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Development of NMR Based Prototype Sensor for

Non-destructive Sugar Content Measurement in Fruits.
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ABSTRACT

A 4.1MHz 'H Nuclear Magnetic Resonance(NMR) sensor was designed and manufactured to evaluate
the internal quality of fruits. The magnet console having 963gauss magnetic field induction was used
for the NMR sensor. To optimize and evaluate the NMR sensor, glycerol and sugar-water solutions
were used. 'H(proton) resonance signals were used to estimate the sugar contents in fruits. Artificial
neural network models were developed to predict sugar contents in fruits from the proton resonance
signals. The standard errors of prediction(SEP) were 0.565(apple), 0.394(pear) and 0.415(kiwi), respecti-
vely. The result implied that it was possible to evaluate apple, pear and kiwi into 3 grades using the

NMR sensor.

F2 £o](Key words) | #1271 ¢4 (NMR), F=(sugar content), -
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Fig. 1. Block diagram of the NMR System

23 12 NMRAEXY A Byxon
NMRZ A€ RF 29X, 82 T2y, RF
Power 5% 7], TR 3 &, Probe, Receiver, Digiti-

zer, AN 22 FAHD 7} 71719 7% 2 2AF
Aol &3 2o RF Switches 3% F3t4
(Larmor frequency) & $AA 7= Ax 2 A,
RF Power %719} Receiverdl #gxlo] 7%
Fo42 B2ETH A T2 s PClA
Aeolslo], pCaoll A dAHF7)e] N9} wrE 3]
T7t 2R Y Ayl o] &FHE AMAMNEE W
¥} RF Switchol M A4 € 45E RFES

—337—




szeel7| A8 A 421 W Al 35 1996 9%

B A3sl7lo) nmlekslm 2 RF Power 5% 7]0) A
800~ 1,000 Watts7} ] 2EZ €}, FF 8 Jse
T/R 328 53l Az713 e 9243 Probe
o A2 o] ProbeoAE RFEE AT,
A3 F7]9] RFFo] AEof QJALEH, A& 2
THE 4oy|a NS F58A Bt RFE
o] AAHH Probeloll v HEL AAFHE
Sol7td M F58 YA E BAE L, Probes
waE s A3 E FE3Y FE2E AsE TR
3|28 E3 Pre-Amplifiersl Al SFE ¥, Re-
ceiver® A ¥x-FEHI1, Digitizerg %
3l ComputerZ A4E el A28 Bl vl5
SwRI @F 46 FE AZE ey, 443219t
Probes= AAj o} A 2= $Ac}. Digitizer+ Digi-
tal Oscilloscope(PM3824, Fluke, USA) 2 tiX|
At

C RpM kRt M2 % W=

AP L 8 FHFHS5Y 4.1MHzol HF 3t
= A& H71E 963gauss(20C 71E) o]t} 3
F3te = AMAYAE Interactive graphic
simulation T2 182 E3) 13 2 £o] A=}
At A2 el A AL Ceramic F2AIEQ) Ferri-
mag 8AE °] &8, Age] EEL sl &}
AF¢jol SS-41 AHE AR 28 #
A28 F}oll Probest A&l AXNE 5 U

=2 Azslgch siet 22 FEA 98] 25°C -

AN Az 8 A4FAS] A5 FHNAE Bo

grol 979 gauss{ 3L, A+ FUEE 1471ppm
ol th.

el 28 Z20% Y

AA A28 E 437 HF 2] &
=t I3 3% 2k ¥A LRI e L8
a¥E BN Y3ke FU1Y A E TAA]
A Hog AFE oA dite F718 LA
A £ e zzaAdL ZA% F DIO Board
£ E3M A4t o] & AYA7IA "ot 2A
Zzavje] HFE T2IPLS RF 29X,
Receiver, Digitizer $& #ojdle T2y
St AA A2ES AA-3] FEsA 2o

[P ;

Setting Phase of the Puise
and Puiss width

inkintize poris dete

Selection Frequency
(4. 1MHz or §.1MHT)

E*

Atlenuaiion(Receiver)

Trensmitting Data

Bandwidih(Recelver) to PPG

c s 3
HH H
L J
4
ol
p—
s2 I 7z & O 7 O
IB° t.-x H L’N
=l o]

NI 4 L ]
1 l ] 1 ] |
e w ! ar L J

(a) (b)

Fig. 2. Permanent magnet console for the NMR

sensor

a‘-

Selling Loop Count

]

Selting Trigger lime

Fig. 3. Flow chart for the operation

Xt

3. & ¥

]

7}, SeIME| 28 Al =23

AF N2de HAA FHHE 23
A3 22 M E(GlyceroDMES A&t &
A AL E FFAD F FE232E 4.1MHz9
%27] 98 17 b UM E 2o T2
A & 2 49 2L A3 E H53Y 5=
o g 8 AF= e Vst e HE
TZ2E o AF3AH.

—338—



Fo 9471398 ol 4 e RN gEaR Al A

2422522 Time base™ 10ps0]l Q3 8,
192782 HiolEE 5T 22X 16ms T
FID 334158 42tk §59 A5 &gl
ofste] 8719 AEE UAYE AR ATX A
A Hastdoh

Glycerol Signal

Voltage{1E-4)
{Thousande)

0 200 400 600 800 1000 1200 1400
Time{us)

Fig. 4. Resonance signal from glycerol

Y53 HEe AT et JFsHE 430

22 A3 E Y2 A8 931 Envelopes
T3tk Envelopes 1% 59 Zoh 2@ o}
g vhe} o] ZEAEY AE e 27 24
7 B2 FEHe] S ez 1en] 8004
O ZRE = s} gaso Jte FAS e
Wi Aot

39 58 #E3H A 7t Adse o
Hso| ZRE el A "l 504501 e A
F REEZ Uroixed FIDE 9% 99
(651 9k 2139 JFHo] ATHE o]F F2HAY

-r]rU‘

k-3
Az

Ol AEFEZNH fFEHE ANIE AEEVI7R 9
7] Aeel Azelr,
Qlycerol Enveiope
25
20 \
b ’g 15
§l
J
s
0% 2% 400 00 80 1000 1200 1400 1600 1800

Time(u$)

Fig. 5. Envelope of the glycerol resonance sig-
nal

458 Jse AF gFFHoz gan 2
3 259 F4E Vel AFFHe g 7
e AEE vepdls AlIMES T 4 14
o3 & = Utk

A=Aoexp(;; ) €))

e

i
r>,
fot

A=29
A=%8 459 HY @

T 248 D48 gtolu A71%e Y=
s AEe) 7w} go] o) o] e =
Hotel, Ao ABNS) FEY SRS 27
@ % siok.

L. MEHEO) CHE M8 Y 24

YA Eol] 3] MA A2 §HL 43
T % 1o HgEe sl 488 3t
Sugared Water Enveiope

=
P

20 1
" [235% s.w
19.4%3.W
§ @
I 8
] H
$ : 1 e%8.W
3 £ 101t THSW
S E a W
s M,
Water || AR >
0 ' LA r ol
0 200 400 600 600 1000 1200

Time(u$S)

Fig. 6. Comparison of exponentially decay sig-

nals from several sugar-water solutions

O3 62 SYHANEL Eslo 679 BHE B
T8 ZE 49E JE th¥ EnvelopeS 5Y
g 1o VERR AT 2o A9t o] 8004s
olFME Gt 22 HER X2 AFo §
Ug o2 4 dte d4g HolA Ho 7§

o] §A) gketh &% B A vy gL
Holll BE7t & AZe 7yt wy g

= £

FdE Holed, I o) %

—339—



5 U7IAE R 4213 A 33 19964 9Y

Sugered water
Sope 26
- \% . R? = 0.972
\\

Siope (VIuS)

o \V
10 16 E 2 £ J
Rea! Sugar Content(Brix %)

Fig. 7. Correlation between slope and sugar co-

ntent

Toe Bl 12" Aol upet 2 gol HE
oz 2 As] 77 P} upebA,
goM= T,2 73X 92 Envelope’d 9
& AR F Holl F 7| &7 EFR
A}%s}@l FEE st AAE F dalA
2] 7)-&71 100459} 1504500 X4 8] 718 7)o,

& 71¢7] d4Hg 228 & 433y

a3 78 BAgEd it F Hel oig 71E
719 gdxote] BAE YT 2%
Zo] B|RA e vz AYPAQ) 2dE
o]g3te] AEtEd WM FEE g4A4 FA
@ & o

Ch oS0l g 48 24 % 22

a7 82 &, At#, 71919] Envelopes Hlul
agoelnh. Z4zhe) AEgvink A5 Fe t=A
vrebig ok AA Q1 Bo] o2 A Ed ¥3) a2
7rol duldoez AA vErkT)

AAELe AFEN G vuA deyolnz
Ag e 22 QS AF g st 2ol
a3 A sEA godth AR B Pole 8, F
&, 1gEo] EFE0] o} Z JE ) 93t &

Voltage(1E-4)
{Thousands)

Envelope Shapes of Frults and Water

25

20

a

o

0O 100 200 300 400 S00 600 700 ©00C 900
Time(us)

Fig. 8. Comparison of envelopes from water,

apple, kiwi samples

7t 2471718 7HAA A wE A, FEE
T IS5 Az e 4 4R BEHL wYsle
37k E8E ez 2430 gex Faks
o] 2= olee BitE FHANTE 2439
o IR FPANZ G FAtole vAdg
2 ENSgn e 5 U Ade “Ez’@
& gAY GRAE o] 43I, FHARE
sample2] FAFAt 100/1s~ 15045 ’\}C’M
= dataol A 05457ttt 71718 S5t F
21% 2] Envelope dataclA] 3x9 dAAHE
#ol A& 71&71E AH37] A3 SAS pac-
kageE ©l & dch 28y Ado ua 7y
B 7t 2ald AlEH e datake HQE 2 g}
Atzke}l 719le] A= frodidel ¥ 479 7]
2718 889 data® o] &3t 533 1, vl 9

i

=

of 2 oX rlo

oy

B4E 1489 data® 01§ 3k TS 72718
239t 2249 712718 o3t Y
H59 YHAUFE o] §3te], BE A& mYL
AL 018 ST, BF AT AZ T o
8 S5xAe 0e 2ok AFY T2 32

TFo|H, & 22 o W< (Back Propa-

Z+z}+ 20,000°1 %

Ab3E AEE 3070 E BEATH B ey

—340—



S WAV IBE 01§ B HANA BEEF A)H7)e A

A7e BAE AAR M a3 A (25,
5g+02g) 2.2 A&slde). dx& oAdE 3
FEAZ 238 ZA vtE 2T 5 HE L 3
At A A& FEE 10.6%~16.0%
A B

AAY 8F5E 93 Input noded] =+ 474,
Hidden node9] 4% 47, Qutput node:® VIS
o] &3ttt

% 3070 AES B REE T8t 2070
£ 93l gFAER o] g3ger, Yo
WAE o] &3t A724% 28e AFsdd. 2
d ov AB3ETL o3 tEd BHE uiw
o2 & AEH AHRE 1P o2 Jehigith
AZGS 71HE 539 #E5e 0, SEPE= 0.
5655 cF.

Apple
(Prediction)
7 16
5 ol [RZ =0.002 n .
= SEP = 0.565
3
5 14 -
(6] L ]
P [ ]
g 13 -
@
3,
8 | >~ -
g 1

11 115 12 126 13 135 14 145 15 155 16
Reat Sugar Contenit (brix %)

Fig. 9. Prediction of sugar content in apple
using Multi-layer perceptron(MLP)

A1
axf

2) vl i 449 R

He

o AZe 20 BENSH A2ty HFe 2
ol 23t QAE Fol7] Y%A 404g+0.222
2 At v 23] dA 4% 3+ H
Tge At AAY FEe AHFRD ¥
9.8%~13.1%(Brix%) ©1 ¥ tt. t&-& ¥ Input
node?} 4~ 77}, Hidden node®] 4~ 77}, Out-
put nodex 171E o]&3lyth

AE 20 FNH BEE edte] 12719 48
Zo) e S5 AMEE o g HER

—341—

Pear
(Prediction)

Predicted Sugar Content (brix %)

9.5 ™ - T T —— ——e
9.8 10 106 11 1.8 12 125 13 136
Real Sugar Content (brix %)

Fig. 10. Prediction of sugar content in pear
using MLP

ol AZHUY. AEAAE 19 107 2o,
SEP+ 0.394%th.

3) 71sio) gt AE 2 B4 5 AL 2
13708 AHE3AT) Abohut v o} o] ARES
AH AE2 HEA 43 FAE FEZ AHE
stk 719 E Awdo] gt 70 gEjo]
3 kel 7o) gk semojje] A7E T
A1 glevg 2zaAY JAE ¥Wol 4EE
F9lach 19 112 E2AYUAA A E 7]
9lo] moFe Yehiel AR g Fxadse 3
AL eenolth, FEE 139 o3 Zg3tH o
8.7%~122% A X o] Ut

of

Fig. 11. Kiwi in the NMR probe coil

A% 358 9% Input nodes 47Y, Hid-
den node®] 5% 471, Output node : 17 & o] &
[35<R=



A7 A Al 21 ¥ Al 3% 19969 9€

AE 13MFNN BEEEE 123t gl
AE) YA g AR e s7he AF
2 o)g ZFsUtt. F5EA 2B 1291 £
o}, SEPE 04159

Kiwee
{Prediction)

Predicte Sugar Content {brix %)

e 8 9s 10 105 11 i1s 12 12§
Reatl Sugar Contant (brix %)

Fig. 12. Prediction of sugar content in kiwi
using MLP

4. ZE

B Ay 4.1MHz NMR Al2H& o &
3to] AeEol ok g dyd 2 Ak al, 719
o e B=E ABYGFS o] 83ld & =
& Nestz olg HFeAr

A ]S Este] HeE9] EnvelopeE ©l
23l B g o Z317] 93] Envelopes} 71&

718 B2 A3

AR EoNA 53 FHAZ N GEE A4S
7] 98, BES ZHE FH A3 diste v
A HN 22 At AZ 7S 0] &3
Aot MdE FEdE AFAERHY SEPE 0
565(ALH), 0.304(¥)), 7191(0415) 1 QAT BE
27320 Y7t 4~5%2 AH WA SEP7}0
4~05%°| B2 95% ?LHoch 25702 B
7t 7V53k 3, 66 A M= 35 F 0l 7}—0—6}52
NMRZ o] &3t B 35Folujol A Aol
e & 4 AR ARE G F B9, 3F
Fo e 124%, 124%~14.6%, 15%°142
2 EFE F U ¢ F U

NMRE o] &3l AHE9 F=& I o
95%2} & HWAWRNA 25 F oA 35F 2

Aol Zheds € F A 719l= 54 N
Foll Al Abztet diol ®lal Aoy, Abzie} wjet
Ga} FAE HE2Z NMR £ o] 83t Y&
ZA3lgon FHE AT & g A9
Be BEY S AU FFo) A2PY B
15X A, DA AES Polgol

38 4 9l AAARFY e ) Thekst
el
<o

) Jl
0[(' o

s

’

) ;H ].a;‘ Eg“i L"o_‘ z;qg ',;:_ %\t
A g 5 F7AY 77 Basn

VEFE Rt Y oG,

2L o A 8

(o & & oX

Y

&d

&

[y

o
kd
]

1. Cho, Seong 1., Veronique Bellon, Thomas M.
Eads, Richard L. Stroshine and Gary W.
Krutz. 1991. Sugar Content Measurement in
Fruit Tissue Using Water Peak Suppression
in High Resolution 'H Magnetic Resonance.
Journal of Food Science Vol.56(4): 1091-10
94. (IFT)

2. Cho, Seong I, Gary W. Krutz, Harry G. Gib-
son and Kamyar Haghighi. 1990. Magnetic
Console Design of an NMR Based Sensor to
Detect Ripeness of Fruit. Transactions of
ASAE, Vol. 33(4): 1043-1050.

3. James A. Freeman, David M. Skapura. .Neu-
ral Networks. Addison Wesley

4. Ray, J. A. and G. W. Krutz. 1993, Quality Sor-
ting of Sweet Cherries using Magnetic Reso-
nance. Paper 93-6071. ASAE, St. Joseph, Mi-
chigan

5. Stroshine R. J., W. K. Wai, K. M. Keener and
G. W. Krutz. 1994, New Developments in
Fruit ripeness Sensing using Magnetic Reso-
nance. Paper 94-6539. ASAE, St. Joseph, Mi-
chigan

6. Zion B., P. Chen and M. J. McCarthy. 1993.
Evaluation of Soluble Solids Content of Fresh

Prunes. Paper 93-6073. ASAE, St. Joseph, Mi-
chigan

—342—



