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c. NTAME
c. Artificial light

Fig.1 Dragon fruit images in natural environment
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Table 1 Table of dataset division

PATE T EHBIY], B 20 R R SEASREIR T 4 BT 1)
KA, T EALE RGN R 5] AL &8 A R S AT
WHATRTI LM EE . B, AT AFREESR K
HRHAT IS E LM

PIAISE LS LREE Uil 3 miksE A
Light conditions Training set ~ Validation set Testset  Total AL B K e B
)t Strong light 359 43 48 450 {agon it
6 Weak light 436 48 31 335 ML KT
AT AME Artificial light 241 25 30 296 Dragon fruit in
the side view
41t Total 1036 116 129 1281
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Kfifs Sy, Bk BRI KRR LA A
M, XK RPAT I IR A KR, s R
PAT BT R Z BN Se R, & 2 v Eikpy
Kk RGN CRIHAT IR RGD MPIRALE
KEHE.

Wk 2 s, B 2a RS RERCIAT R £ 2R g

a. AL KR 5 R AT
MO E R R
a. Position relationship between
the dragon fruit in the side view
and the end-effector

b, IR KIS R
AT TR E R R
b. Position relationship
between the dragon fruit in the
front view and the
end-effector.

B2 ERARKERAMNAKLRE RBPTELEXE

Fig.2 Positional relationship between the dragon fruit in the front
view and the dragon fruit in the side view and the end-effector
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FHAE A SRR FAT R IR 45 SRR B, YOLOv7
A& T E Ao 0 S5k 55z vm 0 A I R AR DA FE
YOLOvV7-tiny & H o 4 /DAL, AR E
YOLOv7-tiny HARIB A ekl 25, B 3 8
YOLOv7-tiny #MEEMRERE. HAEBLIE backbone
HATRHESR UG 3RS 3 DAEREERFRHER, X 3 MR
FEBVRHEEIAE head Hdk— ¥ AN [A) ROFE B RFAE 47 %
Gy BAHH 3 AN R TI0I &5 5 2 5 B TR K H b
H H bR AN B A

CBL gud

TR 45 5
Predicted
results

{7

Output
visualization

CBL =l

|
: Convolution BN LeakyReL :
|
|

32 31 1/1

I MaxPool 5 I
MaxPool 9/1

MaxPool 13 oA

Identity Basic components,

#E: Convolution 82 EFZ, BN 1812 EIT—M)Z, LeakyReLU F5H
Note: Convolution refers to the convolution layer, BN refers to the batch
normalization layer, and LeakyReLU refers to the activation function.

B 3 YOLOv7-tiny 4 #7&H
Fig.3 Structure of YOLOvV7-tiny

1.2.2 RXEIHE

ARSI FNM A AR (- 2R 35 24 : CPU R7 5800X.+
GPU RTX 3070Ti. W17 8GB*2, #4315y Winl0 #:1F
Z4. Python 3.8, Pytorch 1.10. Torchvision 0.11. cuda
11.3. cudnn 8.2.0,

ASCHEE T 2= AR RIS A = FER Jetson
Xavier NX FF &M ZED X HAHHL. S6H4D Plus 7544l
W, Wk 4 fiR.

1.2.3 AR %

AR FCERST YOLOVT IR T 7 R4, 351N
YOLOvV7. YOLOv7-d6. YOLOv7-¢6. YOLOv7-e6e
YOLOv7-tiny - YOLOv7-w6 Hl YOLOv7x . H
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M &% YOLOvV7 #5524 7% B Al i BE 3k 47 48 T 3R 15,
YOLOv7-¢6 1 YOLOv7-d6 NJ& X} YOLO-w6 #4748 15 F
A3, YOLOv7-e6e NJ&H YOLOvV7-E6 f# il E-ELAN

TRIEARML
Deptlfcamera | 4

Ao FE

Detection display

B4 MEARBALTE
Fig.4 Schematic diagram of picking robot system

WA RESHM T MABRBRSA 640x640
BZF, INZIERRECN 200, HEKNN 4, SHIEE
N SGD (stochastic gradient descent) , Zfj& (momentum)
4 0.937, BUEEZEJIT (weight decay) 4 0.000 5, #Ji4h
FAEN 001, FhFEAEN 0.001, 23] F AR
B, IZRBIRIGERE LR .

1.2.4 #H¥45

AR PEUERR (precision, P)  ARIFE (recall,
R) « HEWARAE BIR AT F1. Pk (average
precision, AP) . “FYJf§EH4){H (mean average precision,
mAP) {E NP FERRI S, o AT DU AR R
ES, R ATDLRBUBER A4, F1 oA DU BRIERR 2
A E 2 ) 25E VERE, AP W] DU B SN0 (1) T35 RS 2
mAP A DU BT 00 (147 kS FE 2 1E
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AATEEXS E YOLOVT F41 7 FpAS [RS8 e il 1 e
RIEFE S T KOS RN N PR B S A d . fd
FHRAE T 129 K& % YOLOvVT 241 7 Firfi gk 4T
DR, 7 PR 0 e A B a2 2 BT o

MF 2 Z B R EUE T AR L, YOLOV7-e6e 5 A1H %5
5 e I AETR 2R 85.0%, IX B 150 2 AR A I 15U Ak
AR, SRS N RIUREE H bR 5 52 1M 5 AR
YOLOvV7x A 45 e i (1) 11 28 85.4%, IX A 1% H]
AR I R A 2 B I, SRA ML R R 3 1R 28 A A
YOLOV7x A5 7 3,12 A5 I R £ 19 K 5 280 e o
R, A AR AR AN AR A R KR S IIRE FE R 92.3%;
YOLOv7 BRI A (1)~ 354 FE 5018 M 89.3%, ey T- I AhL AT
AR, AR A I TE A A R O SR e i (AR
M ep A2 R R A [0 R I, YOLOv7x ) F1 fHN
83.1%, T HABFTARAL. YOLOV7-tiny f B[ SH&
N 0.6x107, FAIK/NA 12 MB, HEEHCN 255, HER
B[]0 1.8 ms, HSHE . B/ NI EE /b, X
R A AR RIS, BT I TR) PR A AR N B 22 i A
BRI TR BRI NRCR . iRAEERT APy Al AP, 1)
g5, WTRURIL, IEALA KO ST 250k BE SR T AR £
BRI KB T, X 7 I 5 R 4 B G 0 LA A R K I R, X
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Table 2 Comparison of detection performance and parameters of 7 YOLOvV7 series models

B o wme pues AP IR HERER ] S BN i

Models AP, AP, Mean average precision mAP/% Inference time/ms Parameters Size of model/MB Number of layers
YOLOv7 823 837 83.0 919 86.7 89.3 6.3 3.72x107 73 407
YOLOv7x 809 854 83.1 923 826 87.4 10.7 7.08x107 139 459
YOLOv7-d6 829 745 785 87.8 69.8 78.8 10.5 13.29x107 1015 702
YOLOv7-¢6 843 79.8 82.0 90.8 86.3 88.6 8.7 9.65x10’ 189 614
YOLOv7-e6e 85.0 80.7 82.8 89.7 84.4 87.1 13.7 15.10x107 296 1032
YOLOv7-tiny 83.6 79.9 81.7 90.9 85.7 88.3 1.8 0.60x10’ 12 255
YOLOv7-w6 82.7 824 825 904 859 88.2 5.8 6.98x10’ 137 446

e APy Al APy 73 S 0T g I RANIERL f KRS S P IRE . Py R A F1 A3 BRI P 28 KO R P ERf % . P38 8 [ 32 A AN 208
Note: AP, and AP, are the average precision of the dragon fruits in the side view and dragon fruits in the front view, respectively. P, R and F1 are the mean precision,
mean recall, and harmonic progression for detecting two types of dragon fruits, respectively.

ST KRR IR A, £30R0T, RIS HE
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RN IEALA KO RS, RSN R st 5%, H£5
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ANGRAEAS I (1) S PE T AT R B e R i s B . [
I, X FRCE R AL, S TR AT RRIRD 1R U R [
B LR GIE — 2 IR A W B, mT DL M R R I
YOLOV7-e6e 1M, 1ZARR it i R BE B AIGAR i i )
s, 7 BAHLAC B AR, WRECRUERT I SERPE. XT
Be B — ) B, S E R /MY YOLOV7-tiny LAY,
A Eith SN L/ D 2y X A e i W S 51 liE - SR L)
RESCISI AN, [RIRHZASE A R MR 2R 83.6%,
TR T YOLOv7-e6e HIFTA RS, 25 18 S A IS {4 FH (1)
EAIHLA Jetson Xavier NX, YOLOv7-e6e RG] K,
AFITHLAE NS PRI, KfLE YOLOV7-tiny fER
S SEHLAE N RA BRI I X e AS AT
2.2 YOLOv7-tiny SE M BirMRRIXLLERS 5

YOLO R 21T B AR, AT R0
YiLH YOLOV7-tiny HIA 21 « 430K YOLOV7-tiny 5 At
W B AR RSB T X b, SRS SR 3 FoR.

MFE 3 Al LA E, YOLOvV7-tiny 5 [H & 2% (1)
YOLOV3-tiny. YOLOv4-tiny 1 YOLOX-tiny #H Lt #E#f %
SRIERE T 16.8. 43 M1 48 NHSM AL, mAP R
73 21 F1 39 NEH ;5 YOLOvSs. YOLOXs.
YOLOv4G. YOLOv4M. YOLOv5x 1 YOLOXx #HtL,
HEMRR B T 7.3 420 7.3 6.5, 3.5 13.9 MH 4
A . 5 EfficientDet. SSD. Faster-RCNN Al CenterNet AH
Eb mAP 73 3R T 8.2 5.8 4.0 Al 42.4 N4y fis

B4k, CenterNet #5846 U -k e B 10 HE 7 3 B i
(90.9%) , {HZIZERF A FIRAUN 22.1%, X EME AT
EREMNRAENE L, A&EHTRMBAIEAN
Faster-RCNN R4 <k 2 SR A0 H Bl R f i (89.6%)
B ALY (K HER R AN 57.5%, X EIEE A KRR
WIEBL, WAEH T RIEPLEE N . YOLOV7-tiny # 8 f1)F
kS FE Y B N 88.3%, HAERIRAUIX T CenterNet
T, (A, YOLOV7-tiny & 55 id & FH T #02 KkOe SRAAL
o N A I 22 25 (A2

3 YOLOv7-tiny SEME R BrQNRE AN T REXTEL
Table 3 Comparison of detection performance between
YOLOV7-tiny and other commonly used object detection models

%

K7 Models PFA/r Fa 45 Evaluation metrics
=

P R Fl1 mAP

YOLOX-tiny 78.8 82.3 80.5 84.4
YOLOV4-tiny 79.3 48.8 60.4 67.3
YOLOv3-tiny 66.8 81.5 73.4 81.0
YOLOvS5s 76.3 79.1 71.7 83.3
YOLOXs 79.4 85.3 82.8 86.5
YOLOv4G 76.3 66.2 70.9 63.1
YOLOv4M 77.1 54.4 63.8 60.5
YOLOv5x 80.1 78.6 79.3 83.3
YOLOXx 79.7 81.5 80.6 85.1
EfficientDet 83.3 68.5 752 80.1
CenterNet 90.9 22.1 35.6 459
SSD 73.1 86.0 79.0 82.5
Faster-RCNN 57.5 89.6 70.0 84.3
YOLOvV7-tiny 83.6 79.9 81.7 88.3

: YOLOV4G #1 YOLOVAM 73543 3= T M %% 4y GhostNet Al MobileNetv3
] YOLOv4 #%.,

Note: YOLOv4G and YOLOV4M represent YOLOvV4 models with GhostNet and
mobilenetv3 backbone networks respectively.
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RUAE — Se e A7 SRS A AN A R SE RIS

K 4 R LA BRI A e AN ERL A K e R bR
BRI 137 A 113, 1% 137 AMUALA KR 116
B2, H 16 MERM S INERAR KRR, H S
A 113 NEMAR KRR 85 NME#S K, H
18 MR 2 ML B KRS, A 10 MR Bt
Ab, A4 AT SRR A KR, 1A Sk
BRARAA LA B KIS IREE A 250 A H bR sz,
H 201 MRS, 2RAEFZFEN 80.4%. J5[F 53T
1) B3B3 K S 148485 A TE A AR R A A7 132 2%
N AR AT REAAAE DI iR ZE . 2) /D370 B 25 LU
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A28 PR SR SEAE N ARV N A 2, {ELRE P 28 MR AR RE R B
i1, X PR E FURRI KR
%4 YOLOv7-tiny UMK B R
Table 4 Confusion matrix of YOLOV7-tiny
FLIH Ground truth
ALK R IERAA KRR e

i (B

Predicted results

Drago_n fru?ts in Dragon frul'ts in the Background
the side view front view

MR AR K e R R

Number of dragon 116 18 4
fruits in the side view
TEAL A KR I

Number of dragon 16 85 1
fruits in the front view

TR S 0

Number of background

Rl D T 7 A 2R S oM B S 1 e SR I
RERZE, SR 1 MREH 3 FhAEDE I A4 Bl AT
R, GRWE S Pon. WNEK S FATLIEH, BAMEANT
NG FRRE FE RS T 5 e A g5 e, 20 b LR R Al RE 2
AR o N AN RIREAR D, A7AE TS 7 e LLR 1 R
Ao MK, fE 3 MOBREZME T YOLOv7-tiny #2441
TREFE S AR IIRS B, IXIER YOLOV7-tiny HiRIA
Bz AR YT, BERE AT BRI T KO SR Rk
K 5 4 YOLOvV7-tiny FER90E = Fhos IS 2F R 1 KO BAG:
M2 AT AL .

5 YOLOv7-tiny 1B R E IR ST A A RAVI I M B8

Table 5 Detection performance under different lighting
conditions of YOLOV7-tiny

MAERGAE R 38 B it S Bl B2, N2 50E
BERA RS HIZARE ST ASSTRE I RITER EEAR ALY ZED X
FARML, HATBUH =40, (R ZARPIZ R M.

b\ ‘g A ,\’ \

a. BOL
a. Strong light

b. 556
b. Weak light
e BIREAER SR R SRS AL B AL 5 df side Al it AR A KRR df front oA I H AR IEAR A PR K HE 2R
Note: The rectangular box in the figure represents the position and boundary of the detected fruit; df side represents the detected dragon fruits in the side view; df front
represents the detected dragon fruits in the front view.

J:HE 2% Light conditions Pl% RI% mAP/%
3t Strong light 84.0 79.4 88.6
5599t Weak light 84.7 81.3 89.2

AT *M Artificial light 82.1 77.8 87.1

c. ALt
c. Artificial light

B{5 YOLOv7-tiny £ 7R R LM T4 R
Fig.5 Detection results of YOLOv7-tiny under different light conditions

2.4 KR4I

AR Z AR A IS 2SOV I8 BT T K X R
qll, HArE 7 JO R, BRRANAR, SIS,
EH T IU0RR A 8 K SRAS R B AR O3 30 1 ot s BR
BERERAE, AU RS ) AR B K R AT KA
B, TR BN A 75 2L P A BRI S AR K
TSR, e Ab STk C A VR4 727,

AR K YOLOV7-tiny 3% £ Jetson Xavier NX H &

\7]

FIE AN A
Arriving at picking point

B 6 MEARIFKAR LA
Fig.6 Process of picking dragon fruit with a robot

BT R4 A
Going to picking point

B 6a AT R GE AL BT R WU 12— € I A2 A
FERA R, 6b HUE BIRA R &5, 6c AR ImHAT B0
TR, 6d JRIRAR R S

N T BAERIH RGN AL YOLOVT FR I RL
R, BT T 2 AIENA K SO R W, AR
RELBAPESNT, BABNRBEL. R 6 Pidzk

b IR E TR S UM #3d —B JOR SRR A R 5t
KAHRGH LA y: B FER EEAR LR S 2
KIERENGAF R K I RAEFINLARAR R I = 4EAAbR, FRRE
FANLARHR 2R Y 1R AL AR I SO LI AL b 2R (1 = 2 AR AT,
HUBRE MR A8 AL bR IR %42 BIIA SRA s 0 T 4G 21 79 IE
MAR KR, VBN LR R, X T2
ML KR, AENE RS B 6 Jblas A
KA KR LR

»; IR "J T

IR TR AR

Successful picking

AT R

Cutting action of end effector

T 20 YRR IEHE . W3R 6 BRI LLE H, bAL
BLHEFR IS 8] o5 BEAN KA I FE 10 LU RAR, R 22.6%, 151
ASCHE ) YOLOV7-tiny A5 8845 0 R ()41 2 3ok BE DA R 3¢
m e AL HER A, BRI ST PEEER IR KRR
KA I N 90%, BLEHAE 7T KA R B A RS 58
KR F I E B AR A o« BR8P R Fi O M R
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BRI EEARNLTH L BE B AR AE — B R 2, PECRIIN K
I AT A BT D) B SR S
*o6 RiFHIHER
Table 6 Results of picking experiments
EAZMUHERRIS ] SR I (]

R T5 o KA 4
Experiment number Upper computer Totgl picking Picking results
inference time/s time /s
01 437 17.82 KA LT
02 4.56 19.26 PRl
03 4.26 20.36 KA R
04 4.59 18.86 KA R
05 4.13 19.78 KA S
06 4.66 20.12 KA
07 417 18.85 PRl
08 4.63 18.95 KA LT
09 421 19.53 KA R
10 3.97 19.62 KA S
11 436 19.43 KAWL
12 451 18.84 KA L)
13 4.62 20.88 KA LT
14 4.17 20.46 PRI
15 438 18.64 KA R
16 411 17.95 KA
17 442 19.23 KA
18 432 20.15 KA LT
19 437 19.46 KA R
20 4.62 18.65 KA R
FI5ME Mean 437 19.34 90%

T EATHLHERE N [R5 K2 MR P ITARIZAT BINUMUE T IR 3 iC I
V8], A I 1) 4 A AEAN R TF IR AT BN LR RS R4 578 1R AL T
i il o

Note: The inference time of the upper computer refers to the time from the start
of the entire program to the start of the motion recording of the robotic arm, and
the total picking time refers to the time from the start of the entire program to the
time when the robotic arm returns to the record after picking.
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1) YOLOvV7 RN 7 FifiAid, YOLOv7-e6e f5
MMM R R m, BE2ESHERK, HELHE.
YOLOV7-tiny B ke il ke R i #ER A P 9 83.6%, H Al
RN T9.9%, “FIIREELME mAP 2 88.3%, KIEFL
BOFUETHERN 80.4%, THIHEHN A 1.8ms, &
YOLOV7 RA|HFEEGHEMEEN & LA, 5[H
ZH &Y YOLO F5|Hf] YOLOvV3-tiny. YOLOv4-tiny
PAK YOLOX-tiny HHELES, HEREZR P 20 5l$Em T 16.8.
4.3 F1 48 ANE 43w, “PYIRE EEIE mAP 43 A= T 7.3,
21 1 3.9 NEST A 5 EfficientDet. CenterNet. SSD.
Faster-RCNN HLb4:, mAP ZRl#Em T 8.2, 424, 58
4.0 ANE 5 o R 590EANN AN GRS 244
YOLOv7-tiny ¥ f& £ 1 8 & K 1K &, 3 W
YOLOV7-tiny #EAUAT 52 FI3Z A P

2) f§i ] YOLOv7-tiny #4432 (1) KA RGUAE H AR
BN HERA IR A 90%, Hod AL SR A) b R

R R EE B N 22.6% . AE T A X HE T
YOLOv7-tiny #5781 ) R4 2 G0 SEBL K I B 1 Bk 47 1)
AT, KRR B A K A B SRR R B R S K
PERAE T 22, K FERHLE N BSR4 T 8%
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Multi-pose dragon fruit detection system for picking robots based on the
optimal YOLOV7 model

WANG Jinpeng, ZHOU Jialiang, ZHANG Yueyue, HU Haoruo
(College of Mechanical and Electronic Engineering, Nanjing Forestry University, Nanjing 210000, China)

Abstract: Dragon fruit is one of the most popular fruits in Asia. The current manual picking cannot fully meet the requirement
of large-scale production in recent years, due to the labor-intensive task. Alternatively, the automated picking of dragon fruit
can be expected to greatly reduce labor intensity. Among them, the vision system can be one of the most important parts of the
picking robot. The commonly-used recognition cannot consider the complex growth posture of dragon fruit. The hard branches
and complex postures of dragon fruit can make it difficult to achieve automatic picking. It is a high demand to distinguish the
dragon fruit with the different postures, and then guide the robotic arm to approach the fruit in an appropriate path. In this
study, a multi-pose detection of dragon fruit was proposed for the automatic picking using optimal YOLOv7-tiny model. 1 281
images of dragon fruit were taken in the field, including 450, 535, and 296 images under strong, weak, and artificial light
conditions. The image datasets were then divided into 1 036 images for training, 116 images for validation, and 129 images for
testing, according to three light levels. Among them, the light conditions were the largest influencing factor on the detection
performance. A series of experiments were conducted using the dataset. Firstly, the detection performance was compared with
the seven models in the YOLOV7 series. The optimal models were given for the different devices, in terms of the number of
model parameters and detection performance. Secondly, the detection performance of the YOLOv7 series models was
compared with the other target detection models. Finally, the YOLOv7-tiny model was deployed into the mobile device.
Specifically, the depth camera was combined with the robotic arm in the field picking. The results showed that the
YOLOv7-e6e model in the YOLOV7 series presented the highest precision of 85.0%, while the YOLOv7x model was the
highest recall of 85.4%, and the YOLOv7 model was the highest mean average precision (mAP) of 89.3%. The YOLOv7-tiny
model shared the least parameters, weight files, layers, and inference time of 6 x 10°, 12MB, 255, and 1.8ms, respectively. It
infers that the improved model was the most suitable for mobile devices, due to the fast inference speed. The detection
precision of YOLOv7-tiny was 83.6%, the recall was 79.9%, the mAP was 88.3%, and the accuracy rate of classification for
the multi-pose dragon fruits was 80.4%. Furthermore, the precision of YOLOV7-tiny increased by 16.8, 4.3, and 4.8 percentage
points, respectively, whereas, the mAP increased by 7.3, 21, and 3.9 percentage points, compared with the YOLOv3-tiny,
YOLOvV4-tiny, and YOLOX-tiny. The precision of YOLOv7-tiny increased by 7.3, 4.2, 7.3, 6.5, 3.5, and 3.9 percentage points,
respectively, compared with the YOLOvSs, YOLOXs, YOLOv4G, YOLOv4M, YOLOvSx, and YOLOXx. In addition, the
mAP of YOLOv7-tiny increased by 8.2, 5.8, 4.0, and 42.4 percentage points, respectively, compared with the EfficientDet,
SSD, Faster-RCNN, and CenterNet, indicating the high level of detection accuracy of YOLOv7-tiny model. The picking
system of dragon fruit was constructed to verify by some picking experiments using the trained YOLOv7-tiny model. The
experiment results show that the inference time of the vision system only accounted for 22.6% of the whole picking action time.
The picking success rate of dragon fruits in the front view was 90%, indicating the higher performance of automatic picking
than before. The conclusion can also provide technical support for fruit picking.

Keywords: deep learning; convolutional neural networks; picking robot; YOLOvV7; object detection; dragon fruit
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