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State estimation of low-cost flight controller of solar-powered UAV based
on EKF algorithms

GUO An', ZHOU Zhou'!, ZHU Xiao-ping®, BAI Fan'

(1. College of Aeronautics, Northwestern Polytechnical University, Xi’an 710072, China; 2. Science and Technology
of Unmanned Aerial Vehicle Laboratory, Northwestern Polytechnical University, Xi’an 710065, China)

Abstract: When the flight controller composed of low-cost sensors is applied to a large aspect ratio solar-powered
unmanned aerial vehicle (UAV), it is limited by the accuracy of the sensors, the long-endurance, and wide-range task
requirements. The traditional data fusion algorithm cannot realize its accurate and reliable estimation of attitude, airspeed
and wind field for a long time. Starting from the sensor measurement principle of the flight controller, the error
characteristics and temperature effects of the measurement process are modelled, and a reliable state estimation is realized
based on the extended Kalman filter algorithm. Firstly, the pressure sensor and inertial measurement unit (IMU) data are
combined to achieve attitude estimation. Then, combined with the layout characteristics of the UAV, the magnetometer is
independently installed and the heading is estimated. Finally, GPS data is merged for navigation estimation. The simulation
results show that compared with the variable gain observe algorithm, the proposed algorithm is more hierarchical and the
estimation results are more reliable, and it can be combined with the characteristics of the solar-powered UAV.
Keywords: solar-powered UAV; low-cost flight controller; multi-sensor fusion; three-stage series; state estimation;
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_0 0 0 0 0 0 |
(34)
Horp
¢ = —V:’i; tan ¢ cos(§ — 1),
cy = —Vi tan ¢ sin(x — ). (35)

GPS WUt 8 60 . 0 A S
AT JE 22 8] B 3 A 5% 2 ey 3 XU B 4
Ywy = Vacos) + Wy — Vcos x,
Ywyp = Vosiny + Wg — Vg sin x. (36)
BRI, A2 1 7 R AIDGT E FR A e BU R B R

[Py Pp V, X Wy Wg|T =h(d,u) =
[Py P Vy X dwy Gwsl” (37
Oh(x,u
C(z,u) = E?:z: ) r=¢ =
10 0 0 00
01 0 0 00
00 1 0 00
. (38)
00 0 1 00
00 —cosy Vsinx 10
00 —sinx VcosxOl
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1) 3@ B R SV, S5 A BT o 0
YIRYIE

2) FiRHE 2 (33) %o TR 7 B

3) THE TR ZS H £8P AR (3R (34))

4) HFR ZE 7 Z A R ((15))

5) if GPS Il &2 %% C.48 58T then

6)  for JLIAIANZ [m & 5 ] do

7 THRR /R 2555 (X(20)

8) BEHA B b T ZE N XU

9) ST 7 MR (R (18))

10) end for

11) end if
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E 8 GPSMEESESMHITEXLL

2TV IE W ARYE To AN ML 8 B A% A8 1 AN [R] 152
THXE LB THES 8. 240 N AL B RE A e EE A mT S
B, A DA SR FH T AL I A T 7 g 7 iR AT A
T M IE AHLEREA A A A s ), o] DUAE LAl o
Ja K BT 138 hn— 2 S A A, W = A
IR RGH.
3 iERIESSHT

9T IR A ST A 2, B4 3 UK BH g
AHUEABFFE RS, L 15 kg KHLE &, 500 mii2 K&
FERIEAL, R < MCF -1 MT-HE- T BT 25 Lk
HEAT AR VAT AR I 07 55, IR K H VGO 5%

BEAT TRAT B A0S L. RATPUIE I 9 o, SR A =
R IR AR A TH AR B UTHE 5 BSOS
Fe AR — 2 AR LT 1) b B 22, S e AR vh AT
PAORFF 1 L ARG E . 2R ] VGO SR EAT IRZS A 11
I, b TR 2 T R I A TS BEAS T, A A5 A e i
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— true state flight path
- - threelevel hat flight path
-+ VGO hat flight path

-10 -25
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north distance/10°m east distance /10°m

B9 BHRAS T B AN K ITHTSI b

T2 S T AR R T AEAT 5 R e A [
i 22, 7£ 600 m /=5 BE AR F7 A 20 m g6 22, 0T TG 7 ™
A 42 1) v ARG 190 K BH B8 S AL (4R 6 000 m =1
W, 25H 12 ~ 20m/s, ) I F L, B2 4% 10km
W), 124 i R FEE T LAY 2 SRR AT 55 KR, HLA% 1 2%
T BT HRTE 0 VGO Hik. X RATIERE T i
ZHCIAT 1R 22 43 W, B A R0 B e R A HEAT = AL
T, ZHLEK 3.

#£3 RESHIRE

W%/ /m)  FHE  WE/C/m)  FE
WA 0.38 1.19 0.45 5.31
A £ 1.02 4.18 0.53 4.16
i A 1.41 0.29 3.10 —
KPALE 23.5 39.6 35.6 112.9
WEIR R 12.2 1.25 12.0 0.4
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2) MR AR K A5 1032 SR SRR 25 i T 7%
(952 2 M 5 T S, 45 A 4 B BH A JE AWLI i
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