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Landing Position and Attitude Measurement
of UAV Using Runway Image
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Abstract: A new method of landing position and attiude measurement of UAV using only one runway image, which is proved
applicable to such circumstance as UAV approaching to the ground while the runway width 5 known, is proposed in this paper. Firstly,
the relatbn between the attitude and the vanishing point of mrway was analyzed. Then, the collinearity equation was transformed by the
runway line and the image line equations coefficients. Furthermore, the posiion along runway and the bank angle was smplified on the
bast of the reasonable assumption. In so doing, the landing position and attitude of UAV was calculated by previous relations. Simulate
experiment results show that the new way is easy to realize and can satisfy the application requirement of attonomous landing.
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Fig. 1 The rumway and the camera coordinate systems
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Fig.2 Rumway and vanishing point
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Fig. 3 Image coordinates of vanishing points with the variation of camera extrinsic parameters

B

Xi— G Rn[xze— xzﬂ + Ru[yze— yg + R]3[ZR— zzce]

C

R3l[xR— xk) + Rsz[yk— yIC? + RasLZR— ZR

yl— Gy l[xli’_ xl(é + Rzz[yR_ yg + RB[ZR zC (2)
R31L9€R— szeJ + RgLyR— yzCeJ + R33LZR— ZRJ
P(xw,yw] R

BWP= G g BT O Rll[xR_ ng + Rlz[yR_ yg + R13[ZR_ Zg _Ru

foo *Rm” e sze— i) + Rgz[yze— yzg + R33LZR_ z) R
Y= & g Yim O Rz][%R— k) + Rzz[yR— yzce + R23[ZR— 2k Ry 3

[ e % °°R31L90R_ xzceJ + RzzLyR— yRJ + st[zﬁ— ng ~ Rs
yw= & _ @.f_W (4)

Xyp— Cx R fx



22

2008 1

Xp— Cx

R
Ryxr+ Rlz)fR+ Rizzp+ x¢

ffc
Yi— ¢

= I3
Rsixr+ Rayr+ Rizr+ zc

R
_ Ry xr+ Rzzyk+ Roszp + Yc

I

R R R
Jxe,yc,zc

= R
Rsixr+ Rayr+ R3zr+ zc

R
z¢> 0,

(5)

R R
ti= Ril zc, tan= xc/

z¢, to= yo/ze, (5) Li
Xp— Cy X1— Cx
Xrt1i+ Yrtp+ Zptp+ t41— f [xkt31+ YrE 32+ Zkt?ﬁj = f—
1= ¢y 1= ¢ (6)
Xrt21+ YRit2+ ZRU23+ la2— u(whﬁ Yrln + Zktxs] = 1=
S S
yr= Awxr+ Br,zr= 0, Yi= awxi
+ by, k=1,2, (6)
arce+ bi— o) | 3+ Aktn] + a{x[tu+ Arte —f)(t21+ Aktzz] =0 )
arc.+ b= ¢, | Bitn+ 1] + afx[Bkl12+ t41] - (Bk522+ l@] =0
) (1)
, (7 4 (2) 1. 1 R A= A2= 0,Bi= w/2 B2= - w/
2 (3 , xc, xe= 0,
(4) ) ,
, , 0
- ¢= 0 (5)Rg(i,]-: 1,2,3]
[ 10]
(6 (4 R;
2
2.1
1 s 0
1
Tab. 1 Digital simulation experiment condition
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Fig.4 Relative eror of measurement resulis increase with the upgrade of random noise level
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Fig.5 The variance of relative emor of measurement results with the emror increase of bank angle
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Tab.2 Practical simulation experiment result related to Fig. 6
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