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Abstract

Abstract

In order to ensure the quality of surveying and mapping with
airborne sensors, the establishment of a calibration field is planned by
National Land Surveying and Mapping Center, Ministry of the Interior.
This project is commissioned to CSPRS (Chinese Society of
Photogrammetry and Remote Sensing). Based on this study, a calibration
filed designed for various airborne sensors will be established and

maintained as a part of the standard operation.

Since 2000, digital aerial camera has been used widely. There are
about ten models currently available. This development is mainly
resulting from the technology advance of electronics, as well as computer
sciences. As compared with analogue cameras, which use film, the design
principle and operation procedures are far more diversified. Therefore,
the calibration and certification of aerial mapping camera is becoming an

important issue.

Despite of the long history of push broom sensors onboard of
satellite, large scale mapping projects for vector maps with solely satellite
push broom images are few. Never the less, this type sensor provides rich
mapping information. And, the number of commercial mapping software
packages supporting i1mage triangulation and stereo compilation
capabilities for this type images, is also growing. Therefore, the
calibration and validation of satellite optical images are included in this

study.

Besides the passive optical sensors, the use of airborne lidar and
SAR (Synthetic Aperture Radar) is also becoming more frequent. The

other new development is the use of UAV (Unmanned Aviation Vehicle)
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with relatively simple imaging devices. These three subjects are also

included in this study.

This project reviews the current development of calibration and
certification standards and operations for aerial mapping sensors
world-wide. Then, the plan dedicated to the environment and needs of our

own country will be proposed and drafted.

For this four-year project, the first year is focused on the overall
planning, calibration field site selection, and the design and test of
portable field calibration standard. This report documents the first year of
work, including survey of demand conducted through interviews, meeting
with all private, academic, and public bodies. The result of literature
review, site evaluation and selection, as well as the portable calibration

standard, are all documented.

Keywords: Airborne Remote Sensing Sensors, Calibration
Field.
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EEE(= %) 62 120 91.98 100 100 70
RACHRRAEEFA] %) 64 69.3[43] 50.7[43.3] 61[42] 55[37] 73[52]
54 Bt~ ] () 12000 | 3072%*2048 | 6096*6846 | 3680*2400 | 5770*3770 5770*3770
GSD(2 4 » H=1000 2 2 ) 10.5 10 7 9 6 8.6
W IR — 2.1 22 1 2 2
$54 Bijod s 3CCD 3CCD 3CCD 3CCD 3CCD 3CCD
CEELAC)) — 2200 1.5TB 2692 6600 6600
oAt AE TDI TDI TDI TDI TDI
o H () B s %%: \ E H p oo ¥

s
%3 ¢ s
-~z i\ sk

EKEFENNI970 F X oA d FRFFEIRAT T~ T 8B
¥ (National Aeronautics and Space Administration & - NASA)
g NenG SRIEEGRE K 0§ BT ARl G 1 Bacahft

B Ao 7 1980 & & {2 Hp o N F >3k T+ % %(Global Positioning
System > f§ 4 GPS)i= 3 * ehfLfiFie § > @ (F 22f 2 kAL
FHEBEIOASAER T R N T ke R g R
R R D 1 SRl £ R (Inertial Measurement
Units» ff £ IMU)Ap #1025 ki enf £ 477 1 Ao

w1980 # * %k - 4 K ¢ Peter Frieb {- Joachim
Lindenberger B 477 7 B & i Fjirerr™ 1 348 o 1989 £ s i
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100 # B> Sud PR B E kD vE | %

£ Fritz Ackermann #t#2— 42 ffg W 278 4 3 =~ & (University
of Stuttgart)it 7 7 = 385 & 7 - Bl 2 M7 N fkg
WA e RPEIEB R G E S o ERA

1992 # > Peter Frieb 4= Joachim Lindenberger = * TopScan
GmbH < R EIL R i\ 2 iF erjp) & o TopScan ¥ 4528 i
WA £ X S 4550 e Optech 27 &1 £ 7 A4 1993 #5854
7 E A E R ArRIE 1995 £ o Optech PN
TopScan = F 4& ) ALTM1020 k£ % %t & 4 1997 & ¥t H 4
B F 2w ok s T s s aig Fd 200Hz 3| B T
5000Hz> & 7 8 A&+ £ 3] 1000 2 = » 27 oL o o 4¢ K] 5 TopSys
w B AsgF B 1225 kiE ke

1999 & pF » % R EnerQuest 2> # A Robert Kletzli=a Af
LA e i B 688 FRAMS % i ¥ % 3¢ 2000
1T A BT - 12 % B H | Riegl & F 3 2004 £ f ) ch
LMS-Q560 F& R+ § - %7 £t &7 feimit fc b fridm &
F A B MHFRE R 2R TP T L e bR B
E W g WAL BN A F SR g o e B
4-1 #777 » R4 FBE T S F SehE G R0 1A a0
% &(Lin » 2009) o o & 7R B o ARG - # # F 51 1
PP e e R R o

PR RBEZHRAE o Leicas @ & 2006 £ 10 !
INTERGEO = ¢ 1+ » Jod\ - B ATHjIF 7 ¢ § & 5% Bl jiv
(Multiple Pulses in Air > & fEMPiA) - v i€ (FkiE 2 3 & £ &
F R - BEERErRASAFE LT - B
o BT R DIPS g o 2IR T Uk k Mueng B
FEAZ > A £ 420
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YA B YRR W)
&7/ - outgoing
pulse
| T
;
b
raturn
waveform
canopy
2nd lavel
E ground
]
time
W 4-1 >435 LIDAR & 47 X W
% 4-2 2z P g BERA
kit b g B et
# ¥ ¢ % 9 %

1970

2 FEnk 8 NASA 23 3 Sip| BB o

1975

B s poBE+ 8 ghRiegl %324 = Riegl 2 7 -

1980

(58 > GPS & % Hisi B U2 3R IMU 0P+
Bipig » i kZ P i hprit o

* #p > 4% B Peter Frieb §= Joachim Lindenberger ** sz
BELEHRF erFzd gy -

1989

Peter Frieb ~ Joachim Lindenberger ¥ Fritz Ackermann

K- AREFEFXZPRERKHE -

1992

Peter Frieb {- Joachim Lindenberger j& 712 L & 1> »
I = * TopScan GmbH = & o

1993

TopScan £ 4r £ ~ Optech = @ & iF » i& 7z 4 k&
T A4 e iRl E e
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F100 # B = subplp BE ( fihn ¥ | %

3 T # % ? i
1995 |Optech 2 @ ALTM1020 sk:f & 521 5 o

1996 [Riegl = @3 41— % #|(LMS % 7))z a7 544 & o

1997 |Optech = & #- ALTM1020 & i k 52§ SPHp 5

200Hz # % | 5000Hz > # 7 % & Z ] 1000 = = -

&, B =17 TopSys(Christian Weaver ~ Joachim
Lindenberger)~ B 428 B 1225 kif % % o

% R FE @B GIS PR3 th Azimuth 2 7 4444 & i b
PR Z o BEMES BT - g

1999

'3 AeroSensor £ if it ¥

Azimuth = & 4& 4
> 7 £ 1% » d EnerQuest 4& 1) RAMS k%

EnerQuest = 7

2, 4z
£
PRI

RAMS L8 %p &
foi@ o

2000

ZHEE € % * EnerQuest = & EFL U E 3
#&’g’%mRAMS 7'!:@ o

% RAMS % i &
Robert Kletzli 7% 4
TR A .

2001

Leica = @ 4T Azimuth = & » ¥ ¥ AeroSensor i< %
L ALS40- e pF351 230 185 4 ;N edic 4P 4% ADS40 -

2003

Leica 2> # 4& 41 ALS50 3‘;?%@ °

2004

Optech = & 4& 112 1000 = = 73 7 % %+ 100,000Hz
e ALTM3100 -

Riegl 2 7 # 91 LMS-Q560 » £ % + % — 57 %1t
e (e B AR ki 2 kA e AT A
% -

2006

Optech 2 @ 4 213235 2000 2 ¢ eF 7 5 b
100,000Hz 7 ALTM Gemini °

Leica 2 7 42 21 ALSS0-1 % 8 %32 = 10 7 42 9 #74¢
#t7 - Multiple Pulses in Air (MPiA) °
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Y4 BV RIER it
BR PG S 7] 2k 2P 0 £4 7Lk
$oHef F e 4 43
%43 R SRAEL R F s REUL
B ISR | SENRE | FOV AXERE | HERDhEE | FiERR WAE
(degree)

Optech 2004.05 | Max=45 3000m NA Rollei P45 | hELHIE
ALIM3070
Leica 2004.10 | Max=75 3000m NA Rollei P25 | Eo@rll+
ALS50
Optech 2010.01 | Max=50 2000m compact Rollei P45 | &%
Orion M200
Leica 2010.05 | Max=75 3000m MPiA Rollei FarklEL
ALS60(2&) FWD Po5+ 2B
Riegl 2010.06 | Max=60 1600m FWD IGI Hy&
LMS-Q6801 compact DigiCAM
Optech 2010.08 | Max=45 3000m Gemini Rollei P45 | thECHIE
Gemini -MPiA (EAEER)
Optech 2011.01 | Max=45 3000m Dual Rollei P45 | hEGHIER
Pcgasus laser
el Compact ‘_l)]#?if‘;‘] W T RGPS - LK

2. MPiA : % & "% first it (Multiple Pulses in Air) o

3.FWD: 3; 7 >3 % g2 # 5 (Full Waveform Digitization) o

4 Dual Laser : B3 W38t kv VR A BT B AR o

~ AR kA

—

LA T BAFEE)EAA SR 7 BT E -
7@_,4—5; ;ﬁff‘ﬁﬂ&ﬁﬁxéﬁv—ﬁ_oﬁf?&fhé‘;ﬁéfﬁ“
cEP NG ZRIFHI Y A WFL - KR

B ARV FEEF o
wh R g APEFE CFERTFLE CEIT L
FoHP PEFEE L EMFFT Y ROFELE S T F R FE
PIRBLRI R (R EMOTE 2 G AR 2 ) R 2
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208 & KA 2IRT G OCEHRRIE > X F EEIN(E G P

A Sa 4 ORR) o R R Rre ® ¢ F5(F 2 2010 #) ¢
RIS FRCEE P A WA BREPR
P e W oo @ g R fodp F 8 ST A ALKIL T F A 1997 -
1999 22003 # &7 7 3 XY F > LIDK 3 o F K+
Fleed Rt R & VR ok g PR it > 3P 3Ry g
BB (TS ARLA T AT HY B AR LR
AL FS T il Ve Rlgad wird Bgg
BEEIERE - FRE TR M 3 % ¥ (European Space
Agency > f§ FLESA) > M E f A eija F RN P E O P4 RN
PATFERINAS R o T A S ZEEINS A SR g

o bentE s CAR T A 2011) » 4o 2 44
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Y4 BV RIER it
% 44 ABRFEXA#FHFEAR 2
xR | pAER B 7 *E.%‘w wh ﬁﬂ'i\l L H =
1 1957 Gk Sputnik 1 | Sputnik-PS
2 1958 iR Explorer 1 | Juno
3 1965 pEREY) Astérix 1 | Diamant
b+
4 1970 p A | Lambda-4S
/Osumi
5 1970 PR L 1B | & fE- 5L
| b AT
6 1971 = W Prospero X-3 | Black Arrow |
w bt
o Alian 1
7 1979 B T RE CAT
type(LO1)
8 1980 2; Rohinil | SLV
9 1988 g 7 Ofeq 1 | Shavit £ 2
10 2009 ® P Safir 2 | Omid 1
B IRELR A (”T g Rk ) E 3 5450 2 2 3 900
*ORAR i\ﬁ‘/ﬁ‘ |3 & > H x5 ﬁff"’ * 5

7 s

Al s

e

D
P

LA R
N T N ¢

K| P2 E (T Y o IR ELP| e
~ 2 W SPOT % 7

Geological Survey » f§ #i USGS)<7La

FEE TR

4= Kompsat %

¢ £ % ImageSat International N.V 2
B DigitalGlobe = &
= 7 (% GeoEye =

Fh HER
BH RS 5

#d 2 R R g

E
A
=
h:N

7)1 GeoEye %

7k

VR A FANEE X

%é‘ﬁﬁ?%io

% & 5 :®p 9 FORMOSAT

CERE TR A 4r(US.
andsat % 7| &% ~ # K&

7 %% 5o MODIS i 7] FE e = 7 4% ch ERS
712 ENVISAT #% ~ p ~ ALOS &% ~ R
# e EROS & 7| #Fh ~ £

1 Quickbird % - % W Space Imaging

712 IKONOS ¥k %

BB REE BN frak s
#5143
SRR F T

BEE AT ARR o L E 1972
FTeX & 1%‘?_)_3—,.‘ 1 %
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F100 & & 22 = HuF PR R E & it F% ) %

(LandsatI) > }* f@k £ 23k % 132 % 0T R4FRIGFE > H &
BE e oo fzir R 5 80 o % *80 o % > B ETT FhR BRI 4
Rk Lo HZ B2 ARME 1986 £ 2 7 W &+ SPOT 1 G
o EEhE B MARPBI a4 o Fpt o H ik ?“"EL/? g7
TlcE s A 4 B R RS D o
10 2% o %= B L AEME_1999 & d £ B F Space Image
D P 5t IKONOS % » T 2% — Bd T 2 28 5 ~
Teofrk o g o fd A LA IR 1 2% BED
21 ¥ & B wE B E e ~(MATE ~ & > 2009) -

i FEABPEREIAREIEREE T RAATE
& F| oo R F 5+ F 95 (Sun synchronous)i#Fh 0 e pF
é?%@éﬁﬁ%ﬁ%%ﬁiﬁ’%EEEW%ﬁ%@ﬁi
s b o MiITHET 2 WMPE L FEEIREATEN (- B
42)> R s Bena fd 5 BCCDR B~ i e | BaykEs)
BiERE AR hE- e s B FAESSE
FRaE o HE AR g rh B g o
58 5| h@ ot o

B % 1 7] \

\ /
hﬂ%%*




AT B R W

z ~ SAR % 3t

T iE(Radar) s %e 7 1 BACABTSHEE 1 BETE » U
OB RERAT R A L T S BB s edkena it s Bt A
ARREESVIAGETSEEATE AT L A AF RS
- DAY RWPIE BB e B 5 1943 £ £ R
/& 37 7 7 % % (Naval Research Laboratory > f§ # NRL)# 3
b = R EEE ke F1T 1950 & 0 f LR FANE
Tt BT I REANTARB WL TS T 9
e 18 B ;fﬁ " A e (Along track) eafE 45 & o Bt ER Rk S
= % 4 I4 F & (Side-Looking Airborne Radar > # # SLAR) -
FREZTRATEILEL R I AR B RF R
35GHz & M #d %o r f245 4 7 & 10~20m » 1951 & » Wiley
F N 0" #H(Doppler)#f g ~ 37 H > 1 * K72 @ E’?’?ﬂfﬁ
AT ARG RGP HES IR B ITBRR T
zﬁ*oﬁﬂ1%3ﬁ,wmyﬁgﬁﬁﬁﬂikiﬁﬁéﬁﬁn
e % - 3Rz £ 232§ i (Curlander and McDonough,

1991) -

1970 & 48 > # RR RIE T+ 7 8% DC-8 # 14
PEREEFIEFTE AR TP ErET S
(AirSAR) > % W $+42:2F % % (Jet Propulsion Laboratory > #
#- JPL)2. 3‘;? & 3ls g iEitE Flt B 4-(NASA/JPL & F >
2002) -

1974 & >Graham # £ 11z §+ & 32§ &+ > S
PomoBARF 0 M1 & IV F i 7 O fis(Interferometry
Synthetic Aperture Radar > f§ fi- InSAR) R 4p 5 % c787 7 % B
(Graham, 1974) -
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F100 # Rt = buf Pl BE f ks (7%, %

1978 & 6 " $ R # FHERTER B E L
(Seasat)?s » T ~ P & ~ BB~ S £ % B W RIP T 5
ISAR ik o dxdc 1 BN R R BRI L P (MATE
% > 2009) °

(]

1986 # » £ MR g T 2 8 F 2P e ETE
B HT CVI90 H » IR EELR G HF ) 1 2
*10 = 2 chiic & B #2403 (Zebker and Goldstein, 1986) -

AN

LA ETE AGRY - FR I RESNIR -
RO TR R AL R i R 2] £ 3 E % sk
FoHBAV A A AEBE - 56 S X AL

53R~ wh ok fd] & 2 (Doppler Beam Sharpening) o

ANLE AL P AN RIE B FE AT
EFEOPELFRLOPGE e 0 [T A B 4-3)07T
TRV RRAERY O Re g b BERRF
- B PR ARER Y A o SRR R w AT RpEF X7 4
oo AR w g 5 A P A o 5l F AR
G LA BRI B R e RALY 2 D
T3 0 BEFL EpE B F - 4p T # B (Phase Shifter) »
ﬂﬁ&iﬁ&%ﬂ%ﬂﬁwﬁi’&éﬂﬁéﬁﬂé%ﬁﬁ
ko e B 4-3(0)4FF o dvt - ko BB R IDY R A D

PARg ¢ Baad ok o
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AT B R W

VVoltages Stored
/ In Memory At
Time V1 V> Vs Vs Vs P05|'[lons 1-5
"<«—Positions Occupied
by Elements of
Synthetic Array

Rays From
arget To Array
Positions

(@) &= % &L 7)

Vi | V2| Vs | Va| Vs [« Memory Cells

Y Y Y Y

A
Processor Q.| P, | @.| @, | . [ Phase Shifters

\4 \ v ‘Z ’/ Numerical Coherent
Summer “— Summer

(b) 4p =T 4 B

B 43 =X RLATELE

o g " BT B eanply Rep ¢ 232 g a4
R o g R g Bk RS e e B 4-A() 4
FERAAYPABCZBAR ARSI HRLEF
FEARGLE S PP APLSREERTA R o Ryl B

RIL o 2 B P i $50 T ST S AL 3 b el

"ﬁ*i’ﬁ’—,ﬁ“P’F%%A?f?‘}"iﬁ»gé_iJ_m?K L mp
HPBFIS BRI gt B IH AL 2P HRPC

S B AL R BT
TEFP L BH o PRIFETEF T CIERREF
R mE - PRI OB IHETEIR R B
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FHEp S TR *FK filﬁiguléf%,ﬁ%&%éﬁﬁ‘m%
s de ] 4-4(b) 4 -

(@) 4% # T B 7 LW

f c+f Dmax |

fe

f c+f Dmin

Time Time Time
Target Target  Target
Enters Centered Leaves
Beam InBeam Beam

(b) 1k B HRim 258 " BT B
Wl 4-4 3% B RN

4-2 BN P HuSPIR B E L RRE FE TR
#2244

bR A RERERY o 5 BRETKE SRR B ERD S
j ~
9

TRl EEHRYE  EEAWE

E%’]ﬁ“t Kf—% +ii{2 }i}-,]%—jﬁnﬁr' %\' 4'5 °
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574

CURNIRS iR S iy

% 4-5 RMEFrudplR BERE F

Rps | #7¢ I R o 2
@ | Masaala Finr.lish Geodetic Sjokulla
Institute(FGI)

1% B Stuttgart University of Stuttgart Vaihingen/Enz

W H Stuttgart University of Stuttgart Bedburg

iR Stuttgart University of Stuttgart Hambach

R Bonn University of Bonn Rheidt

R Aas, Oslo University of Life Sciences | Fredrikstad

# = 4| | Pavia University of Pavia Pavia

E e Madison USGS/OSU Madison

ESEY) EROS USGS/NASA EROS Cage and
campus EROS Range

ENEY Sioux Falls, | USGS/NASA Sioux Falls Range
South
Dakoda

iR Reston USGS OSL

ESEY Stennis NASA Stennis Space

Center

= I I rEF IR

B | E

P E R | AR X p AR R g
trm w7 PAEPREY € £ FRS

R )0 % IRy [N NN I [ ]

ﬁﬁi’@%ﬁ

N R U5
SR R PRLE

Vi "5575
e ¥

FrcE B EL R § R sus Rl B (T AR S
PR EAR S M N et BRI B Bt S
BPA SR REFRI T AT AR R L RIS P T B

T AEIEY ORI Suf PR R Bl Sk Rde & 4-6 -
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R B S A REFarhl @ H KR 5 L
ORI | § R BAL B &t LIRS
FURIERAS | 0P B A R AL E | R T 7 2 aE
SURIERAS | F AR B AL BELD o ek
ik i 5 Bl 2d e |HZE3 5%
7 ki PR L ER vERIE O F #
E Ak A HIad 2
ki AN RN E s i
, oy . R
ii\‘;]@‘i p‘“‘ﬂrﬂ/};‘—",i& TATRI o & L )
kiFe 4w
AEFRERP IS SUSRE BE AR EFZKE S E A
Ao AP S SR PSR e F ok SR H R~ Hral i 2
FEIEEFT20 -

P Rp el sk N R RS R B 5 R T
ZATPWREF 2 ARES - M RABENY FAR
95 £ 05 % % % »kE S g5 1/5000 BlHs 4 15 =+ 0 B

Il
i}

v

BAREBEF X > ¥ - 5 59 TR E A Ll R
96 & 04 " 2% % > 50 FE B2 B oo EH G
FIBES 5 R G REF R IR BT B s\:fg}’ﬁi A
FUBGFET A FE 3% 2 BRI FWITL RS
W42 By > 17 5 $8cS 2 (Calibration) & 38 * i >
K@ NI A A KB T (Correct & Adjust) * i 2 b
ot 2 e AN R g 2 P (¢ FAR 100
£ 11" )5 k> mESH L 2~3 = o

‘—\«1—

R e
fLA_q'_
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SYAH BRI T

Iy

Fi0-RAR B AL R ARG R H iy 2 SRl
FZ % > if £ Leica ADS¥DMC i 7| 4p|#&8#% - ADS
FRLAT e Ea e o b e REFF LG5 10 2225

; DMCéadt 3 415l d v 2 5k 2055 A v
Gerdixday ;%I}ﬂp\ w3 G 40 5B oG dIRE
R A AR VE S EE S DY PRI o ERE S
> b ] 4-5 o

R
??%

i

;v
pai)

\m>

T

e 010 00|

B 45 B 357 LR

SRR BB REH

mREP SRR EREMEZARTI R RARS 3
(T i AR <= 3z 7 & > The National Space
Organization > f§ fzENSPO)Z_ 45 #= BL)eie i - &5 *M PR
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100 & B 22 = fub Pl B B 4 sl (v | %

§ 5 FCfRAT A 2R SPRIEER(R T <] 5 60 2 = x60 2 %
e B 4-6) P EBSPRIEZKE o FRESEEZNF A
2001 & » p % T g g SLE e AR Y WA S - R4
WA RE H R TR

Bl 4-6 NSPO # +#|#& 3 3 #c(MTF)B|#F &

IS TR

145 N 7ot TLiDAR Rl @l #c (e B f2 4073 2 #cim b 4 073
EETERE(X %), 2] % »LIDAR F 3% 32 BB L
FiP UTHRENFIHGHFLEREGL LR F I
Lﬁiﬂﬁﬁiﬁfﬁﬁﬁi$@¢*Hm’f%£¢§¥
FERhz X AE (T AT FREREP R LT
FI* T RE RPIER LRAGEL AR 2 TR
oo X REERE A RER S SRR TR o (P F3N2005)

CARNEREE (T £ -
bt (1)Y Epl R 07

iEm AT FRERDE B
& ¥ Optech ALTM3070 2. & %3 -

RS /%*#3 ?‘\3— FRAIGIR 2EFFO22X22
R A S R e

‘U ﬁnkv

-%n

>.
O
&
|4
G
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SYAT B R T

4-7 #7510 o Q)FZ FH L F L2 7K B Leica ALS60 2 F 2
e LA R Y B

e RN 2 22x2 22 0
REd A A ESF(RT) 4o B 4-8 17 o B)RER 2 R
; # 3K ¥ Leica ALS60 &2 Optech ALTM OrionZ.

g ’ﬁ LA

F
HEn B R FRN2 222 28 0 RIS
2B 202 L ER o Bl 49 977 o (DT ATH
4%&&9?K»4aﬁi72§%éﬁ

AR A,
&

()2 % A& (b). i B 5

Bl 47 $5% 1 % % F 287 L F(Y ErlE > 2007)

B 48 ~¢F B1ERFEITEST

L W(GE f£4 5 2010)
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100 & & 22 > 4% L%/?‘}ﬂ‘)@;% i s 'F——QIFJ 3

W 49 §5F 1 £% % 2357 L W(RER BIE - 2010)

POAEBEFERE (KR F BB P P AR
AL 2% 5 % (Boresight calibration) > i&f8 5 T & RT3 >
AT nF e FFLENT o FRETRIFERRTF o
REAFFZREFFLFALR - AP FL RIS LTk
EREF LS B RBET TR R PR
RN T RES T TR PP P
2l 10 2 A (P FER 0 2005) 0 57 R ki R
T AP IR LET G RR ARV AL IR
b AR -

>~ FECEEPBRT F

FRRFSUERE BERI S ERE TR LTS L
1970 & R4 B B A o {4 B (R PSSR
K - EF I JPPHTOI ErEh v 42 F”iﬁﬁﬁi—
s HA H N ERE B 2 % 5% 3% (Verification) ~

(Calibration) ¥ ;3.7 (Certification) 7 # & & |4 (Stensaas et al.,

2008) -

Flob oo E R T AT AR T s T TR &
& ¢ & (Earth Resources Observation and Science > # #EROS)
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AT WP RS e

e > #E P B R F % % (Digital Camera Calibration Lab)
o KEREFHRESAEBPRIES R BT B %
FERLI KA (e Bl 4-10) 0 P 9% F % F ° a0 wl@Z (3] 55
# > Type certification) = #(Applanix ~ Intergraph ~ Leica -
Microsoft Vexcel - M7 Visual Intelligence - Pictometry %
GeoVantage) #ic  # F W2 F T2 W &k = FE P
(http://calval.cr.usgs.gov/digaerial/usgs-digital-aerial-type-certifi
cation/) °

Bl 4-10 % B3 i aorbubplic N IR P RE S
GE P % RS AT S pob)

£ W H3 4 97% &2 H(In Situ Calibration Ranges
i A ISCRs) LAk 34 5 1750 2 € x2000 = & » 3 — B
e B Kol 600 2 R X750 % BN A3 R
100 T AL RHARMT T R KAR HHT
FE 2  REFEFI0O2Z N A TS A2E 100 2 ¢ F h
Freede 2 47 ¥ 41 % (USGS, 2008) -

R HPM I 50 Bl gezr 25 B i gk o

AEEERHBILATNREF TR BAIN 2 E - B R
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F100 # Rt = buf Pl BE f ks (7%, %

REUEF AR 20%n Bl 0 F - BRI B % ol
Wy e A FA45S B RS T R P B E 4] 8L

A aRRB 0 Ry T A AT ene 3k T RELR
gREd . p g s N ERAR R #7(Sioux Falls, SD)#%
LA =R 1R 320 Fam(9 1.3 T3 2 2 )bl b E
TR H (e B 4-11) 0 EA N AR abuF PR R EBERD 2
Foo SR P AR A LA R R R SUE R A SR D o s
% f#47 & (Ground Sample Distance > #§ fGSD)15 = 4 (6 &)
HRIPE T SEPE I LI B S o g &
VU IEER D o R o bR B 34 Bl EE
m3R 4 'I?‘#*”?F'J%é-)ﬁ’%‘ FREIEE D P —’E—'sﬁgﬁﬂl ALE G
BB P R E B AT E R E RS+ B E & (National
Geodetic Survey » # - NGS) e & i Bt (Continuously
Operated Reference Stations » f§ #2CORS) » # & i 4 7§ &
SRS e AR - & E IR F-Y %A

Bl 4-11 3 WEROSKIH (Fp FRH FHAANE > Pt
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AT BP9

FRARFAI P A8 VEIRR R R PRI E A
2009 & i+ 5 FE £ Fe A A AT e & 2010 £ E R
PANBERT A LR A N a2 - Euk R R R
& #(Rolla, MOZ Pueblo, CO > 4= Bl 4-12) > | PF3Z 845
FESE @ EA ) L 8% B Sub PR kBT 3(USGS,
2010) > A E P £ R chk e D (TE o

Wl 4-12 2R FAAYTRG FusRIB RFERE F 4 F B
(K W FpERFTHAANT S )

FRAREFZ yEHERTUSF P FRELIFE TR S
e B RFRTEPIIAAS L RASREL S
R B A P78 {737 % (Stensaas et al., 2008) o F]pt £ F =
BB AR T A - BRI BE BB N
mEFAARBEIRFE I EFRE . &0 KA RE Dp P
fLE RS G B R 2 RS A AR FA LY
HREFEFFHARAIHYUTUE 2P LEFH W THESR
#2 #-7| (Digital Elevation Model > §§ #LDEM) » 14 it 3 if s
%% B.(Image chips)B~ % @ s 5 152k & X Rk
B H MR D MBAAD > BT Y BT fe e p
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F100 # B a2 = subplp BE 4 Skl % | %

Parameter Specification

Operational envelope’? 300 - 2500 m AGL, nominal
Horizontal accuracy? 1/5,500 x altitude; 1o
Elevation accuracy? < 5 1Scm 1 a
Effective laser repetition rate ' Programma E. 100 = 500 kHz
Scan width (FOV) Programmable; 65° max.
Scan frequency® Programmable; 140 Hz max.
Roll compensation Programmable; £5° min.
Position and orientation system POS AV™ 510 (OEM)

72-channel dual frequency
GPS/GNS5/L-Band receiver

Minimum target separation distance <1.0m
Range capture Up to 4 range measurements for each pulse, including last
Beam divergence 0.20 mrad {1/e)
Laser classification 1064 nm; Class IV (US FDA 21 CFR 1040.10 and 1040.11; IEC/EN 60825-1)
Intensity capture 12-bit dynamic measurement and data range
Data storage Removable solid state disk 550 (SATA 1)
Image capture Small format progressive scan digital camera (standard)
Embedded 60 MP medium format camera (optional)

Full waveform capture system Optional
Power requirements 28V, 600W; 21A
Dimensions and weight Control rack: 630 x 590 x 430 mm, 46 kg

Sensor head: 630 x 540 x 430 mm, 45 kg
Humidity 0 = 85% non-condensing

1 10% relestive tanget
2 Dependent on selpsted aperational perametens Lting naminal 507 FOV in atandard atmaapherie canditions
3 Dependent on systerm canfiguration
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Nt USGS F =+ et

i R ERE TR AT(USGS)Y s ¥ Rt Bl 2 SR RS 6
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T A E SR TR ) el AR B e g :,&Yg_f % » R F L
FORrB s £ E R g R o KA E e B4 2 - USGS
LR upg_% fed A& r,r,%ﬁ’mg{;f'.ﬂm Bolheizr BIA L 553
BAZAEE > Au s D FTORMEE NA(7 By B z\r‘rﬂﬁ,%ﬁ
|2 Beim iz FoAL sk ) fr TR 2 A 20 (B b E ) Wi 2
B %* ERR ORLE) o BEHE frd A #cixdny T Az 0 USGS
FEARE - ARHBORT 0 R BERLAPTRESTOF
E3 > o USGS frH §5 % F S LY o R LA - A A K
W 5k AR TR R o B 'i/ 2% T\

M
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AERECPGALTOFE > Rt R mz__ 5 ”(Wild West) % 2
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s A /ﬁ A F] ¥Waivdnr B d £ > USGS # 5= = 7
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Z 5k 1B o
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SR MBI 3 FRREED USGS 0 OSL 2 i » " M

j\*{r’ﬂ?ﬁﬁ“ﬁ”i a1 e

A3 TREARL T
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.

£2312007 %7 >USGS %37 4 B1LE RFQUFF > & ¥ gy
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Microsoft/Vexcel ~ Leica °
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bR 4L P R R BRD PR R CIRI - A S T HRL 2
ta 4+ o fu % http:/calval.crusgs.gov

ESRBRTI SEL SR P P b LA X B B A T o A AR S = Sy 9
R op o

Gregory L. Stensaas e George Y.G. Le

Remote Sensing Technologies Project Lead Raster Theme Lead

USGS EROS Data Center USGS Menlo Park Campus
47914 252nd Street 345 Middlefield Road, M/S/ 531
Sioux Falls, SD 57198 Menlo Park, CA 94025
605-594-2569 (650)329-4255
stensaas(@usgs.gov gylee(@usgs.gov
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The EuroSDR Approach on Digital Airborne Camera
Calibration and Certification

—',g‘f Michael Cramer
I & ¢ The International Archives of the Photogrammetry, Remote
Sensing and Spatial Information Sciences. Vol. XXXVII.
Part B4.
Poan T8y B R JBAS LN E AP AL & ki WE R
<P EuroSDR 2 o 4% e = 42 #0218 e L (calibration) £ 338
(validation)» 2% cuL & o F]y > EuroSDR e 5 3% 15 Foi iz 4y
¥R 4 72u3% (European Digital Airborne Camera Certification » i £
EuroDAC?) > iz» 32/ F4 7P TR A 8 ho iz hafE ¢ > kR
** EuroDAC?engiL i 82 T ¥-3E (7 enf 8 (v BB (7 e it o
PEFEE F a7 EuroSDR & A 5~ BB RAS PR & 5%
(e P HEEPSRI IR P OFERR R S B
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ﬁ_& P 1:'1”7_\3)_ b N L -,?]éé-.ﬁmn\ bki_ﬂng:f{i'ﬁ_.ﬁl N \.)@ﬁm@}g NI

£

% ey § A~ BuroDAC? -k 7 T — 5 2) ~ B o
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2 & HAept R oo

R 1 ITERIGEPB NG RAZTE > B4k * WRECL BT
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EuroSDR &% /i &

EuroSDR(European Spatial Data Research ‘= % » 4 F iz ht 3% 8
www.eurosdr.net) _gc i * = 4 E s oo * 23 1953 & (W ¥ G
Organisation Europeenne d'Etudes Photogrammetriques
Expérimentales » OEEPE ) - # % £ % % v 17 B B 7SO > 3
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# | Member

Expertise

1 | R. Alamus
ICC Barcelona Spain

NMCA, DMC uzer

2 | L.-E. Blankenberg

Commercial company,

BLOM Geomatics | UltracamD/X user, science
Norway
3 | D. Boldo NMCA, medium format
IGN France camera development/testing
4 5. Bovet NMCA, ADS40 user

Swisstopo Switzerland

5 | M. Cramer
Universitit Stuttgart

Science, head of core group
& EuroSDR commission I

Germany
6 | R Reulke Science, German (DIN)
Humbolt Universitdt | standards

Berlin Germany

7 | G. Grenzdorffer
Universitit Rostock
Germany

Science, Project leader:
Medium Format Cameras

8 | E. Honkavaara, L.
Markelin & R. Arbiol

NMCA, Project leaders:
Radiometric Performance

FGI Finland & ICC
Spain
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mu%:“ K3t R AR REE S F R R 2ERE AT o 1530
A RIERAR R © 35 2008 & ¢ Honkavaara % 4 #4 {7 o

FA) = - B RR R BRI H R R R 0 T RIES
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2r@l4c i iF &+ & (Stuttgart » 48 & ) > 7 Vaihingen/Enz :3#Z% 55 4
FLE 8 (Aas> #8= ) > 7 Fredrikstad &% 3 o $.iT 2008 & %
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The EuroSDR Performance Test for Digital Aerial
Camera Systems

f—g Michael Cramer
It ke ¢ http://www.ifp.uni-stuttgart.de/publications/phowo07/
120Cramer.pdf

* % 3R 24 §_EuroSDR 73+ 4 ¢ $43> i 4% #8° 4% # & (calibration)
#2303 (validation) ik > 12 A B A R GdEit o AP E L E D
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# | Imstitution Code Processed data set(s)
1 | Institute Cartographic Catalunya, Barcelone, Spain | ICC DMC

2 Lantmatariet, Givle, Sweden LM DMC

3 | ITACYI, Valladolid, Spain itacyl UCD

4 | Inpho, Stuttgart, Germany inpho DMC, UCD

5 CSIRO Information Sciences, Wembley, Australia CSIRO | DMC, UCD

6 DLR, Berlin, Germany DLR-B | ADS

7 | University of Applied Science, Stuttgart, Germany | HfT DMC

8 IPI, University of Hannover, Germany IPI DMC, UCD

9 ETH Zirich, Switzerland ETH ADS, DMC, UCD
10 | University of Pavia, Italy UoP ADS

11 | University of Nottingham, England UoN UCD

12 | Intergraph/Z]-Imgaing, Aalen, Germany Ingr/1 DMC

13 | Vexcel, Graz, Austria Vexcel | UCD
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B {é > ¥R = Fredrikstad pl:# 3 & 3] DMC v UltracamD % (i
AL o DMC 7 4L d #m < e Terra Tec 4% # UCD % {7 T 4
1% 18 10 K] IFMS-Pasewalk B~ 1% o #% = Fredrikstad /P53 % % 2 %2

Pl E TR I NPIE TR O Bl G )B X 49 e 4 B 0 2 pEA S
BOASK60 T 22 5 2 e 54 51 BRAE - AAMEED LA
F okl gh o T B oG 374 BE(GCPs) sl B A% SF (millimeter) &
50 H @ 920 8 0 ¢ % DMC 4 UCD g 8k ka2 » H &gl
oo Y R AR 2RI S 2 1992 £
d ¥R=¢ Agricultural ~ §plsg #£ 5 kv o ADS40 hF L gl A
Vaihingen/Enz B|:& 32~ o :%Zp|:#H-d  Institut fiir Photogrammetrie
(ifp) at Universitat Stuttgart #7383 » 2P 5 &= % ﬁ\ o T
TORIREF R R A GPS/ME Ik sinfh 2 T h e o PRS- R R
7.5%4.8 T > 28 5 42:F 200 B¥ Ei4| 2 i w B o BLiv A
L P L H R (1:13000)F & BABEEH L E s 60%E B
Fenig it ghiz 4k d GPS #F R BB TE = B A E m‘}é:)i ¥RiE 2
Do - B RS 12 BEGAF S ADS JE T R ”Lr’** » H
AL RTIBEZ Y od LG B iR s 7 FRT 4 P BT Y T
tb FAREFASP MR TR o

t+ Fredrikstad = Vaihingen/Enz if| ?éii—,_ B2 PR EERETRED

éj\ﬁrﬁ;#%si’ﬁr—fii”"r}am@}& e I Hi;fﬁ% e enifd 7 8
B o
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100 & e > ufb Pl BB A fkr it | %

3 Altitude GSD # strips % overlap .. | Additional

Flight a. g. [m] [m] long/cross | long/cross G ages data
ADS40 Vaihingen/Enz, June 26, 2004

low 1500 0.18 4/2 100/ 44 36 GPS/INS

high 2500 0.26 3/3 100/ 70 36 GPS/INS
DMC Fredrikstad, October 10, 2003

low 950 0.10 5 60 /30 115 n.a.

high 1800 0.18 3 60 /30 34 n.a.
UCD Fredrikstad, September 16, 2004

low 1900 0.17 4/1 80 /60 131 GPS

high 3800 0.34 2 80 /60 28 GPS

HA%®mA® L DMC ehfi7#d »GSD % 0.18 2 & » 4™ Bl 2 1#
UCD et (742X » GSD & 0.17 2 % > 40T R+ 48 5 & K 4p § » &
74 2000 2 2 0 GSD 5 0.2 2 © Frmeri@eng oAl o

o VIF
008,
- y 1o
o IP. Y
06 i 2
2 2 J
<t f ' Yia <
A : &
* ) =
TR J 006
o ¥ 4 > n’{'*
o a - ¥ .
H08 5 /e
i mr o
a o
00— 7
7 &
&5 _' o AW
g @r
. q
;] -
26 4
o ol T
o
/ A _‘ . -
4 s
r o g
S ~ 4
a T~/ W7
o o

He g R TR A 17
TArfe i@l R EBARRE PP ELS PN R oL B2
BN S EREE S Y g AEEFLIRfop BRI EROE
Bl T AP BT A AR R E 2 e Sl R B F R
Fef) KT L anfin o

Process step Software Data set | Additional parameter sets
Matching and point | Manual, Match-AT, (if applied)
measurement LPS, ISAT, GPro, DMC Ebner, Griin, Polynom, BLUH
(only for phase 2) | PhotoMod, others Ebner/Griin per image quadrant,
Bundle adjustment | Match-AT, ORIMA, BLUH DMC specific

InBlock, BLUH, Bingo. ucD Ebner, Griin, BLUH

PhotoMod, ACX- Ebner/Griin per image patch,

Geotex, IS-PhotoT, BLUI UCD specific

others ADS40 | Brown (with some extensions)
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BiffF = o B o e S A - PR R

B3¢ 3= ADS40 A4g B Vaihingen/Enz jBl3# 3-8 @ 8 i &
(RMS) > 4= 4 3 # @ SGPIRE Y w3 29017 190 Bk 24r 12 B33
#]8E* Leica 1 GPro v ORIMA Ji& * #t 48 fdm 3 & o

: : ’ RMS [m]

ADS flight Self-calibration Fast North | Vertical
low, GSD 0.18m | not applied 0.052 0.054 0.077
low, GSD 0.18m | applied 0.031 0.040 0.057
high, GSD 0.26m | not applied 0.066 0.060 0.100
high, GSD 0.26m | applied 0.064 0.059 0.087

PR 587 F RIL ADS FALLS A7 iF ch e & doT BT o

0,20
' GSED (non-staggered)
- RMS [m] -~~~ - -~ -~~~ - i
0,15 B
O dx
0.10 ] B dy
Odz
0,05 - ] r
0,00 - ’—' d ’_I

UoP | UoP | UoP | UoP | UoP | UoP | ETH | ETH | ETH | ETH | ETH | ETH

190 190 190 |6 GCP |6 GCP |6 GCP| 190 190 190 190 190 190
ChP | ChP | ChP ChP | ChP | ChP | ChP | ChP | ChP

no para | self no para self | Testl | Test2 | Test3 | Testd | Test5 |Testid
Orima | Orima | Orima | Orima | Orima | Orima | ETH ETH | ETH ETH | ETH ETH
GPRO |GPRO| GPRO | GPRO |GPRO |GPRO | ETH | ETH | ETH | ETH | ETH | ETH

BlzE ¢ w3 DMC v UCD ##% = Fredrikstad B33 1% 4 &
(RMS) » 4™ £ 5 H P JGRIEY A B * 20 Bip+igk o

. Flying height, RMS [m]

Flizhe GSD East | North | Vertical
DMC low 950m, 0.10m 0.040 | 0048 | 0.132
DMC high 1800m, 0.18m 0.048 | 0.047 | 0.116
UCD low 1900m, 0.17m 0076 | 0.060 | 0.059
UCD high 3800m, 0.34m 0.048 | 0068 | 0.103
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STD [m]
GCPs.

STD [um]
Image pts.

0,00

STD [m]
GCPs.

STD [um]
Image pts.

KA P REINPERFER > BT
BARTHEIT ) AREERAIRS ST ER e @
i3 121 > ADS AkT = a e R 1/5
S zﬁ—_ﬁ_ o ol R e 0 0.04%0 B R 5 DMC Aok 3 %
: 2 1/A~13 o dE 2w il B B40F 910.05~0.1%0 4

=
By
hnS
W
fE%
-
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B = [ [ e T e A B R oY

Elp 5 UCD fokT - f?'mﬁ’}isé 1V/A~1/2 o ~ 8 & 5 duf
R g 60.03%5 B -
—$DMC¥®2 UCDm %> p ARphEL M 1t ADS{ L F & -
yoebo kiienfr » UCD 4 DMC { 7 & & -
BT p AL Rl T HR R B PR
J R e bk D ADS # 0S5 Brown S Hci A - i
s E %k r’ﬂDMCffrUCD)j} T r FE NG DL np ARn
12 9}\5&5 iF 44 lj}

;

EE

EuroSDR /i z_{$ éﬁm& :@sxag P IEE 2007 £ E RBAS B - B
PR LEFLB G 0 &5 ng»\rivm%ﬁ;ﬁ&am}y frfe it fofg il

gD xg\ﬂ“ﬁﬁﬁtx“:}%f’ GBI B ONERIoHER X
ook BHP LA N AT EIED S g S R B B
7 P #HF 443 - EuroDAC?
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Experiences in GPS/IMU Calibration Rigorous and
Independent Cross-Validation of Results

f’r—ﬁ : V. Casella, M. Franzini

I ke ¢ http://www.ipi.uni-hannover.de/fileadmin/institut/pdf/
113-casella.pdf

AR s s £ &L GPS/IMU YR B N
FHEPPIE Y F Y NE 2 12 57 4L (Direct georeferencing > f§ i
DG T = & o 3% 2 mﬁ@%@ B~ Jlta s i 3R R H(Pavia's
Test Site » f§ fi- PTS)#73~ ¥ o

RERSe 70T S REFE FTHENIE T = &0
rr%‘r’f‘l* ~IMU ko st s PR edht Bl 3T B 4R
LA (DG P = fefe > 3 R ~ AP e fEAREE 2 2T e
oot ftani g ER TSR RE - ERB LIRS

M \‘\“:3 b3
M« AW |l
El

CERNEETE 3

H=

AR LY LRDG) aEBRE LR LR Y 50 R E 0 g
B LT 8 A ) ar.IMU R G EEAE IR
I (mis-calibrated) @ g 723 & ~ £ATR RIEDR & ~ HF Y &E

B AT IMURRE (1~2 %3 3 & 6 F837R) ~ i st 4 eyt
WA o EFRFESE BRI 2R R EFEVT L
ik i}“j’ BFRFERE e (BB P b 5
aw; PR oA A RE /Mwns ® 8Pl xdF CKPs[# 542

TIBED = 2T & v'J°<?p—lf ST T 0 blde R AR
WAR R P SRS o AP A § GPS/IMU G RS
"2 DG iz PRI E DS o

RS2 TR 500 5

b PR E(PTS)E 2 3t 2 end £ 2.7 > TR AR (T a0

TV EDOTEA AL F 0§ F S ARM R

P REHF B & FGPSE(137E8 2 1B d Laboratorio di Geomatica
of the DIET Department of the University of Pavia #7383 e7-% X i Hi_
)0 ¥k * 2 1/500 ] 1/100,000 0t B 2 g o v PR G B

R 291 0 B Bcfd R & % (Optech 1210 ~ Toposys I ~ Optech
3033)#7 7 m?‘;}i, T 9}5 B g PlEC BREEOTE F o b4
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F100 & B3 > Sud PR B E Aafr v ) %

PRI BE S HHEE oL FE ARG Bk ’ﬁ x %4
FlEAriR B R FIEF Y I FE B35S o83 <) B
A 1% 4~ (artificial ground control points > 4 #- AGCP) » v i iﬁij A

e R ol (ﬂ R 6T k45 228 5 S0 R K]

£ 50 BAA AR RiT 0 X dex 62 B p R 5 34 B(natural

ground control points) > 4 ] o

il péf%‘(test site)iE 7 4 &% et TplE > d K&

> ¢4+ £ Applanix POS/AV 510 g }T’g; RS
% EEE300mm R a B 2 X #5754 150mm z’ﬁ%%’;ﬁ‘&
H 7o B ot p1 T4 1:5,000 ~ 1:8,000 % 1:18,000 » i3k it i

4] CGR 2 7 #

R~ eA44* kA % 1:1,000~1:2,000 - 1:10,000 ek B o
ﬁ%r?%’%T%o
Focal Eeiative Stri Image
Flight Date Scale Date flight | Overlapping p 28
length : number number
height
1:5000 14/05/03 150 mm 750 m 60/30 8 139
1 14/5/2003 1:8000 14/05/03 150 mm 1200 m 60/60 11 131
1:18000 14/05/03 150 mm 2700 m 60/60 2 19
1:5000 16/05/03 150 mm 750 m 60/30 8 135
2 16/05/03 1:8000 16/05/03 150 mm 1200 m 60/60 11 128
1:18000 | 16/05/03 150 mm 2700 m 60/60 2 15
:500 04/03 | 30 500 0/3
3 06/04/03 1:5000 | 06/0 0 mm 1 m 60/30 8 146
1:8000 06/04/03 300 mm 2400 m 60/60 11 145
4 17/03/03 1:8000 17/03/03 300 mm 2400 m 60/60 11 135
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FiFiF = [ | Rl A - PR R

Z R BT g

Structure of the
1:5000 block

’—&r’.—rglo

Structure of the
1: 18000 block

Structure of the
1:3000 block

P =4 )/3/ ?_
3‘; = & (AT)z;J"r Hannover ~ B9 @ ¥ o BLUH ﬁ_;‘ N
N oAGCP /\va =0 B ahew & e GCPs * 3t £ > CKPs
it =T L z4 % b4 ~ ! -\ 2 NA 2%, s
R SRR 0 R kG R e F N S 4Rk Ki(local
cartesian reference system) o H 2% > 40T % o
thht Pts | Obs | # [IH] Han [IH] Hay [IH] O [IH] T [IH] Oy [IH]
pv1-5000 [167] 613 | -0.007 | 0005 | 0.012 | 0.038 | 0037 | 0.055
pv1-8000 1193|1139 0.006 -0.006 0.010 0.046 0.055 0.087
pv1-18000 [ 132 ] 341 [ 0.016 | -0.014 | -0.021 | 0.004 | 0.104 | 0.163
pv2-5000 |147| 570 | -0.005 -0.006 0.012 0.053 0.054 0.076
pv2-8000 [185] 1068 0.007 | 0.004 | -0.011 | 0.050 | 0057 | 0.101
pv2-18000 ] 159 | 382 | 0.009 0.029 -0.048 0.086 0.111 0.209
IMU % ..itéﬁ;\‘f_zf (CALIBRATION)

IMU stk #4457 = £p/£#* BLUH + & » &
Mo ?2 fw % BzE A d Matlab k3 {7 o B % » 4o £ o
Flight Pliata D, D, D, M, M, M, T o T py Cr T Togy G

[m] [m] [m] | [grad] | [grad] | [grad] | [m] [m] [m] | [grad] | [grad] | [srad]
pv1-5000 80 -0.174 1 -0.048 | -0.146 | -0.7227 | 0.1521 | -0.0614 | 0.053 | 0.004 | 0.034 | 0.0075 | 0.0042 | 0.0049
pv1-8000 76 -0.134 | -0.113 | -0.220 | -0.7204 | 0.1553 | -0.0609 | 0.075 | 0.081 | 0.031 | 0.0044 | 0.0039 | 0.0041
pv1-18000 8 0.027 | -0.076 | -0.400 |-0.7253 | 0.1586 | -0.0633 | 0.101 | 0.092 | 0.050 | 0.0024 | 0.0032 | 0.0029
pv2-5000 84 -0.166 | -0.015 | -0.154 | -0.7253 | 0.1522 | -0.0605] 0.086 | 0.098 | 0.040 | 0.0082 | 0.0053 | 0.0059
pv2-8000 17 -0.173 |1 -0.041 | -0.156 |-0.7240 | 0.1546 | -0.0617 | 0.094 | 0.105 | 0.034 | 0.0047 | 0.0044 | 0.0040
pv2-18000 8 -0.215 1 0.028 | -0.292 |-0.7238 | 0.1570 | -0.0672 | 0.203 | 0.182 | 0.110 | 0.0024 | 0.0071 | 0.0033
P R 2o gtaf SB(ISSUES) (7947 £8
PR St B A~ A G ek o 0T R AT o
Flight Photo | s, [m] | 4 [M]| g, [m] | o, [m]| &4 [m] | o, [m]
pv1-8000 76 0.001 -0.013 0.220 0.162 0.130 0.031
pv1-8000-1-N 4 0.034 -0.092 0.239 0.081 0.033 0.030
pv1-8000-2-8 6 -0.004 0.125 0.226 0.103 0.059 0.045
pv1-8000-3-E 8 -0.129 -0.162 0.253 0.071 0.023 0.018
pv1-8000-4-W 7 0.168 0.020 0.212 0.066 0.051 0.029
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100 # &2 > sufipl BB b e (7

0 Pe /0 ‘7’%‘

e

J

ERFIE LT HEDG) P XIRE 3 AR

e =x gx;&;g_(homogeneous validations)$#& * H — 4 g = =t {4

Hpe st B hde™ 2977 o

Calibration | Validation Pts Obs o m] | 2, m] | #, [m] | &, [m] | &, [m] | o4, [m]
W TR ' Ty s S '
OOQ .ﬁli'l]_-..] A SIS 2 y
8000" [ pl- 18000
000 | 0001 | 0073 | 0075 | 0097 |[pv2-5000 |pv2-5
000 -0.007 0.057 0.073 0.109 pv2:8000 ‘pVQ-S
8000 -0.142 0.099 0.144 0.288 pv2-18000 | pv2-1

B1a 4k 22 T e 1 3378 (VALIDATION)
2

< ‘Eﬁgﬁk KL—#E e m‘ﬂ*ﬂm’fa TR T o AT

% 527 %

A2 PR pvl @ Hut mE R 0 H S 40T & AT o
Calibration | Validation Pts Obs | #, [m]| #, [m]| &, [m]| o, [m] | o, [m] | o, [m]
pvl-5000 | pvl-5000 167 613 0054 | 0027 | 0013 0.056 0.064 0.112
pvl-5000 | pv1-8000 193 1139 0052 | -0.051 0.076 0.065 0.076 0.114
pvl1-5000 | pv1-18000 132 339 0.100 | -0.088 | 0283 0.165 0.190 0.220
pvl-8000 | pv1-5000 167 613 0052 | 0027 | -0.061 0.061 0.073 0.114
pv1-8000 | pv1-8000 103 1139 0.055 | -0.051 0.002 0.060 0.072 0.109
pv1-8000 | pv1-18000 132 340 0111 | -0.08 | 0199 0.109 0.221 0.202
B 7 il 7wl A2 2 B #F(VALIDATION)
e = EEUpvl fepv2 o IR 48 ) PR B R %iE > H B
L do T 4 AToR o
Calibration Validation Pts Obs i, [m] i, [m] i, |m] T, |m] o, [m] a,, [m]
pv2-3000 pvl1-5000 167 613 0.054 -0.028 0.007 0.057 0.064 0.112
pv2-B000 pv1-8000 193 1139 0.057 -0.052 (0.068 0.064 0.073 0113
pv1-5000 pv2-5000 147 570 0.086 -0.006 0.008 0.073 0.075 0.097
pv1-8000 pv2-8000 185 1068 0.096 -0.033 -0.071 0.063 0.076 0.110

HEH 8 B JEcHE A7 5 B (RE-ESTIMATION)
% GPS E’ﬁﬁ]ﬁ“gé RS enBpE oY =

»

benk T LT

Efpct Bt > pREE Lo T AL BEEFNGE
¢ » GPS/IMU #& i+ 0% %
D M
Flight | Photo = v e i, ¥ M, T Oy Or Cige Oy T
[m] [m] [m] | [grad] | [grad] | [grad] [ [m] [m] [m] | [grad] | [grad] [ [grad]
pv1-8000 76 -0.131 | -0.111 | 0.019 [-0.7204 ] 0.1554 | -0.0609 | 0.075 0.08 0.03 0.0043 | 0.0040 | 0.0041
TLLEFEEIEE S DGR S
Calibration | Validation |  Pts Obs | # (M| a2, [m] | g, [m] | oy, [m] | o, [m] | o, [m]
pv1-8000 | pv1-5000 167 613 0.051 -0.027 0.026 0.061 0.073 0.115
pv1-8000 |pv1-8000 103 1130 | 0055 | -0051 | 0002 | 0060 | 0072 | 0.108
pvl-8000 |pvl-18000] 132 340 0110 | -0082 | 0088 | o110 | 0225 | 0200
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B = [ | Rl A - PR R

i

< 3t GPS/IMU et fr DG & B 3% % (assessment) 73 & fa I
12 > T < g B AR T (calibration) £ 33,2 (validation) {7 & * e
EHOMBARERLL Y LK EEIEEEPEIERF AT EY
REfEEMs 2577 > B3 A PR e uas) o

A RFER R E R ALY R 0 2 EATR B

WEREPF R TN > L AR IEE T 2 Pe%ﬁ 1 & e
T ARREZE G EIEE TR B R A % R e s
FA HRTER o
i & A LR

Fa = )I?% ¢k validation(3RiE) & B — BIFRIE T ot R S e iy o
Z B E g % o
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Calibrating Digital Photogrammetric Airborne Imaging
Systems in A Test Field

f’r—'ﬁ : Eija Honkavaara, Lauri Markelin, Eero Ahokas, Risto
Kuittinen, Jouni Peltoniemi
41 & ¢ The International Archives of the Photogrammetry, Remote
Sensing and Spatial Information Sciences. Vol. XXXVII.
Part B1.

hiy FERRIE DT R TR P o A H 58 (passive) 1 # 5¢ (active) e
iR SR EU R R R %ﬁﬁw%§%§M%Eﬁ?iﬁi

_i\

(reliability) ~ # % |+ (accuracy)¥? § »x |4 (efficiency) #i& = ffe i -
BRI RS R AL ,°W&’%FH$ﬁL%ﬁ*ﬁﬁ%

R A k0 @ 2 o W% ek plaE(Test field)R b 32 it e (7
B dug R B A @ (geometry) ~ 15 ﬁq“(radlometry) gz B #’% 4
(spatial resolution)™ & rﬂ%u_ o REBIRL TR Y T b
e Sjokulla ® i 3 > Gd PR PREARE HFrIEESY 0 FF
SRR S 5**1’%‘“3’@?; RIZFGnF 2y ~F R p#
L j‘]v+74fy\_l_n\_ ﬁ»‘»;;rrﬂ °

PERFEEZ WD "”M?Fﬁ&Li%m#H—**” (7 F WA

%wﬂw

FE) R EREHm(E AP RESE S ZRETS R SR
ST P«?J;é%’ &Hﬁw i R R B
R AR R 2 AE R~ T R PR D B ik o~ I b PIERR T o

B R ETREY > B G PR B RA S
oo R > Sz FEB R T A %ﬁfifr TS ALK BT
W B SR OR R R B LA o IR B R Rk
ﬁﬁ{%j%&ﬁ%%’%gm”4hL%94%@\ﬁﬁiza
A7 4 R # e WA RIFP DI AARFET Y AV (T
2B Pane AFRRIEY Y 3HEF - NEEY L gk
s JE R £ PR s B - ADS40 ~ DMC 4r UltraCamD % i& {7 9 B -
TR R FRRIE A T 0 - B A MG R T B E G o
BRpFCET AP L Py RE R D 3 T OB
BIE SR AW R FET Feo
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(self-calibration) =7 V& {7 o

FF 2 B T Herrp A 3
TE e BRI B TR B EA R L %
I RRRIR CR N L N, e PR

H

A2 @ X g R R R B R TR o B Y
A ot iR 5 DMC 4r UltraCamD » 3 BF f#47 4 & *
DMC - §5 42+ 3 * DMC ~ UltraCamD = ADS40 > 2385 < ¢
¥ 3 DMC -

§5 ok

X

Sensors Date GSD [cm] Property
UltraCamD  11.10.2004 4 G
UltraCamD  14-15.10.2004 4, 8,25, 30 G
UltraCamD  14.5.2005 4 G
DMC 1-2.9.2005 5,8 G, SR, R
ADS340 26-27.9.2005 15,25 R
UltraCamD  1.7., 5.7. 2006 4, 8 R

Table 1. Empirical image materials. Analysed properties: G:
geometry, SR: spatial resolution, R: radi ometry.

TF bR H 5 A A M Sjokulla RIEES o iBRESHES 1994
E,égiﬁ,yf—fr ﬁﬁ*ﬁJ—’b’ﬁ*“‘ SRR R R R
T oM PRI YRR LER SHEF 2 - o

[—y

Lzmdh
R
—

s
§=—_r
m——
Fa)




S WV v e "“Mir[%‘f}lw o

RGBTSR > doT & o 342K ¢ 7R GF IR ~ 25 Tl
BAeA 45 -
Image data collection Fekirence data oollection
Mission planming [ Tast field
preparation
* : ; Insita reflectance,
Imagze ::D]le-:hnn at Insita GFZ sraathisd S it
Z18kalla measiement - R
| s
_v
Digtal image Lo | GPS or GRS/
r “developrment’™ processing
| ¥
L] Aerial tiareulation
4 ————————
DImages
Extency onentahors
Imazg cocedinates
GPS or GRS/ data
L 4 ¥ b
Geometn Fesclabon Ealiometac
cabbration cabbration cabbration
[ ]
Amalysie
¥
Calibrabon
cetificate

A e 2 > i (interior orientations)fr & stz % (distortions) X
T R4 anmip Lk R F R R4 B RS 9T anfgdr
4 (resolving power f§ fi- RP)fr¥t & F* + % (siemens star) 7 7 733 fo
& # 0 #ie(modulation transfer function @ f§ i MTF)® =_; #5440
ik QA REMF HF RITG - 2F EA I B F Aok R
TR AT R 0N N R o

Awmgr

DMC £ UltraCamDs % 7 & i %A
I
4Wﬁﬁ*ﬁﬁ

DMC j& e s Lok a7 4 5 ibids

5 5t

$ - 5 ADS40 02 F Bt U] 0 B A S - AR R EBRALE
oA R EkE 2 #dg o DMC £ UltraCamD RI3K ¥ 45 3% >

%l S8

» EFB AR AR PR T

e
NN

o

k-
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%ﬂﬂ%ﬁiﬁkﬁﬂ

FERET RS RS S SR T

a). % SLRI N frf o b).REFEN R (S B EfCRLE)

o.M I A e RREM A 0 d). R B Licdp o o) RITRSS 2

o R

&%ﬁﬁ%%ﬂ%*f&%ﬁ%ﬁﬁiﬁﬁ@ﬁ@ﬁ3

‘ff“ ERBRIAREEZE 7 13 % % MR (laboratory calibration)
7 PRR R H(test field) ~ p 2% &K & (self-calibration) ~ #& & K %35

;&(Vahdatlons) °

o TR B RIR R FaudE ik

éij&@%&?ﬂéﬁ%ﬁﬁfﬁﬁﬁﬂiﬁﬁﬁﬁuﬁﬁg

IRl T o e deay iE 2 R A PTF ¢ RI3R L I H-(permanent test

fields)#-€ 7 { % ehip# o

K3 e (7o B

ERSEGFETEE NP i TR 2 A AR S

2= 22

Fv Fom® SR

IR R 22 - B3 BF 2 F R4 ol s o
ﬁi’iﬁ#‘b_—;/F'} }E\:}{'&%*&‘Lig_ﬂ f E’i’]_gl {lé‘%g’f’)o
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3. Improvement of LiDAR Data Accuracy Using LiDAR
Specific Ground Targets

—',g'f Nora Csanyi, Charles K. Toth
I1 g Photogrammetric Engineering & Remote Sensing Vol. 73, No.
4,

AR ZPRERF PRIE P AR Y L
o B G IS TR R PR R RS R
FlXiEIm ~pPREIEE0S5m # w3k E GPS % &0 * 3P4 2
iz o & * Optech ALTM 30/70 » # #& 7 #& ¥ &7 Ashtabula £ 23km

EREOCL 1S HRE o 0 1L6km ) - HIE o ¥ 7

}i 620m"‘“’ﬁﬂf’“ 47 2 70kHz> #4548 & 70Hz B2 % B Spts/m’ o
A AIr LRI FPRERIFEFHER DT 6 23 24
RAF o

LiDAR R 33

- B3 ar*Uoé%u_ 25 RS BEG (A);& 3R ST s
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BT 4R o ?”ﬁLﬂﬁ% AR
R LRSS CaL | A *hﬂkﬁﬁﬂ’i fe o 7] BB 22 7h 8]
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RBLZF AT o HROTELS TR T BEXFAFAR
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oo e g o & ¥ S5pts/ m2 hEEE BE KRR Im EE ORIV H
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RV RART MR FIA P A FT UEESRPOLEH
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Tehfle - FHREAF LS FEFIPN DB o JIF TS TP T 0
- BRE > #ipe ch? SR RY ST R o
EEFRE RO B T A B - R I el
e ZERZ B A foRE o iR JJREARAS B2 B
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BAELERERFTREFHFE  EREMURIFAR > FHREEET
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Figure 3. Lidar strips with target locations from test
area 1. A color version of this figure is available on the
ASPRS website: www.asprs.org.

F-o A BARET AR RIBEAFREITIGHAEGE T H

= N )\ 2 2 ’ 2 - )| [ A L =4 2
10 =4 ;rmlmﬁt}i & GPS T o SR R APV > BEZ D
N\ 77 ., who2 - e A '? ]
10 > T o HFRETAR S FHR PR c BEZ NF AR 0 G (i
s L o
Error [m] Standard Deviation [m] Residual [m]

Target I Easting Northing Elevation Easting Northing Elevation Easting Northing Elevation
A
307 —0.01 0.03 —0.18 0.07 0.07 0.02 —0.05 0.03 —0.03
108 0.05 —0.06 —0.06 0.06 0.08 0.02 0.02 —0.04 0.04
308 0.05 —0.03 —0.07 0.08 0.05 0.02 0.02 —0.01 0.01
109 0.13 0.00 —0.05 0.06 0.08 0.02 0.10 0.03 0.02
309 —0.02 0.00 —0.08 0.08 0.07 0.02 —0.04 0.03 —0.02
110 0.00 0.07 —0.05 0.04 0.05 0.02 —0.02 0.11 0.00
310 0.01 —0.13 —0.06 0.04 0.05 0.02 —0.01 —0.08 —0.02
Mean 0.03 —0.02 —0.08 0.00 0.01 0.00
Std 0.05 0.06 0.05 0.05 0.06 0.03
B
107 0.04 0.10 —0.11 0.03 0.05 0.02 0.04 0.03 —0.01
108 0.01 —0.03 —-0.13 0.04 0.05 0.02 0.01 —0.10 0.02
109 —0.05 0.07 —0.16 0.02 0.01 0.03 —0.05 0.00 —0.02
110 0.10 —0.02 —0.12 0.03 0.04 0.02 0.10 —0.09 0.01
310 —0.02 0.18 —0.17 0.06 0.05 0.02 —-0.01 0.11 —0.01
Mean —0.02 0.06 —0.14 0.02 —0.01 0.00
Std 0.06 0.09 0.03 0.06 0.09 0.02

] * 0¥ Jﬁ B ch @it 88 i 7 & & (three-dimensional similarity
transformation) > %% 4T £ » Boa B 42X B P & ad 1314

AL 4520

Elevation Difference [m]

Road Area Before After
#1 —0.13 —0.04
#2 —0.14 —0.05
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% - BT sty 8 4 Madison county 0 # 7 & A (AGL):
%) 700m- 44 & & (FOV):10 & & 20 A& - #% 4 & 133~50~70kHz -
P48 % 1 36~T0Hz » & (7 fdck 4o

Altitude (AGL) ~700 m

Scan Angle 10°, 20°

Pulse Rate 33, 50, 70 kHz

Scan Frequency 36-70 Hz

Point Density Varying depending
on settings

Footprint Size 21 cm

T EEFE- BLE h R st o A R R B LK T SRE
X

% & 0 450m £ 950m k% %

T hkm e e ——
: sang
am am an 3y 203 0 g08 2! T -
i . I ¢ 17 12
100 101 g 03 b0 e07 om 1 1

TR X AL ek L 4

Error [m] Standard Deviation [m] Residual [m]
Target ID  Easting Northing Elevation Easting Northing Elevation Easting Northing Elevation
100 0.09 —0.03 —0.22 0.08 0.06 0.02 0.03 0.00 —0.01
200 0.11 0.10 —0.18 0.07 0.08 0.0z 0.05 0.12 0.03
101 0.14 0.00 —0.20 0.06 0.04 0.0z 0.08 0.01 0.01
201 —0.05 0.02 —0.19 0.06 0.08 0.02 —-0.11 0.02 0.01
102 0.05 0,00 —0.20 0.08 0.06 0.02 —0.01 0.00 0.01
202 0.06 0.02 —0.20 0.05 0.05 0.02 0.00 0.02 0.01
103 0.10 —0.02 —0.20 0.03 0.06 0.0z 0.03 —0.04 0.01
203 0.08 0.01 —0.19 0.07 0.04 0.03 0.01 —=0.01 0.01
104 0.14 0.00 —0.22 0.06 0.04 0.02 0.08 —0.02 —0.01
204 0.03 0.08 —0.22 0.07 0.07 0.0z —0.03 0.06 —0.02
105 0.19 —0.02 —0.19 0.08 0.05 0.02 0.13 —0.04 0.01
205 0.03 —0.04 —-0.21 0.07 0.04 0.02 —0.03 —0.06 —0.01
106 0.07 0.01 —0.20 0.03 0.04 0.0z 0.01 —0.01 0.01
206 0.03 0.10 —0.20 0.03 0.08 0.02 —0.03 0.07 —0.01
107 0.07 —0.03 —0.23 0.09 0.08 0.02 0.01 —0.05 —0.02
207 0.01 0.06 —0.20 0.03 0.03 0.02 —0.05 0.04 0.00
108 0.11 —0.03 —0.19 0.06 0.06 0.0z 0.05 —0.06 0.02
208 0.00 0.07 —0.22 0.07 0.08 0.02 —0.07 0.04 —0.02
109 0.11 —0.02 —0.22 0.07 0.09 0.03 0.04 —0.05 —0.02
209 0.09 0.09 —0.21 0.05 0.09 0.0z 0.02 0.05 —0.01
110 0.03 —0.03 —0.21 0.06 0.05 0.02 —0.03 —0.06 —0.01
210 0.07 0.05 —0.21 0.09 0.06 0.02 0.01 0.01 —0.01
111 0.15 0.00 —0.23 0.08 0.06 0.02 0.09 —0.04 —0.03
211 0.03 0.04 —0.20 0.05 0.07 0.02 —0.03 0.00 0.00
112 0.06 —0.03 —0.21 0.06 0.09 0.02 0.00 —0.07 —0.01
212 0.02 0.07 —0.18 0.03 0.05 0.02 —0.04 0.02 0.01
113 0.15 0.01 —0.19 0.08 0.09 0.03 0.08 —0.05 0.01
213 0.06 0.10 —0.19 0.04 0.04 0.03 0.00 0.04 0.01
114 0.20 0.01 —0.15 0.07 0.10 0.02 0.13 —0.07 0.04
214 0.10 0.16 —-0.19 0.07 0.08 0.0z 0.04 0.09 0.00
Mean 0.08 0.03 —0.20 0.02 0.00 0.00
Std 0.06 0.05 0.02 0.06 0.05 0.02
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FoARFARTFLBAEFLT D TRAT KT foR Rk
i ?EJTWE@nﬁ(@£~ | %% > ()% Bf 4 7 K T3 A > 5 BH3%
<o (c) LRIl < ] Ao B AREA iil_m oo d (a)F Aok
T HTF éi?”ﬁﬁ%i& P o ATl L o RELREH T 6

FA o TR TR RTEAL ] 10 M  fe Bk T i
U] @2 AURT L > LA E R R AREL 3 23 28 R Y

i

200 201 opp 203 205 207 209 211 212 13

T 111 Mz 113 114

. 2 1m 0510
(a)

200 01 o7 203 205 207 208 211 212 e

100 o1 1 03 105107 109 111 12 13

(b)

214

203 205 207 208 211 212 .

w0 1o 07 103 105107 108 111 1M1 113
(c)
203 205 207 209 211 B i

100 o1 102 103 105107 108 111 12 113
(@

Plate 2. Errors and residuals at targets before and after applying 2o similarity transformation: (&)
Horizontal errors at targets, (b) Horizontal residuals after applying 20 similarity transformation, (c)
Wertical errors at targets, and (d) Vertical residuals after applying 20 similarity transformation.

BHASEEFARIEREY L P R dRXE Imo p XS
0.5m > 4~ B% + % r’ﬁ#ﬁ@i T OE W BdF ok T B ﬁﬁ& .

BELZ R R 5ptS/m iE i » VA fe it 1T D] 10cm T g R
21 2-3cm % ARHFRE o
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4. Precision LIDAR Mapping of Transportatlon Corridors
Using LiDAR-Specific Ground Targets

—',g‘f Nora Csanyi
I1 i ¢+ Geospatial Information Systems for Transportation

Symposium, March 27-29.

&2 4] Optech ALTM 30/70 i& {7 % i 23k eh1 42204 &1 4k p] - 1
Eagatr o A R A g RERF iRk *F UD B LA
Ppo Ao BT Sl H o B FE o R PR R R
sl AN Im o p IR 0Sme f g GPS % st
* A R = o @ * Optech ALTM 30/70 » % — =t Bk % B4 e
Ashtabula & 23km g g3 fi e 15 e 4> T35 1.6 km < &
—%ﬁLﬂ HITH A 620 mo § SR O 5 T0kHz - 45 47 5
70Hz > B2 % & Spts/m2 °

FHAERE F PR

%3 - B LIDRA 248> 5% & D(A)E B S U

5 A

m%*’%m@?ww%?ﬁﬁ’mrdduh%&%éﬁ%%ﬁﬁ
SRR o 17 R EHET FAE AR .

SAEARE RS R 2B TR R G { ks FIp BlEcE
AwE AR E R BB R LT R A
GRPAEA PR I BEZ %R 16 ~ 4~ 1.6 pts/m” i 7 R
BB ZF AL TG HR DT AT EFTHR TEXSB ﬁzﬁ‘%f;
% 10 cm (1 sigma) ~ 22 + /] ~(footprint);% 25 cm IR o R b
AREHETRT ENLT 28R L (ARE R AR T %Iiﬂk
o H x4 5pts/m2 gL 2 %}i R Im 2 Z R 7 #% s
it & 0 B s TG (R 25 H iz - X)) 2 k%
e A RT R R FIRP A AT R ESF L E
(C)btrch> FE P Bl F o ¢ cnfFshif k- B+ 27 chgrsk

LiDAR Point | LiDAR Point | Accuracy of Horizontal Aceuracy of Vertical
) 3 ) Pozition of Target Pozition
Density [m’] Spacing [m] Cirele [cm]
of Target Circle [cm]
16 0.25+0.25 2-3 13
4 0.20=0.50 3-10 25
1.78 0.75+0.75 10-15 40

Table 1. Estimate of positioning accuracies based on simulation results
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MEEBEZ R AR o BT %E.ﬁ“)ifﬁ?i
WA B o O \ertical _pos O'/\/_ ;B g, B B ARLEMHER o0
5 0E a2 B o

T om ot R et B £ A% 55 £ Hough-transform #1754 » A 4] % &
feenl > FH DL ERR L 17 T PR D R
£ 55— BE > ¥ 0P S BT R SR {700 i (figure 4 (a)
RAE AT N2 o (b)s RRER S B2 AT E 2 ] 0 (o)
Fou A B EE TRl e (EX B - £ gk (figure 6) > &
BT AR R T g e TR E AL o3
AP 12 3% 3% (a 3-dimensional similarity transformation)> # > 7 & 3 B &
T AT RH o

250
15 . . 200
i - - - o . 15['
05 ., 100
i . " 50
_D'-%I.S u] 04 1 145 2 I:II:IL 50 100 IE.D 20 25;0

(a) (b)
Figure 4. LiDAR points falling on the target (in top view) (a),
accumulator array (b), and fitted circle (c)

Block to Ground Adjustment

Measuremznts
Paink I Stahss Cround ¥ Graund Y Ground 2 Fias Fas' Ras? Chrl
100 M Zea049 09z 44735304 2049 ZU9R.25R 0.0z29 o.ooo -0.010 XYE A
101 ¥ 289007.122 1423424, 965 294,124 0.020 a.oos o0.01% EV¥Z [
Z0o1 I 25900z . 6535 FFET 4G5 69 £93.502 -0.1149 O.0Ez 0.00% =YD
102 M ZEUS2E 044 4473442 410 292 0R% -0. 009 =0.004 o.o12 XYE
202 M Za9521.407 4423481.944 221.138 -0.004 a.oiv 0.005 EYE
103 ¥ 269930.531 3473456.302 zZ§7.811 0.03z -0.036 O.007 EYI -
203 K Zgao24, 753 2473 406.278 Z87.588 0.D01z -0.00% o.01% EYE
104 M 2901z26.077 F1z3451.036 Z28E6.559 0.030 -0.015 -0.013 EYE
209 I 290125, 599 39734595, 044 Z86.622 -0, 032 0.0562 -0.018 X¥Z
105 M ZR02E54 ., 006 473 455.158 ZEE.3ER 0.1z0 -0.040 0.015 XYE
205 o Z20243,.131 4453502 .978 z285.933 -0.030 -0.061 -0.010 EYEZ
1o0a M 290330 .77 3973 459.971 Z86.061 o.oo8 -0.012 a.oo07 XYE
20 I 200374, 856 a3 0. 618 Z8E5.D68 -0.034 g.ovz -0.00F EYE »
Poinks: 30 M=Measurad Ground A Besh, ¥, 2 | 0.058 D.ED 0.8
U=Linmeasired i
wouihdan D el
T=Inackhe ('l Talerarces:
Stacistics “Bfjustment Results -Adjstment Control
number of ground controks: Seele 1,00000 itndra o ok
MNx 30 My | 30 pz 30 ol .06 O 0,005
fumber of actiwe controls: kit 0.0ie P -0, 0000s Transfrmanor Type
ax | 30 mplm oae | En b o1z K| -nomizs || |30 Sl R

Figure 6. Selecting the optimal correction for the LiDAR data based on the targets
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% - @RS F o 4% Optech ALTM 30/70 ek % 8- e B2 iE §7
B e B T8 EALG) : ¥ 620m > 4 & R (FOV) : 14 B > #% @df
F 170 kHz » #4485 1 T0Hz » i& 8 (7 %87 12 £ 1§ 5 Spts/m’ e
B2 2R o jp 23km £ e BLE 1600m K E - D (4 ¢ figure
7) > figure 7(a)® ik Al K E =% o figure 7(b)F ¢ B2 i 4

KA A S B AR F hT FaF 0 BB AR R

@ ' (®)
Figure 7. Map of selected area with target locations (a) and LiDAR strips with targets (b)

Figure 8 5 f "% ip|:# crficdy > Figure 8(a) &k Z 1% 4235 > Figure 8(b)
55 & Wcdp 0 Figure 8(c)d BRZ #t & ehff] o

B 204 - z03.041
[ 204041 - z04.082
0092 209,123
204,422 - 200,184
[ 204 4654 £04.205
[] 24208 z09.2%
[ 204 247 - 204.288
[]=204200- 209320
[ 204320 204.37

| B

Il 42500 - 137798
[ 157 T8E - 23304
[ 2=z 01 m222
E 35822 HEIAT
423434 - SR AP
[ §ms42- 61052

[ 812253 - 709,084
[ 7o0ngs. g04.275

A4 271 - 559,480
Mo D atz

(a) elevation (b) circle position (c) mtensity
Figure 8. Target i elevation (a) and intensity data (c) and identified target circle (b)

Table2(a) ~ (b)4 ] 5 & W4 chiplsd 5 % o 1% 164 B4 chiral e

FREZ R o

Target Error [m] Standard Deviation [m] Residual [m
1D Easting Northing Elevation Easting Northing Elevation Easting Northing Elevation
307 -0.01 0.03 -0.18 0.07 0.07 0.02 -0.03 0.03 -0.03
108 0.03 -0.06 -0.06 0.06 0.08 0.02 0.02 -0.04 0.04
308 0.05 -0.03 -0.07 0.08 0.05 0.02 0.02 -0.01 0.01
109 0.13 0.00 -0.05 0.06 0.08 0.02 0.10 0.03 0.02
309 -0.02 0.00 -0.08 0.08 0.07 0.02 -0.04 0.03 -0.02
110 0.00 0.07 -0.05 0.04 0.05 0.02 -0.02 0.11 0.00
Ea L] 0.01 -0.13 -0.06 0.04 0.05 0.02 -0.01 -0.08 -0.02

Mean 0.03 -0.02 -0.08 0.00 0.01 0.00
Std 0.05 0.06 0.05 0.05 0.06 0.03

(2)

Target Error [m] Standard Deviation [m] Residual [m]
1D Easting Northing Elevation Easting Northing Elevation Easting Northing Elevation
107 0.04 0.10 -0.11 0.03 0.05 0.02 0.04 0.03 -0.01
108 0.01 -0.03 -0.13 0.04 0.05 0.02 0.01 -0.10 0.02
109 -0.05 0.07 -0.16 0.02 0.01 0.03 -0.03 0.00 -0.02
110 0.10 -0.02 -0.12 0.03 0.04 0.02 0.10 -0.09 0.01
310 -0.02 0.18 -0.17 0.06 0.05 0.02 -0.01 0.11 -0.01

Mean -0.02 0.06 -0.14 0.02 -0.01 0.00
Std 0.06 0.09 0.03 0.06 0.09 0.02

(®)

Table 2. Errors at target locations and residuals after 3D similarity transformation of the strips, in strip #1
(a) and strip #2 (b)
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% - BT sty 8 4 Madison county 0 # 7 & A (AGL):

£ 700m F 45 & B (FOV): 10 B 21 20 B » #% 4 & 13350~ 70kHz »

4 4E & 1 36~T0Hz(4r Table 4) - ix=x B 7§ — B L2 2 = &% >

At AR HEBSRTHARE 130mE E - BRI BB Y

F > & 450m £ 950m % % — £ (4r figurel0)

Alditude (AGL) | ~700m

Scan angle 10°, 20°

Pulse rate 33, 50,70 kHz

Scan frequency | 36-70 Hz

Point density WVarying depending on settings
Table 4. Flight parameters

o

R

«

[
o
Iy

: -
-
P

Figure 10. Li[llﬂ;R strips with targets
IPEERAQC)R * p (TR 2 il aJd2 g2 74 > Table5 %
PRI DB AR AL BEBE R L o d 3 RTRL e 7 AHERR AL
BTN o Gt AR A0

Strip | PRF | Scan | Scan Mean Sed Number of
ID [kHz] | Freq | Angle Target Elevation Targets
[Hz] | [deg] Elevation Difference [m] in Strip
Difference [m]
4 T0 70 10 -0.20 0.017 30
2b T0 70 10 -0.20 0.018 30
4b T0 70 10 -0.11 0.014 29
5b T0 70 10 -0.13 N/A 2
8b T0 70 10 -0.15 N/A 2
7 T0 50 20 -0.12 0.020 29
8 T0 50 20 -0.12 0.014 25
15 T0 50 20 -0.11 0.032 3
19 T0 50 20 -0.13 0.022 4
11 20 63 10 -0.10 0.017 28
18 50 63 10 -0.10 N/A 2
10 50 44 20 -0.12 0.018 19
13 50 4 20 -0.10 0.016 22
14 50 44 20 -0.07 0.017 20
17 50 4 20 -0.08 N/A 2
2 33 51 10 -0.0% 0.018 23
5 33 51 10 -0.03 0.017 19
12 33 51 10 0.00 0.015 27
9 33 36 20 -0.06 0.015 11

Table 5. Mean vertical target elevation errors and their standard deviation values
in the different Madison strips
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Table 6 % Table 5 © #% fém4g & 70kHz > ﬁ-,ﬁ» 5% T0Hz » ¥ & B
(FOV)10 R #3447 > d Table 6 ¥ F &1 5§+ X B2 ek T 32
L3 s AEG P RTELE ARERLPPERP - A
BARFEAL A 20cm R R A ERE T R EHRFEIFL B L
- R Bt A KT L & £ 10em > A kRl k> A B AR
WA &3 2~3cm Fev ¥ gk ok

‘m\k\

Target ID Error [m] Standard Deviation [m] Residual [m
Easting | Northing | FElevation | Easting | Northing | Flevation | Easting | Northing | Elevation
100 0.09 -0.03 -0.22 0.08 0.06 0.02 0.03 0.00 -0.01
200 0.11 0.10 -0.18 0.07 0.08 0.02 0.05 0.12 0.03
101 0.14 0.00 -0.20 0.06 0.04 0.02 0.08 0.01 0.01
201 -0.05 0.02 -0.19 0.06 0.08 0.02 -0.11 0.02 0.01
102 0.05 0.00 -0.20 0.08 0.06 0.02 -0.01 0.00 0.01
202 0.06 0.02 -0.20 0.05 0.05 0.02 0.00 0.02 0.01
103 0.10 -0.02 -0.20 0.03 0.08 0.02 0.03 -0.04 0.01
203 0.08 0.01 -0.19 0.07 0.04 0.03 0.01 -0.01 0.01
104 0.14 0.00 -0.22 0.06 0.04 0.02 0.08 -0.02 -0.01
204 0.03 0.08 -0.22 0.07 0.07 0.02 -0.03 0.06 -0.02
105 0.19 -0.02 -0.19 0.08 0.05 0.02 0.13 -0.04 0.01
205 0.03 -0.04 -0.21 0.07 0.04 0.02 -0.03 -0.06 -0.01
106 0.07 0.01 -0.20 0.03 0.04 0.02 0.01 -0.01 0.01
206 0.03 0.10 -0.20 0.03 0.08 0.02 -0.03 0.07 -0.01
107 0.07 -0.03 -0.23 0.09 0.08 0.02 0.01 -0.05 -0.02
207 0.01 0.06 -0.20 0.03 0.03 0.02 -0.05 0.04 0.00
108 0.11 -0.03 -0.19 0.06 0.06 0.02 0.05 -0.06 0.02
208 0.00 0.07 -0.22 0.07 0.08 0.02 -0.07 0.04 -0.02
109 0.11 -0.02 -0.22 0.07 0.00 0.03 0.04 -0.05 -0.02
209 0.09 0.09 -0.21 0.05 0.09 0.02 0.02 0.05 -0.01
110 0.03 -0.03 -0.21 0.06 0.05 0.02 -0.03 -0.06 -0.01
210 0.07 0.05 -0.21 0.09 0.06 0.02 0.01 0.01 -0.01
111 0.15 0.00 -0.23 0.08 0.06 0.02 0.09 -0.04 -0.03
211 0.03 0.04 -0.20 0.05 0.07 0.02 -0.03 0.00 0.00
112 0.06 -0.03 -0.21 0.06 0.09 0.02 0.00 -0.07 -0.01
212 0.02 0.07 -0.18 0.03 0.05 0.02 -0.04 0.02 0.01
113 0.15 0.01 -0.19 0.08 0.09 0.03 0.08 -0.05 0.01
213 0.06 0.10 -0.19 0.04 0.04 0.03 0.00 0.04 0.01
114 0.20 0.01 -0.15 0.07 0.10 0.02 0.13 0.07 0.04
214 0.10 0.16 -0.19 0.07 0.08 0.02 0.04 0.09 0.00
Mean 0.08 0.03 -0.20 0.02 0.00 0.00
Srd 0.06 0.05 0.02 0.06 0.05 0.02
Table 6. Errors at target locations with their standard deviations and residuals after
3D similarity transformation
-,
i

R EEsEORIEEG L F R dRALE Imo pREE
0.5m> A B %72 e kv EEEFTRT 2R RERAER o
AEFTEOTR TR B ERRKREE U B BETERS OF
T LML EY DT BT FR -

BEL2 %A Spts/m’ BT o FAIF R R F P 10em hT G H A
2 2~3cm % AH R

229



230



FiFiF =

s A R

AR T U VR

231



232



BFHEE S o BT 9 7 S0 T e 7R

Alternative Methodologies for LIiDAR System Calibration

f’r—‘ﬁ' : Ayman Habib, Ki In Bang, Ana Paula Kersting and Jacky
Chow

31 k& © The International Archives of the Photogrammetry, Remote
Sensing and Spatial information Sciences.

AL R P AR LFERF G A RS Y
=+ ;% » — ~ Simplified method » = -~ Quasi-rigorous method > #5 34 #
BE o 1 OptechALTM 2050 i {7 p|2E 0 4 5> SF % 1000 m
$2000m > B {7F D o

B = ?ﬁt;i\”w’im—» TR A CH B L G Rk A
gﬁg{ﬁ.hgﬁxﬂ oS o Bt s Z ke chd i BLR
cEgEe B L R o AP RES BF TR o — -~ Simplified
method > # * - F &P 9 05T m;,_i\-"cziﬁm% ZEE T oplie
7 % ®_» = ~ Quasi-rigorous method » ¥ 12 .7 T {7 e ¢ g {7 &K
oL F RGO R B2 TR TR o d 5 LAS HhER
S R g AT AL R b I TG fe 3 LRAL

£z
3&3&#?]‘15\%}\_.]1}%’%.1\’?'%Ei§:i,2\l;1zi’3\
¥EFL -FrEFLAsnflgpera %t@m.‘@_f«af‘
Foa_ogtob s S &ﬁ&%ﬂ%ﬁaIWJm%mﬁ

YR TR R B S ST R @%*IWJm**+v
FRe BT HFRL RS *% @@*Cﬂs%ﬁwwﬂM
Z(Lever Arm) o {7 5 LA JI* P E F THEFRFF T
RS
é*mif‘ 7 % %;m” R UTER L EERE 2 F XS A
» \iﬁhﬁiﬁ?\’%/zﬁ.ﬁﬂﬁ‘g‘_,ﬁﬁ?&—ii
B E Nk R e iR £ iR 0 6
& d;tﬁw;wg fgg@iﬁﬁﬁf#mﬁ WEfEReFsF Lo
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100 # B> Sud PR B E kD vE | %

Simplified method = ;% & _f| * i\%xi e U BT R A
FE o EMAkREING S IEHV% 1 ~mzEs T f"rlﬂ'?'a‘ b B
2802 By LR ha T d i ig 7 o

£
F
THONEAETRE A > T FRpF S e RAEL B D O
7
[AX 1 —Ax  Ap | [-(p+Ap) sin(s 8) AX 1 —Ax Ae | x
XoxX,+ |AV |+ Ax 1  -Aw 0 =X, +|AY [+| Ax 1 -Ae|| 0
| AZ -Ap Ao 1 | —(p+4p) cos(S B) AZ -Ap Aw 1_|_—H
[—AY -1 Ax —Ag|[—(o+Ap)sin(S B) -AX| [ -1 A -ael[ x|
Xon X, + |-AV |+| -4k -1 Ao | 0 =X,+ |-AY |[+|-Ax -1 Aw |
| AZ -Ag Aw 1 ||-(p+Ap)cos(S B) AZ | |-A¢ Aw 1 ||-H]

Quasi-rigorous method = /225 # 78 & &3 257 U] o gt F 2 3
PV AT AR T BT FREFERF
TEESE TSRS SR N BUE

LA \;'Filf—i 1~ % 5 {“‘ﬂr i b ’2"4’&1% ‘i,}ﬁ =
erpitch 22 roll A1 5 0) > 3~ F & % Seei g & & ] o

[cosk —sinx 0] [AX] [cosk —smx O][ 1 —Ax A |[-(o+Ap)sin(S B)
X.~X +|smx cosk 0] AY |+ smx cosx 0O Ax 1 —Aw 0
| o o 1]laz| | o 0 1|l-8¢ Ao 1 |[-(p+Ap)cos(S B)
cosk —smx O [AX cosxk —smx O][ 1 -Ax  Ag x|
= _X;D + |smik cosx Of|AY |+|smx cosx 0] Ax 1 —Aw | |0
0 o 1]laz] | o 0 1f|-4¢p Ao 1 ||z]
__c?(,_,, X imrea— Xrpme | | O AAX —sinx AAY +sim & z SAw+cosx z SAQ
| 6T, =| Yroi Te | =1 sin & GAX +cosk SAY —cosk z Aw+sm ik zAAQ |+
I (SZG- Total Z piased— Ltrue OAZ —x dAg

—smx x Ak —cosxsin(SB)dAp+cosxz a5 |
+| cosk x Ax—sm ik sin(SB)Ap+smxz B85 |
—cos(SB)dp—x B85 |

?HE R
~F % & * Optech ALTM 2050 » &) e 45~ Bindn » H P 5

A BARE 2 b > A BA Fadig F SR 100%E A 0 4o
77
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Stip : . .
e e Flying Height | Direction
1 2,000 m SW-NE
2 2,000 m NE-3W
3 1,000 m SW-NE
4 1,000 m NE-SW
5 1,000 m SW-NE
[ 2,000 m NE-5W
7 1,000 m NE-SW
g 1,000 m SW-NE

ﬂ”@ﬁﬁﬂ?ﬁ%%w@ﬁﬁ-'d%&%xéimﬁﬁo?%%
REM R CRERT R RS R e - AR Sk
% ﬁﬂﬁ“xﬁgi’éﬁ X LRSS i%ﬁ@ﬁ“x » & * Simplified method :&
g pFopitchfrroll 4 B L EviE 5 & > & ARG A%
%3 10%4p4ten& 78 A& > m Quasi-rigorous method » #
pitchfrroll | Z 27 & S & -

& T[% %év’ﬂf fiz‘h@:xf\;‘é 0 - JE Z g > 3% the Simplified method -
0 B Al B - > THRE

@% 2 Fé“mi* A5 % Elw FOE fz%%ég TARBEZ o BF T

;¢ % The Quasi-rigorous method > iz 48> # § & £ {7 & My o

FEIFHIAFRETAEIS G P2 FRG TR e

235



236



FiFiF =

s A R

AR T U VR

237



238



BFHEE S o BT 9 7 S0 T e 7R

Analysis of Planimetric Accuracy of Airborne Laser
Scanning Surveys

—',g‘f George Vosselman
I & ¢ The International Archives of the Photogrammetry, Remote
Sensing and Spatial Information Sciences.

AP AR pBERES O R R APH DRSS XY
fherfe B o7 o AT FA kR = @ > 1 ~ Brabant » 16 i &ud o
A ES550me £ 55me &8 & 1000m> B2 2 A 0.5pts/m” o
2~Zeeland > 9 iE &t > St B 460me £ 8 100me H 7% A 375m>
2.2 2R 10 pts/m” > 3 ~ Enschede » 15 544 > 4 330 m> &
100m> #7358 275m> BF % A& 10 pts/m” - & * FLI- MAP400
BEFHR I EHES BFEF VRO EEHRTR o
I+ 2§75 A 2 g2 W TF DTM &5 »eeh™ 54 0 a3 &
24 A DIMABELE o Akt 2 AP EH L Y T8
BL2 T g R ek 4T e *\Eﬂ X i % E‘v‘h PR M PR AP
¥edp ¥ iR 4 &2 X‘Y%m*ﬁ—gé\%‘r c T HF NELMZF > A
T 200~250 FEEEEZ AT 3 B RH T F B anins o 28 2
Bl o chgit o 1% 2 BB GPS e E o b B 53 2
MEFTFRVED 34 20 DB Bie2 o8 % KEL -

2

B eh

i i i A S ETE A RE B> 27 d GPS v IMU i)
Freanginn od R {“4;;1 EEd Bom s =8 32X HB
FBZ A HE PSR LR 2FFNREREIFEL T
ot iR g ki K RF AR o

O b R

BT % FHEa=Z B Kk > % - »#cdp 4 Brabant 5 Dutch national
elevatlon model (AHN ) % = i» F#L &_province of Zeeland 8 A2
A B A d BRI F RS D %2 FALEF city of Enschede
g AR o TR ﬁzﬁi#ﬁ:ﬁwrf ,

Block #pts | # #pts | Strip Overla | Flight
smps x10° | /m® |width| p(m) | height
(m) (m)
Brabant 16 218 0.5 550 55 1000
Zeeland 9 241 10 460 100 375
Enschede 15 254 10 | 330 100 275
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EFRFBH 2t

F1* 3D Hough transform & {7 & # & enZ B~ > L)% 8L 2 fe§ fi b
LGP T HERAN30~TOREFTEML FS Ba NIRE R
BRE o QBTIELR L KAI? 2 EEHF R BEF R
IARTfe o KRR EE N RER - b é“ﬁ ok oA ERE
ﬁ“‘ﬁ‘\m"'ﬁ"f\—"“‘ SEET R - R TEFRWHERSE SR o

E X RBHFEE
EROREVAR ER/RELENENARDRS > I T a5
ERERDBSE

xcosa, + ysina, —d, =0

g=x,c0sa, + ¥ sina, —d,
Bl - BERF AT TR SR e SR TR
CES RN LSS

HEAFT
Brabant E'T’;J Fld 16 ﬁf{ﬂm%h‘f?“%\: i # EXRiGraimpiL 4™ £

Strip 1 | Strip 2 # AX Ay RMS | StDev
Roofs | (cm) (cim) (cm) (cm)

53 54 23 -46.1 28.6 39.3 8.0
54 35 20 -23.3 259 27.5 7.7
55 56W 18 -29.3 31.1 36.6 4.1
55 56E 5 -44.8 25.2 26.1 2.4
56W 57 11 6.3 28.3 22.7 9.1
56E 57 4 6.0 34.4 29.8 2.1
57 58 25 -53.1 38.7 48.5 5.5
58 59 18 6.3 32.1 25.0 3
59 60 22 -61.2 43 .4 57.3 7.8
60 61 17 -2.9 27.5 20.7 7.4
61 62 20 -48.9 40.7 492 5.9
62 63 19 7.9 29.0 24.1 13.8
63 64 19 -50.4 36.1 55.6 8.0
64 65 21 7.0 30.0 251 12.9
65 66 20 -67.8 29.7 51.3 17.6
66 67 7 0.9 31.9 23.0 5.7
67 68 5 -63.2 33.1 50.4 3.5
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B E 2 A (X )T A T R KEHR (TR i
# ik # £.F] 5 Pitch 3% #7133 & o

Zeeland

Bt v oo Zeeland BB EARE B e T A > B4 5 E A
e R FlE_IMU gl o iz L B 57T o < IRe T g S
W - HEDLE -

# Roofs AX Ay RMS | StDev
(em) | (em) | (em) | (cm)

9| -284 7.6 18.6 1.5
65 | -10.2 | -10.1 0.6 3.9
11 | -13.0 | -12.0 15.9 6.0
20| -14.1 | -33.0 26.3 9.9
33 | -21.7 | -39.%7 33.1 6.0

15 -4.7 -8.7 17.4 16.0

Enschede
TE o F S MA L EHEY o B AL H - s o

EHRF AN RMS HHREHL ARG EFBD AT 5 AR
SR EARBAS D RMS > & fpind T ,«-}gm’a%@ 8 A o i
ﬁ%’;‘éﬂﬁ%’l # 16-18 ~ 10-7 ~ 9-8 iz 3 i & #F > ﬁfkmzﬁ,ﬁ,-&}?&fj
23 (T A) e 2 EAUY iR B R < g8 80 DA T gz RS
FefEF e B e pE > T g - B 5”1"‘2.11 A oo B
FBR2T5 2% > FacF 0.009 R AR EZL o
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100 & e > ufb Pl BB A fkr it | %

Strip | Strip | Flight # Ax Ay | RMS | StDev
1 2 direct. | Roofs | (cm) | (em) | (cm) (cm)
17 19 P 165 | -2.1 0.7 3.2 2.9
19 16 P 126 3.7 | -3.0 4.8 3.4
16 18 O 78 1.7 8.1 6.2 3.0
18 15 P 150 | -2.0 | -0.8 3.5 3.1
15 13 P 182 1.7 | -2.2 3.5 2.8
13 10 P 75 3.3 -2.6 4.3 2.9
10 7 O 228 0.2 | -9.6 7.2 2.8

7 4 P 211 2.7 | -1.8 4.0 33
14 P 129 3.9 -1.4 4.5 3.5

1 12 P 128 | -0.7 | -2.5 3.3 2.8
1 0 P 54 2.1 | -2.8 3.8 2.8
9 8 0 188 0.1 8.8 6.9 2.6
8 5 P 180 2.7 -2.9 4.2 3.1
5 1 P 149 | -2.0 | -0.5 2.5 2.1

#h
A2 F ST DEARZE BFEZ T e R AT I
EBhBE ¥ ARG EAL o d Enschede ehipladr - v L EFF H#
RenT g T ire pif- 2532 7 EFE ] FG 3~4 24 ik

B e
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Towards Automated LiDAR Boresight Self-Calibration

—‘ﬁ' : J. Skaloud, P. Schaer

41 B ¢ The 5th International Symposium on Mobile Mapping
Technology

Al A AL 5D - B ICARE S g R ) 2

Podoxs g BT s AREFHGFHALEFT - BlaRipgik

(fine-filtering) -

F TR
A~ &l -3 1% OptechLeica & Riegl = R enz §Lkid e

FFIFH - TBIEIRATET I LG AR oL o

B R4 B -

Optech
* F 2 3| 5.4_Optech 7 ALTM3100 = 3;“ ki i BHF R REE

@ T SHLE e A 4 Rk e gy Lk SLendF g R T B
< #_100KHz' *= F 24 H ¥ % 75KHz % %2 FOV %+ £_50
B iR t&FEgrdfan- B2 A d > A5 2 FOV & 44
B(22 B) & k- Brirnsiedr4 Bwid 8BRS
550 22 40 1100 2 % o F g L % hoT B~ £
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Plane rosiduals

ot

0 A A A & I I i belore
a | I i after
L] & A & & ma before
s .
5 i i I | miaoe after |
A A I
& A
0 ' | Y
5™ i |
~ na |
I
|
I
I

i
& &
03 a
ik
A A
0. N A &
o
il
o

used planes | check planes

Method roll | Pitch | vaw Or | Ty | Ty
[deg] [deg 107
Manual 0.058 -0.031 | 0.038 | 0.2 02 | 25
Auto 0.058 -0.031 | 0.031 [ 0.1 01 | 2.0
Optech -0.034 -0.035 | 0.000 7 7 ?

d + % ¥ &> Manual ~ Auto ¥ Optech 0% 2 = ;% » % roll ¥ pitch
S #cr) Optech e 7 3 ;N fds » v §_ yaw(heading) % #c » P &_
Manual £ Auto #4F o

Leica

Leica cn ALS 50 4745 = ;4% A % d 3§ 8> N8 7 HF K> BB HF
A % 150 KHz» o thFOV 275 & » &7 8 & 1000 2 2 22
1500 = = > e BFE R~ p EFHET > BERIHAL 26
pts/m’ fr 1.4 pts/m’ o o 5t § 17 S BeiE 3 3 K4 H AT R e R
PO A PRBAIFDFIINTEFIAF - F LSS T B4
d T & ¥ &> roll ~ pitch ~ yaw(heading) # & .5 B 5 2> ;0T L R
) o

Me- roll | pitch ‘ yaw G, ‘ O, | o, | Ap | Oap
thod [deg] [deg 107] [cm]

Libor | 1.091 | -0.645 | 0.024 | .1 1 | .1 ] -23 i
Leica | 1.091 | -0.651 | 0.043 | ? ? ? 0 ?
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Covanance matnix of parameters + n*4planes

7 % Z_end_Riegl LMS Q240-x » i & - 2 EIEH T3 R Fh
260 & > B PIFRIERE L 650 2% 0 Frd S S LR T M
0B

CHRRTEAT A > KRB A TR A9 B

= B ¥ 4r < WA 1 RMS -*F’rsg; oA QR A (S ;Ih{;;b,a PE L)
LA RMS B4 0] 0 mils R G 2E S LE o
LiDAR /IMU roll ‘ pitch | yaw Oy ‘ Gy, ‘ Oy
[deg] [deg’]

Q240/LN200 0.139 | -0.060 | -0.057 ) 9 9.3
Q2401/FSAS 0.445 0.150 0.025 7 =7 4.0

position x [m] RMS =7 mm position y [m] RMS =5 mm
1000 1000
2
500 S 500
-3.03 002 001 0 001 002 -803 -0.02 001 0 001 002
N A L )
1000 pesition y[m] RMS =35 mm 6000 attitude roll [deg exp-5] RMS =1"
‘E 4000
500 3
© 2000 I
0 0
-0.2 -0.1 0 041 0.2 -5 0 ?
8000 amtitude piteh [deg e;p.lsl RMS =17 G000 attitude pitch [deg 9;;-5] RMS = 2"
4000 ] € 4000
| 3
2000 © 2000 I
a 1]
5 0 E -5 0 5
a ) . . B
1000 range [m] RMS =7 mm encoder [deg exp-5] RM3 = 1"
_ 4000
=
500 . 3
¢ 2000
0 1]
-0.04 -0.02 0 0.02 0.04 -2 0 2 .
v, () v, [ x 10
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Calibration of the Optech Altm 3100 Laser Scanner
Intensity Data Using Brightness Targets

Ra-1 g+ E Ahokas, S. Kaasalainen, J.Hyyppa, J. Suomalainen
It B ¢ Proceedings of ISPRS Commission I. Symposium

~ = 41* Optech ALTM 3100 & % j# <77 Sjokulla Pl 5% 8 B+
Vet R i {7 58 & (2 (Intensity Values)iﬁ*' o Z R RR R
1% (Brightness Targets)# & & &3 & & &_ 5% ~ 10% ~ 20% ~ 25% ~
30% ~ 45% ~ 50%7r 70% ° & {7 & & A 5| €200 m ~ 1000 m = 3000
me % RHE- B4 ] % Sm*Smo 1% B @ PVC Lk o ¥
Boh PR ARk R K -

gl =
e

Optech ALTM 3100 & -B’/T;f'ﬂ?f’ A e bl e e 1 e ?-37 Eﬁ’ff’;‘ Fren
AREEFFAT o AL P EFAT TP 1994 1k AKX
SjokullaKirkkonummi -X A 1 cd@E B2 B & B3 wRF ¥ e 7 & ”ﬁ
g 8 5 LA A Ao B9 3R AR el SR ARk & g B
e A I ﬁfﬁ&;ﬂﬁﬁ*&W”?ﬁ
P e PREAR o p 2000 A2 0 F LR ERRER 4T F 0 BAT
~ Zipl3# £2005 & 7 7 12-14 $Lie 7 Optech ALTM 3100 i)
8 Bk e Rk > T RZREE DL G F B A B A 5% >
10% ~ 20% ~ 25% ~ 30% ~ 45% ~ 50%Fr 70% - & (= % A 4 &) £_200
m-~ 1000 m{=3000 m- 5% & B F & B F enfe Bl e 35 1~ 54 (dC
AR 1)y x F B3I fe@iEa E(FEEY F i
PERA P FHBONER) CHESEB I8 BRBELHEF
R R EDE S5 o

N2 &
i\"]'ﬂi/? £ % «up'f' AR K AR P B 0 PR mﬁ%“]“/fl‘&]?’;i}g_

BE- T A IR ELRIE 0 5T HELRIS B 7 4 #5(Wagner et al.
2006) o = ¥R L e ﬁug AR E EDEE 0 A 0 A
BEEFTAIT |dokeHfd s 47~ g R T fie & od 340 H
R R R D A R T R B T K R
p MEE 3 g‘F‘ VERCAT AN CEENLL SVEE & 5F ;a Prer¥tas BB R TR TR
* o fullwaveform 7% i\%é ki B d ko ﬂ LG R keniFEh
R TIER PRI R G LK 3 10
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F100 # RaE > frubplp BB L et 7% | %

&% & o Wagner et al. (2004)# * fullwaveform ehz % 7 44 ki &
Soo I g R FF A AR o H s By I B IRBRE (T
TR TR o % B & fo fullwaveform TS TR - BRIFaRT

THGBHE S A F A MEF AR RO T

RE e

Ykl

A% «9 Sjokulla Kirkkonummi - 4 2 e ip] 8 RIS 7 2
kg R ERE G Y 0 fI* Optech ALTM 3100 % 8 B 7 | & &
x m#%% “"J 7‘Lk’ REEFR@ZF I4HRRELEFEE - AR EZL G
kb A_5% ~ 10% ~ 20% ~ 25% ~ 30% ~ 45% ~ 50%F= 70% o
*Ui%%— 11%1 & Sm*Sm o JI* BEa S e PVC L% K o % 4kv
B 2 AR e gk F o BFF AR A I 200m -~ 1000 m fr
3000 m > F &4 5 4 %] 4100 KHz ~ 100 KHz 4= 33 KHz > § &+t &
%1064 nm > FOV 5 34 & - TR & W BN ~ BiFame A
Bk 2 5

R e e S e

w Al B P ]
I dxBs>» 00,

R ARR S

REIFRIE

B R EE - B ¢ RS M RIS A M)
Fei% W€ 47 5 (Pulse Repetition Frequency, PRF) > ¥ i d T @B {#H
P H YR BRI A B P E X TS 3 EU L sR o
5% & I'EE'T'?%’I‘JI 4o

—BEEBRELRD T RO R -

— xS E PR T L N B A Sl SRR
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— 1294 Chasmer et al. (2006)% &3 & &z 5 o0 3 847% ffreriy £

F“

T S 5 33KHz st £ 4164 uJ > F &4 5 100KHz 5t £ 2_59 pJ o

6.5 % brightness target intensities,
observation distances strip1=211 m and

strip2=227 m

<iniensity

200 _
M sirip 2 average
150 4 intensity
strip 1 average
100 intensity

I:I T T T T
0 2 4 B g 10
Observation angle (degrees)

Intensity

[y}
o

55 B (B 122k O N e T

Rg Ervef
fzaaEmf,f = %Rgs;‘E?'f

N BT {r_ila *EF ] R R E %f{%E{ FERRE(FR K 7

-

200 = 2 ) R, #adb j FREHL o B A SR reniy £ (R 59u))

E- 2wk j 3 si% firenis £ o

Ly

e g T A BRARATE Bk T I0 R B doT B4 .
g 3000 2 % A B AR R B B (F B 6.5%Fr 11.5%)i2 ¢
SEIUSE 0 3R B RT G ARME -

Average intensities of brightness targets
10000

# 200m average
W1000m average »
1000 4 & 3000m average *
T 2

100 +—* X
|
m "%

"
[A)

—
[ }

Intensity in log-scale

=

0.4 0.6 0.8 1

=
.
X

Target reflectance
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200 2 = ~ 1000 2 ¢ & 3000 2 ¢ 5 B @4 Bl4eT 3 0 7 3
BT fiThud e R B(F B F 5FiE)E scaled intensity 4R
M lcd r A BRAReDS BRI Ot o & 3000 2k R AT O B
AR BBIE R T AT A G A g i

Scaled intensities of brightness targets,
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100 & e > ufb Pl BB A fkr it | %
2 1%4
232 W £
X Y Z | Bk AX | AY | AZ
%A it
all points |201736.850| 2680909.694 | 34.570 | 7761 | 5.71 0 0 0 0
1/2 points [201736.849|2680909.685 | 34.570 | 3155 | 2.32 |-0.001| -0.008 {0.000| 0.008
1/4 points [201736.848|2680909.688 | 34.570 | 1577 | 1.16 |-0.002| -0.006 {0.000|0.006
1/6 points [201736.838|2680909.643 | 34.571 | 1051 | 0.77 |-0.012| -0.051 |0.001|0.053
1/8 points {201736.839|2680909.652 | 34.570 | 788 | 0.58 |-0.011|-0.041 {0.000|0.043
1/10 points [201736.838 | 2680909.668 | 34.571 | 776 | 0.57 |-0.012| -0.026 {0.001|0.029
1/20 points [201736.894 | 2680909.713 | 34.571 | 388 | 0.29 |0.044| 0.019 |{0.002|0.048
1/30 points [201736.597 | 2680909.229 | 34.574 | 258 | 0.19 |-0.253| -0.464 {0.004|0.529
1/40 points [201736.950| 2680909.868 | 34.574 | 194 | 0.14 |0.100| 0.175 |0.004|0.201
1/50 points [201736.857| 2680909.623 | 34.575| 155 | 0.11 |0.007 | -0.071 |0.005{0.071
1/60 points [201736.471| 2680908.776 | 34.573 | 129 | 0.09 |-0.379| -0.918 {0.003|0.993
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# 2 Blockl 2~# %
Blockl X Y 2Lk |BHZ DR AX AY -2 4T
RN 201735.425| 2680928.991 —_— —_—
All points | 201735.363 | 2680929.063 42 5.76 -0.062 0.071 0.094
1/2 points | 201735.323 | 2680929.080 22 3.02 -0.102 0.088 0.135
1/3 points | 201735.392 | 2680929.170 15 2.06 -0.033 0.178 0.181
1/4 points | 201735.632 | 2680929.771 12 1.65 0.207 0.779 0.806
# 3 Block2 B~% %
Block2 X Y B |(ZZRAR AX AY 1- ST
RN 201751.642 | 2680925.558 —_— —_—
All points | 201751.599 | 2680925.604 45 6.17 -0.044 0.046 0.064
1/2 points | 201751.555| 2680925.619 26 3.57 -0.088 0.061 0.107
1/3 points | 201751.589 | 2680925.574 16 2.19 -0.053 0.016 0.055
1/4 points | 201751.841 | 2680925.325 11 1.51 0.199 -0.233 0.306
% 4 Block33#% %
Block3 X Y 2Lk |BHZ DR AX AY -2 4T
RN 201741.342 | 2680924.243 e e
All points | 201741.305| 2680924.237 43 5.90 -0.037 -0.006 0.038
1/2 points | 201741.238 | 2680924.227 20 2.74 -0.104 -0.016 0.105
1/3 points | 201741.470| 2680924.059 14 1.92 0.128 -0.184 0.224
1/4 points | 201741.296 | 2680924.342 10 1.37 -0.046 0.099 0.109
% 5 Blockd 3% %
Block4 X Y Bk |BHZ DR AX AY AT
¢ 201740.466| 2680914.016  —  —
All points | 201740.501 | 2680913.867 44 6.04 0.036 -0.149 0.153
1/2 points | 201740.438 | 2680913.786 19 2.61 -0.027 -0.230 0.232
1/3 points | 201740.536 | 2680913.887 16 2.19 0.071 -0.129 0.147
1/4 points | 201740.562 | 2680913.955 10 1.37 0.097 -0.061 0.114
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% 6 Block5 B %

Block5 X Y R (REEE ] AX AY | R
e | 201731.334 | 2680913.358 — —
All points | 201731.340 | 2680913.495 | 40 5.49 0.006 | 0.136 | 0.137
1/2 points | 201731.281 | 2680913.534 17 2.33 0.053 | 0.175 | 0.183
1/3 points | 201731.303 | 2680913.457 12 1.65 -0.031 | 0.098 | 0.103
1/4 points | 201731.475 | 2680913.746 11 1.51 0.141 0.388 | 0413
% 7 Block6 B~ %

Block6 X Y RiE |RESEE | AX AY (R i
e 201741.05| 2680904.811 — —
All points | 201741.040 | 2680904.741 | 44 6.04 -0.010 | -0.070 | 0.071
1/2 points | 201741.095 | 2680904.640 | 22 3.02 0.045 | -0.171 | 0.177
1/3 points | 201741.088 | 2680904.478 14 1.92 0.038 | -0.333 | 0.335
1/4 points | 201741.188 | 2680905.055 8 1.10 0.138 | 0244 | 0.280
% 8 Block7 B~# %

Block7 X Y PR (BEEE | AX AY | TR
Hie | 201731.846| 2680900.574 — —
All points | 201731.862 | 2680900.459 | 41 5.62 0.016 | -0.115 | 0.116
1/2 points| 201731.983 | 2680900.447 | 21 2.88 0.138 | -0.127 | 0.187
1/3 points | 201731.792 | 2680900.491 14 1.92 -0.054 | -0.083 | 0.099
1/4 points | 201731.939 | 2680900.12 13 1.78 0.093 | -0.455 | 0.464
% 9 Block8 &~ £
Block8 X Y PR |BEEE | AX AY | TR
Hie | 201723.518] 2680897.433 — —
All points | 201723.539 | 2680897.545 | 42 5.76 0.021 0.112 | 0.114
1/2 points | 201723.496 | 2680897.627 18 2.47 0.021 | 0.194 | 0.195
1/3 points | 201723.604 | 2680897.810 14 1.92 0.086 | 0377 | 0.387
1/4 points | 201723.424 | 2680897.45 9 1.23 -0.094 | 0.017 | 0.095

353




T100 & B2 = ubplR BB 4 Rl vE | %
% 10 Block9 B4 £
Block9 X Y i (2w AX AY -
¢ 201737.3974| 2680892.685 —_—
All points| 201737.386 | 2680892.738 46 6.31 -0.012 0.053 0.054
1/2 points | 201737.407 | 2680892.635 23 3.16 0.009 -0.049 0.050
1/3 points | 201737.442 | 2680892.749 17 2.33 0.045 0.064 0.078
1/4 points | 201737.3622 | 2680892.361 12 1.65 -0.035 -0.324 0.325
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Radiometric Calibration

Sensitivity of PAN camera (Reference)

RMK DX, DMC Il 140 Relative Spectral Response
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850

The sensitivity shows the spectral response curve of the single camera head
including the optical system (optics, filter) and the sensor response. The RMK DX is
calibrated with respect to the absolute spectrometer. This allows computing pixel
radiance values from pixels digital numbers and is a camera type specific calibration.

2.F B BRI

Radiometric Calibration

Sensor Linearity (Reference)

The sensor linearity is measured in the Lab with calibrated spectrometer. Thisis a
camera type specific calibration.
Below figure shows the linearity of the raw sensor and after flat fielding:
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The deviation from the linearity is below 1%.
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Figure 4:
Diagram of UltraCamX multi spectral bands
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R FH 4 97(USGS)
% P :EH-(Sioux Falls Range)
i i(d p USGS )

Geometric

Sioux Falls Tesl Rangs

Bl liahia Comsly, 127 G50

Soux Fala, 3" GED

Haouy Falla «* GRI

Limeoln Comly, 1 1% G50

L T bt
i nwe =

Sioux Falls test range draped
over LIDAR dervied

Sioux Falls Range Design

Location (City, State,
Country):

Altitude above sea level
Min/Max/Mean (meters):

Center Latitude,Longitude
(Degrees):

UTM Zone:

Owner:

Points of Contact:

Purpose:

Sioux Falls, South Dakota, USA

345/ 546/ 432

43.555562, -96.745806

14 N
City of Sioux Falls

Aparajithan Sampath
Jeffery Clauson

The Sioux Falls test range has been designed to
evaluate, validate and characterize aerial
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Range Layout:

Description:

orthophotos as well as high resolution satellite
images. Accurate and standardized high
resolution orthophotos (Reference image) for this
area will be used to determine the relative
accuracy of other high resolution aerial and
satellite images. Co-registration analysis will be
performed between this image and other search
images. The results of the analysis will provide
insights into the accuracy of the imaging system.

The range consists of a three part design. The
first part consists of 12" GSD (1 foot) orthophotos
over the Counties of Minnehaha and Lincoln. The
second part consists of 6° GSD (0.5 feet)
orthophotos, over the City of Sioux Falls and
surrounding areas and the third part consists of
3” GSD (0.25 feet) orthophotos covering the City
of Sioux Falls.

Area (s
GSD County/City name (sq
km)
Minnehaha
127/30.48cm |County/Lincoln 2160/1160
County

City of Sioux Falls and
surrounding areas

3"/7.512cm |City of Sioux Falls 115

6"/15.24cm 760

The Sioux Falls test range for aerial and high
resolution remote sensing images is located in
the state of South Dakota, USA and covers the
Counties of Minnehaha and Lincoln. The
topography consists of rolling hills, and a good
mix of urban and rural areas, with several small
townships and the Sioux Falls Metro area, in the
middle of farmlands, hills and rivers in Minnehaha
and Lincoln counties.

The test range was initially a two part design. The

362




BT P - Sioux Falls Range JJ¢H i /7

Orthophoto Procurement
and Accuracy
Assessment:

High Accuracy Image
chips:

Digital Elevation Model:

first part consisted of painted targets across the
area. However, it was felt that a better process
would be to obtain high accuracy aerial
orthophotos of the area, and use these
orthophotos as the standard for characterizing
other systems and products. An Image to Image
matching tool is being designed for this process.

The orthophotos for the three areas were
procured by a consortium consisting of the
USGS, City of Sioux Falls, Minnehaha County
and Lincoln County. The USGS carried out an
independent accuracy assessment of the
orthophotos. A total of 112 photo-identifiable
points were surveyed using GPS-RTK survey
method. The coordinates of these points were
then compared with the coordinates obtained
from the orthophotos. A summary of the survey
results is presented in the table below.

12" 6" 3"
CE90 1.46ft/0.44m 0.83ft/0.25m |0.59ft/0.18m
CE95 1.68ft/0.51m 0.95ft/0.29m |0.67ft/0.20m

For assessment of high accuracy aerial data, the
USGS has come up with a plan for using high
accuracy image chips. The image chips are
smaller portions of the reference orthophotos
surrounding the check points. These image chips
are more accurate than the orthophotos, because
the locations of the centers of these chips have
the same accuracy as that of the GPS RTK
survey (~ 1.50 cm). Automated correlation based
matching procedures will be used to assess the
accuracy of the data.

A Digital Elevation Model (DEM), based on
LiDAR elevations has also been generated for
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the Sioux Falls range. The point spacing is 1m
and the vertical accuracy is expected to be 18.5
cm on bare earth and 37.5 cm in obscured areas.
The accuracy of the DEM is currently under
study.

View Portion of Sioux Falls Draped over LIDAR
View Sioux Falls Range DEM

Additional Downloads:

Google Earth KMZ — Complete Range (95KB)

Google Earth KMZ - Lincoln County Range
(36KB)

Google Earth KMZ — Minnehaha County Range
(39KB)

Google Earth KMZ — 6" Range (17KB)

Google Earth KMZ — 3" Range (6KB)
Sioux Falls Range Shape Files (26KB)

Additional Photos

Sioux Falls DEM
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