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Research on autonomous obstacle avoidance algorithm of UAV based on deep learning

Qingxin He
Minnan Institute of Technology, Shishi, Fujian

[ Abstract]This research focuses on the autonomous obstacle avoidance algorithm of unmanned aerial vehicles
(UAVs). The advanced model YOLOV10 in the field of deep learning is selected as the core detection algorithm,
aiming to improve the obstacle avoidance efficiency and flight safety of UAVs in complex environments. Combined
with the technology of binocular vision ranging, the precise detection and three-dimensional positioning of obstacles
based on YOLOVI10 are achieved. At the same time, the coordinate transformation relationship and the optimal
approximate solution of the three-dimensional coordinate of obstacles are derived. The algorithm design covers key
steps such as image pre-processing, model inference, obstacle detection, and obstacle-avoidance strategy formulation.
Experiments use the Open Image dataset and custom images to evaluate the performance of YOLOv10 under the
condition of various lighting, blocking, and speeding. The results show that YOLOv10 exhibits high accuracy, high
obstacle-avoidance success rate, and good adaptability to lighting and blocking in UAV obstacle-avoidance tasks,
and its performance is stable during high-speed flight. This research provides new ideas and methods for algorithm
optimization in related fields and has important theoretical and practical significance.

[ Keywords] Autonomous obstacle avoidance of UAVs; YOLOv10; Deep learning; Binocular vision ranging

515 SR, MU B ATIERES,  anfrviEf . phadiit
TNUEARKRSG AR, IETIEERRATESUR R R RERGY), # RIL 2 AR e e S UL S5
BEAN—NETHIRAC. WS, MERNEIYIRE  —EREANBARS R P — Kk, TTANLA T
&L AR, EANVERHME RGN, &3t ORI EEEA T R, EERZRNIET, T
AMRBAE, 5 ARZ USRI 1) ] O L 5 UG EERENS SRR PR, HERf IR R AS  1

PEF S FIPET (1980-) , 53, #ARMAJRE, ®FFLAE, R0, ®FFrm. A&

-51-


https://sdr.oajrc.org/

i R

IR ] ML A 8 ST 7T

FrE K/NFEREE, MM E ML) TR,
TR KA XA R EITE AN 22 41817
B BRI BT AN AR HE R PR . SR,
FEGR IR Ji5, W THORERIA. M AR EEREk
UL RS, EIRTE—E R L RE e ST 1)
fig, (HLEDN SRS, R PR H a5 2 . 4,
WO RS2 R AR EOR, 75 AR s )
PEESARR, 1ALt RGNE 552 B 6 R AR ARG )
PRI o DRI, PRI RE e AR e 2,
BN TG AWK Je Hh i A g e ] il

AR, IRESHARRPGE, HTEANLE Fk
bR O TR U R . R 2 ) USRI A
HERE A URE 71, EEUG SN, EEW. B
SRVE 5 AR SIS T BB R . IR 2 > R
FHRANUEERE, 7] LB IIZRRRE 2= I8, A
HLREDS H 30127 ) FEIRBIBERTYIRAE, I SCEUNT Bhi
YIRS HER RO B, AN TS R TR ANLE
T EENEIAL, BEEABIREE 2 S BRI 58K RE
71, BRFATANAESR I8 2 AT B = AT
TN TERZIRES IR, 1548 T YOLOV10 1E
RS, XA A EAE BRI S e L
FRITERE, 5B RDAE A S PERTUER T 2 R SEEL T 58
LT, AR IE A TC AN i 3 A A e
RIS W RARTF YOLOVIO 5%, fEf%
SEITE AWIAE S ZA 5 (1) 3 £ SRR ks, A
TTATE AU R A A0 12 R 25 e IR S A,
HATRE S SIAETC AM AT . PR 2R H B R AR AN
Jiike

1 Fe AWUERE R AR

TN R AR RTC AN B F TR F
G R RS R R . BEE TE AN
BT 282, b AR i B H 2™ . H AT,
To N AR B0y PR B AR AR . ML RSt
R G AT R Guk R DL R TR B 5 S IR
28I,

(1) FEE R AR R

PH S R AR B AR BRI O TR A A
fRIRIRE A, MBS AT HFER, M
T SEEX BERS IR BRI L . X R AR BT S5 R A
B BRI &, (BIE S FA 5, W2 k.
RGO, HEft R et &2 38— e i

M1,

(2) ot RGukE A

PR 8 Gk B AR E8 A5 Sk e 41 LA B S,
A ER A SRR ISR, FEH R AN S R
W2 )RR B AIARX AL B o IR R IR
MBS S, (EEIAR ., RGPS oL R,
FARMRR 22 B PR .

(3) iSRG ERA

PPE SR Gl R = EL@ e AL B R
BRA L LTSRS, SR E T AN
TREEAIAT BAS L, TSI B RS i P ATB L
SRIT,  IXFP AR ) ¥AT Y, TR SR ZE
MR, 2B TR, SRS .

(4) RPEEESIETE N Lk A ) S FHEIIR

VAR, TR SJHR PO A e 9 To A Lk i
FAL TR R . IR B IS &
W2, Bels H 25 ] U RIS IRAE, S RS
IR HE R R B a7,

HRPZ 2% (CNND 7E UG R A IR : CNN
FEEGIR I ST T W R, i SRS
FHEE R, SEOUN RSP ER R0, K CNN BZH
TIRNANUERS, BT DL 4 i A A

PEARZ N2 (RNND ZEFUZEFII 1 R - RNN
RERE AL A, e T AMLI ARSI, 5k
U VB A B O AT L), XA B T EANIER
FRPREE i BN BRI

BE5ER 2 SJAE TR AN SRS A R 15
@ L E TR AN R ARG, STl
(P FRREE . XFP VLR WP A e AIEE 23
358 P R I P R

2 YOLOV10 [ 524y

YOLOvIO #& HiE K% 0wt 5t N & T
Ultralytics Python EA4E, & 7EHE R B 51t
HIF. YOLOVIO HEAAZEMIIES: T YOLO &5
— B, BRIV ) A% R R AT 56 B H brsriil 425000,

2.1 YOLOV10 M43 AAN28

FEMZEEER B T SRSk =3B 44
Jifo

FT M SRR, YOLOVIO SFH 1 E5m AR i
CSPNet (BB L) VENE T R4 . CSPNet i
IEEEEY BB, AT RO ECE RS, R



] 3T

ST IR ST JE AL S5 7T

DRI AE YOLOVI0 1, IX Al 5 AR ) CSPNet
R T TR I RO AR I . S
M TIERA R RERRE, JF8 HAL 3 3] L3
YOLOv10 HIsi#ZE R T PAN (B$42 3R & W28
&, XSS R AT DLSEEAT R 2 RO RHERL & . il
ik PAN &, AN[ARUZE FRFIEAS 20T DAAE I 2% A7 2%
bR b I S NTITE =R S B 7y ol N Rl R 7 GRS
B A7 5T H Amker il i) B AR SEI, 045 73 2R [B] A 55 .
YOLOV10 fEFBI TR A 1 XK, Bl —Xf %
SKERAN 30—k % 2 SRR ISR R o o
MR GAERRZ AT, AR I EAE 5 IR
e SR s T S I R O A
X RAE RN AR TR, TG 7R NMS CERR B H#)D
NI ks> ZE 3R FF 3 v Rl

2.2 XA S

TRFEHR I HH: YOLOVIO ##7F TAE G
CBL Block with Batch
Normalization and Leaky ReLU, CBL) , CBL ¢
HBRE. HEIA— RSB R EBUZ B,
N RFEFBL, R SCDown J7¥k. 5151 JeF
F < 1 AR08 18 B AT RS R, il B %ok
NR 3R 2 IR BEERRPAT (8] R, B
T T T RFEIBCR S L .

A ( Convolutional

L

C2fCIB BRI G N: BEX1E URFE %S JZ (HD
RFOE RSP ZED 5 YOLOVIO0 Bl ST T
C2fCIB ( Channel-to-Feature, Feature-to-Channel,
Channel-in-Bottle, Inside-out Bottleneck, C2fCIB) f&
B, YUK Bottleneck 4514 H AR HEG T B 4y
WRIEZ P B, ORI EIE 1 S AE . gt
TE 7 By R Z B, C2fCIB 8 H 1) CBS

(Convolution Block with Standard Components, CBS)
# RepVGGDW Fr &R, X —BUEAMUART KT
R, R T SHEEN R R

PSA Block #HUffl#&: YOLOvVIO 7 SPPF JZ
JEY5 bR T PSA Block Fik. %T EHVER ML
(TS R AR 51, PSA Block AX X 73 HE 5AIG [FRFAE
B — (DL SETE R — ) BT, X —3wt
WX 7 YOLOVIO £ JmitSiaess, =7t 1 Hirk:
I PR B

Detect HEHL I FFZ: 1E Detect BEHLHT Cls 432K
533 H, YOLOVI0 SHELEFIF A Conv3 x 3 B
1T T, REPA Conv3 x 3+ Conv3 x 3 IIRE
BB EAT B A X — AR B A K T
HE, BRFRE 7B,

YOLOV10 W& 5k & 1 fior.

ﬁ Neck Detect
Conat | [ cr > GioHeEN
3 i

A
I

cof > YOLOHead |
C2f
» Concat
| Upsample | Concat
C2f A
SPPF cafcis __

1 YOLOV10 MZ&&E#



i R

ST IR ] ML 8 8 BRI 7T

3 EF YOLOvI0 B9 B #1525 EE

TERH SRR SEMEE R, 454 YOLOV10 T Rsns
YIRS AL IS, e BRI R MG R AR Ay
HH AR 2RI = GEAARR . LA BRI AR PRI OC R
AR SRS L — AR B R AR R AR

3.1 AArEHX A

(D B R G H T AR RN

XFFXHMNLRG TR — L P, HAEH AR
RPIAERRR (x, y,2) » TEAABNUG R AR R )AL
N (w,v,) , FEA FHUE 3R AL bR & 1 AL B
(,,v,) o AR A M, M o KR4
WUH SEAAARGE T UG R, A DL ALRRFE 3G R A
FrA.

AN PR G R IRk (D Fow.
Horb Z,, /2 51 P IEAE AN AR R TR

U
Zy|\v |=M,
1

QY

=N e o

Hort, M, 2 AN AERE, AT UL R N (2):

My My, Myz My
M, =\my my,  myy o mpy, 2
My M3y M3y Mgy

AT AANLAB AR 4G R I B A R A (3D i
Horh Z,, 2 AP AR RIHLARAR 22 FOTR S o

u,
ZcZ vr
1

=M

r

3

X
Y
z
1

Horp, MR AEHNURIBGREERE, W AR N (4):

My My, Mgz My
M, =\m, my m, my, 4
ms Mz Mgy Mgy

K EIRIFAAN, FATTUARRUAKT x, 5, 2
RN TT 8

(2) FEIGPPAERR R = AR IR R A I AL

PUANKT x, oz BZRVETTRE, (HIEHXPIATT
Pt it e 1 (RIS 2 TRAERD , FR 28
FH B0/ N Z SRR SR A i DA DA o

-54 -

B LR YA T AEEE RN Ax = b FIEE, A 4
R NMAx3MHERE, x Zx, y Z]FE, b 2—4
Ax1WmE. XTHME 4 #HATE RES#H (Singular
Value Decomposition, SVD) , HE|A=UY VT2V
()8 B H A — AN IR R

BN ZIRfFEE AR (5) 153
x=V>"U"p

HIT XN, IR SRR b
HAEZ R BB RS S BRI AR X+ o
TR e, BAMGEX N AR B E AT

i EARTHERL, FATAT LIS RIRERSY) H AR AP AE
S A bR 2R =GR, 3, 2)-

4 BIRRIT

YOLOV10 & Fh5eR i) SEit HARS I, &
THRANERFATS . HET YOLOVIO [0 ALk
PAUAE R TAC P, AR R RS I FIEER SR
MSHIRE . LT R R 1 D A R LR

(3

;ﬁ&Ymﬂwoﬁﬂﬁﬁ%@ﬁE%%Xﬁ@
u}
# #1i: model = initialize_yolov10_ model()
# BEASAAS I BR) 2
def detect_obstacles(image):
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predictions = model.predict(image)
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obstacles = [pred for pred in predictions if
pred['confidence'] > threshold and pred['class'] in
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return obstacles
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def avoid_obstacles(obstacles, drone_position):
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new_velocity = [0, 0]
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for obstacle in obstacles:
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while True:
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image = get _camera_image()
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new velocity = avoid obstacles(obstacles,
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# if should exit():
# break
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