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ABSTRACT

Modern technology aims to track tree growth using Internet of Things (IoT) with growth
monitoring tools to create a real-time monitoring system. This study aims to reduce manpower and
human error during forest inventory. The prototype system works by monitoring the movement
of a slider resistor sensor as the tree grows and such growth data is then automatically sent to the
user without the need of people to collect information at the stand. The diameter at breast height
(DBH) was measured among the automated dendrometer prototype with other popular tools
such as diameter tape, diameter steel tape, Vernier Caliper and manual band dendrometers. It is
found that tree growth data collected by the various equipments are not significantly different
(F=10.012, p-value = 1.000), thus tree growth data obtained from the prototype tool is valid and
comparable to that measured by other tools. Besides the lead time for data collection, it is found that
the use of manual band dendrometers resulted in the least time spent in data collection. However,
this time depends on the skills of the user handling the device. The investment for developing a
single prototype is approx. 15,782 Baht. When the entire rotation period of 30 years is considered,
the operational cost of manual method is 5,250 where the prototype is 126,223.60 Baht. Although
the operational cost of the prototype is higher than ordinary tools, the prototype may reduce human
error and provide real-time monitoring capability which is useful for plantation management in
the long run. Further studies should focus on cost reduction and investment feasibility as the cost

of electronic devices decreases.
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Figure 1 (A) Experimental plot aged between 1-10 years, (B) Experimental plot aged between

10-30 years and (C) Experimental plot aged over 30 years.
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Figure 2 3D model of the Sensor unit.
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Figure 5 Working principle of the Automated-dendrometer Prototype.
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Figure 7 Tree growth data obtained from various devices (A) January 2019, (B) February 2019
and (C) March 2019.
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Table 2 Details of the Automated-dendrometer Prototype.

o Life Required
Part Internal equipment Unit Unit price time within 30 Cost Total
(baht) (baht) cost
(year)  years
1.10KOhm slider resistor, 60 mm 1 340 7 4 1,457
Sensor model 1.987
Unit  2.Aluminum case 1 230 30 1 230 >
3.Metal Spring 1 10 1 30 300
1.3V3 ATMEGA328 PROMINI 1 130 5 6 780
MCU
2.HC-12 433MHz RF transceiver 1 210 5 6 1,260
module with antenna
Cont}rol 3.Assembly board and fixed RTC 1 2,200 7 4 9,429 16301
Unit power-down runtime ’
4.LR03 AAA Battery 3 12 0 361 4,337
5.CR2032 Li Battery 1 15 2 15 225
6.PVC Body 1 135 15 2 270
1.Stand and water proof metal box 1 4,000 15 2 8,000
2.12V 85 Ahr Battery 1 2,500 2 15 37,500
Gateway 3.4G/3G/GSM Modem router 1 3,500 5 6 21,000 77,214
4.Raspberry Pi B+ Mini PC with
HC-12 433MHz transceiver 1 2,500 7 4 10,714
module with antenna
Total 15,782 95,502

nnmsisziiumldaelumsdisias
a a Y ay A a @
Aamumaay Tamedsmsuuuntion]dlutTgiv
g1avennmainuvesaIuthnesrngil Yaviia
Mmayauajs Tastlagiuaduihmewngiiiinmsdise
uazaanwmsianlaves lifdnnn 37 Taoms l4imy
@ Y ' d I EL )
Jarduiugudnaraiuginsailumsdisdn vn
a & 4 S 1o S
Aanunlumidisnn 1 s fvueiesazmsdis

1w a g

ININY 2.5 (Forest Industry Organization, n.d.) Ay
T 3 duanaulif 100 Aulasldszozilgn

Y
4x4 a3 MIgsusazaTaz 1FIuaAuaY 1

Y v
au lFnadisrensalszuna 1 92104 (59ums
A A =3 1 FA Y o Y
wuNg) Wenlseumeun l¥niealenisdisienie

ax o ' o Y 7Y X 4 '
Faanannums lggunsaidununlunui 1 15 0z

A3

9
a o Jd o °
ADIAAAUYUITDT AN TA (sensor unit) T1UIU 3
@7 @IUAIVAN (control unit) 1 A HATTIUNILIY
dyao (gateway) 190 Tasluszezina130Y wun
H 9 9
msd1592035 0 15 lutlgiulFtunsau 5250
v A a9 P Ya
VN LazMInaIuAIsnIoleauIDIZA0 1 HIY

NIAU 1126,223.60 VN (Table 3)



NIAIIUMANS 38 (2) : 71-82 (2562) 81

Table 3 The summary cost of ordinary method and the proposed prototype.

Ordinary Prototype
Items/Expenses (baht) Per Within Per Within
1 time 30 years 1 time 30 years
1. Equipment cost
- Diameter tape lifetime 2 years 300 4,500
- Use sensor unit 3 unit/rai 15,806 99,476
2 Labor cost (300 baht/8hr.)
- 1rai use 1 hour, 2 labor 75 750
- 1st Installation use 4 labor 5 days 6,000 6,000
- Maintenance 1 time per month, 1 day 300 10,800
3. Maintenance fee (10%) 9,947.60
Total 5,250 126,223.60
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