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Gyroscope array data fusion algorithm for four-rotor UAV
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Engineering, Northeastern University ,Shenyang 110004, China; 3.Indian Spring High School ,Alabama 35648, USA)

Abstract : Aiming at the problems of susceptibility to noise and low stability of four-rotor UAV with single attitude sensor, the gyroscope
array is used to form multi-node, anti-jamming and stable multi-attitude system. A flight attitude measurement system of four-rotor UAV
based on the new gyroscope array is proposed. The measurement array is composed of multiple micromechanical electronic systems with
low accuracy, which improves the accuracy and stability of the system data. At the same time, a corresponding BP network data fusion
algorithm based on neighborhood search is proposed, which solves the problem that the traditional BP neural network requires accurately
giving the output value. The BP neural network model was used in the data fusion processing of the gyroscope-array. The experiment
results show that the multi-gyroscope array system designed in this paper obviously improves the anti-noise performance compared with
the single-gyroscope system. Compared with the traditional linear weighted fusion algorithm, the proposed algorithm increases the support
degree by 9.2% and reduces the residual error by 44.2%. The practicality experiment shows that the proposed method has practical
significance in improving the flight stability of four-rotor UAV.
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Fig.1  Structure diagram of four rotor unmanned aerial vehicle
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Table 1 Relation table of the rotational speed of

four motors vs. corresponding motion form of UAV
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Ml +(-) +(-) +(-) +(-)
A +(-) = —(+) =
R = +(-) = -(+)
fgs +(-) -(+) +(-) -(+)

TE 47 FOR TR FLI BN, © =" FOR e S /N, =7 R
71N TR L B Sl AL O

4 AL ML AR A 5 B R A R = (1)
F7R o

/,=F +F,+F, +F,

Hi, = (F, - F,) x1

%3=(F3—Fl)xl o
W =(F, +F,-F, -F) xl

s OSB3 O 2 B AR FL (i = 1
2,3,4) NS AT U, RETTANLEE
RiRe I AL, U, U; U, 535318 3 ASRRBL A (BRI BIVR £
PR A IR ) B A B . XS e A AL 45 i AT 432
WY, S — AR A B 12 R AP BRIl B A ] o — ARy
HHEFEEN J17F BN R ] AR R AR SCRY RIS HE A Y B
%) 2



55 8 RIS A5  DUBESEL T AR SR8 B i A Sk 215
SR A 2 b e8| %%IW }A
2 ZBERTNERZIRI BB e (o] B [w) B w2
% z géj Uz | f# 0, % Up %
2.1 EIFEHIRE — — i 2
DU e 3 TG A KL PUS A B 7S B R RIR T Heg) 9 9 0 9,
JIFRCFRERY A A 25 (8] 2 S A i B A 4 % 66 o -
et (2) #1(3) Fis. X
oo DU, = L)/ J6VI + (Fy = F)/L .
0 0. : O b
O g (L1, /1, + 101, + (F, - F)/I, o 7| 9,0, 9,
= 0. ~ g
W B, 1)/ + [(-DiE M] /L 0 3 AL TR
(2) Fig.3 The four-rotor attitude flight system proposed
4 in this article
Dz F,(singsings + cosdcosysing)/m [
oo 07 0
=K 0 2.2 BERBERFIE
oo 00D, F.( = sing cosyy + cossinysing) /m[] . §§ glj—[‘.ll'b'l' ‘ B
g%[f‘ g RG] MPUGS00 {47 F 8 Tl 3 B8O
%ip@m¢mwym_g 0 FEPEST I M4 1 ARM S5 1 g STM32F427 bl 28, 5
=t TER MBS, A SCHIA T FreeRTOS 15 R4, H A
(3) A DU BRI AN TG A N TR E R G

e m RTCNHUR i 5 ¢ A E ) I E 51 73 5 A 58 3
b (R e BB s Q NSRS s M O LB & RRTR A 50
RIS 5 0 A ARATSA 52 oy 2 s T AR AR

ENIEZ P WINBE el A 1P s E Y 2R e k]!
PRIEAT 2250 A HE A ik B AL RAT R R 48, TG
AR FIWT T AR T — 2047 9, th PR AT LA 5
Ji UAV 225048 . thaX(2) R (3) alJn, pujie 38 6 AL
FE AT I P R A R P P R L AT YRR
P, S350 B 1 RE ) ME R AR IBOS T R AL AR R 4
S K (] 0, Ji PHAE P T 18] 2 BT

Y Z || k| oe gooLUo #*
# B 3
#* el
SR T

K2 (o AR5
Fig.2 Traditional four-rotor attitude system

&G RS B BRI 5 2 T s R, RS TE
i AdE L O 2R R R I B HUR AR R 1y A
S R AR SO H T RE IR RS (1 T AMLE S 5 R 45
FERE—JC NHUHUE A iy 249 0 e WA, R4 2] 4 4 15 )k
i SR EAnE 3 TR o

IRAINRGE, 1l 1A FR GE (FreeRTOS) ML 55 AL,
BAMES o UART BEEC— B I 280 R /K 2 B i
SR AL, o Je 1 A B B B R A S e K
R RATEG RS (EALBEAS) , CAT R W R Gt Yoo
RO AL R B HEA T 45 S IR L i s

ZA RGN EE B SCER N ZMME S 15 Bid
53 AHCEL 22 ) R 47 B T 0 235 ] 3 b i s A h 5
B ATRE RIS B A L SR R R BE AR BAE T (R
TIEA T —E R R PR R RS A THE,
ST FRFEER S AR ) TOAR I

3 BEEEZEIZIT

3.1 EKF &%

TEAR 22 S B FH B 45 il B o, e e ABLRAT 3 2
b RS2 RIS RO E R R BT AR RS B sl A Bl
PUME S ZE KRR, AR GBI BE X Y A Lotk &
GEHATIE E SR AT DR AT

YRR IR 2 B I £ (extended kalman filter, EKF) &
— P EA [ R A g, B EKF 6 1E 52t
A [ 8000 2, AT S I 38 i O, B T 2Ry & EKF A
KTl AT, AT RAXS R — AR P X kR
X TR AL PR AR A B MM AT

h(x") — Hx' \H, — H

" =flx,u) —»x' =Fx +u,F;, —>F

A flw,uw) h(a") g RAEACAE TR 7= A2 9 AR LAk o

(4)



216 S/ L R ¥

F40E

B, FE R TSR ARG HE RS TR, S S I i
{8 H, . F, 5 =(5) Fis.

Hj:('ih(x')’Fj:E)f(x,u) (5)

0x 0x

285t LA, AT DL S A A B 45 B IR 425 EKF
THALFR IS (R, e T8 3 RS T AN ERR A TR R, {3
JE S A PR B
3.2 mEEEEIT

B il G R AL G — R e R ke i
FetE s BEAR, B AT ALHZE PR 2 I8 Ml A H R
WFgs iR iz SRR A H AR Bl A B
R TE 3 HLSE PR 45 B8 A i 5 467 B
BT RIS, T Rk R B RS s
X TRER SR G R B OCEE

BP 125 [ 28 VR R e vk i — P e 15 20 8 15
ST ERRAE, 15 B 45 A B R i % V) OC &R . bR ifE BP
T 2 X 45 32 AL 3 2o 15 2 R BB 1) S T T i 2 R 1B
TEVCT Mg ABCE o (n) I B T AR 2
Jok 2 B R

vy(n) =f(u)(n)) (6)
K ) (n) = Zw,;j(nW}(n),Vi(n): Z]w,,,i(n)xi",(n)o
o, (n) FCREHAZ BN B2 I AUE 0, (n) FREREREZ
R MBUE, B v)(n) ,u)(n) 535k B2 1 A
Firdg i s ) SR pR R, X T Mook i 2 iR 2E ]
5h:

e(n) =y,(n) =v)(n) (7)
% BP PR 28 1 SR 22N

1 J )
e(n)—gg{ej(n) (8)

Ay, (n) AR RIS RSB

HURZENT A W 2% AT B 1) A B N AR B0 S T B i
T w, BBEETT 1) TR A UR 220551 SRR 119 14 42 10
AR [R1 KA A e R J= A i R B HR A w0, (A R

SN, S B B E SRR SR L
#(9).
Aoy (n) = e, (m)wi(n) (9)

URZE 1] A AR I, e a0 A JZ I BRURL)Z 22 (] (Y A
w,; PR

Aw,;(n) =n8(n)x(n) (10)
o om R 2 AR 6 N R TR L

TE BP B2 2%, 4l 1 5 B )2 M\ g A )2 1% i 3]
i R 23 0 2% (R ASCEE I R 0 285 368 3o e = T
DRI T7 1) A A2 B IE B i 1 )2, BEA 2 > (A
A UR2E BT B UE B3R, S0k AR I8 B BUE

27 T R, AR BP I8 8l il 5 4 A B P 4 s AR
3O m (R AR BN EO B8 4, B0 BP M2 48y =
JE R 22 FUn AR R 45 BE IR 8 A5 AL AR I % R 4R
FUREIGAE, 8] BRUBZ Hh 4 ook, i Hh o i 2
TENHL AT BRI AR (R, BP B 22 W45 7 2] fiE
5, A LS M pR 22 A R R R S ) [

LTINS
K4 BP 2Kt & 45

Fig.4 BP network data fusion architecture

(S8

BP 1 25 [ 28 7 fifk U i I A 557 T EL A R A 0
8 (R AR iy, 38 R e rP AR MER i HORS A 1 1|
S BARE, ORI TG A B R TRl R, PR HeAS St o 366 1 4
A ZR (1) BP 128 X 4 3% i s A ) i, 49 2R
Pz BT RS BRS BIE—S B AR BRI 4R A
AR A R B I 2 4 - A —
FE BAR DG, PT80S — 2 SR
PECE RSN E

Y, =FCIX5, - XX - X0 D (11)
Lofr: X, 3% BP 44 Al 4 i A R 5 o AR a1 %1
JEF () AR/ IMEEBUE PR 1,7 5390 8 i A [ 1 K
AN RIS ARG RS B TE RS L AR
B o B 2 A W R ITBAE (H , AnfsE eT LA 201 2R AR
FIIRZEAERE Y., SHRAZE W I T4 R R

Aei, =[], Y, -, [,[Yy-Y,[,
Yy, - Y] (12)

X HL AR AR I ¢ i ZIAI AT L IR A5 313 22 $idls Lo
BAE, R T IEATHERGE T Bk A T BT T R /IME H
e, B

AE! =F [Ae!;]" (13)

E LRI A5 8 TAE 4 DR SAL A A AR — )
2B B CRI 12 N0l ) S P (EAR D81 e /MR 25 1A
X AT A R AR, I E

vi=axXL +bxX, +exX L (14)
s a b e MEAEIBUE, b 25 A RCR ] LA T
B v; RIS PEFT BP iz o 45 I 2Rt i) B BR(E

N T AR R BT — e B A v, $ s H B, )
a0 (14) PR Tekc, I F

t 1=k
v, =s Xt ts

Ptk

Xt k=12, (15)

Jtk o



5 8 1]

e A  PURER TG AN LFE SRS Bt Bl 5 3Rk 217

b AR RN, SR/ AR A — 2 T

MR R TERE . Wz ROk LA, fif BP
Mz 4t Hogg— 2 1 1 BEARAE T, X R BT U i
(0 N, FEAT R 2 BEAT 1 ST RV AT 5¢ i I 25
RSOV HE T OUI% R A BP9 2% Bl 45 3005 L AR 454
e s fiR,

WAL

U
(BPRZAREY)

LTI R E
AL H
Bl |B| |E

IR e RPN

Fig.5 Hierarchical diagram of the fusion algorithm
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