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Abstract : It is essential for vertical smart farms that artificially grow crops in an enclosed space to properly utilize air
environment facilities to create an appropriate growth environment. However, domestic vertical smart farm companies are
creating a growing environment by relying on empirical data rather than systematic methods. Using IoT to create a growing
environment based on systematic and precise monitoring can increase crop production yield and maximize profitability. This
study aims to construct a monitoring system using IoT and to analyze the cause by demonstrating the imbalance of temperature
environment, which is a significant factor in crop cultivation. 1) The horizontal temperature distribution of the multi-layer shelf
was measured with different operating methods of LED and air conditioner. As a result, there was a temperature difference of
“up to 1.7°C” between the sensors. 2) As a result of measuring the vertical temperature distribution, the temperature difference
was “up to 6.3C”. In order to reduce this temperature gap, a strategy for proper arrangement and operation of air conditioning
equipment is required.
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Fig. 1. Cultivation failure case of vertical smart farm
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Fig. 5. Position of the sensor according to the experiment
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Table 1. Experimental design (horizontal)
g Air conditioner
Honz_ontal Time() | LED Number of
Experiment Wind force | Settemp. () | Sensors
experiment 1 | 3600 ON weak 23 5
experiment2 | 2346 ON strong 23 5
experiment3 | 2100 OFF strong 23 5
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Fig. 7. Detailed position of the sensor (vertical)
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Table 2. Experimental design (vertical)

Vertical Air conditioner Number of
X Time (s) LED
Experiment Wind force | Settemp. (‘) | Sensors
experiment4 | 3600 ON weak 23 6
experiment5 | 2100 ON Strong 23 6
experiment6 | 2100 OFF Strong 23 6
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Table 3. Results of experiment 1

Sensor | Avgtemp. | Hightemp. | Lowtemp. | Difference | Low temp.
num, (c) (c) () () arrival time(s)
1 248 259 242 1.7 2811
2 250 259 24.1 18 1684
3 255 259 248 1.1 1662
4 246 259 236 23 1647
5 252 26.1 246 15 1710
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Table 4. Results of experiment 2

Sensor | Avgtemp. | Hightemp. | Lowtemp. | Difference | Low temp.
num. (c) (c) (c) (c) arrival time(s)
1 242 26.1 232 29 1413
2 249 264 239 25 1961
3 255 26.7 246 2.1 1565
4 247 26.2 24.0 2.2 1628
5 252 26.6 243 2.3 1957
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Table 5. Results of experiment 3

Sensor | Avgtemp. | Hightemp. | Lowtemp. | Difference | Low temp.
num, (c) (c) (c) (c) arrival time(s)
1 231 248 220 28 1509
2 236 251 227 24 1536
3 239 257 228 29 1601
4 236 251 228 23 1548
5 240 253 231 2.2 1579
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Fig. 10. Graph of experiement 3
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Table 6. Results of experiment 4

Sensor | Avgtemp. Hightemp. | Lowtemp. Difference Low temp.
num., () () () (c) arrival time(s)
1 235 269 212 5.7 2753
2 220 26.6 19.6 70 2834
3 26.2 26.7 258 09 2866
4 26.1 26.8 256 12 2039
5 259 269 251 18 2956
6 258 266 249 17 3015
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Fig. 11. Graph of experiement 4
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Table 7. Results of experiment 5

Sensor | Avgtemp. | Hightemp. | Lowtemp. | Difference | Low temp.
num. (c) (c) (c) (c) arrival time(s)

1 222 25.8 20.0 58 1226

2 219 245 200 45 1854

3 258 272 247 25 1238

4 257 27.2 247 25 1191

5 252 26.7 24.1 26 1274

6 250 26.6 24.1 25 1119
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Fig. 12. Graph of experiement 5

A 29] At E =T 2% 2 -3 FAE] Kol 7}
g & B9 50C, 71 &2 B 29CE AA 17414 2,
MIA 3, AL 4, KA 6, KIAT 59] AR 2% HElZE 37
LIERSITE AIA 710] FH] 2% ARk= AF 835500 AA] 2
O} 4A100lA BHEH O 56CE SHEACKFig. 13).
AIA 13 28 AQISH MAI9] o 2% ARM= 235200 Al
A 49} 6ATOIOIA] TEEQOH 1.1TCE SHERUCE AR
O] AIA] 13} 29] 2= WHEL7F FA LFERGTE Eoh, ATHo}
5, SIHRO] 2 AXM= & Ho|QloL) ZHHES} stk
710 21 Axb= IA| ZRATE

Table 8. Results of experiment 6

Sensor | Avgtemp. | Hightemp. | Lowtemp. | Difference | Low temp.
num, (c) (c) (c) () arrival time(s)

1 215 248 19.8 5.0 940

2 20.7 236 18.6 5.0 833

3 239 26.0 224 36 1971

4 241 26.2 22.7 35 1927

5 238 255 226 29 1896

6 235 253 223 30 1893
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