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Research on Hovering Technology of Quadrotor UAV Based on

Improved LK Optical Flow
XUE Yuan, WANG Zhisheng, XU Taohong
(College of Automation Engineering, Nanjing University of Aeronautics and Astronautics, Nanjing 211100, China)

Abstract : With the continuous expansion of UAV application scenarios, it is the difficult problem that UAV can still be accurately
positioned without GPS. It needs to be solved in the development process of UAV. This paper takes the quadrotor UAV as research
object. Because low positioning accuracy exists in the traditional LK optical flow method in the practical application, an improved LK
optical flow method for precise hovering positioning is proposed. The method is used to solve the limited computing power of the
optical flow sensor, that the Shi-Tomasi corner detection algorithm and the bilinear difference method are used to improve the
positioning accuracy and stability of the UAV. In the calculation of the optical flow, the optical flow pyramid is used to solve the large
displacement problems in UAV movement and the FB error generated in the calculation is compensated, thus improving the
positioning accuracy. The actual flight is verified indoors on the UAV hardware platform. The results show that the improved LK
optical flow method has high positioning accuracy of the hovering flight under illumination conditions. lts fixed point accuracy is
approximately within the range of 40 cm radius.

Keywords: quadrotor UAV; LK optical flow; Shi-Tomasi corner detection algorithm; image pyramid; FB error

0 5|5

1)/ S SN 7 4 = T o1 Y e S TN B X
Pom e T2 TOiEs A ATk R Al
TR EAL 4% (inertial measurement unit, IMU) RELEEF
S S A A HA B BUN AL (EAE SR AT
FPAUREE IMU TS B0 A4S 10 APLES 2, 38 R F Al
RIS XF IMU BB A T8 1E (6 HAG (B S8 B2 9,
TEE Ah, A F) H 42 B8R & 7 R 48 (global position system,

GPS) 1 %Eﬂmu TE2 NEH GPS Z TRy, U5
SN AL AR AT B E L, ML T GPS, F A Y e 3

%W%fﬁi@&ﬁ#ﬁﬁi%ﬂ@%ﬁ%ﬁ%w o
FURUIE T @ 32 0 AL 2 1A s o 19 A DR 07 38 A5
UWB JoZk RLi £ O 5 ik O3 g i 48 2 g8 fl o

LR OL S UWB R 454 B T E ALK
) SRR B T ANDREW Gregory 25 A fili it
RS BOGT IR B AGSk R B R s S H T =
TR [ F TG |, IFLE 2010 4T AHLRZE S, FI %

BHAEER H T IS 2010 4, EEE S B2
NN E’J?ﬁz%‘*ﬂﬁﬁzéﬁéﬁmzﬁﬂﬁﬁ%%ifﬂlﬂlﬁﬁ;‘@“%
P RAT TR R ELRRE PR, 7 51 A 2
GBI VZ R, SCRE AR TS E AL, ol FH T4 B
DUEREL s, TR 1Y 2 )iz Bl H AR e s w1 R R
BB R B RN B AR L S g s0h B Riz 8
E@J&% MRS R 5 P ot 3ol Ak R DGR A 25 MR R 1

B fF 8 TR EAN T, X A
HHALEF B, SCH[7-8] ' D. Honegger 25 A G
0} R SE LS T, A FPGA {47 & b k47 52Ad
R, HRTGCTEE B 2 1 T DU e 38 2 7 15 3kt i

E—EF R BN (1993—) 55 IR B 0FE A WF5E 07 W RS TR,

- 165 -



RS5ED -

BN, F - AT LK LA W EAAMNBEE AL

o, Ho LK OGRS H SRS . LK G 2552 LUCAS #
KANADE 7£ 1981 438 3CH 8 B4, J& 1 57 Y6 I 110 42
BIED S BERIG TR AE VU B A P )z A E RS
FEIARES, T ELBE R I R AYFR R | LR 25 Aol o

ARSCEFXHE G LK 6775 7 U 5 32 28 A HORG BE AR 1
RIS SR T — Rk gt i LK G vE , IR B 18 0
AR BORAE IE IMU B S B, B e i 52 br AT
SRR T SOk R Sk AT A T AR e

1 LK RERIET

TREBEER ¢ WUEHRATAE A (xy,y, ), BRI B nxn 45038K
NI s BB BRI 7E o+ 1 W EAFEES (x,,y,) 52
FERAIRIAY R (g vy ) o AR IR 240 TR 2 A 0 L SR MR B8 451
N RN

Lyu+l,v =1,
Liu+l,v =1, (1)
Lsu,+1, v,= Iy

el (1) T F I B

Av=b (2)
= (2) ML, AT B E I N,
A"Av=A"b (3)

PR/ TRk g LR 5 A (A RE A A n] g,
B2 (3) W R LA (AT A) ™ AT IR v B .
y=(A"A)"'A"b (4)
K (4) B LK YEFRIEAMR 78 P e 38 52 37 S p b
F, R AR — R BR A, i B B AN, BT LA
S H S TR AL

2 PR LK it

2.1 Shi-Tomas fa &= # M & %

£ S ( corner detection ) 246 MG ASAE (1) —Fh 7
B, T T MR S S A I | A s RGN = R R
GIRJEAR B, eI 2R 2 Bl A9 3C %5 . Shi—Tomasi ff 5,
K2 Harris 77792 B eiodt | 0 B0 [ 25 1R 1 3 A
ARRFAE AT, T (e, y) B K BEAE R [ (2, y) , AR e
PRSI W ORZE DR Ax B Ay S EIINT AR,
D(Ax,Ay) = Y W(x,y)[I(x +Av,y + Ay) —1(x,9) ]
(xoy) =M
(5)
B2 (5) P I+ Ax, y+Ay) AT — B 28 B BBURTT,
SRIER R TF AL A R IR R, Ron M I R,
> W(x,)P Y, Wx,y) I,
( )eD ( )eD

T=|" E (6)
> WL Y, W)l

(x) €D (v €D
o d, 1, FoREURTE x,y J7 ) E e 5 T Rom—4
2x2 MM ARAE RS ; W R R 11K/, Shi—Tomasi £ #5450
LT LR T R ¥ A7 9 2R AR A o e/ IME 5 T 58
BEE BMEAEAT LU, A0 R R T 30E A, U 2 B 32 5 FT A
HRHIE R

- 166 -

22 AReFERBET

FERFI P LK S 2 6 455 A i R AT B 2% I 5 996 2 /N7
R A, PROA U e 38 A AT I 2377 A o7 8 A 22 3 R
FRTRDRST, BT LA S 57 e 30 4 5 B 6 LK O I ik AT ok
HE L TR A I R R AR IS S A UL 2 5
SN DR S UN VA S e NI YR o S L S e
Fe R 13 (RS BER IEER) MUA LK SGHEE K H B R i%
JEROGUE, TR A LR XGPS A A, 7R
PR AW b JRES R AT IR 75 2 5 AR B 9 {E
A BAR RO

i TG A R FGASEAE E ABOG TR, K%
AR LR T R, F—RREIT R AR
AR FE DI , LA 1) T 53, HEAE B iR )5 —
JZ VR AG FER)Z B e T EAS B iR 28 (028 e [ DG I
6, BB 1R,

B, R

PR 1, bl TR

1 &FERRITELR

2.3 FBiREHTARIME

1) FB #2253t

51 FB 1222 R T4 & FRAE o IR ER O AE B B,
B 2 i, AR LK 553250 AR ¢ B 20 RRAE 25 points _prev
PEATHRES , AT A5 ¢+ 1 WU S A7 points_tracked , [A] Bl AT
WA e+ 1 Wi a5 point _tracked JZ i 3R BREE ¢ TG 57 B
points_prev_eva, PRIER U, points_prev F points_prev_eva
PGB N Z S Rl T AR TE TR 22, 15 2 45
ROAEAE — B M 25, X MR 22 RIS FB 1225, B 2
Qo o T g o I B R OV S B

a BT T PR c
— | e B [RCP—
N \
AN - T————3 d

3 I

(AR I ZIEIR

a—points_prev; b—points_tracked; c—points_back; d—points_eva tracked.

2 FBiRETEE

2) FB iR ZAMETr i

U 1) SR AT 1) T v i ) B R A0 2 3 i e
TRAS gy e B2 S BRAIL R, 45 5 BT 1) B 56 A0 A% 4
ot mev » VTR B R 1Y B, 4R points_prev il points
_back Z MBS fE [ . oo [1=0, BEBH ZZARRAE SRR V1



-BS58K - B,

< AT LK A wk L AAMBSE AR

TN d o ek 1> Dipronpona » 778 AR S5 B B3 2 I, I 4% 3%
FRIEAUMBR , RIEE 3 PR, 761 2 BB AT, 315 TR e 4%
YO B PN A5k R PR R A B B T N R R, Y
JHE S A J B[] PR R K S Bl R o LR, A SR LATR
FOYE FEIVE A points_back BE il 7 Bl &7 8 K 0 s BR M, Br
U points_back TEMF i d g, .., A b 80H L5l 7]

@Emo$iﬁﬁmﬁﬂﬁﬁm%$U&ﬁ SH 0]
%ﬁaﬁ%@ﬁjWVUDﬁFo@ﬂK&ﬁﬁﬁﬁﬁ
BrimAg i di, . W7 EE 38 3 i A% fk I ) 02 1) F) A
TEHHT i e o

@ point_tracked

\ points_prev R !
\ /

\ /
N s

~___~-

3 RBEWIS

e oo T[]

ﬁ | m 37

ae —

fflp 474
dfft fflp +(1B)dﬂ|bk (8)

3 %Bﬁ_n%'—ﬁjﬂ‘ﬁ

3.1 BHFEENS
ZIKjC%TéFH Eﬁﬁﬁ@#?
. L

Mo

il ﬁ%ﬁ“‘ﬂ% Kl 4 Jg e

B4 TANMEBRTES
R 1R 6 HAEMRES
R1 TANZXBFEEEESH
R B
KX G2/ (mmxmm) 200%200
7 B2/ mm 250
TR kg 1.230( ANELFR L)
SEfpi i [i]/ min 6
R/ mm 300
It/ dB 60~65

P 5 SR T A TR S 36 AN JHL 22 3 7 I e 3R 2
FAFAT T HOTAT A S o o B A5 Sk A P 4 B R A 4K

I SR KRB MBI A% A STM32F407 Ab B4 th i 470
Wit

B 5 NdRfERaEs

3.2 SBEEESH

AR NP ARYE SR AT ORI I E n AT A e
SIS BB AT T b S — A A R R AR 1Y
x .y 7T _EBGIRAE , 55 41 i sl R S8R 4 DU e 3
BB ESAMEER,

P 6 b PUESL A F A% 58 LK S E AT 3 N e A8 K
ATty 5 BT B, B 7 ik LK Y6 g 0T
N CATHE oy e . BT LU Y ek
LK SEREEA T4 LK el e, KoL EA 4% mik
4t LK Ok oG M B, R T ek i LK Bk
KiRE 2L T4 LK 6k .

(a) 1) L GHORC (b) Y1 1] LR
B6 fEotmiEBEtmaRE

Mm’ ".ill' w,l Al -'\_'HIN |

(@) 71 LR (b) 11 Ll
7 B EEENRRE

I £ /deg
i ‘

'
[

o
=7

20 40 60 80 100 120 140 160
i i) /s

8 ZANBRERMFMNAREFER

- 167 -



RS5ED -

BN, F - AT LK LA W EAAMNBEE AL

8 Fms R A LK Y6 ik RE s ©AT AR £
AARIE B, W R R LB 8 RALIE D A iR 251 30~ 402
Vi), HE A i A AR AT

&1 9 Sz i DU e B B fo il o7 B ARk, ARE I 9(a) =
A2 F T LU DU BEREAE CAT S A E] 1 m B, AT LA
FasE s, B o(b) LT xy il az BOALE AL, AT LI
SN vy JT AR ZEAE£0.5 m FEFEZ N, B E 2 iR
TE+0.1 m 2Z [H], HAEEAE B KL 242 40 em I IRDTE .

ZHVE /m

10 o5 — .
0 0.5 - - 05
x Wl /m L0 1Oy Bl {3 /m

(a) B =40 EE B

107 s

05
g
= £ 10
a@ 0.0 Fa
= k=l
& =
> s W oos

10, J

A0 <05 0.0 05 10 00 s 00 05 1.0
XY B /m X S /m
(b) xyFxz{v 5 5 5
9 TANBERUCERER
.
4 Z5iE

AR XL LK ' I 7 78 DU i@ 358k 5% I A7 A 0
AR SR T — MR LK G . TR
T Shi-Tomasi i s AL VA RN 22 (61 2 iR AR A5

- 168 -

Rl ARG B0 . ZEHEA TGRS Sl g ST e 4

figp R DU e B i 3 7 A R AN B [ R, i i %) LR FB 158 2

AT AIRMEE AR EOLILTH R RORT R . Be il SR AT

BOE T SR Y LK AR TR GE Y LK G 2K 1 2

S BT RS AR E T’ AT,

SE Lk :

(1] B0, 5. —FPERIENLE AL SE 2 LR GEMFFE [T ]. HLAR I
5 H3h1k,2018,47(3) ; 184-186,193.

[2] JUHERE. MIEHAE G I M E ANLE NE M AR D],
TRBH ALK, 2018,

(3] FhAk, e e BEBE. — i DU e 3 AT 4 7 gk e 2R ¢
[J]. BBk A 31k ,2018,47(2) :204-206.

[4] BEAUCHEMIN, STEVEN, BARRON, et al. The computation of
optical flow[ C]. ACM Computing Surveys, 1995, 27.433-466.

[5] J. L. Barron, D. J. Fleet,S. S. Beauchemin, et al. Performance
of optical flow techniques [ C]. Proceedings Computer Society
Conference on Computer Vision and Pattern Recognition, Cham-
paign, IEEE, 2002; 236-242.

[6] N. N. Vatani,P. V. K. Borges, J. M. Roberts, et al. On the use
of optical flow for scene change detection and description [ J].
Journal of Intelligent and Robotic Systems, 2014, 74 (3/4) .
817-846.

D. Honegger, P. Greisen, L. Meier, et al. Real—time velocity es-

—
)
i

timation based on optical flow and disparity matching[ C]. Vilam-
oura; 2012 IEEE/RS] International Conference on Intelligent Ro-
bots and Systems, 2012 5177-5182.

[8] D. Honegger, H. Oleynikova, M. Pollefeys. Real—time and low
latency embedded computer vision hardware based on a combina-
tion of FPGA and mobile CPU[ C]. Chicago:2014 IEEE/RS]J In-
ternational Conference on Intelligent Robots and Systems, 2014
4930-4935.

[9] S. Roth, M. J. Black, D. Sun. Secrets of optical flow estimation
and their principles[ C]. San Francisco; 2010 IEEE Computer
Society Conference on Computer Vision and Pattern Recognition

(CVPR) , 2010.2432-2439.

KA HE.2019 - 03 -18



