A 3ha
°3‘-‘T zsolo

T3 EE

v HE

92 48 Bl EIE S e S SR 1992. 10. 19~21

Qi Y A 2 ol A4l e 34 38 47

o] #¥

Nohet e AapE et

A Study on the Estimation of Relative Shift Vector
fron Aerial Inage Sequence and Aircraft Attitude Information,

° Jong-Moon Kim

Dept.

2. 2F(Abstract)

This paper describes a new approach that can extract
the relative shift vectors between two arerial image
sequences for implementing the visual navigation system.
This method minimizes the noise included in the aircraft
attitude information that represents the changes of the
aircraft attitude using the statistical method and
Kalman Filtering method. This result can be used to find
the relative shift vectors which are independent of the
attitude changes indicating the true trajectories of
aircraft. We applied this method to the image about
vwhich we had already known the information of aircraft
attitude, and that result showed that the errors were

minimized sucessfully,
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E(yi) = a + Bxi + rxi? + 8xi3 (3)

Var(yi) = g2 (4)
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Bxi + yxi2 + 6xi3, 02)C. 2 HE randond}A =2&2H A7 1
ol MEFFoletR Y 4 lch el 218 i v
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(unknown error)E A A7l 2 exp, &3 RFYE
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#9) %E 02F s o 4, 5, 58 FEYS EW,
A A A I
a = (X {yi - Bxi - pxi? - 8xi3)) / n
A A A
B =(S2 - Ty - 8U2) / Sy
A A
7 = (S1Tz - S2T1 - &(ViS1-UzTy) / (S1Us-TyT1)
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(S2U3-S2Uz2 ) (S1Ur-TiT1) - (S1T2-S2T1)(S1Vi-Tilz)
(6)
St = Txi? - (Xxi)2/n Sz = Txiyi - Lxizyi/n
Ty = Xxid3 - TxiXxi2/n Tz = Txilyi - Txi¢Tyi/n
Uy = Zxi? - (Zxi)2/n Uz = Exit - Zxi3Zxi/n
Us = Zxidyi -~ Zxi3Tyi/n Vy = £x;5 -~ Ixi3Txi2/n
Wi o= Zxi® - (Zxi3)2/n
2.2. Kalman filter& o} &%+ uhyiz]
System?] state model& Al (7)3} Ut}
X = [ %ox X ] (7)
Xvx ¢ roll, pitch, yaw2] H3}-8
Xx : roll, pitch, yaw®] Z}%=
System?] measurement model-2 A (8)%} o] EHH £
alct.
Z=HX + V (8;
Z ' Measurement vector
H={(0 1]
V . Measurement white gaussian noise vector
kalman filter®] prediction?} corrector formZ 4 (9)

o 4 Al (13)2} Zch

A
X = FX (9)



P = FPUFT + Q (10)
K = PHT[HPHT + R]-! (11)
PU = [I - KH]P (12)

A A
XU = X + K[Z - HX]
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(pmax, Qmax )

$x
(Wx1, Wy1) —_l
(Vx1, Vyt)
Ly

iHz] & 4t(reference image) i+1H x| o 4f(search image)
O™ 2 g Me BE2] #1A
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=
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Sx(k) = pr + m[£«(0,..,k-1)] + Colgx(0,..,k-1}]
(22)
Sy(k) = ar - m[&y(0 k-1}] + Col{Zy(0,..,k-1}]
(23)
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13 3 RSAR Y252 AN ZTER
Ao AthA Ho| (virtual shift vector)E
B o @Y AA Ho| (real shift vector)?]

—r

N

=
T

Gaol Ureld Aol wole A ulgiAe gAY
(real shift vector)z} u[3Ale] Atajel ule} xlol& Kl
th ol& WAL ApAe] Wy} o vy o) o
Ha® sioletel FRo| Awel SRS YHAA 7] of
Tol ¥ ol st Ao Azt ci2r] o Eoltt
[7108) wieby E£dabo] Lehd ol "ol Xiola st
4, X1o] GAtelie] Aeofd ol shift
vector)7} ¥ o, uwl¥aAle] 2ME st X1o A=A x4
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Azloll siwstn, o] $+HANMY H42 At & AE
X4 2 shE o] X4 Jb uIMAZL A 22 AAA Ho
(real shift vector)ol zj@giri. ol& Iye2 Lephid
2% 49} Al ovlolM X1 AatoiMel Aol wo], X2
= dale] 3ol A4 Thite AR AegF X1&
iyt Zo] "rh. X3& X2& AFel FAY Aeloln o|RE
cha] viEA e aEghE FH4Y 2ol x47t HH o] X471 vl
A7t AA A AHA Holo] wtych

X1 : virtual shiht vector

X4 : real shift vector
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6.1. BAH ¥y

o2 &Y 1300Hzhol A 1799 =72 2] 500708 A
&% odatol iyt Zrzhe] ulMWxpA R Rl chs A FR
F duhd AHgtte Rol t3 X7t HLSAE dolet &
c}. ojul tx] ¢Jo]EQ measurement dataZl QO BT A
9] noise’} Aolx] ¢}-& datag ¢ +7 gith 1HEE &
22 dogd Holx] e

real data® K 31 . rea)l datao] TA] HAlo] 10¢] white

o

measurement data§ noise?}

gaussian noise® A ol& 71& measurement data® 3t ¥
AR wWHg ol &3t AA FErhe datad AHEIAE
o 7t exi7t x| & AHstach

2.0
10.9@
[N ]

~10.08

ROLL ANGLE

1200, 0% 148,08 150000 1799.00 1008 08

100l 90
IME

2% 5 roll Z® (1300-1799*H=))

13 »>
8 g

N
8

RMSE (ROLL)

v v \
O T T e e 360 4600 54.00 6600  70.00

DATA =
3% 6 roll Zt= (1300-1799H 5] )2} data ZH4of
o o2t £X
3¥ 5 Mo AMRY F4EY HIBAHMANE Lepd
Zlolth, 33 69 x&2| data #= ¥ HEE RE A

2] 274 BEE AHEsle] WAl uBAME FHUEIE
Uebdct, y&e] gk noisert Holx| -2 vl MM F R 9}
o 2§ Yuigic. E¥ o] 2y Aol & £ g0
gEEE FRE] 12 Mo} 23t FHY Hel§ ol F A
olgt 7}F st FAHY Aol AALY datag A1EY Po]
& i FREC] 3& FHUE ol & zloletn A ulY
ZAMBRE Y AEC) ros errordt HE $£5 Qo 2
Ay 1 Adou} 2x FHog HPY RS A& datal]
47t wolA FAE 227t AYE B 4 drh 3AIFHo
2 ¥ ZPE rollo] Wiyt FRE 3471, pitchel oyt FR
£ 1770, headingol th¥ BEE 23788 FHE oj8stde
W 713 A7 ARE ¢ ¢ At oluly 2xe A= E
X lof Bt}

¥ 1. & uRxMBEFO| 32 F4E ol Eri Y

Az
measurement rmse | 32} Mg FA
roll 2.184949 1.669132
pitch 2.184949 1.743560
heading 2.184949 1.784377

6.2. Kalman filter§ oj-8% Wy

EAXMA Wyt YL WY O wmeasurement data®} real
datad Y chE Zzhe] ulyaiAo] ciste] A¥siadct. o)
o] rms error= ¥ 28} r}.

o] 71 X measurement rmse:= 7|2 FE ¢lo]&EQ datao]
B xto] 109] white gaussian noised& 4o|F2U& wlg ras
erroroltd L& 92 noised roll, pitch, headingoll 43o]
Faowg 2 3130072 Tt} Kalman filter rmse= noise’}
Abg3t R Zlegy
rolle|u} pitcholl & error7t 4938l Eolad ¢ &+ AUA
2j gt headingol M= A9 o7t gle & & 4 drth ol
£ rolle]u} pitchy 1o WHItEe & H2du H3o
heading2 KU} & H¥&E Boli=tl, noises HFLL A G
Hoi Foivl wiEolr}.

X 2. 2 v 8AAo} ths] kalman filter§ 2% A2}

4 datag kalman filter&

measurement rmse | kalman filter rmse
roll 2.313007 1.613621
pitch 2.313007 1. 587094
heading 2. 313007 2.302583

B

A4 YIILES 188 FHASAY stojel
& iU e stoiel 2dol w3 sisted 2o
2o F/HEUNE S dor g Fodct o

£ A& Ao gx gol Helxn, 94
228 ©W Aelel gl RES HBE MY 4+ A
= WAty digel & AdelM:= ©a ddrc 3
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fir o
i3

ok

o
3]
!‘-lﬂomri
oA > oo o

151



datEThe e 175 X 175 pio] st doqu
AAFGon o] H|WatML] W3tet o]Hol 3
Hole] Mg S Teis) % 29  Ug Holth

2o

oy g uEY wARa
6.4. B2gatollAel 4rha o] (virtual shift vector)
223 uly¥Ale] AAA Ho| (real shift vector)?

At
clgd ® 32 dAaatolde Aofd Hol(virtual shift
vector)& & ZozHy uYAl AAZF Ho]
shift vector)& Zl4t¢t Zjoltt, o] FApollA K R0
ol Al UEhG AriE MolEch A4LH u| A HAl3
(real shift vector)7} &4l 2 & UehdEd ol&
gt2 BE A7l £3 Az s gAY Y
A% siolete] F&o] Az e Aoz AHelHct

w7l d&elch
¥ 3 A3 #Ho|(virtual shift vector)® F-§

(real
o
ol
Ftol
IR
e

ol o]

v 3] AdAA o] (real shift vector)d] F&

] 4 Ex_v Ly_v {x.r  Ly_r
1400 1401 19 -3 20.05 -3.23
1401 1402 15 -1 15,97 -1.09
1402 1403 18 1 19.22 1.01
1403 1404 19 3 20.35 3.33
1404 1405 19 -6 20,34 -6.64

6.5. % 4 vYF EY 10672
& o] 8% Moy Holo 2xEY

A&y I

E 4ol v WAL HA Moy Hels slzog Yy =
Al ZRol| £4ako] 79 white gaussian noised Ajo]= e
measurement data® 8lo] Atcl3 mMolg 2% Ao} BA
e YHE 83l peasurement datad] QAIE X ALY
F Adold Holg 2y Ao Aolg Hgr)
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