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Abstract The real-time attitude information of agricultural
small unmanned aerial vehicle (UAV) is a key factor to the de-
cision and operation for variable rate program in precision agri-
culture. A real-time attitude estimation system of agricultural
small UAV is designed here which consists of a microprocessor
STM32, micro-electro mechanial system (MEMS) inertial sen-
sors, and wireless transceiver module nRF24L01a. Detailed de-
scription and derivation of sensor calibration method and the
multi-sensor fusion algorithm of attitude estimation based on
quaternion derivation and the gradient descent algorithm are
presented in the paper. Experimental results show that the sen-
sor data acquisition and filtering consumes about 6.2 ms, and the
algorithm consumes about 0.96 ms with the step size § = 0.8 in
the 72 MHz clock frequency and soft IIC (Inter-integrated cir-
cuit). The update frequency of attitude data up to 100 Hz can
meet real-time requirements. Statistics shows that the static
mean absolute errors of pitch and roll are below 1.5° and the
mean absolute errors of yaw are below 2.9°. The mean absolute
error of pitch, roll and yaw will be increased by 1° ~ 2° under
the condition of micro-vibration of low frequency. It is indicated
that the attitude estimation fusion algorithm and sensors cali-
bration method are practical and effective which could provide
accurate attitude data for precision flight control and variable
operations implementation of agricultural small UAV.
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T 5 R 2 J 5 2R 4 W ARSI 1) = il 850 o L A T
HMC5883L, KA T % In s PE#4F (Anisotropic magnetore-
sistive) FA, 1 ALK LI I A B A 5 0 10 R R N T 5
P, BE E R ATIE 75 Ha.
1.4 2.4G k&WABEHR nRF24L01a

nRF24L01a A& —#ZCH BAR D FES Bk R 21, TAELE
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TR BB R F v SR A T AT I B SR Y 32 ALy
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TRTHFER = PR RE R R B 34 B 258 3ok 4l v B S 45 (Inter-
integrated circuit, IIC) J5 243 5l B2 HL FEMRA | 3t 5 vl
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Fig.1 Block diagram of attitude estimation of agricultural
small UAV
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U&{‘%ﬁ{ﬁ%{ﬁ (bias ﬁ:% U\Z[JE%%& kscalc, ﬁuﬁ (3) F)?i—\‘

kscalc: o12 (2)

G+1g—0A-1g

Abias=

Gtrue= (@measure —Abias) X Kscale (3)
22 [FREEURIEEE
REAZASORS fff b 58 SR FH 25 T 7% & 10 2 B0k, Tl
NI AR AN BUR AR N ks (6= 7, y,2) 6 4
XM EI kij (i = @,y,2;§ = @,y, 230 # J) LEREAF A
BAl B; (i = x,y, 2)M.
e bR or BB L E S AN A B A IXRE S A
A, TE SR B AR I AT X ROl ) A AT R I A, BT
A BRI — B [R], HOFRAS R BRI I R AR A %
TFEAH whias, WIPEIRSL IE T werve ATHIZ (4) KRR,
HH Wmeasure A BEIBASCREUER A I 1.
Wtrue = Wmeasure —Whias (4)
2.3 HSBRITRIERZ
4 R WA A B T, SRR AT
WG THRI, BEARTE = AN IEAT I USSR SR I Hh BR 37 o< 1
31 N AR A RO S s ) TE R AR R S 5t 52 31 A
T TR, S = BBt A s T2 B A — A B0 D 25 S R (R A
BR. WA T A IE 3 A A A R AR e il LE BRAR R,
KR T ARG (0 i/ ek A, AR IR AR 1 Jy ik A%
R ORI BARORIE B A HLSRAR, AL, AN BRI A AR
S5, SRR IG IR ECE 2 IR,
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T AR, K A AR AT DURS I ek i, Hoo7 ik fEas )
ERETTMZAIE . 2 R BER BRI R A5 3l s s £, id
S A& BBl e RAB AN B MEL, 23 E 0 mi—max A 1M —min
(i = z,y,z), WAABUZMFIF M mi—pias FTHI (5) K
.
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SR TE - U (10 2 R K —scate LARRIE i O H 20931 et
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Fig.2 Schematic diagram of magnetometer before and after

calibration
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[ g -sinfcosp —g-sinp —g - cosfcosp ] (14)
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BRIV B SR ACR 2 (R (e Ay ML AL TAR R A,
SR LBV B KT AR RS R DREF AT AL, e
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Fig.3 Block diagram of attitude estimation based on steepest

descent algorithm

4 TWRERSHH

SE AL A E I, B B s i # U6 (Microcontroller
unit, MCU) IH85i# 0 72 MHz, 7E8 IIC 7 T il =
AMERIREA AT RSB, RE— AL BRI
PV AL TR (A ALY 6.2ms, S LRI FIERLK 5 K
0.8, —IRLASMRE N MV FEL 0.96 ms, F s 5T R AT IA
100 Hz. ¥ 4 Fros i IE NEFHL 3D #LAYFE Labview 4l 1
AL A B BE B R E DR =, R B LRSS T
AN A AR S BIR S5

K4 RS ER
Fig.4 The pictures of attitude displaying in PC

K LA R RGP A, AT AR R OT LA E Dk HEE,
S A B LR A FE SR Ot in— 1) B AR A58 1 72 50
U)oL R AR, YU 11793 ABEHHRS %
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Table 1  Data indicators of attitude angle in static and
dynamic conditions
i b & D&
Pitch Row Yaw Pitch Row Yaw
¥ji%  0.317° 0.315° 1.392° 0.530° 0.591° 1.657°

i —0.152° —0.151° 14.939° —0.346° —0.097° 13.715°

T2 KPR HR ST v B A RREE, AR 0
0 FIRHR A R B, AERUR B &M R =AM RS I 7 %
A7 BT R K, W B B ORE R n ), A 1% 18D s BT 6] £
JESRAA R, B T B R E R AN, I ]l dk e n i
U4 H AR T 3 e A 20 DA BRI A0 70 I B35 (A0 5 i, g 5 1R
AR, MR & R ER B B S s i (2
BRI AL EE) 15 2 & A R AD A 1 B K 2= AE £1.3° 2
), BHVRMAE £1.5° 2 [0); A& MMM B M MoK
WZEI> WIAE £1.9° F 42.2° 2 Ja); 25 R w4 ok
ZEAE —2.9° ~ 2.1° Z [0, B4 N WA H 5ok 25 8
—3.6° ~ 3.3° . BTS04 SRR, I e n AR AR
BEAAR AL PRIGAR /N, 1052 Br AT I 1) L= A 14 7% 3)
AR g B LR SR W RG22, IR Db S s e A A 4
Rz —Lnk.

g A WS IR [ A = 2 o Re i & b, R ILERAT
B RATHAE. MCU SR Stm32f103, # DR E N
110592, WEH G TET “di% )iz, Bl 5 =5Fs 5 MR
SEIGT A, FREBLRH RAT A 2 DK RS, A & B
RSB, o 5 B & WAE(E IR A LL 0° 3k
#E, UL 0.5 Hz AR 25° MR AR IEL8), REHEH
HEAEFHVR A LA 0° o0 3EHE, LI 1 Hz MISRZRA 20° f0E B 1
ETZA83), B & MEME AT A L 180° A+l LA 1Hz 1)
AN 20° (PR IR T 5L AR B, Frfa Ja 20 B R A £
400 AN, B 350 NFRAL A 400 ARSI ER], W
Bl 6 i, B IZn] LU = A RS M aE —e
g5 ) FE S R IR B S, H T v A0 v s 55 41 1 e /5 11
RO, YA A0 A T AR U M R B N, i A B I b
PRI SN, GR BT SR 2k

2R, oL R B nRF241.01a JT J5 Hoht S AR TC
SAZIHY (Cyclic redundancy check, CRC) #3:Ihfig, W4
RYE N 250kbps, 200m HiE FERRNT 1.9%, 100m
BEES R 0B R NT 0.7 %, 58434 /N B 0 8 A5 1 5



4 4]

WFRE: BT ARSI S S AR N RTE AP Al T 50

859

5 4R

BEIFHIE TR TARA MEMS A% 828 A1 6 S0 R A
Berty A FITE AHLE A Mk B, I A IR ) B A
JRBE L J5 i S A RAEAT TR, S a5 RAR WAL AR AL
HERL R (] 2 AT IERAT AL

EIRIEYS

K5 —HhiEailslrea
Fig.5 Test platform based on 3-axis turntable
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