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Monocular Vision Ranging Algorithm for Quad-rotor Helicopter
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Abstract :In order to solve the carrying of monocular camera small four axis in the process of the aircraft in flight could not judge the
fuselage with obstacles or tracking problem of the safe distance between the target, put forward a kind of small four axis aircraft mo-
nocular vision ranging algorithm, this algorithm fusion technology based on frame difference between four axis craft level ranging
model and four axis aircraft vertical distance measurement model based on camera. Firstly, objects in video frames are identified and
selected by yoloV4-TINY algorithm. Secondly, the measured object is selected in the frame of the video,and the best ranging method
is selected according to the field environment. Thirdly, the system terminal performs ranging method, controls the flight of the quadcop-
ter based on the difference between the imaging position of the video frame of the measured object and the set parameters, and records
the flight data; Finally, the distance between the initial position and the final position of the quadcopter and the measured object is cal-
culated by processing the flight data through the ranging model. The experimental results show that the proposed monocular vision ran-
ging algorithm based on template method can effectively analyze the depth of field of each object in the video frame,and the average
range error percentage is 3. 77% . When the distance between quad-rotor helicopter and obstacle or tracking target is relatively close,
but it is impossible to evaluate whether the distance is in a safe distance,the proposed algorithm can provide reliable ranging technolo-
gy support for quad-rotor helicopter with monocular camera.

Keywords : monocular vision ; quad-rotor helicopter ;target tracking ;inter-frame difference ;ranging
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Structure flow chart of ranging algorithm
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Fig.2 Horizontal distance calculation model based

on left-front movement mode
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Imput ; Frame
1. boundingbox«—tracker. update ( Frame) ;
2. frame_w«—960 , frame_h«720;
3. centre_x+«—( boundingbox[0] + boundingbox[2])/2;
4. centre_y«—( boundingbox[ 1] + boundingbox[3])/2;
5. while centre_x >490 or centre_x <470 do
6.  centre_x«—(boundingbox[0] + boundingbox[2])/2;
7.  centre_y«—(boundingbox[1] + boundingbox[3])/2;
8.  if centre_x <470 then

9. tello. rotate_counter_clockwise(3) ;
10. if centre_x >490 then
11. tello. rotate_clockwise(3) ;

12. PrePixelDistance<—abs( centre_y-360) ;

13. tello. move_forward ( displacement]1 ) ;

14. tello. move_left( displacement2) ;

15. angle«0;

16. while centre_x >490 or centre_x <470 do

17.  centre_x«—(boundingbox[0] + boundingbox[2])/2;
18.  centre_y«—(boundingbox[1] + boundingbox[3])/2;
19. if centre_x <470 then

20. tello. rotate_counter_clockwise(3) ;
21. angle«—angle-3;

22. if centre_x >490 then

23. tello. rotate_clockwise(3) ;

24. angle«—angle +3;

25 PixelDistance«—abs( centre_y-360) ;

26 HorDistance«—displacement2/sin( abs( angle) ) ;

27. PreHorDistance «— ( displacement2/tan ( abs ( angle ) )) + displace-
ment] ;
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28. VerDistance« ( PixelDistance -+ HorDistance ) /f;
29. PreVerDistance«—( PrePixelDistance - PreHorDistance ) /f;
30. BeforeDistance«—sqrt( PreHorDistance - PreHorDistance +

31. PreVerDistance - PreVerDistance) ;
32. PresentDistance«—sqrt( HorDistance + HorDistance +
33, VerDistance - VerDistance) ;

Output : BeforeDistance , PresentDistance
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Fig.3 Horizontal distance calculation model based
on moving to the left
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FERISE A B HEA TR 1 R . TR AT AZ S, Rl
BT B B AR, BT ARBIALBIPRCP AL R, I E
8(a) B , G BR s E AR &, S PO B W AT S 3l
AR BRI B i tRAS B AL A0 T T 5 PR, I AT 8% 1 BT
T, B RA NN E, E 8(b) Fin, W T HRES
S AR R ST R BR AT ATERLBINCP B O B SR, I
B RATARE S AR B BEAT e 1 R, IO AT AR A R
TR AT ARG IR e, 3 5 1 A,
KETARGARZRFMP P LA E. W ITHREd B
SraiE , UmRp e n WL R, nE 8 (o) Fim, K\
BESE R IUH RATA AT T B AT RS BE R BB 4, TS
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YRS R RER . 7R 3 AYTUEEIAH , B LRI
GR B UM AT BN A E 517 A Z 6 BB R A
144cm, ZEH AN E 517 A ZFBEER D 112cm.
3.2.4 ETHF4MERMK

ETHR A HWELREINE 9 Fin.

() FIEH IO B R B

(b) FIAARI 7 (288

B 4 SR IE A B3 T AT IEE.

B, WA B i FEFELTID HE 26 3R 31
R BAT A 5 FUR , FERT A VRO o B HEA T o A . 7R A 00 oy
TIAZE , F A T B B A, AT ARG AR
PR AE , INE9 (a) B , W HEJE R B B A0t &, Bk

(c) MIBESE R

B8 ETHR3 WK
Fig.8 Ranging test based on scenario 3

(a) WAL B e 1) T B

O AT AR BT AR P ER B BAR AR th LB B T PR
MO AT IER B3, B R AWM E, W& 9(b) B
~, O TR TEB ST R P, Bk SRR ERAT AR
BN E ;BT , TRl AT 8% 78 B 4 LI 1 B HEAT B 1) A,

&1 WEEREMMT

Table 1 Range error analysis
x % ZhAEER BEIHE BBz BHRZ
(em) BER(em) (em)  FRGEALE
I 1 (BN E) 312 293 19 6.09%
I 1(BEAMNE) 264 255 9 3.41%
T 2(HHBAMNE) 294 287 7 2.38%
T 2(BRAMNE) 300 284 16 5.33%
LI 3(HHBANE) 136 144 5.56%
T I(BEAMNE) 115 112 3 2.68%
T 4(HBANE) 254 257 2 0.78%
T4 BEANMNE) 269 253 16 6.32%

VUl AT R IE A F B B A7 A BRI AR o,
A, IR R ARG A B S PR E.
PUH RATERE T S5 RS , YR B R MIBESS SR, 0
B 9(c) B , A4 WU BE 45 SR 0 4l R AT28 7T 20T B BT A0 SREREE
HREGES, \TNE YA RS fIRERRIEE. 72378 4 FIEE
TR, AARINUE R B AT 2SI ER I 2 B 547 AR BE
Bk 257cm  FERAUMIN B 517 ARYBER hy 253cm.

3.2.5 RESH

WERSE R 24T IR 1 .

(b) MIER T8

B9 ETHR4 WENRK
Fig.9 Ranging test based on scenario 4

(o) WUBEES R

A PTBERERRE, SRS RF TEARRAERF
SHUET WM TR SHRN BRI RS RER. SRER
R PR B BE T DA RO AT & BB P M (R SRR,
BB B BRESK R TR TEAT ARSI 5 BRER A
AY R R A AT SR AQUUBE 3 R S, B IR E T T B 4 3R
H4.07%.

4 F g

Bl 2 TR 2 40 K U BEAR Y 5 2 T/ MLRR Y 2
EUBEAE R Y IO AT A R B SE M BE B k. RS IR BE T
AR AR B I BE B35 e B AR MU BE 7 SR REATIURE , R 4t
LR P IR BT e TN B 7 k4 D AT AT REA T I S
PR FFERWTSH &5, MEERAE VTSR E RN
BATH S B AR B BE R . KA RRY TR A
A3 53 B A PUB P R B R, T R B R B SRRk
B9 T AT RS TR DT B ARSI -5 BR B A 45 IR i $ A3t T S
WEEH AR, T—H R B AMERE, 45/ UBERE,
I E B FERBE T ASS , SRR B R 2B TUREE RS,

References:

[1] Memon S A,Song T L,Memon K H,et al. Modified smoothing da-
ta association for target tracking in clutter[ J]. Expert Systems with
Application,2020,141(1) ;:112969.1-112969. 9.

[2]LiJ,Wang J,Liu W. Moving target detection and tracking algo-
rithm based on context information [ J]. IEEE Access, 2019, 7



206 VN

B R HENLER A

2024 £

(99) :70966-70974.

[3] Yi W,Fang Z,Li W, et al. Multi-frame track-before-detect algo-
rithm for maneuvering target tracking [ J]. IEEE Transactions on
Vehicular Technology,2020,69(4) :4104-4118.

[4] Ge H,Zhu Z,Lou K. Tracking video target via particle filtering on
manifold [ J]. Information Technology and Control,2019,48 (4) .
538-544.

[5] Zhou Y,Su Y,Xie A,et al. A newly bio-inspired path planning al-
gorithm for autonomous obstacle avoidance of UAV[ J]. Chinese
Journal of Aeronautics,2021,34(9) :199-209.

[6] Dai X,Mao Y, Huang T, et al. Automatic obstacle avoidance of
quadrotor UAV via CNN-based learning [ J ]. Neurocomputing,
2020,402(18 ) :346-358.

[7]Ss A,YuP A,Ch B,et al. Efficient path planning for UAV forma-
tion via comprehensively improved particle swarm optimization
[J].ISA Transactions,2020,97(2) :415-430.

[ 8] Cheng X A,Ming X A,Cy B. Optimized multi-UAV cooperative
path planning under the complex confrontation environment-science
direct[ J]. Computer Communications,2020,162(1) ;:196-203.

[ 9] Zaarane A, Slimani I, Al Okaishi W, et al. Distance measurement
system for autonomous vehicles using stereo camera[J]. Armray,
2020,5.100016 ,doi; 10. 1016/]. array. 2020. 100016.

[10] Zhe T, Huang L, Wu Q, et al. Inter-vehicle distance estimation
method based on monocular vision using 3D detection[ J]. IEEE
Transactions on Vehicular Technology,2020,69(5) :4907-4919.

[11] Chiodini S, Giubilato R, Pertile M, et al. Retrieving scale on mo-
nocular visual odometry using low-resolution range sensors[J].
IEEE Transactions on Instrumentation and Measurement, 2020, 69

(8) :5875-5889.

[12] ZHONG W B,YAO X Y,FENG Y B, et al. Fast parallax calcula-
tion and ranging algorithm in binocular region[ J]. Journal of Im-
age and Graphics,2019,24(9) ;1537-1545.

[13] Wang, Zhang, Shi, et al. Laser ranging-assisted binocular visual

sensor tracking system[ J]. Sensors,2020,20(3) :688-699.

[14] Jiang J,Liu L,Fu R, et al. Non-horizontal binocular vision ranging
method based on pixels [ J]. Optical and Quantum Electronics,
2020,52(4) :227-230.

[15] Liu Z,Lu D,Qian W et al. A new method for increasing accuracy
of distance measurement based on single visual camera[ J]. Optical
and Quantum Electronics,2019,51(3) :66-78.

[16] HUANG T Y, YANG X J,XIANG G H,et al. Research on small
target pedestrian detection and ranging based on monocular vision
[J]. Computer Science,2020,47(11) ;205-211.

[17] SUN W,YANG Y H,WANG Y et al. Interval threshold denoising
algorithm for single visual distance image based on BEEMD[J].
Journal of University of Electronic Science and Technology of Chi-
na,2020,49(4) ;563-568.

[18] WANG Q, QI Y. Traffic video background modeling based on in-
ter-frame difference and statistical histogram [ J]. Computer Sci-
ence,2020,47(10) ;174-179.

[19] ZHANG M Y,ZHANG Q Y,DUAN H X, et al. Pose self-calibra-
tion method of monocular camera based on motion trajectory[J].
Journal of Huazhong University of Science and Technology : Natu-
ral Science Edition,2019,47(2) :64-69.

Hithc 5% 3k

[12] iR, PBEE, B AR, %. S E KM YR TR RMIES 5
[1]. P EEL R 2%H,2019,24(9) :1537-1545.

[16] BRE, BHEE, MER, %. £ TFHEEMEN/DBIRTARNS
PEERFFE[T]. MRl ,2020,47(11) :205-211.

[17] % f5.%—8, T %,%. 3T BEEMD ¥ HAER KX [
BEFERE S [T]. BRI SR,2020,49(4) :563-568.

(18] £ 4,8 B ETUMEZESAMETESENAGENMAET RE
B[ T]. LA 2020,47(10) :174-179.

[19] Bk, kA, BEH, % X T EshPn 8 B AR AR
EGI]. PR AEEIR . ARPIEER ,2019,47(2) :64-69.



