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Abstract: This study analyzes The effects of aircraft’'s attitude, speed, and height on the overlap of an
obliqueaerial camera was analyzed in this study, and acorresponding compensation method was devel-
oped. The calculation of oblique imaging overlap using coordinate transformation was introduced
based on ageo-location algorithm and the Gauss-Kruger projection. In the case of single parameter var-
iations, different formulas were provided by the geometric method, and the results were consistent be-
tween coordinate transformation and geometric methods. In the case where the three parameters varys
imultaneously, the geometric method did not work adequately, and the coordinate transformation

method should be used. In the case where the varied angle value of the aircraft attitude was below 1°,
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the deviating value between real covered area and expected area was attained by thecoordinate trans-

formation method. The usage of camera’s azimuth and pitch angles to compensate the effect of aircraft

attitude on overlap was introduced. For the variation of aircraft speed and height, changing the ima-

ging period according to the aircraft real time values was suggested, and a new formula regarding ima-

ging period was provided. The validity of the compensation algorithm was verified by simulation and

real flight. The result shows that when the camera’s field of view is below 0. 88°, the deviation between

mean and expected values of real overlap is approximately 1%, if the target area is {lat.
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1 53 =

fit s G L 25 B Bl P i | R DX 5 ] )
e DR B s T AR IBC L DI AR L AR R A A5 T
A T Z R . T RIS E D g 1L
35 24 B A X 408 [ 14 % S AR E AT 0T5E L AR AR L
I H R R BRI TAE T . KR
AR AR B — B EE BRI AL #2504 o
AL AT S RO I BEAT AR R = SR
2 fif PR — A 2R R

W 75 M O SE 7 T SR LR R SR
BT e T B 48T R AR 1Y Y R S R R R
R TR 4 B R M B HLIT 48 B R O Bt
P X 5 B 15 0 5 A 25 R P TP Y B R
SCAFITANTR] o ) D45 7 0 23 AR AL 1 4 A F 5 A
TSR PPN == A (N SU Y -1 3
WIWFFE o 78S AT A% A XL 2 LR T
R B9 R R

AR SCAE T N A5 4t A HABTRE A AT 2 AH AL XS
M bR A A L TR T A b AR e Y T
BRI R BN BT 1A A AR AR R
L RATHE AR AL AT R AL AR S RO B
Wi+ 38 o LA 5 1 BEAT 3 ML O 4 T S AR AR A e
0715 B X8 HE 5 3R 5 B X [ I A7 AE A 1) AL AREA A
BRI B0 L 25 T 2 T A AR A8 AL T7 1 19
E==S AP SO NTAHE LIRS N P RPN
5 T EOHL AT AT BRI 45 T R R
A IR 0 B9 A D %

2 ATAREHRNERFHIL

2.1 EBREX
it 2 AHBILZE R n P 1 TR AL 22 2 e )

BIL L AL  AATLASE 3 Bl 368 17 A HE 25 o AHTATLARS A1)
el T 7 A/E 2R A Al o ARF 11 B -5 ML A VR Tl — B8 )
By s PIAE S Tl 5 BBOHLARE A Al P-4 7 il B A o
3R AR BILASE £ b A0 F 7 g 2 A AR LR A 5 17

~7 \
/N [ G A
v'N\‘ \_ :):j,,tti—>\/
\ _)-
gro 15,7\ X /
iay | Gpiten \\y/
O \ |
\ ~ .
Inner gimbal
(pitch)

K1 i ARHLES s B

Fig. 1 Diagram of aerial camera structure

BE AL RATMIBLAE R 2 AL B s BEAT S8
BAR s ZORAABPIAS 254 BR BAT — E I H & X
S AN X 7S o XA AR T AR R
HEE I HL T 8 — S PO SO I 3t i R . (]
16 L 7 A A AL AR A0 72 DR W A G0 i
KURE SR /o G AR SCHE I M AT R Y
HER,

TE AL S A B /NI B &1 8 AT 7 1)
HAEN

Longe = Zf{*tan<fﬁ>, (1)

cos 2
Horprs H, S RALAEXT B A% 500 = B0 S ARALIN A 5
T T BT 11 A o AL QAT R AR A .



1256

G T

5 28 &

Level plane

Bl 2 kAT mEERERER
Fig. 2 Overlap of flight direction

*BQB%%&M—}/FIE&EE% GG :lecp ’ *H/?\B/%%
1%@%[2 G, D, :Lsingle 7leep$§%%§j‘j—;ﬁﬂ‘j :
L _ LSIC])

. single

= Zinge — Droiep 2
p Lsingle ( )

2.2 A EREL

DR AR} S0 1 188 B AR T v A BO'E T R 1 47 B
o v SR O b R 7 v W S H bR A
LN RKE B bR 0 0 B 7 T AR Ak bR R R
T & RO . SCH b K B 1 Ae bR R ALHE HE 7 4y
B BT 75 B0 MO B A 24k br &R (Earth-Centered,
Earth-Fixed, ECEF) | #i 3 4 #r & (North East
Down,NED) , AL A 5 & & (AC) A HL AL bR R
(S) i ir-ve A M AR R . i SCERES 45 th T BR
1o 0T B RS AR AR ZR AP Y HC Al A AR R (8] B 8 OC &R
e S L e ah RS 24598 .

AHAL AL bR 2R 8 L——H LR #A il e L X
B, AR AR BIL K O ) DRy GE L AL A Al E SO Y s Bl
6 0] AHAL AT A 1F  Zs Sl 1) AH LA Bl ) T 5 1)
RIE. A AN AR 0 B 0. M 0.9
NEE AP R R S KA AR R G2 E S, K
BLAL R 2% B AH BIL AR bR 2R 00 48 20 X0

cosg 0 —sing O
S 0 1 0 0
CAC - .
sing 0 cos @ 0
0 0 0 1
1 0 0 0
0 cosf sinf O
) . 3)
0 —sin@ cos@ O
0 0 0 1

RHLAE AR B SC—RER B E LN Xac Bl
5100 CHLk 5 1) D 1 AR Al il E OO Y acY Bl
510 CHLA N 1E  Zac il m) R 7 1 O IE . RALER
RO o« S BT A0 2 CHL I EE AR AR
Z B RHLAAR R B4 0 50

1 0 0 0
Cion — 0 co% a sina O .

0 —sineg cosa O

0 0 0 1
cosf O —sinp O cosA sind 0 O
0 1 0 0 —sind cosA 0 O
sinf 0 cosf O 0 0 1 0
0 0 0 1 0 0 0 1

4)

HboU A AR bR R R SR AL T b ER T
Xpcpr SHE W AR) T 2 5 AR T8 1958 05 5 Zerr TR
1] 1t B AU A s Y penr Bl 55 Al 7 il 4 AT T A B
F . WGS-84 Bz XA Hb BR A BR AR L) 7 H o
HAMIER T £AN .

2 2 2
XE VE ZE
R L
RS RS R

Horp Ry g M ERE P Al Ry Sy b BRI Pl

KM AR AR 2R R WGS84 AR i, B b 1 26 B
J B2 R LRy H, KA AR R 2L
b B A B FR A B B A SR

=1, (5)

1 0 O 0
. — 0 1 0 0 »
i 0 0 1 Ry+H
0 0 0 1
—sinB 0 cos B cosL sinlL 0
0 1 0 0 —sinlL cosL 0 O
—cosB 0 —sinB 0 0 0 1 O><
0 0 0 1 0 0 0 1
1 0 0 0
0 1 0 0
0 0 1 RyeisinH| )
0 0 O 1

Ho HARZE N L. 48R B MK & E RN
H BRI ER 5 — 08 Ry e o B A6 B 91 79 P 11
HR 128 Ry

R Hb A bR ZR 3 b AR AR AR R AR R AR A 5K
W



55 6 1] 25 LG L AT S BO MRS B A e SR 1257
xk (Ryx + H)cos Bceos L A = 1+ 45 o 175 X
yEl=| (Ry+H)cos Bsin L |. (D 647 256
L - . 11025 . | 43 659 ,, , 6936 933 ,
= (Ry(l =€)+ H)sin L 163847 65536 1048 576
S 0 567 2R 0 A B R A b A 1 s, 525
A8 R « B =gty o T
N, = Ry 2205, | 72765 . | 207207
o o R 1 1096 " 131 072 " 524 288"
ho = L@ + (D 4 (5)*]7 — (RgR,)?
3 ¢, — 16,0 105 . 2205
@ = tarfl[ aai (1- e Ny ) J 1T 256 T 1024 T 16 384
0 T = )
/(ZF)? 4 (yi)°? (No + o) 10 395 1, | 1486 485 ,
N, = Ru(1— esin’ Byt 65 536" ' 8 388 608"
_ 35 . 105 . 10395
o= LEDTHGDT D= 50m29 T o969 T 262 144 T
cosBi 55 055
; ! vy ridl
¢ = tanﬂ[ Sl (1 __eN ) } 1 048 576
’ /DT FGHTN (N HD E o 815, 3465 , 99000 .
8) ' 1310720 524 288 8 388 608
Hir&EERmR O . — 698 o, 9009
A . Fr = 1310 7209 T 5 24z 880°
A= tan ' (2L, (9 1001 o,
<“> 1 = 7388 608"
Ho Y 28>0 BFap =232 25<C0 H 2<<0 B} ar (12)

=Atm;Y 2F<<0 H A0 B Ar=2—7
1o i T A AR R DL e 2 éﬁﬁé&k%
(X Bl 5 2838 AR5l (Y o Bl PRI AR 58 by JR 05
CHIR H 25 B B2 B8 L, W i -5 B A% 55
X H
x = X. + Ryt cos*BI*[ 0.5+

S5 — £+ 99 + Ay ycos? BUE +
m(Gl—SSZ +f )COS Bl* :I
y = Rycos BI[1-+

S 2 2172 o
1 —¢ + 5 )cos" Bl Jr120(5 18¢% +

t' + 149" — 58 %' )cos' Bl' ]
Hor: Xe e 7R 2K Ry Oy 910 7Y el i 22
f&.t=tan B,y =e,” cos’B,e, iy HIBKIER S — I
OGBS TR A
ZEE 22 (AR . h R TR KR A
N
X =Ry(1—¢)(AB—A;sin(2B) +

C,sin(4B) — D, sin(6B) + E,sin(8B) —
Fisin(10B) + G,sin(12B)) , 1D
NP REN

e, S HEBRWEBREE — 0> 3 R i ML BR AR BR
ol 75 b XL R T e R B T AE
J7 I 500 000 m,
2.3 EEXRITELRE

H PR 7E R I 2% b 4852 S TEAHPLAR bR 2R 1y 4
Br -

(13)

Hra IR TR T M R ERIE8 1 AT 7
] SR oeE . N 3 B AT O B R oo G )
Sy HFRTEAR I A% AR TCE A bR

CCD F mW H W & % & Ts =
[of ¥y =r ) AR E AP AL BR &R RAL AR
Pr 2 LB AR bR ZR LK M A bR 7R 2R 4 R 28 5K (4) T]
ARAT H AR B R SUFE O B AR R R AR AR R A K
TE:[IT’ v zr] o

TEM R LW B AR T = (2 F
{B‘J%ﬁLE’JT&EfuTE=[r¥ yroo=r ] LSRR
R mTs=[as  y5 =57 R R ILL T

1»10 15 o y'm *yf - z',-o zs

== aw

E E E E
X1y — X8 Yr1oo T Vs 210 T RS

AT




1258 G K TR 5 28 %
TR b BR A BR 7 A
@Hr b = 3 EERFEIYRAAMEZ
(RE+hT)2 (RE+hT)Z (Rp+hT)Z '
(15) 3.1 XMETREIR IR IME

1pe 7 20 (13) A (14) B AT f 45 H b5 78 o0 B
AR R T AR [2F v 25T R AT
TR M FE (), AT SR A5 H b5 23 (19 K M 46 bR [ Br

Ly He " R & -5 B A% 85 TAE 15
HH bR ASTE -5 R AR BR R AR R (2, ) s

E 915 BAR AR BR R T 5 Hi— 2% i b s v
Oy HEFR K (i oo Vi )+ Ji — 2 L A AR B
H Doy s Yoy )« AR AR S5 25 E 5
Liow = /(29— X1 )+ (Vawp e = Vi ),

(16)

A AKX AR EER,
i Bk b E SRR A 3 R

HARE T — % HT BRI
X R B G b /AT 75
17 A E BT R FEAR L4
PRAR AR DR

!

i Al bRAR KA AT —
R I A E BT
RAASHT ZR A AR

!

i R — o B R B
R, SRR — 4
S 4> B bR S AE R T —
52 E AR RO AL bR

v

VLA A A (6
T K

v

ERRSE KT
— AR E T
PRSI - 905 AT e

L7
v

RFEAAAR AR UL Y
BREKE

v

RN =t 2

K3 EERITERE

Fig. 3 Flow chart of overlap calculation
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Fig. 10  Variation of plane attitude
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Tab. 4 Results of overlap in real flight
a5 1 2 3 4 5
L B/ (") 34,862 798 34. 859 568 34. 856 361 34,853 151 34. 850 027
ML L/ 109.511 151 109.513 024 109.514 869 109.516 707 109.518 486
of i v He/m 8 143 8139 8 142 8 139 8 140
HALEE V/(km+h ") 620. 09 620.11 620. 09 620. 21 620. 31
UL [a] £ A/ () 159. 086 159. 214 159. 263 159. 471 159. 543
MR B/ () 2.158 2.081 1.82 1. 826 1.82
SR UIBE] a/ (") 3. 630 3.789 3.766 3.621 3.652
17 £ o/ () 45,415 45.398 45. 361 45,235 45.219
1% £ 6/ (") 13.885 13.961 14.216 14.211 14.216
HERKTEHE o/% — 15 15 15 15
=& o/ % — 16 16 15 17
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Fig. 12 Flight images of mountain area
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