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Impact of visual guidance error on automatic carrier

landing performance
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Abstract: The positioning accuracy of guidance system is the key factor of automatic carrier landing system to deter-
mine the success or failure of the carrier landing. The airborne equipment visual guidance architecture of carrier—
based aircraft is proposed, and the positioning principles, measurement errors and effects on automatic carrier land-
ing of airborne visual guidance architecture are investigated. The coplanar P4P relative positioning issue by means
of cooperative landing aids is studied. Considering F/A-18A carrier-based aircraft automatic landing task, the sim-
ulated positioning measurement accuracy of airborne visual guidance from gliding to touchdown are estimated. The
disturbances of automatic carrier landing system delay, airborne sensor noises, air-wake and deck motion are intro-
duced, the multi-factor coupled simulation system is modeled, and the touchdown position standard errors are cal-
culated based on Monte—Carlo simulations influenced by the disturbances. The results show that the positioning ac-
curacy and automatic landing performance of the proposed airborne visual guidance architecture can achieve the per-
formance of traditional guidance architectures. The deck motion and air-wake play important roles in automatic car-
rier landing performance.
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Fig.1 Diagram of airborne visual guidance architecture
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Fig.2 Three-axis positioning errors of

visual guidance carrier landing
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2 PR YA K 22 B8/ m N K RS bR E 2 /m At/ % T B M L/ %
TR ERR 0. 165 00 0 100. 0 100.0
NS 0.294 50 0.015 230 100. 0 100. 0
ACLS #iE3R 0.146 90 0.002 456 100.0 100.0
PR AG [ 5 15 2 0. 048 00 0. 142 700 100. 0 100. 0
R T —0. 543 80 3. 254 200 95.2 100.0
T A3z 2l —0.040 48 5.511 800 75.1 96.5
ZNRLGEIEH —1.803 50 7.106 000 60.3 90.0

L5457 B A AL SR A 1 B0 DL K R 1
O AER BT S A LSS R R R R
M iz sl R R 3, DA Sy IR 26 R e T A 25 {8 25
H5ZWRGAERT 22 EREmE R, B ik
18 Bl 5 W 7 2 BTEK 7 R 60. 2%, IR U B2 i
25 TUHR S 21,006, Ho Al PR 3R Al 57 AF AR I AR
FH A 22086 ATt 0 22 R 2R G 52 % 22 1 7 22
T N 18.8% . LA ZHEMAIEMT
0 2 0 IR 25 bR e 2% 5 F/A-18A 7E AN/SPN-42
TaA 55 H B F MG 0B A B E 25 22 [t
(6.705 6 m)" gk FARGT

4 & g

D) HLEALSE 5| 5 54, 7 6 AL A B s AL A E
A n] PRI A I A% 0 B, R 35 25 TR R S A R AL
G5 1% 22 38 [ 29 S 05 6 f 0. 067, 4 f £0. 1°, 3

T RN o A 2 79 000 5 5% 2 AL A A X B B 1 4
M 38 I, 76 R HL PR B B AR O S K O R
4.912.6 m, @ B 365 m Ab T W IT 4 B 0] ) g 2% R
ZEE I £5 m, I ) i 25 R 22y 28 m. 7R
G PR B BN HE o W T S B EA S S EM
P o 1m0 %, PTRE S B 5] SR

2) ML RRM T ANEMR S, F iz
Bl FIIR R Uit 2 52 W I A 25 LA B o T3 1Y e
EHEHER,FTE H & MR g it b, Bt iz
AT RS B B AL R PERE 0 AR s
HAME R G iz sh Bk R g, O i B A Bt
R B PE RE By 3l 2 A4 i A

2 % X #
(1] #eildh . CHUEM SIS R SRS AR M. AN - R
Pl R AL, 2008 2-41.
XUE Haizhong. Guidance for airplane landing and survil-



%1

T 55 ALBE 5 | R 22 X6 A 3l 2 I BE R A AF A 107

[2]

[9]

lance system technology [M]. Zhengzhou: Henan Science
and Technology Press, 2008: 2-41. (in Chinese)

sk, BEE, VLS, AL AL A S E S S SR R4
T B Rt R K224, 2018, 50(6) : 734-744.
ZHANG Zhibing, ZHEN Ziyang, JIANG Ju, et al. Review
on development in guidance and control of automatic carrier
landing of carrier—based aircraft[J]. Journal of Nanjing Uni-
versity of Aeronautics and Astronautics, 2018, 50(6) : 734~
744. (in Chinese)

BEFPE, R, L, S ARHL A S E S S S R S
FEHEIELT]. s 240, 2017, 38(2): 122-143.

ZHEN Ziyang, WANG Xinhua, JIANG Ju, et al. Research
progress in guidance and control of automatic carrier landing
of carrier-based aircraft[J]. Acta Aeronautica et Astronauti-
ca Sinica, 2017, 38(2): 122-143. (in Chinese)

LYEE . BT 2RI A EE MG 5 55 R85
WD) KV HEREHR R, 2017.

KONG Weiwei. Multi—sensor based autonomous landing
guidance and control system of a fixed-wing unmanned aerial
vehicle [D].
Technology, 2017. (in Chinese)

KONG W W, HU T J, ZHANG D B, et al. Localization

Changsha: National University of Defense

framework for real-time UAV autonomous landing: an on—
ground deployed visual approach [J]. Sensors, 2017, 17
(6): 1437-1443.

GROCHOLSKY B, DEFRANCO P, COVER H. Robust
autonomous ship deck landing for rotorcraft [C] // Procee-
dings of AHS International 72nd Annual Forum. US:
ATAA, 2016: 1-6.

XS0 WL F B A 1 ) R SRR Y e S
WD, Bifg: 2 HI, 2010.

DENG JUAN. Theory and simulation on design of the longi-
tudinal automatic carrier landing system for carried—based air-
plane[ D ]. Shanghai: Fudan University, 2010. (in Chinese)
G0t HLHOE B BRI A H AR 2 AL 158 22 43 T AR 5T
[D]. K& P EBABE K F G R S-S Py BT 5 B,
2001.

JIN Guang. Studying and analyzing on the error of positio—
ning in airborne photo—electricity tracking survey equipment
[D]. Changchun: Changchun Institute of Optics, Fine Me-
chanics and Physics Chinese Academy of Sciences, 2001. (in
Chinese)

ERY, S0ob, BUE A . HLEOE R R DI 84 19 H AR E
BRI 4 HTLT]. B R TR, 2005, 13(2): 105-116.
WANG lJiaqi, JIN Guang, YAN Changxiang. Orientation
error analysis of airborne opto—electric tracking and measu-
ring device[J].
(2): 105-116. (in Chinese)

Optics and Precision Engineering, 2005, 13

[10]

[11]

[13]

[14]

[16]

[17]

[18]

[19]

BE e, Wi, Bam . Gl S RGETE M ARG MW
SRR AT L] MUY T TR, 2017, 37(7) 145~
149.

LI Xilong, FAN Haizhen, SHI Huili. Analysis of electro-
optical guidance system used in carrier landing guidance[J].
Ship Electronic Engineering, 2017, 37 (7) : 145-149. (in
Chinese)

SUBRAHMANYAM M B. H.. design of F/A-18A auto-
matic carrier landing system[J]. Journal of Guidance Control
and Dynamics, 1994, 17(1): 187-191.
SUBRAHMANYAM M B. Finite horizon H_ and related
control problems[M]. US: Birkhauser Boston, 1995: 93—
116.

SRR, TESR, VFULVE, S5 B R AR TR Y AL AL 2 o it 3 2
PERORI[T]. fias 74, 2016, 37(3): 970-983.

XIA Guihua, DONG Ran, XU Jiangtao, et al. Linearized
carrier—based aircraft model in final approach phase with air
turbulence considered [J]. Acta Aeronautica et Astronautica
Sinica, 2016, 37(3): 970-983. (in Chinese)

URNES J M, HESS R K. Development of the F/A-18A
automatic carrier landing system [J]. Journal of Guidance
Control and Dynamics, 1985, 8(3): 289-295.

URNES J M, HESS R K. Integrated flight control system
development: the F/A-18A automatic carrier landing system
[C] // Proceedings of Guidance and Control Conference.
Gatlinburg, TN, US: ATAA, 1983: 920-929.

K, 4, BUlSE, 55 . BT Hdot 48 4 1 I 28 HL W Fb 3y
Ty A R G LT]. M as TR g, 2022, 13(4)
140-146.

ZHANG Yang, ZHOU Yi, YAN Xianrong, et al. Re-
search on two kinds of power compensator system of carrier—
based aircraft based on Hdot command [J]. Advances in
Aeronautical Science and Engineering, 2022, 13(4) : 140~
146. (in Chinese)

PR, sk, Bink, 5. RANEMRLE ap-y WP
(7). ®HLEIT. 2022, 42(1): 4-10.

HE Xiaoyang, ZHANG Dong, ZHEN Chong, et al. a=p-y
filter of automatic landing system [J].
2022, 42(1): 4-10. (in Chinese)
YAKIMENKO O A, KAMINER I I, LENTZ W J, et al.

Aircraft Design,

Unmanned aircraft navigation for shipboard landing using in-
frared vision[J]. IEEE Transactions on Aerospace and Elec-
tronic Systems, 2002, 38(4): 1181-1200.

MENG Y, WANG W, HAN H, et al. A visual/inertial in-
tegrated landing guidance method for uav landing on the ship
[J]. Aerospace Science and Technology, 2019, 85: 474~
480.

(FH#:EE116 1)



