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Fig.2 The amount of domestic and foreign literature on the
application of edge computing in agriculture
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Table 1  Application scenario of edge computing in agriculture
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7Bk . Kundu 25742 H T Custom-Net B84 I TRl 2

ERSE S , H W A I E AE W TR 3B F S T 98.78%
(1) 53 FEE R 3 . Mishra 25O SR IR 2R 3B H45 &M%
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Intel Movidius # & TFHEIE AL G ®R &, #E LT
HIVREE CNN BEAY, SEELFOK I F B 3R, R 2
ik 88.46%; Tarek 2K MobileNetV3 #5878 #4 25 R
4B b, SCELE AL I PO AE RS W, R IR FE Ak
98.99%, il ATk A 250~350ms; Emebo %Y
P T — A F A R E A, B TR &
MR AR b, BORF RS A 99.01%: Tufail 251942
T — P BT GO TR B R A 4 S R SRR AL
SR, R EE B AW IR 4B E AT SR R,
AR RIE 96%, MR A 6 Wi/s; Meng VI
KT —MAKTEAN, & 360°4 5848 kM NEG
KA v, HAEW AEUR 3B b BB R B 2 5] SR ) A
BT HERH 295 87%

Nvidia Jetson RFIFF KM LATEZ « HEMEIIEARZ
WG AT, H] Rt 735 K SRR
M5, BRI CLHAE RISt H A& I SCRRE 5 % - Seo
2321p) Nvidia Jetson NANO fF Nl % it o, #T
YOLOV4-tiny #eit 18 k3750 N AR E fr 5%,
KRS FEIE 97.66%, g fZ o 34.38 Wi/s, SKILFRHE
SR RENE I Deng ZEPPVER Xt T8 AT % 5010 1) K R v
W24 n) L, Ao g 2 U R B 2 I 25 B0 R, Rl L
E 7 Nvidia Jetson TX2 I, SZEL 4.5 Mi/s FOAGINIEE 52 A0
80.9% FI ARSI LA 52

R2 ERBSEHEREREH

Table 2 Common edge computing devices and parameters

L AT ISR Sk b
Edge computing device Computing power/FLOPS Power dissipation/W Website
WHER 3B 362G 1.8~48 https://www.raspberrypi.org/
WAEIR 3B+ 53G 2.6~94 https://www.raspberrypi.org/
WHETR 4B 135G 2573 https://www.raspberrypi.org/
Nvidia Jetson NANO 05T 5~10 https://www.nvidia.cn/autonomous-machines/
Nvidia Jetson TX2 13T 7.5~15 https://www.nvidia.cn/autonomous-machines/
Nvidia Jetson AGX Xavier 55~11T 10~30 https://www.nvidia.cn/autonomous-machines/
Nvidia Jetson Xavier NX 6T 10~15 https://www.nvidia.cn/autonomous-machines/
Xilinx PYNQ-Z2 0.5T 5~15 https://china.xilinx.com/
Hi3559 4T 3~10 http://hi3559.cn/
Snapdragon 3~30T https://www.qualcomm.cn/snapdragon

W BERD TR B 5 CB(Floating-point Operations Per Second, FLOPS), 1GFLOPS % F-4:#b+12 (10°) YKII¥F AIE5, 1TFLOPS & TRF— 12 (10™) Wik

T Riss.

Note: FLOPS is the floating-point operations per second, 1GFLOPS means one billion (= 10°) floating-point operations per second, and 1TFLOPS means one trillion (=

10') floating-point operations per second.

Fritz 4, FPGA. DSP DL K FHIACHL 85 B 2 A Wk
577, WA SmEaE e H, He 20 H 7 —Fb
TR 5 ST B e 55 s AG  5 i%, fERSEh B REFHL L
#%8 SSD w/Inception #5241, SZHLIHEE HLNZ W, 1
HIR RS A 77.14%;: Ahmed P8R FIRE SRR T
— MY Fo A shiz ki sh 2T &, 7E Android 30
skt 14 FRUEYDHE LK 38 RT3, kg e
HIEH] 94%. Liu R 7 —# 3T Android [f{H 1%
AR AL B HFET, LB 15 DEEBRMEIR. 25 AN

FrHRA 5 ASZERFEAR 5N eI 2R BPig,
RIS A R B AL B 7 55, P T LA & i 57 034
GAtE s, AR P SR EAT RO Rl AR R TT R
2.6 WHEHEARIHDNANERREFIEE

IR SR — MR RESE A B 735 Tz B T
BRI FE A5 A S B, AR K 22 BOIR EE 2 21 O ikt
TR & SR A A7 7 SRR . BAR A THEI AT AR
B R MRS, (B2 S BUR TR E KK 4%
iy e kY. TR T IS SR A I BB,
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N LRGeS 7 — M Bdm o . IR . R RAS Y
B =™, 5RREW/AR, ZiGitH & IR
i, B T I S i 1A B TS B T R 5 R K /N % DA
SR ARARIA SR, B BT ST S AR A S R
FEE A FEEER AR REMRE S M, A5 SSD
(Single Shot Multibox Detector) , YOLO (You Only Look
Once) %5HE, W 3 Fn. R & BN Ak F
(RIS} TE) S50 A R 5 9R 4B Al 258 5 EAT HEFR A5 3]
# SSD-Mobilenet 5 SSD-VGG16 %} Lt , 7 25 H 8 5 /)8,
IR FEAG B AIG, AR Bk P R Ar U B TA) Bl 19.1 s Jilzb>
% 3.73s; [A#, YOLOV4-tiny /£ YOLOV4 [fi3EA F ik
— PR KZSHE, E£HFK mAP (mean Average
Precision ) 23.43% [ 1% &t~ K U BE 4R = 40 7 £ .
YOLOV5-lite. YOLO-fastest. YOLOX-NANO HZR¥ k|
S ERE 10MB DN, fEMEIR 4B EakE Ak
M AR S, XU T A R AN KSR TR E
W AR S0 Gt AR K . DR EAE DRI T 2 AR Y
A SR I 00 T SE B A B 3R AT — 20 IR 4 At 2 1
GATER TR E Rz —, WA R 45 5 AR
EEIRL. FIRZTE. SHEL. S,

®3 BEUHEERVPRANERRAEF IEZE
Table 3 Edge computing mainstream deep learning algorithms for
agricultural application
B K/ COCO $uthife VOCHRARY B gk Tl )
Wight size M FEFEE - VH9FSE  Detection time

2451
Network model

/MB COCOmAP  VOC mAP per image/s

SSD-VGG16 201 25.2% 77.7% 19.1
SSD-Mobilenet 25.5 - 68.9% 3.73

YOLOV4 246 52.5% - 16.02
YOLOV4-tiny 33.7 40.2% - 1.98
YOLOVS5s 14.0 56.0% - 3.03
YOLOVS5-lite 34 42.0% - 2.9
YOLO-fastest 1.4 24.0% - 33
YOLOX-NANO 7.3 25.8% 3.83

e 2P BLE R BRI I [0 R R AR 4B BEAT HE R ERAS 2. DLk
EAFAIILE pytorch 3 TR, torch fRASA 1.5.0, torchvision A A4 0.6.0,
opencv fiiA N 3.4.6.

Note: The detection time for each algorithm in the table is measured with
Raspberry Pi 4B. All the above models are tested in pytorch environment, with
torch 1.5.0, torchvision 0.6.0 and opencv 3.4.6.
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(AT o A5 FH A 03 00 245 1) B 1 SR DI 2 70 AN B A P v
Bl RPUONHIIR M T DRHEE 2 E R, A
FEA 5 R UA 9 28 2 i 25 PSR AOBE A, X LR B i
PREE R EEEED,

3) SHEAL, A0 AR 28 BT R 1 e AU
ORI AR, A A U B e gl B ) R/ R T

AR, B RR KRS N B NESE KR,
KRR A AT RE(EVE EE AN, BRSO
FEZA BRI ARERRKZELEY. SHEAEHED
(2 ] R AE il — S8, AR A 8 RO R AR
ANRIOME, IR AR S H A

4) GERARAL, i R R 0 2 At g A 49 H X R D
MG W IR S Ik 70 EE . RZ
ZMBEEAARBEELTSH, AFHESREZ A7
VR AR B AE, ARFRITALR B Fn 2 A F b
SNSRI —DNERBICRIED S, LU
T ARG R D 1 % B AL b DL R B B S 5
SNk, SEHUINEE . VIR 7> B AR5 ¥R W AR T AT
Yooy, FEHESSH, RASEUSHIRBLE N,

3 #RSRE

WG HRA LR R RREREIIILS, A
WIS N TR BRI E R AT BoRg e, HAR
bR R IEAR TR R B B, A st ALK
JE SR A BB REAR R T 5. DU IS S
#EEUEM AR, SR MRS Bl s
BRI MBI R R, 25 IBREIH & AL
BRESANE E 2R R E IR ST M4, HAR R 5 4652
WL N EE R . SHELGERE AR %
TR AT AN B REARLHLES A LR AR
RERE i, BESKIEEM A KSR, IR SLS
R ANl e gL B RE P . ot H AT SCER A, 4
Rt S IA O N 3 EA AR IR B I 5 R A
WAEA L= BB A AT 5 AR RIS DT T, A
T T TARRCR o IG5 AR AT ) 25 ol B2 4% [ el
RO TR SEN R ARSI R TT 5, HESIAZ
THEAEAR O R B B R 2B R AR R R AR,
N BAN A SRS J1 . BB LG AR A IR
ARIHL, AR T KPS L .

D 235, LIRAGTH R AR & B ATIT K

BEE N D EAL IR AR AL A e, ORI 2 1Ak
WA F=IAT, HEE R AR SR ENEGENT, M
Gt ER RO R SR RO L IR E . IR AT
BRI 6o DA LG REAR 3 2 BN
TR R 5 ARK N, RRAES Y TRE
7, R, ARSI B RENR (R R
IS, M IRERN . FEHERRE . ZRIEE. & hE
KA SRR AT A AR R B AR ML %

2) BE, mkENLSE N TR R LR
R

BEE N TR RE R A, IR S AR 2 S £
TN, TR EE R R Z D S, 5%
THEE B AR MR SRR T 00 2 R AR R K, W f
P N R R AT AL . B ik, A CRAIE SRS B2 AT
PN R B R R SR T AR, O AR AR R 1 [
Bk, SEBLA G RAO R O R, KRR
e RS R N T gesik, SCHE AL RS



%16 1

WSS G FAR R Z AL N UK 5 e 8

231

FE SR PER T, RIT R BEAOL & R B LTS

3) mIAGMIEL ZHLPMER REE 1T R IR A T

BEE DG T R BRI, R, a2

T B R B ARORCRE T W 1 T ZE b . BB A5 R e

Aol

PHEBHIEENA, UaFa ol @z iaiFE.

ZHLOMER BE AR, W2 E e 3R & it AT 48—
EEL, MR, B M. Rt 51
Gl ek RV ) s ) A S s o R 9 RIS TR B S

IS

W G e Z IAASHL, 4% TR EE S IT R Z VL E D)

P LG — B iy A MR RRYE, TR A s
B E T, PR TR A BRCR

(1]

[10]

[11]

[12]

(& £ 3 #
Armbrust M, Fox A, Griffith R, et al. A view of cloud
computing[J]. Communications of the ACM, 2010, 53(4):
50-58.
R, SRR, M. AWM AR R R B R
HE[T). A TR, 2015, 3108T) 2): 200-209.
Li Jin, Guo Meirong, Gao Liangliang. Application and
innovation strategy of agricultural Internet of Things[J].
Transactions of the Chinese Society of Agricultural
Engineering (Transactions of the CSAE), 2015, 31(Suppl.2):
200-209. (in Chinese with English abstract)
Cisco. 2022 Global Hybrid Cloud Trends Report[R]. USA.
S&P Market Intelligence, 2022.
Ashton K. That ‘internet of things’ thing[J]. RFID Journal,
2009, 22(7): 97-114.
Zhang Y, Liu J. Prediction of overall energy consumption of
data centers in different locations[J]. Sensors, 2022, 22(10):
3704.
Zhu Y, Zhang Y, Wang J, et al. From data-driven to
intelligent-driven: Technology evolution of network security
in big data era[C]//2019 IEEE 43rd Annual Computer
Software and Applications Conference (COMPSAC). IEEE,
2019, 2: 103-109.
Fan Z, Yang W, Tian K. An edge computing service model
based on information-centric networking[C]//2019 IEEE 25th
International Conference on Parallel and Distributed Systems
(ICPADS). IEEE, 2019: 498-505.
NG E . WS ESHERM 2.0 CFO [0 B
LI, 2018, 35(2): 54-56.
Zheng Z , Xie D, Pu J, et al. MELODY: Adaptive task
definition of COP prediction with metadata for HVAC
control and electricity saving[C]//e-Energy '20: The Eleventh
ACM International Conference on Future Energy Systems.
ACM, 2020
XL RO R SR IR B s H ARt 78 (], 8 Ak,
2019, 1(1): 1-7.
Zhao Chunjiang. State-of-the-art
developmental strategic objectivs of smart agriculture[J].
Smart Agriculture, 2019, 1(1): 1-7. (in Chinese with English
abstract)
Chen Y. Discussing on relation between agricultural internet

and recommended

of things and agriculture complex large system intelligent
control[J]. Agriculture Network Information, 2012, 2: 8-12.
Lavanya G, Rani C, GaneshKumar P. An automated low cost

[13]

[14]

[20]

[21]

[24]

[25]

[26]

IoT based fertilizer intimation system for smart agriculture[J].
Sustainable Computing: Informatics and Systems, 2020, 28:
100300.

Chen X, Shi Q, ThriftyEdge:
Resource-efficient edge computing for intelligent IoT
applications[J]. IEEE Network, 2018, 32(1): 61-65.

Jaiganesh S, Gunaseelan K, Ellappan V. IOT agriculture to

Yang L, et al

improve food and farming technology[C]//2017 Conference
on Emerging Devices and Smart Systems (ICEDSS). IEEE,
2017: 260-266.

Henriksen A, Selmer-Olsen A R. Automatic methods for
determining nitrate and nitrite in water and soil extracts[J].
Analyst, 1970, 95(1130): 514-518.

Garcia Lopez P, Montresor A, Epema D, et al. Edge-centric
computing: Vision and challenges[J]. ACM SIGCOMM
Computer Communication Review, 2015, 45(5): 37-42.

Shi W, Dustdar S. The promise of edge computing[J].
Computer, 2016, 49(5): 78-81.

Chen J, Ran X. Deep learning with edge computing: A
review[J]. Proceedings of the IEEE, 2019, 107(8):
1655-1674.

Colbert I, Daly J, Kreutz-Delgado K, et al. A competitive
edge: Can FPGAs beat GPUs at DCNN
acceleration in  resource-limited  edge
applications?[J/OL]. (2021-03-09)
https://arxiv.org/abs/2102. 00294.

BRORAE, 8. T DSP /MR T AN szl R
Fi[I]. A TR, 2012, 28(21): 164-169.
Chen Tianhua, Lu Sihan. Autonomous navigation control
system of agricultural mini-unmaned aerial vehicles based on
DSP[J]. Transactions of the Chinese Society of Agricultural
Engineering (Transactions of the CSAE), 2012, 28(21):
164-169. (in Chinese with English abstract)

EGERN, A, BUARAL, SE. BETHRE Soc HHTTHRIN
TR P S e B AR AL T BE T V], R0 AR 4R, 2016,
32(8): 155-161.

Meng Xiaoli, Niu Huanna, Jia Dongli, et al. Real-time energy
optimal dispatch for microgrid based on day-ahead
scheduling of charge state[J]. Transactions of the Chinese
Society of Agricultural Engineering (Transactions of the
CSAE), 2016, 32(8): 155-161. (in Chinese with English
abstract)

Jolles J W. Broad-scale applications of the Raspberry Pi: A
review and guide for biologists[J]. Methods in Ecology and
Evolution, 2021, 12(9): 1562-1579.

Wang X, Zhang W, Wu X, et al. Real-time vehicle type
classification with deep convolutional neural networks[J].
Journal of Real-Time Image Processing, 2019, 16(1): 5-14.

inference
computing
[2022-5-23].

Avelar V. Cost benefit analysis of edge micro data center
deployments[J]. Schneider Electric, 2017, 223: 1-8.

FEAEARG. R H AR R A 2t 7 R E[D]. b
H: AERACIE R, 2020

Wang Ziru. Research on Edge Caculation Scheme of Object
Detection Model[D]. Beijing: Beijing Jiaotong University,
2020. (in Chinese with English abstract)

FRAEI. T )L S SR H ARSI SE R F S R AT [D]. K
e KHEFTORY, 2021



232

Fk TREZAR Chttp://www.tcsae.org)

2022 4

(27]

(28]

[29]

(30]

(32]

[33]

[36]

[37]

Zhang Zhao. Research and Application of Target Detection
Algorithm for Edge Computing[D].
University of Technology, 2021. (in Chinese with English
abstract)

Ma F, Wang B, Li M, et al. Edge intelligent perception
method for power grid icing condition based on multi-scale
feature fusion target detection and model quantization[J].
Frontiers in Energy Research, 2021,9: 591-602.

Kim J, Lee J, Kim T. AdaMM: Adaptive object movement
and motion tracking in hierarchical edge computing system[J].
Sensors, 2021, 21(12): 4089.

BT, AR, BRET. BT IS HEN Sy SO 2 I L AR A A
WraE BRG], THEHLRIH, 2020, 40(2): 342-346.

Fan Qi, Li Zhuo, Chen Xin. Inference delay optimization of

Dalian: Dalian

branchy neural network model based on edge computing[J].
Journal of Computer Applications, 2020, 40(2): 342-346. (in
Chinese with English abstract)

Oteros-Rozas E, Ruiz-Almeida A, Aguado M, et al. A
social—ecological analysis of the global agrifood system[J].
Proceedings of the National Academy of Sciences, 2019,
116(52): 26465-26473.

TR, PRE, BORR, % ROV BARIDR S KR
FaI]. WL R 2R R S G RERRD , 2021, 47(2):
135-146.

Nie Pengcheng, Zhang Hui, Geng Hongliang, et al. Current
situation and development trend of agricultural Internet of
Things technology[J]. Journal of Zhejiang University
(Agriculture and Life Sciences), 2021, 47(2): 135-146. (in
Chinese with English abstract)

HIKE, FH, BEt, & RERERKRRBIVR. B
FES5 AT R TT, 2021, 42(5): 785-794.
Cao Bingxue, Li Jin, Feng Xian, et al. Development status,
path, and countermeasures of smart agriculture in China[J].
Research of Agricultural Modernization, 2021, 42(5):
785-794. (in Chinese with English abstract)

B, BRI AR X RIE 58 5 S FH IR A K e xof 55
WFFE[I). AL, 2014, 45(7): 222-230.

Ge Wenjie, Zhao Chunjiang. State-of-the-art and developing
trategies of agricultural internet of things[J]. Transactions of
the Chinese Society for Agricultural Machinery, 2014, 45(7):
222-230. (in Chinese with English abstract)

Mo, Brih%E, B, S AR K R S5 5 8
U Fe sk e (7] h AR, 2017, 50(4): 657-668.
Zheng Jiye, Ruan Huaijun, Feng Wenjie, et al. Agricultural
10T architecture and application model research[J]. Scientia
Agricultura Sinica, 2017, 50(4): 657-668. (in Chinese with
English abstract)

Buyya R, Yeo C S, Venugopal S, et al. Cloud computing and
emerging IT platforms: Vision, hype, and reality for
delivering computing as the 5th utility[J]. Future Generation
Computer Systems, 2009, 25(6): 599-616.

Varghese B, Wang N, Barbhuiya S, et al. Challenges and
opportunities in edge computing[C]//IEEE International
Conference on Smart Cloud. Piscataway. NewYork: IEEE,
2016: 20-26.

Alharbi H A, Elgorashi T E H, Elmirghani J M H. Energy
efficient virtual machines placement over cloud-fog network

[38]

[39]

[48]

[49]

architecture[J]. IEEE Access, 2020, 8: 94697-94718.

R BTG B AN R A AL T]. ok
LR, 2019, 16(10): 30-32.

Ye Huiqing. Research on agricultural Internet of Things
system based on edge computing[J]. Wireless Internet
Technology, 2019, 16(10): 30-32. (in Chinese with English
abstract)

Zheng B G. Study on the agricultural internet of things key
technology of the intelligent control of sunlight greenhouse
complex system[C]//Advanced Materials Research. Trans
Tech Publications Ltd, 2013, 756: 2369-2373.

RITRH. HE TG vH 5 K00 T TRUR BE 5 >0 N HT B
E[D]. M/REE: ARIbRI R, 2020.

Liu Suwei. The Study on Deep Learning of Maize Disease
Recognition Based on Edge Computing[D]. Harbin:
Northeast Agricultural University, 2020. (in Chinese with
English abstract)

At sKIETE, BOWEE, S5 BTG SEREYIN R
FRIMRA R RG], THEHEME, 2021, 47(14):
61-65.

Niu Kairui, Zhang Zhenghua, Bao Feixia, et al. Design on
Embedded System for Crop Diseases and Pests Monitoring
Based on Edge Computing[J]. Computer & Network, 2021,
47(14): 61-65. (in Chinese with English abstract)

2R R, TR A 2T R TE AL R RA A £ U A s
RGHFFD]. Fea: ALK, 2020

Li Fengdi. A Study on Monitoring System of Pine Nematode
Tree Based on Deep Learning and UAV Remote Sensing[D].
Taian: Shandong Agricultural University, 2020. (in Chinese
with English abstract)

FhE. FE T WA KRG A TR I I 5 45 K O o
HARBAD]. K& HHARE, 2021

Sun Zhipeng. Research on Monitoring System and Key
Technologies Ofrice growth Environment Based on Internet
of Things[D]. Changchun: Jilin University, 2021. (in Chinese
with English abstract)

Guillén M A, Llanes A, Imbernén B, et al. Performance
evaluation of edge-computing platforms for the prediction of
low temperatures in agriculture using deep learning[J]. The
Journal of Supercomputing, 2021, 77(1): 818-840.

Park J, Choi J H, Lee Y J, et al. A layered features analysis in
smart farm environments[C]//Proceedings of the International
Conference on Big Data and Internet of Thing. 2017:
169-173.

Coviello L, Cristoforetti M, Jurman G, et al. GBCNet:
In-field grape berries counting for yield estimation by dilated
CNNs[J]. Applied Sciences, 2020, 10(14): 4870.

Yang M D, Boubin J G, Tsai H P, et al. Adaptive
autonomous UAV scouting for rice lodging assessment using
edge computing with deep learning EDANet[J]. Computers
and Electronics in Agriculture, 2020, 179: 105817

Chen C J, Huang Y Y, Li Y S, et al. Identification of fruit
tree pests with deep learning on embedded drone to achieve
accurate pesticide spraying[J]. IEEE Access, 2021, 9:
21986-21997.

Nilay K, Mandal S, Agarwal Y, et al. A proposal of
FPGA-based low cost and power efficient autonomous fruit



%16 1

WSS G FAR R Z AL N UK 5 e 8

233

[50]

[51]

[52]

[53]

[54]

[57]

[62]

[63]

[64]

harvester[C]//2020 6th International Conference on Control,
Automation and Robotics (ICCAR). IEEE, 2020: 324-329.
Chechlinski £, Siemigtkowska B, Majewski M. A system for
weeds and crops identification-reaching over 10 FPS on
raspberry pi with the usage of MobileNets, DenseNet and
custom modifications[J]. Sensors, 2019, 19(17): 3787.

Meng L, Hirayama T, Oyanagi S. Underwater-drone with
panoramic camera for automatic fish recognition based on
deep learning[J]. Ieee Access, 2018, 6: 17880-17886.

Seo J, Ahn H, Kim D, et al. Embedded pig det-fast and
accurate ~ pig  detection  for  embedded  board
implementations[J]. Applied Sciences, 2020, 10(8): 2878.
Deng J, Zhong Z, Huang H, et al. Lightweight semantic
segmentation network for real-time weed mapping using
unmanned aerial vehicles[J]. Applied Sciences, 2020, 10(20):
7132.

Wang J, Gao Z, Zhang Y, et al. Real-time detection and
location of potted flowers based on a ZED camera and a
YOLO V4-Tiny deep learning algorithm[J]. Horticulturae,
2021, 8(1): 21.

Camargo T D, Schirrmann M, Landwehr N, et al. Optimized
deep learning model as a basis for fast UAV mapping of
weed species in winter wheat crops[J]. Remote Sensing, 2021,
13(9): 1-19.

Liu Y, Su J, Shen L, et al. Development of a mobile
application for identification of grapevine (Vitis vinifera L. )
cultivars via deep learning[J]. International Journal of
Agricultural and Biological Engineering, 2021, 14(5):
172-179.

He Y, Zeng H, Fan Y, et al. Application of deep learning in
integrated pest management: A real-time system for detection
and diagnosis of oilseed rape pests[J]. Mobile Information
Systems, 2019, 2019: 1-14.

Ahmed A A, Reddy G H. A mobile-based system for
detecting plant leaf diseases using deep
AgriEngineering, 2021, 3(3): 478-493.

AiY, Sun C, Tie J, et al. Research on recognition model of
crop diseases and insect pests based on deep learning in harsh
environments[J]. IEEE Access, 2020, 8: 171686-171693.
Buzzy M, Thesma V, Davoodi M, et al. Real-time plant leaf
counting using deep object detection networks[J]. Sensors,
2020, 20(23): 6896.

Mishra S, Sachan R, Rajpal D. Deep convolutional neural
network based detection system for real-time corn plant
disease recognition[J]. Procedia Computer Science, 2020,
167: 2003-2010.

Partel V, Kakarla S C, Ampatzidis Y. Development and
evaluation of a low-cost and smart technology for precision
weed management artificial  intelligence[J].
Computers and Electronics in Agriculture, 2019, 157:
339-350.

Tarek H, Aly H, Eisa S, et al. Optimized deep learning
algorithms for tomato leaf disease detection with hardware
deployment[J]. Electronics, 2022, 11(1): 140.

Emebo O, Fori B, Victor G, et al. Development of tomato
septoria leaf spot and tomato mosaic diseases detection
device using raspberry Pi and deep convolutional neural
networks[C]//Journal of Physics: Conference Series. IOP

learning[J].

utilizing

[65]

[66]

[67]

[68]

[69]

[72]

Publishing, 2019, 1299(1): 012118.

Tufail M, Igbal J, Tiwana M I, et al. Identification of tobacco
crop based on machine learning for a precision agricultural
sprayer[J]. IEEE Access, 2021, 9: 23814-23825.

Xu W C, Chen K, Zhang M, et al. Life lifting scheme for
plant protection UAV based on solar[J].
Agricultural Science and Technology (Beijing), 2018, 20(11):
62-68.

Wang R, Sun B Y. Development status and expectation of
agricultural robot[J]. Bulletin of Chinese Academy of
Sciences, 2015, 30(6): 803-809.

Journal of

Alzarliani W D, Arsyad M, Salam M, et al. Effect of App
utilization on the agricultural efficiency of rural
communities[C]//IOP  Conference Series: Earth and

Environmental Science.
012101.
Yue J, Lei T, Li C, et al. The application of unmanned aerial

IOP Publishing, 2019, 235(1):

vehicle remote sensing in quickly monitoring crop pests[J].
Intelligent Automation & Soft Computing, 2012, 18(8):
1043-1052.

Ukaegbu U F, Tartibu L K, Okwu M O, et al. Development
of a light-weight unmanned aerial vehicle for precision
agriculture[J]. Sensors, 2021, 21(13): 4417.

Kun B, Xin Z, Ruifeng H. The trend of application and
development of robot technology in agriculture[J]. China
Agricultural Science Bulletin, 2011, 27(4): 469-473.
Laamrani A, Pardo Lara R, Berg A A, et al. Using a mobile
device “app” and proximal remote sensing technologies to
assess soil cover fractions on agricultural fields[J]. Sensors,
2018, 18(3): 708.

Filho C P, Marques Jr E, Chang V, et al. A systematic
literature review on distributed machine learning in edge
computing[J]. Sensors, 2022, 22(7): 2665.

Huang Z, Yang S, Zhou M C, et al. Making accurate object
detection at the edge: Review and new approach[J]. Artificial
Intelligence Review, 2021: 1-30.

Sheng Q, Sheng H, Gao P, et al. Real-time detection of cook
assistant overalls based on embedded reasoning[J]. Sensors,
2021, 21(23): 8069.

Su M, Tan J, Lin C Y, et al. Constructing a mobility and
acceleration computing platform with NVIDIA Jetson
TK1[C]//2015 IEEE 17th International Conference on High
Performance Computing and Communications, 2015 IEEE
7th International Symposium on Cyberspace Safety and
Security, and 2015 IEEE 12th International Conference on
Embedded Software and Systems. IEEE, 2015: 1854-1858.
Kundu N, Rani G, Dhaka V S, et al. [oT and interpretable
machine learning based framework for disease prediction in
pearl millet[J]. Sensors, 2021, 21(16): 5386.

Fontaine J, Shahid A, Elsas R, et al. Multi-band sub-GHz
technology recognition on NVIDIA’s Jetson Nano[C]//2020
IEEE 92nd Vehicular Technology
(VTC2020-Fall). IEEE, 2020: 1-7.

Liu L, Yu L, Wu D, et al. PocketMaize: An
android-smartphone  application ~ for = maize  plant
phenotyping[J]. Frontiers in Plant Science, 2021, 12: 770217.
Schmidhuber J. Deep learning in neural networks: An
overview[J]. Neural Networks, 2015, 61: 85-117.

Conference



234 Ak TR (http://www.tcsae.org) 2022 &

[81] Singh D, Banyal R K, Sharma A K. Cloud computing 129(6): 1789-1819.
research issues, challenges, and future [86] HALE, 1REW], X4, £ ud ShuffleNet V2 HIH &
directions[C]//Emerging Trends in Expert Applications and PARAEYE R BIRORT). ol TRE23R, 2022, 38(11):
Security. Singapore, Springer, 2019: 617-623. 161-170.

[82] Wang Q, Jin G, Li Q, et al. Industrial edge computing: Vision
and challenges[J]. Information and Control, 2021, 50(3):

Peng Hongxing, Xu Huiming, Liu Huanai. Light weight
agricultural crops pest identification model using improved

257-274. ShuffleNet V2[J]. Transactions of the Chinese Society of
(83] Islam é’ Debnath .A’ Ghose M, et al. A survey on task Agricultural Engineering (Transactions of the CSAE), 2022,

offloading in multi-access edge computing[J]. Journal of 38(11): 161-170. (in Chinese with English abstract)

Systems Architecture, 2021, 118: 102225. [87] ZEVTHI, B4 SYL, BESI/R, 2. VR I 4 A R G sy

[84] FREEHR, RAKIA, 8%, &. BHMEM %ML
ZEIR[1]. B, 2020, 46(1): 24-37.
Lin Jingdong, Wu Xinyi, Chai Yi, et al. Structure

R[], TRERME2AAR, 2019, 41(10): 1229-1239.
Li Jiangyun, Zhao Yikai, Xue Zhuoer, et al. A survey of
model compression for deep neural networks[J]. Chinese

optimization of convolutional neural networks: A survey[J]. Journal of Engineering, 2019, 41(10): 1229-1239. (in Chinese

Acta Automatica Sinica, 2020, 46(1): 24-37. (in Chinese with with English abstract)

English abstract) S [88] Ji R, Lin S, Chao F, Wu Y, et al. Deep neural network
[85] Gou J, Yu B, Maybank S J, et al. Knowledge distillation: A compression and acceleration: A review[J]. Journal of Computer

survey[J]. International Journal of Computer Vision, 2021, Research and Development, 2018, 55(9): 1871-1888.

Application status and prospect of edge computing in smart agriculture

Huang Chenglong®, Ke Yuxi!, Hua Xiangdong®, Yang Junya’, Sun Mengyu!, Yang Wanneng?

(1. College of Engineering, Huazhong Agricultural University, Wuhan 430070, China; 2. National Key Laboratory of Crop Genetic
Improvement, Huazhong Agricultural University, Wuhan 430070, China)

Abstract: A large amount of data has been produced with the rapid development of internet technology. The commonly-used
centralized processing has posed rigorous challenges to real-time performance, low energy consumption, and data security.
Alternatively, edge computing combined with Artificial Intelligence (AI) can be used to reduce the cost and energy
consumption for real-time detection of complex data processing in various industries. Nowadays, agricultural applications
combined with deep learning have been widely reported, such as crop disease detection, growth monitoring, yield prediction,
and automated management. Edge computing can also be expected to provide more efficient solutions with the rapid
development of smart agriculture. In this review, the history, concept, and architecture of edge computing were firstly
introduced to evaluate the performance in intelligent agriculture. Specifically, the statistical analysis of the literature volume
was carried out until May 2022, including the most reported disease identification and environmental monitoring. Secondly,
the main devices of edge computing were summarized, including the Raspberry Pi, FPGA devices, NVIDIA Jetson, and
smartphones. The performances of edge computing devices were also compared under different scenarios. Besides, the
commonly-used deep learning was selected to promote efficiency and accuracy using the Raspberry pie 4B. Some model
acceleration methods were also introduced, including network pruning, knowledge distillation, parameter quantification, and
structure optimization. Then, the Al agricultural equipment with edge computing was divided into unmanned aerial vehicle
(UAV), ground robots, and portable devices. Three scenarios were considered in the agriculture application, such as
environmental monitoring and pest identification, crop growth and yield prediction, and variable operation of intelligent
agricultural equipment. Finally, the prospects and key issues were proposed for the edge computing applied in agriculture.
Several suggestions were also drawn during this time. Specifically, the edge computing application should be developed with
high efficiency and accuracy. The model compression and acceleration can be the key research direction in the model
deployment of deep learning. Edge computing devices can greatly contribute to smart agriculture. The cost-saving Al
agricultural equipment with edge computing can also be expected to develop for much more application scenarios. The
communication protocols and standards between edge devices should be established to realize the cooperative operation of
multiple machines. In conclusion, edge computing was still in the initial and rapid development stage in smart agriculture.
Edge computing can also provide vital opportunities and challenges for the development of smart agriculture, due to the better
real-time, lower cost, and energy consumption, compared with the current cloud computing.

Keywords: internet of things; edge computing; cloud computing; smart agriculture; deep learning; model compression; model
deployment
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