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Quality Checking in Mangosteen (Garcinia
mangostana L.) for Export by using
Electrical Impedance Measurement.
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ABSTRACT

Mangosteen is a favourite fruit in Thailand and foreign countries. Now to be freezed for
exportation to Japan Hongkong Singapore Taiwan and a fresh fruit in Europe America Canada
etc.,increasingly every year. For the exportation has standard of quality control. Agricalture can select
it as requirement. Exception of translucent pulp in Mangosteen can not checking it but has to cut for
checking. That is the problém for the exportation and the checking,

This research presents the Quality Checking in Mangosteen by using Electrical Impedance
Measurement for adjust the Quality Checking in Mangosteen efficiency. The system designs by using
Electrical Impedance Tomographic Image of inner Mangosteen ;)bject, uses the 32X4 multiplexer to
define the patterns of current injection and voltage measurement around the object. Data from voltage
measurement are sent to a microcomputer for reconstruction of the image by improved algorithm
based on Finite Element and Newton-Raphson Method. Then the impedance of inner Mangosteen
image in gray scale is displayed on monitor. In some experiments using current 1-10 mA. at 100 Khz

with saline tank containing the objects.
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S 220240
] Below 220

sl 2.3 et rn i ldnnszuvadienmdaynanudmuiiimoludag (1)
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m3dasnnudumuiiivesiagiieglugduuufmasuuunds (Rectangular
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conductivity) [2] Auaraalugiuuy 2 98 danind 2.4
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MNN 2.4 M3 navesnszuauazidudad InmuiBoa (Equipotential line) o510
{ad o { ]
nazuad1i 8idnnsa C uag D vuiagiiudniuuyleTanseln
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Lﬂuﬂauﬂﬂmeﬂugﬂmm (Perfect conductor)) NSEUTAAIN I (Constant current : 1) 2z lvaru
Lm'q'E'ﬁn°luﬂ'§11mﬁwhﬁuwﬂdammvmmwmuﬁuﬂi gUd (Current density) azflifuviiunn

1’1 Iﬂﬂiuiﬂlm‘uulﬂﬁ'm'ﬁm’i']ﬂ']ﬂ'J']ﬂJﬂ']u"U'EJQ'Jﬂﬂﬁ'm'liﬂ'ﬂ'lllﬂ%'lﬂﬁilﬂ']i‘Vl (2.2)
R=V/I, =pL/A (22)

A ' 1 3 o
Wwa R = mmmmumwmmq
T [y ) ad
V = ﬂ'ILLi\‘Iﬂuizﬁ’J'Ni’)LﬁﬂI‘V]‘iﬂ Cluag D
I

= finszuai Inosnag

p = MammAnudunuvesiag
L = suiennuenvesing
3 1
= fundnvevesiag

a1

=1 1 4 1 (Y [ ) 3 T
zmmuﬁamﬁmwmmco"l'm'wmmu”lu’mqmu“lu'mnummmumwuﬂnnmu

q
] ¥
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v s ad a g d
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9/ Y] [ d’l’ a o = LY g a o = &
wn) il faussdunuiuiivesing luwassnuidersusudy saTnmudes dvlums
o ad
gauARLAIB@aNn Insaes mm'luuwaniywumammwmuuuﬂmqnszuﬂ'lwﬁmﬂsu%waﬂmu
uing Tauinosdoildlums Sauseduoed ghoslinmmdumiuiigenn (lugaundezdodian
LY 1 0 o 1 o ad @
anudumwduetud) Saanweui v, s faee I 185umansznueinidnTnsa 1y

ABTezaNIsanIc R, 1dnnaunisi (2.3)
R, =V, /I, 2.3)
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Q

1/1 (2.4) meums‘n 2.5)
p=R, A/L, (2.4)

R=pL/A 2.5)
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o [ wa v e a J
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Y a do = [
VOIATUATMUNIUYBININIA (Skin contact impedance)
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o

Mud 2.5 Mmsdaamamdiuninlums et

slmunsenszuauaziiudeya (Data collection method)

sy 4 31anlnsa

ac g

7% msmmﬁﬂm'lvlﬁmamnTmﬂang]ﬁmuummqﬂ‘lmwnimﬂuawnv"lum

1 Y
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T 1
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é’ana‘%‘ﬁsﬂuﬂ1sﬁ%’waﬁ’ﬂmNﬂ31us?ﬁumu‘lwﬁﬂﬂﬂ‘h’ﬁﬁ"lwﬂuﬁ%muﬁi'wf'fu%%’ﬁmu-
s1lau
L upudiasamsnszaran Iiihludanais

auN15v03 Maxwell [3] 1oFuromansznevesaun i ninumass o lWasente

°1uGT'maNﬁz’i‘luﬁaﬁumz”lﬁﬁsmﬁaﬁuﬁﬂmu"lummmaﬂgﬂ”lﬁ'ﬁ‘luﬂumwm Poisson

V(p'V$)=V(cV)=0 @)

Taoh V. fio i0/ax+ jo/ 6y niesasuiiumsg Poisson
Joroy
p e amwaamduniulifwestag B

o fla manmanuanyii i

¢ Ao damlddh

&1 0 fawenasigaid ¢ (0 <o < GG Nnf1vee x lulawu B) udsay
n15(2.6) %zti‘luﬂwﬂm?ﬁwuﬁuﬁ’damanﬁuﬁ'uuu§a8ﬂﬁn (Homogeneous Ell~iptic Partial
Differential Equation) [3] ﬁ'mmm‘lﬂi’fﬂ"mamﬁ'ﬂmhlwﬁmw“luimqmnfhmmﬁw G ungAnan
¢ Avouivn OB vea B wiedudsainsnssia J = oVo.n fivouiun OB (n Aeianinod
nilensiaelufiemisdenindy o) ﬁ,j\iﬁﬂdﬂiﬁi%ﬂﬁ Tugoiilguidoulvdivoumwa
Dirichlet 1Az Neumann 4048 4M51Fa0 Y WUT 08 (2.6) A s 18

nnaumsil .6) Wannsonmamaudined Tnsmmede Tamwy B figusety
wiveuuazinanlu B dwuvy hitenius edrelsiaannsanmamansuaylag ey
RS RnAR 19 Enms Variational Method [3] Tavnainnevesaunis (2.6) vz eruuAUnIg
wirdigavesiledduueadeluil

2 N
F(§)=1 [p7|V¢§[ aB- [spaB = F, @7
B OB n=1
& A Y o aa o
e Fnﬂﬂ wmmuﬂnu“luamuuw n Iﬂﬂ

F, =4 [p7'|Ve[ dB- [JodB 2.8)
. B, 2B,

7o

ndumnislag dnanluddmudiu sziseuns ldnniladey
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0=2.0.1, 2.9)

¢

dle {, Aotladuseanamlugie o fe 1 uag ¢, ﬂeﬂnﬂmiﬂummaamuﬂuuq

Tagaunsfi (2.9) wau“lugﬂunmumﬂcnﬂlﬂmu
F,o=30,'y,0,-9,"c, (2.10)

Ao o dw
Tﬂﬂ(b ﬂﬂnﬂmaiﬂlﬂ\iﬂﬂﬂ']'ﬂiﬁuﬂ(b NFUNUTAY ag A ﬂﬂluﬂiﬂ%‘u@ﬁ@ﬂmuﬂ

4
Fadmaumldnngas 2.11) wie (2.12)

(2 1) L2.11)

o %Y oY,
[ u] = nl.[( OxOx * 6y6deB

A (29 A | Y, by 3 _
[y;] = Pn f( oroe oy azaz)dB ERTD) 2.12)

as a Jdo o Q‘ aa d a aa
2, 'Jﬁﬂ1i‘l‘i1q{’]imﬂiﬂ“l’ﬁ%ﬂ.’i%ﬁﬂﬁﬂlﬂﬂﬂﬁ!ﬂuﬂgﬂﬁ'lu!ﬂﬁﬂﬂ 2 Uf)

4 (%5.5)

xpy)) v,
(X5¥3)
> X

4 aa o { v o w o d' a
o 2.8 BawuAammbon msiadiduves TnunzGssmudamauduuiin
minszwvesawn Iihne ludnasauisessuie ldaleaun1sves Poisson
V.p'VV =0 (2.13)

mnﬂaﬂwwuim (Basis function) ﬂmaamumgﬂmumaﬂu [1] Li.lf) N fio Shape-

function i]wblﬂ
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V(x,y)=a+bx+cy (2.14)

3
V(x,p) =Y VN, (x,) | (2.15)

i=1

o o dy A A a d Y1 oa 1 s [ dy
mnﬁaﬂwwugmmawauhgﬂ‘ummmfmmz”lﬂﬂmﬂmmﬂiaummaﬂﬁuﬂmu

4 1 X y|a
V=1 %, | b (2.16)
£ 1 x5 ye
-1
al \Lox y| W .
b=l %, » | |V 2.17)
4 L x y] |V
Wogqaiday [1 % y] iz dheasld
-1

¥ Lox 1

[1 x y] b =[1 x y]l e AW A (2.18)
4 Loxy yi | |V

4 L w4 P
Fafifie Vix, y) 9I0aUMT (2.14) 1 (2.15) 1109 deriuez'14 Shape-function i

Y (2
AearumIne 11l

L ox
vy N, W=l 2 Y1 % oy, (2.19)
I x;
1 : ‘
N, =ﬂ[(xzy3 — X)) +b1x+C1J’] (2.20)

1
N, =ﬂ[(x3y1 —x1y3)+b2x+czy] (2.21)
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1
Ny = 2—2[(3‘1)’2 — X)) +b3x+c3y] ‘ (2.22)
o b, =Xy =X3, 0, =x,-x,b,=x,—-x,
=07V &=y = Vs G =Y~ ),

Qs

N . . ' . va o o
N, {114 Linear interpolation function 5811 Element shape function %Qﬁﬂmﬁ yua ey

Ni(x;,,)=1 il i=j (2.23)
N(x;,y)=0 o i%j (2.24)
3 .

YN (x,y) =1 (2.25)
=1 :
3 3
4 1 j/ A\ /qf%
A
A A Y
A _,...-\ AN
B
.

! @ . aa o 4 #
MW 2.9 NHYULYBA shape function N, 1AZ N, YOS AMUAFUTWmMALN (Triangular)

a n’y

0 . { a Jdo a, . 2 & a
111 Shape-function 71 18 kv uuaInddulssAnsa1635vee Ritz sadlunileluis

Variation

1 i [aN,. ON, oN, ON ,)dA

== + 2.26)
oW e m Ty (
[ g 9 a Jo a aa U4
aums“lﬂmmﬂcn Mﬂi%ﬁﬂﬁﬂlﬂ\?ﬂﬁmuﬂ
2 2
b +c~ bb,+cc, bb, +cgc,
2.27)

y= _4pA bb,+cc, b'+c bb +cp,
2 2
bb,+cc, bb,+cee, b +c,
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4 1 aa o ] { aa o
lﬁ@ p= mﬂﬂ1Wﬂ’J13J§§1"lu1’1m‘U‘éJ\3’élmﬂJu¢l A= ﬁuﬁﬂﬂ\jﬂaluuﬂ
4= %[(xz —x|)(y3 “}’1) - (xg —xl)(yz _yl)]
by=x,-x, b=x,-x, b, =x -x,

=Y,V 0, =Y, Yo G=Ey-,

as a Jdo a t-a‘ aa dJd ' a aa

3. ‘J‘ﬁm‘m1qmmﬂstwauﬂsmmmaaaamumgihmmmmaﬂu @ um)
a daa o o daa (4 aa a o
mﬂmmnmeamummtmumam"lvl"1ummuummuamm FIHINITONNUATNY

an 4 ° daa (4 aal) Y o b
'aamummuuumam'lﬂ“lumamuumuuumum'lmimmmmw1‘1ﬂmnqm

of, of, ofdf,
[yij]"= n-' J'(f’f’+f’f’+f'f’)d3 3 /) (2.28)

Ox0x  Oyoy  0z0z

Bﬂ

14

ag a Jo a aa 4 v o aa, oA
Iﬂﬁl'.]'ﬁﬂ'ﬁﬁ'lqmimﬂiﬂ“h’ﬁll'l]ﬁzﬂ‘ylﬁﬂlﬂﬂ@ﬁluuﬂgﬂlmxﬂﬁ'mlﬂﬁUﬁJ (3 UR)zUAIU

[5]

V6(x6,y6,z6)

V.(x,y,z)
| A V.(x_,y..z)

SYX;SS

Y, ,23)

V(x.,y,z)
QLA V,(x,.5,2)

X
d' aa 3 1 o . .
MNN 2.10 BANUATUUNINMALN (triangular prism)

4 ]
VINHIAFUNUTIN (basis function) VoAU gu e uImMAtY (Triangular prism)

30 Six-node pentahedron

V(x,,2)=a+bx+cy+dz+exz+ fyz : (2.29)

V (x,y,2)=ViNi (x,,2) (2.30)
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] . . y N a o ! o
iife N A9 Shape-functionnnileffuitugnudoduouluglvesmnindos 1&ednen

1 d‘ 1 [ 4 dy
Glﬂﬂi@ﬂﬂllﬂﬁgiﬂuﬂﬂﬁu

rVl ] (1 I S
4 I x, », 2
£ _ 1 x5y 2
Y, I x » 2z,
Vs 1 x, y, 2z

_V6_ 1 x5 oy, oz,

',

[1xyzxzyzZ] =[1xy zxzyz

oS NSNS

mmsiaglaumsIndeg1d

[1xyzxzyz] =[1 xy z xz yz]

Pk ek pd ek ek

~ 0 R, 0 ovn

4 g

v

N300 11l

L~ W S G Y

X2
X2
X352
Xz,
X,2,

X32,

86115

Nz
Va2
Y34y
Nz,

Y22,

y3z4j |

779 B
Y2 2
Vi 2
N 24
Yo 2y

Yy 2,

P4
Y g
Yi %
N 2
Y2z

Y3 2

X2y
XTI
X312
)
T,

X524

X12)
X2
X3y
Xz,
X,2,

XyZ,

N2
Y22

Y32

WNizy |

Y224

y324J L

9-1

Nz
Y22
Y32
Y124
Y24

y3z4j

«Q

N NNSNXN XN

2] O o9

(2.31)

(2.32)

(2.33)

] 14
F3AAD V(x,y,2) Mnaumsf (2.29) uaz (2.30) fauozld Shape-function A1AIAY
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P N5 5z )2 B
X2 Y 21 %2 ),
X3 Y3 Zp X32p Y3z
N 2y X2y Y2,
X2 N Zy %27 Y2,
X3 Y3 24 X3Z4 .V324J

(2.34)

[Nl N, N; N, N; N6]=[l Xy z xz yz]

[N
=

{y

Q . i a Jw a o a . & o P a,
111 Shape-function 71 14 v mnIaddud sz Ansare3ves Ritz Faudunilelustudls

WU (Variation method)

| —lm/(aN’ e/ Tl JdV (2.35)
T a e Ty Ty e '

L7

1 a 4 9 g
Iﬂﬂ?)'l‘ileuﬂ'l‘U’e)‘UﬁmﬂUﬁNﬂ'l‘jﬂu‘l’llﬂiﬂ‘lﬂﬂﬂu

) dydxdz (2.36)

x=x1)*(y2-y1)/(x2-x1)+p}

~ _1_ f4 st -[(x—x.'i)‘(y3—yl)/(x3—x1)+y3(aN’. aNj g N, aNj : ON, aNj
P ox ox oy oy | oz oz

o Y a odo a aa g
ﬂi]31@lﬂﬂiﬂ“ﬁﬁuﬂixﬁ‘ﬂﬁﬂl@\ﬂﬂamuﬂ

All 1 2 -1 -1 =2 h

y=—— +—
12ph|-2 -1 -1 2 1 1| 24pA
-1 -2 -1 1 2 1
-1 -1 -2 1 1 2]

[ 22 +c?)  2Abb,+cc,) 2bbtec,)  bl+c? bb,+cc,  bb,+ec, |
2(bb, +cc,)  2(b+c,’)  2(bb,+cc,)  bb,+cgc, b, +c,’ b,b, +¢,c,
2bby+cc,) 2(bbi+ce;)  2bl7+c’)  bb;+cg, b,b,+c,e;,  bl4c,’

b’ +c} b,b, +¢c, bbs+ec,  2(b’+c’)  2(bb,+cc,) 2(bb;+cgc,)
b,b, +c,c, b, +¢,’ bb,+c,c,  2(bb,+cc,)  2(b+c)  2(bb,+c,c,)
| bb, +cc, b,b, +c,c, bf+c”  2bby+ce,) 2bbitee)  2bl+c?) |

(2.37)
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A

Wo by =x,-x;, b, =x;-x,, b, =x, —x,
Q== G=Y;=V, =y~
h=z, -z

nielouaumsi (2.37) 18 Imideaunsd (2.38)

y=i(i[“ ‘“}ri[zﬂ ﬁD (238)
pP\12h|-a a | 244| B 28

¥ ]
4 o

4 J aa U4 aa o
!ﬁ@ p= mffmwmmﬁ'mwmﬂumemuum » A= WUNUDIDALUUA

4= %[(xz _xl)(ys —yl)_(xj _xl)(yz _yl)]
2 1 1 b'+¢'  bb, +cc, bb, +cc,
a=|1 2 1/'B=|bb+cgc, b22+022 b,b, +c,c,
112 bb,+ce, bb+ce, b’ +c
by=x,-%;,by =%, —x, b =x,—x, , h=z, =22
=)= V3.6 =Y =V, 6 =Y, =,

h=z, -z

° o aa o Jaa d 1 oS o @ :i -
mmum'nwaawum°lu"lﬂ'lumamummammuuaﬂymzmmww 211 UagNIUN
212

Va (x5

\Y
1 (7)) 3 (x,y5)

d’ aa I4 a aa
M 2.11 damudzUaumaon (2 I7)
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A STUDY OF IMPEDANCE TOMOGRAPHIC IMAGE RECONSTRUCTION FOR

AGRICULTURAL MATERIALS
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ABSTRACT

The successes in applying the reconstructing impedance tomographic image to
non-biomaterials lead to interesting its application with some biomaterials. In principle, a
small alternating current, medium frequency is injected into an object via a pair of
electrodes, the other pairs, attached around the object, detect the potential drop on the
internal impedance. These boundary potentials are used to determine internal node
voltages of finite elements constructed as a cross section model of the object. Impedance
of the elements are then determined from the node voltages and adjusted by an iterative
algorithm. An impedance image is shown as the distribution of different impedance grids.
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The results of experiments with the models of some agricultural products such as fruits
showed the possibility in applying of the method to the products.
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