo)+r23(Ya—Y0)+r33(Za—Zo)

Xy = X + Ax (2.43)
a = %p

r12(Xa—X0)+122(Ya—Y0)+1r32(Za—Z0)
ri3(Xa—Xo)+1r23(Ya—Yo)+1r33(ZAo—Z0)

Ya=Yp—C + Ay (2.44)

Ax = (Kyr? + Kor* + K3ré)x + Py (r? + 2%%) + 2P,Xy + b;X + b,y (2.45)

Ay = (K r? + K,r* + K3ré)y + 2P, Xy + P,(r? + 2y?%) (2.46)

H “)_(=(Xa—xp), }7=(Xa—yp) 2 r=,X24+y%-
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] 2.52 1p 8 F TORF

%0218 ARE R Fudpfpl P EF A d NEPHE AL
1:20,000 r2+ > $20plig 2 T R BRI EAPM BT BT I 28 T AP
TR o & 219 4 LadybugB PRAPW P D S AL H P G g Sk
AP AT EMFRRGREAET A RRY 02 RAT RS 002 B
P RS s 2 0p30 £ 0.17~0.22 B (A B > @ AR ¥ A ¥ E 1:20,000 12 b 5 =
TR S ﬁ’%ﬁﬁﬁﬁw%@*ﬁé’wﬁiéiw%$’w%
z—%ﬁ FEG 100 2= > # AT 05 2 4 (=10,000/20,000)

% 2.18 Rlg2 1 RApdsp 2 5 TS %

¢ (mm) X, (Mm) Yp (Mm) K, K WEFR  oy(Pixel)

AVTO 48474 0.0181 -0.0659 1.0663e-002 9.8381e-005 1:28,500  0.17

AVT1l 48698 0.0871 -0.0547 1.0629e-002 9.8270e-005 1:30,400 0.14

Basler-2 4.8690 0.0867 -0.0545 1.0610e-002 9.9377e-005 1:29,200  0.15

Basler-3  6.1431 -0.0359 0.0221 8.3939e-003 1.4673e-004 1:21,600 0.21

Basler-4 7.0090 -0.0172 -0.0063 6.6026e-003 8.2856e-005 1:25,800  0.16

Basler-5 6.1656 0.0584  0.0773 8.4042e-003 1.4807e-004 1:24,800 0.16
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# 2.19 Ladybug3 > F 4pi82.p & =5 T+ %
Camera (mcm) (r;(r%) (r:rr;l) K K; Ks Py AR R (pi;:oels)
0 3.3028 | 0.0119 |-0.0947 | 2.57E-02 | 4.40E-04 | 1.79E-05 | -1.69E-04 | 1:25,400 | 0.17
1 3.2895 | -0.0127 | -0.0082 | 2.37E-02 | 7.76E-04 1:21,200| 0.22
2 3.289 | -0.046 | -0.088 | 2.56E-02 |5.37E-04 | 1.60E-05 1:28,000| 0.17
3 3.2924 | -0.0064 | -0.0925 | 2.56E-02 | 5.25E-04 | 1.47E-05 1:29,200| 0.17
4 3.2903 | 0.0057 |-0.1029 | 2.58E-02 | 4.49E-04 | 2.06E-05 | -5.25E-04 | 1:21,600 | 0.22
5 3.2954 | 0.0258 |-0.0524 | 2.35E-02 | 7.79E-04 1:27,200| 0.17
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% 2.21 Ladybug3 > B 1o 52 4p %t =% %4 % (OPK = j2)

¥ & () Q) ¢ K o std. o std. K std.
Cam1 72.1303 0.0195 0.210 0.004 0.018 0.014
Cam 2 143.928 -179.830 -0.077 0.017 0.016 0.012
Cam 3 -143.937 -179.895 -0.206 0.013 0.016 0.010
Cam4 -72.110 179.935 -0.360 0.013 0.015 0.014
Cam5 15.905 -90.049 -15.941 39.758 94.877 39.756
¥ s E (mm) X Y z X std. Y std. Z std.
Cam1 -0.492 -40.112 -29.439 0.633 0.3930 0.492
Cam 2 -0.023 -24.976 -75.738 0.571 0.5266 0.469
Cam 3 -0.120 24.775 -76.060 0.704 0.4227 0.699
Cam 4 -0.193 39.867 -28.747 0.689 0.3980 0.379
Cam5 59.951 0.132 -42.312 0.562 0.4274 0.518

% 2.22 Ladybug3 > § 42 4p %= =% =4 % (AER = 2

ApHER £ (R)  Azimuth Elevation Roll A std. E std. R std.
Cam 1 179.796 -17.870 179.980 0.014 0.013 0.019
Cam 2 179.843 53.928 179.711 0.027 0.007 0.027
Cam 3 0.349 53.936 0.178 0.026 0.013 0.027
Cam4 0.381 -17.891 -0.068 0.016 0.012 0.015
Cam5 -89.965 -0.034 90.010 0.001 0.024 0.001
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# 2.23Camera6 22 2 ¢ 7 SAPZ ¥ X A%

Std. Dev. Cameral Camera 2 Camera 3 Camera 4 Camera 5
o (deg) +0.034 +0.020 +0.084 +0.061 +0.045
o (deg) +0.038 +0.073 +0.085 +0.043 +0.046
K (deg) +0.074 +0.070 +0.070 +0.076 +0.017
DX(m) +0.012 +0.007 +0.006 +0.009 +0.012
DY(m) +0.020 +0.013 +0.020 +0.027 +0.015
DZ(m) +0.005 +0.007 +0.011 +0.024 +0.009
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