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[Abstract]

Smart farms are steadily increasing in research to minimize labor, energy, and quantity put into crops
as IoT technology and artificial intelligence technology are combined. However, research on efficiently
managing crop growth information in smart farms has been insufficient to date. In this paper, we
propose a management technique that can efficiently monitor crop growth information by applying
autonomous sensors to smart farms. The proposed technique focuses on collecting crop growth
information through autonomous sensors and then recycling the growth information to crop cultivation.
In particular, the proposed technique allocates crop growth information to one slot and then weights
each crop to perform load balancing, minimizing interference between crop growth information. In
addition, when processing crop growth information in four stages (sensing detection stage, sensing
transmission stage, application processing stage, data management stage, etc.), the proposed technique
computerizes important crop management points in real time, so an immediate warning system works
outside of the management criteria. As a result of the performance evaluation, the accuracy of the
autonomous sensor was improved by 22.9% on average compared to the existing technique, and the

efficiency was improved by 16.4% on average compared to the existing technique.

» Key words: Autonomous Sensors, Smart Farms, Growth Information, IoT,
Automated Remote Management, Optimization
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I. Introduction
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Fig. 1. Farm Processing Architecture

III. Crop Growth Information
Management Based on Autonomous
Sensors

1. Crop Growth Information Processing Structure
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2. Crop Growth Information Processing Structure
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3. Autonomous sensor management algorithm
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Fig. 2. Hardware Components
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Table 1. Autonomous IoT sensor management algorithm

Input : Select sensor ID and track number
Output : Check IoT sensor process

1: Input sensor ID and track number

2: Check sensor ID and track number

3: While check sensor ID do

4: if sensor ID is true then

5: track number i go to sensor ID by process
routing:
6. else
7: track number [ go back to station:
8: end
9: end

A0t Folq 5320 4% HuE AHE NS 5
Qo7 470 Belol7] laliA Table 29} 2 Al
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Table 2. Track process algorithm of autonomous

IoT sensor

Input : Check gathering sensor data

Output : Find sensor location adopt to sensor data in
CNNs

1: Check gathering sensor data

2: While check sensor data do

3t check and location sensor ID j or station:;

4: If autonomouse sensor track i is on then

5: sensor track i go to sensor ID j or station by
routing optimization;

6: While location sensor ID j or station do

7: autonomous sensor algorithm based on CNNs;
8: end

9: end

10: end

4. Autonomous sensor-based critical
management point linkage management
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IV. Research Results

1. Experimental environment
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Fig. 4. Experiment Environment

Table 3. Environment Setup

Parameter Value
The transmit/receive power of the sensors | 0.01W / 0.05W
The network coverage radius 500m

The pathloss exponent 3
The available bandwidth for Server/lloT | 10MHz / 5MHz

The power of noise -174dBm/Hz
Subnet storage capacity 1 TB
Input data size 3kbits/s

Delay threshold 5s

Link capacity 5 Gbps
Poisson lambda 80%

Data generation span 10/30/60 min
Max access count 25

The unit price of energy 0.12 Token/J

s mrto] YEYT Wole 0T AR|O] 4 « 441 W
912 wejsto] 500me sty MoTo 4« A1 o} %
0.01W/0.05W= Ad7stct. A} TloT ZA]9] tfd =L

10MHz/5MJHz=2 A& 6t ZFe miel= -174dBm/Hz§
ARSI Byl A 2872 1ThE 7okl Zopd
Y= 80%= AAst. 1 0]9]o] £/ Table 3

i 2

2. Performance Evaluation
2.1 Accuracy of Autonomous Sensors
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=
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2.2 Efficiency of Autonomous Sensors
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Table 4. Accuracy of autonomous sensor

Units : %
Accuracy using threshold probability(0.3) Hashing based Quantization based Proposed scheme
Bits = 8 71.354 78.627 80.123
Not using autonomous sensor Bits = 16 72.857 79.698 82.214
Bits = 32 74.031 81.367 85.326
Bits = 8 77.951 80.062 84.865
Using autonomous sensor Bits = 16 79.032 82.781 86.245
Bits = 32 80.479 83.179 87.369
Table 5. Efficiency using autonomous sensor
Units : %
Efficiency using threshold probability(0.3) Hashing based Quantization based Proposed scheme
Bits = 8 67.549 72.409 76.342
Not using autonomous sensor Bits = 16 71.302 76.473 79.604
Bits = 32 75.738 78.762 82.047
Bits = 8 70.317 75.036 79.645
Using autonomous sensor Bits = 16 75.982 81.608 82.701
Bits = 32 79.087 83.647 85.079
Table 6. Process time of autonomous sensor
Units : ms
Accuracy using threshold probability(0.3) Hashing based Quantization based Proposed scheme
Bits = 8 0.6087 0.6841 0.7014
Not using autonomous sensor Bits = 16 0.6424 0.7254 0.7705
Bits = 32 0.6998 0.7963 0.8214
Bits = 8 0.5847 0.6438 0.6965
Using autonomous sensor Bits = 16 0.6321 0.6906 0.7304
Bits = 32 0.6517 0.7147 0.7632

Table 7. Productivity versus capital, quality
assessment

improvement, energy savings, increased convenience, income

Units : %
Increase Quality . Increased Uncrease in
. . Energy savings . )

productivity improvement convenience Income

Facilities Crops 19.905 24.427 16.217 20.036 29.307

Facilities Horticulture 18.758 21.004 12.025 26.305 26.354

Facility flower 20.306 16.214 15.209 31.251 20.214

Average 19.6563 20.5483 14.4836 25.864 25.2916
Hase 4 S 24 ANS ArlE B 5ol 2 1ARE 202 A AN G BRE 2T RS
IR A B s AE fUE AT te Qulsitt. Table 653 Aot 7142 7|E 7[MEH Hat
olct. Esh AIRE 7THE Ah& Al BUEIFS Bl AAl  13.2% TEH ZuE Aot o] 2 Zik= Ak AlA
oz 20 WHE nxn PEr Ao W 2oz & Bl A2 S FEE AARECRE AuoA A2
e & #2] 7|% og Algdo] el wiujct Zx Al F XSSt} EA61] miwol] A AR ol AAl X2jH
28lo] 7} ThSe 4 Q=S AAsIor] o] 584  EWNMO] v A4S AF 7|2 2= Hesh) Hhe

o] 71& 7lgurt B At g 4 9ok ojct.

2.3 Processing time for autonomous sensors

Table 6= 7oA 28 B LS 5oz AS
SFolis i, AeollA A5 FHo AARES 7IE 719
1} vl Frket Aot o7]A, XA 271E 52t

2.4 Productivity and income relative to capital
Table 72 AUIE Fof| £4= AR Ofjy] A4abd, 24
. oldA] A, meld B0l A5 59 F= AEA

=, A2, AldelE] tidez griet Aufoct. Table
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V. Conclusions
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