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Design and Development of a Portable Firmness Penetrometer with Real — Time Graphical
Display for Agricultural Produce
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Abstract

A prototype of a portable firmness penetrometer was designed and developed to achieve performance
comparable to high-cost standard instruments through consistent control of speed, angle, and depth of
penetration. The operation of various systems of the device, including motors, distance measurement, force
measurement, data recording, and wireless connection via Bluetooth, is controlled via a microcontroller. The
prototype, weighing 3 kg, can measure firmness value up to 90 N and provides real-time measurement displayed
as a force-displacement graph via a mobile application and stores data on a memory card. The crosshead
speed was evaluated under resistive loads applied at the probe tip ranging from 0 to 90 N, and a reduction in
speed from 29.87 to 29.15 mm/min was observed. To evaluate the performance of the prototype against the
Universal Testing Machine (UTM), firmness values measured by the prototype and the UTM were compared
against reference values obtained from the UTM to determine error. The test samples used in this study included
Fuji apples, Granny Smith apples, and winter melons using Fuiji apples, Granny Smith apples, and wax gourd as
test samples for firmness measurement. The prototype showed average errors of 1.35, 1.15, and 2.26 N for Fuiji
apples, Granny Smith apples, and wax gourd, respectively, and the UTM showed average errors of 1.32, 1.15,
and 2.14 N for Fuji apples, Granny Smith apples, and wax gourd, respectively. Statistical analysis using a paired
sample t-test showed no significant difference in measurement error between the prototype and the UTM at a
95% confidence level for all three sample types.
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Figure 1 The prototype penetrometer instrument
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Figure 2 Application feature for penetrometer instrument
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Figure 3 The instrument operation at starting (A) and measuring positions (B) with real-time graph (C)
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Figure 4 Probe speed measurement using pulley system (A) and video recording during the probe moving
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Figure 5 Measuring position of apple (A) and wax gourd (B)
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ManadauAMISIvasIINATiLsIdusEAUANS 9

1nM3inAEIYesiang (probe speed) 7ULsad1Y (resistant force) TuARaus 0 83 90 S WU
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Huszey 8 fadns Tuudaziteulvvesussinuiinszyhiuing daus 0 fis 90 G2y wudh Seudeavuiasgiures
anuFinaeglutas 0.54 fis 0.85 dadumsseundl dmiuyneussesusiiu (Table 2) Namiwmaawmﬂwmum
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ﬂ’nmiawamawmvmlﬁamu 90 fhafu flFUszanm 2.44 LﬂaiwummaL‘wa’un‘ummLiasumvimmmmu dmsuaniizin
nafuussuA wud shnawedeuiideaiiideudnsiinaonssezniing 8 dadluns Iuwﬂuauiwanmﬁmm
F1u faus 0 9 90 dau mamimaauummmmuaﬂimw miaqmmmLLuuLuaLﬂiaﬁummsaammaﬂi NU3N
mwmiﬂumiﬂwL‘UaauuﬂaqLmaml,iamw,wmmlﬂ dwmalhidervinsammundunielumegaiuiiusnalngides
fu avililasuamaunielndidiostiu LmEﬂmmmaumuﬂuaﬂmwanmﬂﬂLLavmummTumiﬂmwmuauﬂu Unf
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A 100 B 10 C 10
90 90 0
80 80 80
70 70 70
60 60

50

60

50 50

Force (N)
Force (N)
Force (N)

40 0

30 30

a0
30
20 2 20
10 10 10

0
01 2 3 4 5 6 7 8 9 10 0 1 2 3 4 5 6 7 &8 9 10

Distance (mm) Distance (mm) Distance (mm)

Maximumforce=41.17 N Maximumforce=41.17 N Maximum force=42.06 N

Figure 6 Firmness measurement graph of apple (Fuji) from application (A), SD card (B) and UTM (C)
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Figure 7 Firmness measurement graph of wax gourd from application (A), SD card (B) and UTM (Q)
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wagHnyy 4 mmumuﬂaamm 520.8 i1 1156.4 N3 iduURUAUINANeETENING 71.6 B 94.5 Tadluns LarAIugs
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Figure 8 Relationship between probe speed and resistance force of 0-90 N applied to the probe of the

prototype instrument

Table 1 Average probe speed of the prototype instrument from 0 to 8 mm with a resistance force by
constant weight from 0 to 90 N

Probe speed (mm/min)

Resistance force (N)

Min Mean Max SD
0 29.85 29.87 29.88 0.02
15 29.68 29.72 29.74 0.03
30 29.61 29.64 29.67 0.03
45 29.55 29.58 29.60 0.03
60 29.42 29.44 29.45 0.01
75 29.29 29.33 29.36 0.04

90 29.12 29.15 29.19 0.04




King Mongkut’s Agr. J. 2027 : 45 (1) : e0269424 9

Table 2 Probe speed of the prototype instrument for each millimeter of probe movement from 0 to 8 mm
with a resistance force by constant weight from 0 to 90 N

Distance Probe speed (mm/min)

interval (mm) ON 15N 30N 45N 60 N 75N 90 N
0-1 30.67 30.62 29.59 29.68 29.59 29.87 29.05
1-2 29.36 28.92 28.84 29.33 28.40 29.40 28.50
2-3 29.68 29.14 29.14 29.44 29.59 28.09 29.37
3-4 31.04 30.52 30.97 30.84 30.33 30.03 29.85
4-5 29.51 29.66 29.57 29.33 28.90 28.82 28.67
5-6 29.64 30.67 29.69 29.57 29.69 29.64 28.93
6-7 29.79 28.91 29.82 29.07 29.17 28.39 30.00
7-8 29.30 29.42 29.47 29.45 29.87 30.53 28.76
Mean 29.87 29.73 29.64 29.59 29.44 29.35 29.14
SD 0.64 0.76 0.63 0.54 0.60 0.85 0.55

Table 3 Physical properties of Fuji and Granny Smith cultivars of apple and wax gourd 20 samples each

Weight (g) Diameter (mm) Height (mm)
Sample
Min  Mean Max SD Min Mean Max SD Min Mean Max SD
Apple (Fuji) 1439 166.0 2044 148 69.0 729 79.6 3.1 595 65.1 73 3.2
Apple (Granny Smith) 131.2 142.2 154.5 6.6 64.2 679 727 22 59.0 6326 685 2.4
Wax gourd 520.8 833.4 1156.4 237.1 71.6 849 945 7.7 180.5 2047 246.0 24.1

GuamammmmumasﬂanLL@ULanuﬁLLmuuamLLau‘vxh] LLawNmsusn mmmima‘mmaqmmmmLLumuaam
A3 psfunUURadet uLazASes UTM LLamﬂu Table 4 ﬂWﬂ’JWZJLLuuLuaﬂJaﬂLLaﬂLanuﬁW?\] :LIﬂ’]ElEJi“VITN 16.00 4
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wmaﬂauummumi’mmmmLLuuLuaﬁmLLEnJLﬂawuﬁmwmmimumm‘muauLimm wmmmaﬂumwi LU 23
19 52 75U (Kuang et al., 2020; Kuang et al,, 2024) mmummmLLuuLuamaaLLaﬂLﬂawummiuuauﬁ fAegsening
14.28 3 48.35 416U way 15.01 04 46.67 45U amwmimmmmmmmwuLLa 383 UTM m‘ummu 31NNT
G]i’Jﬁ]ﬁEJU“UEJJJaﬂ’]ﬂ’J’]iJLL‘u‘uLUE)MLmﬂuamﬁ’]ﬂiUﬂﬁLﬂ‘ULﬂEJQLLE]‘LJLUﬁW‘uﬁLLﬂu‘uﬁmﬁLW@ﬂ”ﬁLﬂ‘U‘iﬂ‘U”liwéJ auwmmmaw
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A1anas (Chen, 1996; Theamumpot and Maniwara, 2022) way mmummmuuumammﬂmsusn fmegsyning 53.29
09 79.93 176U uay 45.62 fig 78.46 U9 mmumimmaLmammmma W3ae UTM auasiu annauddeiisian
ﬂaumenﬂum'imﬂwmmuuumﬂuﬂmmm Wm'ummamLLuuLuaaaiumwiumm a0 m 60 mmu (Miao et al.,
2023) 1uﬂ’13%@ﬁ€]UWU3’1ﬂ’lmmLLuuLuE]‘UEN‘WﬂL“IJEnm"]’]LW@J‘UUL&J@‘UH?WUENﬁﬂLGUEJ’J&J‘U‘LHWELMEU‘ZJuMiE]M‘L!WMuﬂMﬂ‘U‘u Fa
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aammummamammmLLuuLuammﬂmmu LLavmﬂsuauammmLLuuLuamamLLa aqamaqmamqm 3 ¥iln Lllaﬂﬂ
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Table 4 Firmness values of Fuji and Granny Smith cultivars of apple and wax gourd from two instruments, the
prototype and UTM

Firmness value (N)

Sample Instrument Number
Min Mean Max SD
Apple (Fuji) Prototype 20 16.00 28.91 42.11 9.01
UTM 20 16.60 29.25 42.11 9.23
Apple (Granny Smith) Prototype 20 14.28 27.39 48.35 10.91
UTM 20 15.01 27.31 46.67 10.67
Wax gourd Prototype 20 53.29 65.97 79.93 8.84
UT™M 20 45.62 66.29 78.46 9.68

msmmaauammuu"umLﬂsama

msmmmmLLuuLuaLLaﬂLanuﬁmLLavLmiuuauﬁ waziiniden Tngldadesdunuuuaziedes UTM Sarmanu
ﬂammaaumaammmLLuuLuammlmumN 2 untsfivinisia mmmwﬂwawuﬁm Arrnunamadeulunisda
mmmuuma fAlaae 1.35 uag 1.32 125U LQJEJ‘VHﬂ”li’mI@‘EJileLﬂimﬁluLL‘UULLauLﬂiEN UTM anuaiau d@nsuuelita
wummiuuamﬁ mmmﬂmmﬂaau’LumimmmmLuuLua fiAads 1.15 uwaz 1.15 dadu Luammﬁmima%
VA3 DIRULUU baE me UTM f1uanau tazdnsuilniden mmmﬂmmﬂaaﬂumimmmmLLuuLua fidede 2.26
uag 2.14 fasru i evhnisTalaeldiad eeduuuy wazaies UTM mmmm (Table 5) A vt of
ﬂmmﬂaaumaLmﬂmmusmma 2 AU wmmimhd‘umamqmmnuuumuwammﬂmamwL‘Uuwmﬂmalu
dulngjaz JJ?‘]WD’]&JLLHULUEJJ'HEJSLHWJEJEJ’NV]MFNIMLV]’IﬂuleLIEJEJﬂ‘UG]’]LL‘Viu\‘WWHﬂ’]i’m mammu LL@ULanuﬁWfa %“:um
mmuuumamiumﬂuwa (calyx end) aqmﬂmnmﬂmwa (equator) wag Uiummma (stem end) saudiaiiaing
mnmmummmﬂumiaumaunu Wy USnanwa TagyinsinAanuuduiiofidiumaineiu 90 o wuiien
mwmmumamimmmmumwmmnmnnuimnﬂm 4 176U (Wang et al., 2024) smL;JEJLﬂwumamwamwimmﬂmi
VlﬂﬁEJUG]’JEJLﬂiQQGmLLUULLauLﬂiEN UTM memmﬂmmmmaaummmmmLLuuLuam@ﬂmmﬂﬂammﬂu TneiinnAu
LLuuLuaﬂamﬂaaumnamaaw 3.6 15U IuwaLLaﬂLanuﬁ‘W% (Table 5)

Iumﬁmaamﬂwumsmmmmmmmmaauiummmmmammiama dmsusethaiausdnluneada
f8738 paired sample t-test WU maaamiawEmmmwammmmaauiumimlmLmﬂmaﬂuammuaamm mwﬁ‘u
ANULTBNU 95% '«aWﬂwasuaaﬂwmmﬂmmLﬂaa‘wumﬂwmﬂmmmuuumawlmLmnmdﬂuuamﬂmwmw L3 a9 uLUUT
ponLUULATad1aT Ul AL e ImmmmwmmmmaauiumsmaamﬂaaaﬂuLmamammmu #11130AUAY
mmwfmmmﬂm mmaamﬂm ey mmaﬂmmmimlmﬂuasmm Wiuieafunu3deves Jantra et al. (2018) fiwmwn
memmmmLLuuLuaLLuuwnwmmmsamummmﬁ 3 LLavmmanium'ﬁﬂmlﬁmm A11150978aAA1ANI
ﬂmmLﬂaaumﬂmi’mmmmLLuuLuasuaqmamalm miaa:uawasmummiauﬂlﬂﬂiuaﬂsﬂ,ﬂuﬂuwszmﬂmaimumauim 1y
dnunsaasurunnas aﬂwmmaamﬂm%ﬁmmuamumamwmaqmiam Luawmmmmu,uul,uawaﬂmiwmmauﬂu
ﬂamsLm'g@thﬂmuamaamamamammwwﬂmﬂmmsLaagﬂmamsmeﬁml,azmm’tmﬂum'gLmummmLLuuLua
NP RRRN

Table 5 Error of firmness value between two points in the same sample measured on Fuji and Granny Smith
cultivars of apple and wax gourd using two instruments (Prototype and UTM)

Sample Instrument  Number Error of firmness value (N) p-value
Min Mean Max SD

Apple (Fuji) Prototype 20 0.12 1.35 3.11 0.84 0.926
UT™M 20 0.19 1.32 3.60 1.17

Apple (Granny Smith)  Prototype 20 0.26 1.15 3.10 0.71 0.980
UT™M 20 0.50 1.15 1.52 0.34

Wax gourd Prototype 20 0.13 2.26 553 1.34 0.806
UT™M 20 0.05 2.14 6.02 1.56

p-value < 0.05 is significant
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