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Path Recognition of Orchard Visual Navigation Based on U — Net
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Abstract. Aiming at the visual navigation system works in the orchard environment, a visual navigation
method based on U — Net for path recognition was proposed. Labelme was used to label the road mask in
the collected images and made the orchard dataset. Based on data enhancement, the convolutional neural
network was trained to obtain the orchard road segmentation model which could identify the road region.
The road segmentation mask was used to get navigation information and generate keypoints for path
fitting. Using the midpoints as control points, the navigation path was recognized by multi-segment cubic
B-spline curve fitting method. Experiments of semantic segmentation and path recognition were carried
out respectively, when the critical threshold is 0. 4, the results showed that ToU of semantic segmentation
model in weak light, ordinary light, and strong light was 89.52% , 86.45% and 86. 16% , respectively.
The method of edge information extraction and path recognition could adapt to various visual angles of the
road mask and get a smooth navigation path. Under different illumination and visual angle conditions, the
average pixel error was 9.5 pixel, and the average distance error was 0. 044 m. It was known that the
width of the road was about 3. 1 m, so the average distance error ratio was 1. 4% . The normal speed of
the tracked vehicle in the orchard was mostly 0 ~ 1.4 m/s, and the average processing time of a single
field image was 0. 154 s. Under the current orchard environment and hardware configuration, it was
proved that this method had a good performance in accuracy and real-time. This research can provide an
effective reference for visual navigation task in the orchard environment.

Key words: orchard environment; visual navigation; semantic segmentation; navigation path

recognition ; spline curve fitting

e Ha H . 2020 —04 —22 &l H 5. 2020 -05 —25

E£WE: EZEEAVLITRBH (2016 YFD0O700100) FlJ"™ 4 48 T i AR & 11505 H (2019B090922001 )

TEE R SR (1993—) 55 W4, FZNFHLHE ™ 5 A HT T IF 5, E-mail : han_zh93@ 126. com

BIEIEE: L (1963—) 5 HF5E 01, LA S0, 32 2 G R AL AL 5 Rl TR F R B 5%, E-mail ; fang<f@ caams. org. cn



BRI SF: JET U - Net 046 9 28 Fel 400 5 5 A B 42 R O i 31

e ES P I i o - N U B N Sl = i N
el B R BT A 28 5 A R Y B SRR ALK IR
W A B F2 2R, T Bk — 2P R AR R ORI &
T, A b HILAH Ak 5 R RE AL R R Ok A By b 2R
B B R REAR LR 5 G
ARZ— R MR R 7 Al ALK 8] A b i
TR 83, A7 28 B AR 1 AR BIL 25 Bk 63 119 55 8l o
BE o WLE T A E AR B A BRIAE )T RO B
R R AR AR PR O R A, R HORT R ST k2
— )T T A Sl gl b Je S i A k) ] A
AT 1 P B4R BT vk 6 T A B AR AT T AR
R E MR 2R 51 MR AT 2 .

S I RRE 19 AL B A2 R R 24 T I P9 12 3 0T
FURE o SCHR L L 7 i 22 19 455 [ 5 0 1 11 5% ik
b R R R HA S L I A A e A
H B o SCRRL2 AR K28 AR et 19 22 57, AW o 5
SR EIR A RS SR . SCER 3 TR B
A RRAE U A BR 1 rh o DA, DR AR B0 [ 05 5k A
BRI P AL . SCHR [ 4 ] i AR H 2
T OTSU Jy i 189 X 128 {1 b 380 0 de /) — 3fe £ 1 [ml )
AT RO IN o SCHR DS ]2 [ 23 1 e 2R 6
Ja W R BEAT 23 1, L 8 O A2 e e U A2 AR Ak
SCHRL6 ] 2% T 25 4 B fEL vk 2E A7 RS —fE AL b B, F
KT B R A% il R BEAT 2K R 157 WOHR DX 3 2% U4
SCHRLT J 3t T —Fp & 7 ol itk gt A S0 i i VR A5 &
LRI T A BRI M AT T IR B L5
SCHRL8 ] th T — ol & 1 i i - 20 B SO B0 AIE 119
PR BN T3 T 1K 05 A & 6 W E IR BT AT T
AU . SCHRL9 R T HSV B =S (| 1 V 73 it
(EL A P[] T 5 A9 (0 O ) Ak B 22 08 252 A0 PR R
i fe /s AR A T L A . SCRR [ 10 ] 3k BORY
TS A SR, kT R/ T D B O B A
AP S, F 4R BOLAT G a5, A2 B T AR HE 2R
e BE B8, R AR G 1) B AR A BT 1 ) 52 R
R — BT R E IR BOL IR &ML SF IR
A0 R E AR e B 2, B 2 A R
I8 31 G WO A A I 1 R, R R
AR T E A L AF HLARU S O 86 AN E 5 A T Y
LRBRAT . ITAROR A AR B 2 I 4% A [ 15 A BE D7 T H
13 T RCRWESEHE I, Horb, U — Net B 2% J2 — F Ak T
A U 22 X 265 1) 38 S FI R 2%, R U B 24 ) —
fige A 2854, 3 P T O SO B IR RO L3 AN
W 114 P 15 o0 AT 55

BT B BT RCR , A SCHR H —Ff 2T U - Net

o 24 £ 53 Bl A0 S AU B A SR O vk o AR AR SR el
UL K dhe B A LA L, IR LT U — Net (1935 L HIHE
T KR A Y A B T8 B A 2 2%, EAT LS B
PRI, A= AU P AR B A R AT 22 BE = B RE ARl
LA, U AR

1 HiEEEE

AR SCPR A 2R el 3 A A TR O ik e A O 2
JOK < T SO RS A B AR R o T B S0 )
HT U — Net A5 B 28 R 2%, 47 2R el [ 5% ol i
F B BGR GOR 1 BN LAY HE R DX S A B A
U 8 S o3 R 25 28 M) 31 4k % A R A
PR PR BEAT 0 2% A5 BRI, R AT 2 BE =1k B
FEAC 2405 U R B S A AR
1.1 EF U- Net By R EEBIEXSE
L1.1 EGOREE S Ml R A

B R LT LT T ARE LT & K&
MR AE BE R AR H UG 2019 48 11 /.

H0HE 2R SR o 3 T 3 2 R IR B ATOE
PLE B IE# MR oR & o A 40 ZED RSz (R A B
PEAT R R AR U R 77 A BT L SRRk
Wik 7 6 1 E A 2 e TR A B i, G ) RS 48 TR
0.02 m, #5 [a] i T i€ £ A & b Al 2k, BB W
0.55 m, fF 4% 7 1] S HLIRIE | 5 o HLEAT 9E 3 i 2
L2 m/s FRSR A M BRI R T 1280 12K x
720 R RIEWIHE N 60 {/s,

IR S B3 T B AL IE L 1 300 g P45 2 47 5 Jd
Kol S i 78, Herb 850 @ AT I 2k 4, 150 IR A T 50
WE4E ,300 i T4 o R Labelme T H 47 %L
YAk B ARG BT T H AR, A SC N 38 %R R AT bR
TE o XARAE SO Il 0 2 1 AL AR A5 B R AT BR HL,
EEIRST IR DRI NADECR IR W/ I R R €1
S 3 ORI IR A5 PF T 1 B obn 155 IR B A
1.1.2 36T U— Net [y 21 58 i 50 #1 X 45

SRPE B BT AT AR H AR AR AL O B I A
G VB AN S X AP E 7N SEECE A LIPS
XA GE I 1 B A BT i 3 B — € R . A SCHE T A
A5 R 2 9 2% D B AR A0 SR o] 3 S A 0 ) S5 IR R
W R, e U — Net 11 S 75 SCHY 38 1% 43 #1
W45

U — Net S 85 56 1 48 BUM R I 265 19 3 Lo
P 245, % 9 2% B 5 A0 RO, H R B 1A 0
R 12 ifp PR A8 3R 10 5 A7 TR) AL, A58 TR 1) IR O 0 R
Tk P21 fifp DR AR B3R 23 S IRl o 0 45 3 ok kB8R 32 4 14 7
ORI P IR AT 4 2 DF 45, RE W% IR B 3 25 |0 i BB A



32 ok BB o IR

2021 4

(@) IGARBRE
A1

(b) i AR
e ke

(c) HRILHRERE

Fig. 1 Dataset production

FEAEAR S, BE A3 A PR R GOl Ly EE S5 . T
P 265 AN i 2 B A D e /N B B SR LA R AT
s ik

P 25 e TR U Y 2 B — gk e 45 44, 2 B B B
HI 4 AT SRR B AL, B DR 2 N BE R
EHO RN H 33 BERUZM 1 AHAEBRERN
2 MRS BT R HAL B HFAE 1B R

+4 ﬁ(’4W4)m¢Hﬁ@% LW

2
BANVEL, [N RO 1A 2l 4 AR R

BelfE B Ak PR ik ] 2 J_Z/\i,ﬁ\}'ﬁf%%%jvo EAN

1Y 3 x 3 A5 T2 A0 S 2 AR B B
fRh B B it 4 A EORFEBEHAL N, BEAS FORAE
BRAE 1T AP RN 2/ 3 x3 ERZ .1 LR
B2 MHFE RN OB KA I3 x3 HRZ.
=K AL ]

A PR b # B, S E a 2 45 T

572x572x1
570x570x64

568 x568x64

280°x128

140°x128

RS 38R — A% 3l 38 R0k, AR 5 55 % 1 20 % B B T
SR A AE B A ARG R A 1 0 e Bk BR 3 4 114 O S AT 4
JE PR, o TR PR A — B, Bk R 3% 4 i 7 285
XHRFAE [ HEAT BT o F 4 B 42 A A0 R AL P A7
2EEBR R R SF A2y (2H -2 -2,2W -2 -
2)o Zeal 4 A RSB AL BLE | i A 45 2

Gy BN LE S W B RRE AR A 2 R

BES R L (R SRS S IEIEI{E
p.(2) RN

p.(x) =expa, (x)/ z expa,(x) (1)

X e, (x) 78 x i ¢ LR RS
KRt
RETE R EL E Ry 215 2 1] A B 1Y 38 U 58 2% bR
,E N
E = 2 w(x)lnp,(”(x) (2)

vel

392x392x64
392x392x64
388x388x2

390x390x64
388x388x64

1042x256

1022x256
100°x256

IBETZE
Re LU R %L
=) BUKiE

& 2emKibi

P 2eRBEREZ

=) xR

a
=
"

2

= |32

U — Net X 2% 4544

Fig.2 U — Net network structure



513

BRI SF: JET U - Net 046 9 28 Fel 400 5 5 A B 42 R O i 33

ittp P/(x)(x)

fLE x [ softmax 451 2% bR EL
1(x) 7 B x bR E
w(x) P x AR
Sy BIRERL N 25 58 S o D 3 4 BT A5 s A
AT A3 B RN R 1Y I S HESE, oy E 25 R’ 3 Br
TN o X PN, BEHEAT A A AL B W] AT A B
SRR A

K3 B Els
Fig.3 Image segmentation result
1.2 SHEERR
BUA 1Y % AR RN T 0 22 R R R AR 4 TR A%
LT ARG S T LA R R
B B 2R MU B AR 22 O il 2, B X g 1 4 2R
PEAT HAR A IR ZERR o A SOR A 115 42 BUH B
FEA M G A5 R A, AR i a8 i i AR 0y Oy A 5
IE B AL B R TR A% il 2k 400 TR X
I B AR AT R

L2.1 h&(5 8=
Xt o3 B 25 R AT TR AR B 5 B R R 4 A

R B R X, RS XS R 2 BT I,
v B T IR e Y X IR L R K T GG
JRESL B XSGR U = A . AR B — R
NN GERBIRBOR B MG, A SR T
— PP T A A 0 S AE B AR B TR
Kl 4 fros, BAR S BR y

(1) BB EMER T Uy b A B AF S S 0k 46 5,
B0 RN A AL AR 7 A A TE B R S a5, SRS R AT TR] Y
Yot = Yot

Xena =%

k (3)

start

P (V) —— TR IR S AR AR
(X g s ¥ ena ) — 1B PRI K B AR R
(2) LA A e 4 A vt X R 2B A A A 1]
BFRH S5 1 41 4 762 I A, O 25 B (1) AR By R 3
2 W A B A AT B AR R AR A e
PO RS K /AW
kla—(x,,+ih) ] CHHEML)
Y~ Yan = . L (4)
{k[x—(xm,.—lh)] (L)
A hA——F AR
(3) £ fEAL G, 38 i X U5 (A 255,
HREREMEN O, WRE 2 MMM EBRRIBR
fEMN 0 2528 255, AT I S % i i 2 A5 B A, Hirp

| SERn

TR R

4 DB BB
Fig.4 Flowchart of edge information extraction
FEMIA I A A B 72 10 5% 45 B R, A N i 245 2
UK PSP
(4) Xof 7R 1] 43 4 2 412 RO 22 00 300 2 £ 8L s AT
IAGRA, B F TR 45 2038 B A AL A NS
oA bR &k

i middle = Wi 1en X et T W, 1ightX i right
{ L middl et Xt ol sh (5)
Yimiddte = WitenYijten T W, vignYi right
Hrh wiyle“=[7}(N—i)/k+50]/100 (6)
{wm‘ghl = -n(N-1)/k +501/100

KA (s Vi) —— ZEMA SR B AR
(g Y ) —— AV AR B AR AR
(X4 it » ¥t miaane ) AU G AT AR R
w, 1~ ZE AL E



34 7SS ANV M A S

2021 4

Wi,,-igh.—EfﬂlUﬂE

N—R}b ] 1 5 5L
n & 1E R %
B IE Ry BUE R (7) By, B
L lpr, Low, Loy
Ly Wy 1 Ly 11, (7)

Hh IPOL] = (%) e = %016t > Y1ttt = Yooten)

= X0 middle > Y1, middle ~ Y0, middle ) (8)

Loop, = (%) migare
Lok, = (0 g = %o sight » Y1 vight — Yo, right)

WIS AT 2 UG b AR 2 S Sk e M iy
Vo326, vl 3 AN TR A AL A4 o

(5) B BRIEAR g i 7 S48, 2R F ARk 1) 49 41 42
B s SR EE  ULEG) R F A laH
AR 1S A D K ALE I IT G 38 B R IR
SRR R EE T, AT A KO Ak SR B A2 A
M50 245 B Ao

(6) X K P39 1545 21 1 245 5L s 2R A7 F 24 i 4L
SRR, 4k 25 A JE B AU A T, I e A A R 14
0.5,

NG AE B AR B, G rp AU R ROCR dn 18 S
FR o MG Rrpal L& B, A SCH B i & 15 B
$E Ty ¥ X T8 B R OIR AT A B R 3 N 1, BB 8 AR
B 3 2k IR B 3B B LG b R O TR B R
LR AL B A, 3k A O T T UL A b i
&4 .

SRR
SRR
® LGSR
® A5 EA
WA

KS AGMESRBG IS SR
Fig.5 Edge information extraction and fitting

midpoint generation

1.2.2 BT B ARSI S 00 B A2 1006 50k

Pt T8 B G N H g% A2 2 i 2k, B KR 2R
i 2 AT 22 00X 45 B LA B X Bl 2k B JR s el
M ESEEES A SOR SR B A GE
FEAUA P L B T8 %R Sk RAE D BORE A% 1 4% ) T
M HEAT Z B = B AR M LA AR T N B8
N R

TR G EET o+ L AR P, (0=
0,1, -+, n), BFUCHUH 4 A P42 i T i vl 45 1)

— BB HEAR A, HEh A i BOR = B R Al

Ci,A(t)= ZN]’A(I)PI'U‘—z(zEI:O’lJ) (9)

Mo N, (1) =[N, ,(t),N, (1),
Ny () Ny, (1) ] (10)
N, (1) =( -0 =3 -3t+1)/6
N, (t) =( =38 -61" +4)/6
N, (1) =( =36 =38 +3t+1)/6
N,, (1) =t/6
v IR 0
N, (o) —FF 55l 2 1 55 pR 2K
e RE R BN FTAS B2 @ By =K B AF 45 it Zxt
VL ) I R B

(11)

C;,4(Z>:
-1 3 -3 1P
1 3 -6 3 o0 P
—[Z & ¢ 1]
6 -3 0 3 0} P,,,
1 4 1 0
+2
(12)

5 0 B BORE A% AR R R S 0 AL AR L — B
SR B B A

C.,(0)=P,_,/6 +4P /6 + P /6 (13)
{CM(I) =P/6 +4P, /6 +P, ,/6
€/, (0)=(P,, -P,_)2
{’4 S (14)
ny4(1) :(Puz_Pg)/z
c',(0) =P, , -2P, +P,,
! ’ ! (15)
C:,A(l) =P, -2P,, , +P,,

BT AT R E UGS PR T 2 B =R
B ARSI 2R G, AR ICTE B T T AR o R TR Al
LR LB A (O U P R RS
RO R (EL I T SR R . S (R, B AR AT
X8 R S L EL S A PSR o AN R AR e A e 4
Fil 28 A B A B AR NI 6 BT % A 2R
LA N 70 R PUG BT LB A RE A4 20U
W 25 A 5, il A A T, TSR AR AL/

2 XBWESN

T B AE AR SCHE Y ) B AR TR v e 2R e B
AL B HER M R M DL S B R 40 0l AT O B )
)5 AR S
2.1 EESE
2.1.1 PFN4RAR

T oy E R EE A 3 DB AR IR AT IR U
ffs % P( Precision) .3 [B] 3R R(Recall) L) A& I 1b 1



51 HiPRT 6. ST U — Net 45 1) 5 Il 0052 50T 3% 428 000 O ik 35
400y, mos 4007 FEI L  400r el 4001 FEI DL
ﬁi (e ¥ FRL Lk ﬁ FEScHZR ﬁi FEScH L
:; 300- ;% 300} g 300F :; 300}
£ 200 I 200t T 200 £ 200f
& 100t i 100 & 100t i 100}
9200 500 600 700 0300 500 600 700 000 500 600 700 0400 500 600 700
RIS R AL bR/ (R R 1 T R AR AT/ (R R T T A AT R 2R T T R Ak AT AR 2R
(a) FHEEA0E R (b) FHiHETOG %R (c) HMEL100(5 R (d) FHIE13015 R

K6 LB MAROR
Fig. 6  Fitting effect of navigation path

(Intersection over Union) """ /A543 51k

P

T
P = x 100 %

16

T, +F, (16)

R T 100 % (17
Y )

£ x 100% (18)

A T, —HE g IEAEAS 1 IERE AR R R
F,——HE h EFEA I AR AR R B
Fy—F1 5 R SR AS (8 IE R AR R O

2.1.2 MBI 2%

7E Winl0 &R 48 F, 3 T Tensorflow HE 48 35 4

U —Net P 2%, Il 25 i B 1 BC & 4 Intel i7 —6700HQ

SR, BEHLEE I 850 M B R AE S I 2R 4,150 BRAE
NI UE4E L300 iF 1E I 4 . O T b i 25 A
PO B R, WAL B R B AR Ay PR R G ik
256 R K x 256 R F . K T HE KU SR B i 4R
o B TR B B AR SO 2o B ALK S B I R 4R
FEBCHE R . (] He BUEE W0 46 1k J5 1 % 9 45 40 46
SRHEAT AL B SR 2 A oK RO B I 45 0
LRI UIE )=

MR 250, O Ak 7 1 2 % Adam [ 38 B 2% 2 %
b, Hop PR B ARFEA SR 8, 5K R 0.5,4])
a2E 2] %0 0. 001, 2% 3] RAE W R HCH 0. 1, /2
JFRM X107 AR A 3.4.5 41 EF REER R
HEAT 100 A~ J& 39 491 2k, V11 G5 45 0 56 3F 42 B9 322K iR

CPU, Nvidia Geforce GTX960 GPU,8 GB Py 77, Il #cihid e 7 i .
0.7¢ 0.7r 0.7r
— Ul — IR — DI KA
0.6¢ —_ %‘%ﬁl RAH 0.6r — F AR 0.6r — ﬁ}jﬁﬁf}{ﬁ
I —— B fh | —— A I —— R
e 05 =05
04} = 04f  0.4f
= i 1=
K 0.3+ # 030 K 0.3
2 E =
02t 02F 02
o1t 0.1F ol X
026 40 60 8 100 0725 46 60 80 100 0= 20 40 60 80 100

S 1K
(a) 3¢ _E T RAFELYUIYU-Net 2%

ElE DR
(b) 44 BT RAEALHTU-Net o 2%

PlEEREE Ui
(¢) 540 b TR AYU-Net 4%

T AR R R 2

Fig.7 Curves of loss function

W27 > fh £k ], ST 2R 30 K AR 2N T R
WEG 2%, FEHT 20 AN ZRJE BN 3 F U — Net B 25 1)
IR A5 2R 0 56 TIE 5 2% 20 Ul 5 hy Bl B I A 3k 1R VR K
R385 T, 76 30 4% Jo 9 o A 2R (RS T RS E

FARERIYI g R 1 fion , b 4 1 LR R
FEAEELY U — Net MIZ5 I BAIEI A A 0. 095 1, B5IE5E
HEH % Ky 96.76% , 73 [8] % K 89.41% , 58 I b N
86. 82% , AHXT HiAth 2 Fl 2% (1 I s R A5 g, TR k>R
T 45 A I I AR AR A 7 2R el S e
2.1.3 GG B DU

BT ) B 2375 BB AR 1 1l AR 2R

F1 WEHIZGERLE

Tab.1 Comparison of model training results
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Tab.2 Test results of semantic segmentation accuracy
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Fig. 9 Navigation path recognition under different conditions
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