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A study on the transformation of EO parameters using Boresight calibration
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Abstract
Mobile Mapping System needs system calibration of multi sensors. System calibration is defined as
determination of spatial and rotational offsets between the sensors. Especially, EQO parameters of GPS/INS
require knowledge of the calibration to camera frame. The calibration parameters must be determined with the
highest achievable accuracy in order to get 3D coordinate points in stereo CCD images. This study applies
Boresight calibration for the calibration between GPS/INS and camera, and estimates the performance of the
calibration.
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Mobile Mapping System(MMS)£& Zl*oﬂﬂﬂa‘r GPS, INS 2 =Zuld FolA A
A 71ed AYT TP Ao ANYARE w23 A HS5L F o] A& FHAHRL FF - Al
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2. Mobile Mapping System(MMS) {2

Mobile Mapping System(MMS)2 A&7t EAdle 43t A 59 ARG £H4HBE EA oA
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238 1. Mobile Mapping System2] a3 Attt &
3. M7 WS
3.1 ¢4 CHat
Boresight calibrationg ©]-&3te] CCDEA® GPS/INSZ ] B8-S ¢5le] didggdA A+ dFExGq o
sted MMS &g st o 1E1—E‘ A5 FHE oF 2km L Zolo|n] wmd GPSAE7F BAEEE

Tl gle AYE MASAT OS2 AHEE MMS 2] ZEd Axge] Adolt

144 Ad

4] A|
GPS Trimble 5700
INS Litten LIN200
CCD Camera UNIQ UC-900
Lens Auto IRIS Lens
3.2 Ftoji2t 2%

A& oA &g 23AY 7Y AAE ole AL AFAY AR JREHLAE 5T 4y 3
4 FHAEE T W T Y AP adolr) EF A=A HL2 ALE] FiuEty A=2E FaiA I o Apdel A
2 Ao A @A HEZ AREY HA Adtolv AF AN T AFH A5E T 5 A 9 FIAR
Fteletel 2o AU svEes 2FAY, FH9 A, 92479 Y2 E AFTHe YITEE FIA & £ UA
Ryt o g B Jidgte A& 237, FHY AU A2qF At ATHRA] gorg Fasitd A

s =
Z Aaks)or stk B AR E Flog RN o s A A H o) M (self-calibration) & o] &3+ th
A Az H g M‘l% 718229 FMZAA Fivigl A
2} 5_1471!’4 2249] AAE HATE Fo FHiAFHe
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2 Ago e /T2 2.30m, A2 1.90me] BA e HHe 3D elAlg 11718 dxjete 7hvet EAE F33514

o g2 2AE drloly,

E.2. 7ive} 24 AF - R EAHL/ A

X{m) Y(m) Z{m) omegal(rad) phi{rad) kappa(rad)

camera 1| 233002.2068 | 319905.0009 | 51.63660185 -1.46182 0.633987 3.092774
camera 24 233001.9195 | 319905.3747 | 51.66488965 -1.47432 0.629644 3.112691

E3 JHHE BA g - JEEAHL L

f XD yp k1 k2 k3 pl pe al a2

camera 1|4.10147410.0287073|-0.034334|0.0156335} -0.00245 1 0.001259 {-0.000019| 0.000214 | 0.000288 { ~0.00096
camera 2| 4.087677 10.0274604|0.0222216|0.0175384| -0.00458 | 0.001875 |0.0001138{ 0.000161 | -0.00021 { —0.00075

3.3 GPS/INS St

MMSE
a3t &
oz At
£ olde el gl olge vHS
Atk

GPS/INS dolHE F&stA =W 23] X9} zA4E 2&
A7) 98 AAutie] ApplanixAtel] #2He POS-LV 420 Al2#1S

g Q7] fdMe Aol FYT Hro HAFEY AAHEI}L &

£ ol&3tyirh. INSE 979 =& glo]l F49 I FRE 54
pIRSAR S A]?Pol ALFE A7t A&H o7 T gxoR ARG
s2stnat vl@Ad AAMQ GPSE ol&3te] GPS/INS dlolel $d& a3t

% oot

°]-g-3to

B AP e GPS/INS ¥
ARES 539

daste

H.4. GPS/INS &3 23 dF

X(m) Y{(m) Z(m) omegalrad) phi(rad) kappa(rad)
event 1 233003.302 | 319906.72 51.640821 -0.01927 -0.00383 -2.45325
event 2 233003.303 | 319906.722 | 51.640214 -0.01941 -0.00341 -2.45323
event 3 233003.302 | 319906.721 | 51.640647 -0.01929 -0.004 -2.45321
event 4 233003.303 | 319906.72 51.639772 ~0.01936 -0.00369 -2.45325
event 5 233003.357 | 319906.771 | 51.640992 -0.02295 -0.00703 —2.45749
event 6 233004.155 | 319907.744 | 51.640087 -0.02119 -0.01059 -2.60843
3.4 Boresight calibration
MMSE ol&3l= HFHS Ede 99 2HIL CCDIME ol &5te didEe g 339 AEE A&
I EFo] ity EG olgdt HE SE&3te] oy Fopd ZEE £ A Hoh B dFE oldd 31 X
FEE A3 71F0] He Y JREHLAE AESE BHS FAHET 1 Zoe] diE =9 o EAHE
3l Uth
MMSeA CCD Camera® A GE #9sta GPSY INSE ol &ste] #3ete] X9 AM(YFEH L
2)E 9& F Uk 28y GPSY INSE A Ratge % M“’E A7 rEEE Hil% A= A
A e} AAolth. weba FiHEl FdFAe] AXE VELR se AXY AME Fee Fo] "aE oH
4& CCD¥ GPS/INS G3felet =gttt shvzt »Ae C Camera/] WH-EHeAE Fabr] dAsiMe de
g HAolxE AT o] QIR AP RAE &Y 4 9lorz CCD/GPS/INSE 3317 faiz 28% o3
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t}&-2 Boresight calibration® =2jo]t}.
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01 0]
S=(1 0 0
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b..b,.b,. N body frameolA A9 ¥ boresight offset

RNE

Bins - INSof|A] g53E 34 vfeEgA
Xrp: NED frameo] el INS 24 #E
X ep: NED frameol X ¢l camera 712t $924 &%
R = RENU RENU RBINS REINS
Pht - BINS C
_ -t "y _ A hy
56 =sin™'(n 3) dm = tan (r33 ), Ok = tan ("n )
+A@E A FAFA AAE AN Aoln, &
AAE AsbstE Aot **’(2)9} 3y &8 71§ HE
RE GPS/INS E§¢274Z gty 2R AAR 2

T ENU ENU
=R aivs - R,

_ VPC NED
=X ~vep T RBINS 'ble

A(3)2 Fidete] IJAMEZAE
A4 offset? 4=

Hohot FUAZHS GPS/INS S84 39 offset vectorst A v|EYH2
o gt ﬂv‘?—§574°* ZV‘} 7124 glo] d&
A

g A "o aFE
% 312)Z0] Boresight calibration®©]t}.
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Axkste] Fhoete]
Q offset A3z, °l& Fato]
M 2 ¢ A 9 ve (5% (*6)o EH* 2ol A

Boresight calibration® 93 7]50] HE offsetE AAs7] 98 dlolgleoly (2N (X8)2 & 53
Boresight calibration®] Z3te] gy ojc}
5 EUAAAMY Fielet dBREAHeA 2D GPS/INS 2827} (camera 1)
X(m) Y{m) Z(m) omegal(rad)| phi(rad) | kappa(rad)
Fhol et B A A = 233002.2 319905 51.636602 | -1.461802 0.63399 3.092774
GPS/INS%-3-2 =} 233002.5 | 319906.37 | 51.636293 | -0.004436 } —-0.00373 —-2.42774
E6. FLAIAAM Y Aot R EHE A Z GPS/INS 5823 (camera 2)
X(m) Y(m) Z(m) omegalrad)| phi(rad) | kappa(rad)
Fiolet A 4 233001.9 | 319905.37 | 51.66489 ~1.47432 0.62964 3.112691
GPS/INSE-&Z2x} | 233003.4 | 319905.83 | 51.631959 | -0.019886 2.7E-05 -2.43924

132 -



#.7. Boresight calibration®

o]§-3 CCD/GPS/INS %23 (camera 1)

X(m) Y(m) Z(m) omegal(rad) phi(rad) kappa(rad)
event 1 233003.009 | 319905.345 | 51.661678 ~-1.47871 0.60863 3.096177
event 2 233003.009 | 319905.346 | 51.661387 -1.47914 0.60869 3.096682
event 3 233003.009 | 319905.345 | 51.661479 -1.47861 0.60865 3.095963
event 4 233003.009 | 319905.345 | 51.660787 -1.47890 0.60865 3.096345
event 5 233003.069 | 319905.394 | 51.666037 -1.48054 0.60406 3.092885
event 6 233004.078 | 319906.339 | 51.664507 -1.48764 0.45363 3.107755
#.8. Boresight calibration& ©]-&3F CCD/GPS/INS %843 (camera 2)
X(m) Y(m) Z(m) omega(rad) phi{rad) kappaf{rad)
event 1 233001.875 | 319906.241 | 51.668355 -1.47216 0.61528 3.109994
event 2 233001.876 | 319806.242 | 51.668411 -1.47259 0.61534 3.110500
event 3 233001.875 | 319906.242 | 51.667943 -1.47205 0.61530 3.109779
event 4 233001.876 | 319906.241 | 51.667545 -1.47234 0.61530 3.110163
event 5 233001.932 | 319906.286 | 51.665874 -1.47398 0.61069 3.106724
event 6 233002.819 | 319907.050 | 51.664410 -1.48175 0.46034 3.122739
]
3.5 H&xr AT
Boresight calibration® ol&3to] 1bzd givglel R uAda st AIEE A7 st 2H#He CCD
G 3x BAE(FASHINE FEA 2 e Aol Wdt GPS %S A g5l 7|Ea(Ehe A58 o
& A8 4F Aotk
9 ¥ #5 A7
id X(m) Y(m) Z(m) X = Y 2z Z 2.z} RMSE
29 1234298.5329|317742.6204] 42.664184 -0.083 0.042 -0.263 0.279
30 |(234295.5585{317742.6017| 42.625530 -0.056 0.044 -0.309 0.317
37 1234296.1350[317745.7622| 42.765659 0.186 0.021 -0.081 0.204
64 |234242.55201317742.5914) 42.812056 -0.080 0.089 -0.284 0.308
158 1234081.3500(317742.8082| 43.459171 0.126 0.146 -0.003 0.193
170 |234079.3899|317739.858 | 43.219311 0.061 0.111 -0.355 0.377
172 1234073.0120(317742.3103| 43.322822 0.233 0.101 -0.178 0.310
Ao FolA Holo] JAtoA F&3 32 ZE9 GPSEH JE AX7HY oxtE R E o] 20~30cm
of HHAEE Hola USS & & Ak

4. 4

=2
—

GPS/INS dolE 9] F3lo

Fojotgt MMS9 &= 4 E2Q 3xY FAEE FE2T £ U B dFME HE b2 FEAS X}ﬂ A&
re] Ao} ApAle] Wzt Foto] Fivgte] YR TAHQAAZS FE5E WY o2 Boresight calibrationd A48

- 133 -



A}, Boresight calibration-‘ll AT E 7|1BA0Z GPS/INS 3841 712 a4 93e Bk o]y AL
= A2" A%t & 9}2“1 ’3F2 <l Boresight calibration® 3= FHdet RAGAIY YR EAF oA

o] Agzrt M Fasi Al A IR HId FFqE FE 247 AFHHLZ Boresight
calibration¥H& o} = gt /\]/‘\5“4 HFAYTE EA o2 Boresight calibrationS 283 Jivete] 9R%
AR A AtZo] 224 FYHUSE 75T 5 Ui &5 sivgtel HE Boresight calibration 7]#H& A&
st RET ofu} muty #HolA e 2 & AAMdx olHg 7 EE& A &3 calibration A7t a3}
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