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FNEPV Gt T R TR B, RERAS R
ey a2 A i Y SR 9 K TE L 900~ 1700 nm
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H1TCMOS HR I 28 K BL 1y SSC. BB faE 7 H T
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TR TR M 10 AN IEERFE S K ) LED G
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Fig.1 Physical picture of handheld SSC detection device
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Fig.2 Hardware system of handheld soluble solid content detection device
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K IR P 0t ARG I £ it T MR SRR R . AN S R K
6 N 640~ 1050 nm 5 [ 1) #2615 (C11708MA,
Hamamatsu, HA) FEKEROGEEE. HANMUN
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XTI

() WHEHEL. HTHRB/RTRZHEKRE
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(4) HLEEMR . LB STM32 E N LA . A1 EE
PAAFEE A IRZN L . IR AT KB R . FRURAE EE
B, EITEECHEE (RO B %

(5) OLED ( organic electroluminescence display)
BoRpE, HTER SSC EEMTNME. 7 bR
M RSE RIS, BEFRER/NN 0.96 ~Fo Son BfidE Tt SPI
155 L BRARAH I .

(6) BHFLIM, 2l B 0 v b o] 70 A AR FL R
fit, HIAEA 6000 mA-h, TAERFAIZ1N 2.5~3.0 h.
1.2 BH&ES

B RGAE Keil 5 V& IR, H CIBEFHS T,
FESLHECIE B K. SSC FME 5. Eor, Pk
5 EAHL T AT B, R T HHE oA I 2 SR 43
AE R B FHL.

BT LabView 96’5, JfiEnd & 05 TRl
VA& HEAT AT, 32 58 e A 1E S ST AT G e 1%
HEBE e AR o0 I TR AT R AR, ALK PR A7 21 AL

FHLE AR FBEAE Android TR, W FHIK
ROV &AL 5 SSC FE, IF4s& FHLE M REHE
&S AR, H5 SSC AT nTE B K L.
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WAL, o AE N IEER BN . 5 =HECRA 180 4
FIERSLIGAEEE, PP e Sl o KA s B B A TR B AE
RIRFET, IR F RIS B A T AR AR 2 B R R 2 A
ARBFFH O LA LI =, 5 f5ELE 26 C =
AN TAEAE 24 h, LSRG Bk e ot ) 5 (1 52 i)
2.2 NiERE

FIHAGIN B & T4 S min, 4 AR CEEIRSL L7,
KRBT N ASH R (Ry) o RGN FE
i R 7 AT AR Sk, R AR BB BT IR S JE I (RD S
Ui (a1 BN 500 ms. N T iE ISR, KR
B 3 61 1P BB VR AR R B 261 o B SRAS I
BHEVNT 250 kA 2 6 F Rk, Kb —6ERE
Bl, Aah—E1ERMHL. T SR PR A 3 & ) 3 il Bk
SSC I IMIAEFE . WAL SR VPA B (1) 4% 3 1
2.3 Bk SSC S ERNE

BEIt) SSC it 5 I 38 s 18] 1 58 2 355 1) AS 7] 11 A2 A
BRI, N T 3RA3 TR 50, 701 R AR 52 G LA
HHAT SSC e . FEYai il A B VIHUE E L) 1~2 em 1]
wRRR, AOAEE, REHTFIETILE KR T4
IR A, BEFE3 510G, P Sk TR A IR R T iR 7 2
64 (PR-101a, ATAGO, HA) EJI&E SSC. AT
PEm R AR, BRI F 2R TR K R e B A e A
AU, FEHARN BT XA S RT3 &,
B3 U )P S5 AE %A S 1 52 bR SSC A
2.4 FIEHBEHALIE

TS EE A E SRR EE R, BaEX

e PRI A O SE Am B, BT DA O IR AR ok 1 ik
TP . EeiEa (D X JEEEEEIE T AR IETR
FF RO (T . FIEBDGE E R W um By I 8
Me {545, H680~940 nm Y% BT IE 8204 .
7= (1
R,

2.5 PLSR FiEE

i ¢ /N — e 1] 5 (partial least square regression,
PLSR) & HHi A Wi 24063 43 #r pAdi F dge )32 1) — ol
Z IR R YRR, VAN R A B X R R
Y AT oA, TR B R 2 (AR R, sk R
FKF, ISR AR R R IERE A7), 72 {3 i PLSR %27
BRI, ZEHFESSEEREARE (latent variable, LV)
Wi R, DR R a 8ot ME . LV B2 @ T
PLSR #8840 . AW FARIE R IEEERE A 10 $728
H 3G AIE 193 7 fR % Z (root mean square error of cross-
validation, Ryepc) W8 /IME R E B A AL EE 7 VA0 B £
BREHE.
2.6 PDS HREURIBEE

H T T2, WA EEAE, [ e AR
LA GTEACES B A TE 4 — B, 15— ilds b
JE ST AR R AE F A B A% B A AN BRI Sk 5 SO R AN e
WA, HBEERIE (piecewise direct standardization,
PDS) Hik/& WANG %P7 7 g — Rl 32 4 F (04 b
FERERME L T A AR RS AL 36 SRR 08 5 1 £ T
AR AARHERE fh, BT FEHUARAERE 5 61 5 MHLARAERE
At G R R OC FR TR B 3 1 AT 4L IR J5 R
FHUBE R FEATR I . PDS J&7E DS [ 2EAl F3EAT 1) ek,
I — 00 G DB T E R B Oy T K
RIEHE, £ E G O AR &S T
BRAL I . e — MR RNFERNE D (PO R
HANEKD, G EUE FTE R B LGS R R, SR A
PLSR HETHEAZIGHE A MRS FHOGIE S i AN S
B R WA E L, 133 R AR, @
R B AR RIS ol ) D T O AT R A, S LAY
EMNL LB . & 1 R/hxT T PDS BT e 2 0 H %L,
ZEAKRZRARZIIRELR. k2, & EFREE N
TERFF R EMEE . AR EREREER
3,094 150 21, 31 AN B R b A5 R KIS . [F]IN K
H Kennard-Stone 5.3k I\ EHLAL IEA GG R4 5. 10,
15, == 75+ 80 ANFEAANE B HERE I [EAS [F) B 2= K bR
HEFEXML I 25 IR . k4T PDS BEAIL 6, R 3
UORE SR A R AR AT E LA LI K s 2 — 28
2.7 1EBIMEBEITALTERR

T VP BT R PR, AR SR AR G R BN
J7 AR AR 22 FH SR VRAG BT B G B A HE A SSC & BT AL 1
e =3 A Y PR T AR . RS TE SR [ AH 5% R %L (correlation
coefficient of calibration, R,) - T I £ B9 40 % &R %
(correlation coefficient of prediction, R,) HI%iE & AH K
Z % (correlation coefficient of validation, R,) K, #&
BT 1, UCUIAH G BE, TN SE R . R IR
H ¥ 77 MR % Z (root mean square error of calibration,
Rysec) ~ TRINEE TR VR % (root mean square error of
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prediction, Rygp) ISR TTHRIEZE (root mean square
error of validation, R0 /)N, HERL R 50,

3 HREHR

3.1 HEARGITHER
R 1A T 3 AT B sk A0 SSC it .
1 al %, FTRREARN SSC WH B KA VG H,
IESERY SSC Y BB AR T Tl 45 FBEIE AR /N
F 1 R HPE SSC FKitER

Table 1 Statistical results of SSC of used yellow nectarines
FEALE A i T IR
Sample . Standard
Variety Number Range/% L.

set deviation
KIESE AR 158 7.8~15.7 1.72
RS AR 95 5.7~15.6 221
IRE4E i 3 i 185 7.1~15.3 1.60

3.2 MMEBRE

3 3 St B AN 7] 5 1% Ak B A9 0 8 i A ' 1 A 1)
ACFREE LT, AEH 5 AN S A B R IH — AL AT
LSRRI IR R (B 3) o AR R IE&E T B
AR M, S HIRUE IO R (R, A7 iR 2
(Rysper) 7919 0.920 F1 0.674% (& 4), LB E
AN 100 RS [E] A Z 30 AR L FiLAR B VE B NK
M A RSt
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Fig.3 The transmittance spectra after preprocessing methods
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T 5 FE A A L AR IE 42 SR SSC YU [, U AE
6%~8% X —IX 0. Ft, AT HIFH T 58Kk A
Af) SSC K, R IEAEMTRMILE S IG5, 4L SSC 78
I 5 K 3T A A TE 46 FH T Bk SSC AR IS 2 (1 g 2 I
HF ISR FEAR R T . AR R I AR IH 3.2 7. BT
AR B O IR SR SSC RIS IN S5 SRAE 6 Fros, W)
R, Fll Ry 5351179 0.906 F10.732%, X HCEVERISE 5EY,
WEBZ T 47 45 T LA 2 bk SSC IR . R 7
Mo ABEFRH T 2 R AR AR R IG % %, %t
I V% 45 R0 R FE BEAT T 360E, % Ab 37 3 s R voRE
A BB AL 3 i B I SR T A B LA B PR S 2 4
YRR AR TR 2008 000, 150 B AR B 2 LA 2 A PR A 0 G AN

=N =ey
L e AR 1
16
R.=0.948, R4, =0.548%., .
© 14| R=0947, Ry, 0728% . %
2 s adet ”
w . . a4 A
- 12 2 Saee,
£ N
B 10 NSy,
Ay
i YA
= 8 R
2 6 740« BIF#Calibration set
A & Fii#EPrediction set
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T R Ruspes Ryv Rusep 73 NFRELIERMC RH. RIEEHTTIRIRE.
TRGEAR S 22 L TR 7 AR 22

Note: R, Rysec, R, and Ryp represent correlation coefficient and root mean
square error of calibration set and prediction set, respectively.

A5 Fml SSC 5 mMa o FRME 5 B
Fig.5 Scatter plot of measured and predicted values of yellow
nectarine SSC in prediction set
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Fig.6  Scatter plot of the measured and predicted values of yellow
nectarine SSC in validation set
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1050 nm, BT &HEELZHIEHE, Kk EH TR
BEIR AR ERK B SSC Rl s umipk. 3R M
WE5E. X REE /N R ST RIKIR, A3 B R A R
BT, AT DR ECE #e R 3k 1 77 AL SSC A o A
Bz %, ] DAFE Bh SR AR A S50 e Bk o A SR AR T (], %
WK JE F B AR EAT 20 R S UOE e A, XT3 B AR S
HEAT H A 55 o
3.4 FEHURRE|IMNHIFIBER

A A g P AR T £ e B [ 5 R A A g A
B3 AR HERE i, R A A E O 58 BN ML A7
IGUFSEAEAH) SSC T ZE . B 7 JEIR T hruEREA &
75 AT, MHLATIGAESE SSC T R,y Ry B
ANEE 8 AR . IWEI R AT LUE B, ANEZSH
YA TINS5 R R R K. E ISR N 13 B R, B
Rysey M o 8 JEIR T MALAT I8 IF 22 35 i Bk SSC ) il
Jgh B o S b AL SRR AL A I 25 AT, EAR ML
X EE Ak SSC AT IS BEBE A F B, (H AR 16 502
G 7 ML EE 5T A BT Y RE IR K B N (RIS S, 4B T
FEREFE], AT LR R ERA, X T % A& AR T R fE
IR BRI .
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. X
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Note: R, and R, represent correlation coefficient and root mean square error of
validation set, respectively.

B 7 MAIIELEE Ry Fo Ry
CEE VUL
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slave device with different window size
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Fig.9 Schematic diagram of spatial visualization distribution of
yellow nectarine SSC
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Development of a handheld yellow nectarine soluble solid content
detection device based on Vis/NIR spectroscopy

ZHU Wenjie?, HUANG Wenqian®, ZHU Qingzhen', FAN Shuxiang®*

(1. School of Agricultural Engineering, Jiangsu University, Zhenjiang 212013, China; 2. Intelligent Equipment Research Center,
Beijing Academy of Agriculture and Forestry Sciences, Beijing 100097, China)

Abstract: Peach occupies an important share in the worldwide fresh fruit market. Soluble solid Content (SSC) is an important
parameter for measuring peach quality. It is one of the most important internal properties that influence the consumer
purchasing decision on fresh fruit and best picking period. Therefore, a handheld yellow nectarine SSC non-destructive
detection device was developed based on visible and near-infrared spectroscopy technology. The hardware system of the device
was mainly composed of a micro-spectrometer, two halogen lamps, an OLED display, a microcontroller, and a self-designed
driven circuit. The real-time analysis and control software of microcontroller was written in C language with the help of Keil 5
development tool. Combined with the spectrum acquisition program written by LabView, the spectra of fruit sample were
collected by the developed device. Yellow nectarines planted in Pinggu area in Beijing were used as fruit samples to evaluate
the detection performance of the developed device. First of all, the visible and near-infrared spectra of samples in calibration set
were obtained in the range of 680-940 nm. After pre-treated by average smoothing (window size=5) and maximum
normalization, the spectra were used to develop a partial least squares (PLS) model for SSC prediction. The calibration and
cross validation results obtained by the developed model had fairly good correlation coefficients and low prediction errors. To
evaluate the robustness and accuracy of the developed model, the model was then applied to assess the SSC of samples in
prediction set. The correlation coefficients and the root mean square error were 0.947 and 0.728%, respectively. The detection
time of single fruit should not exceed 2 s. In order to improve the accuracy and stability of the model, the samples in calibration
set and prediction set were combined as a new calibration set to develop an SSC prediction model, followed by the validation
using an independent validation set. The results indicated that the correlation coefficient and the root mean square error of SSC
prediction for yellow nectarine were 0.906 and 0.732%, respectively. However, the direct use of a calibration model built by
one instrument to another instrument was impracticable, therefore, a calibration transfer or model transfer methods were needed
to share a calibration model between same kinds of instruments. Calibration transfer was a mathematical method that made the
spectrum measured by different samples or instruments as consistent as possible. Piecewise direct standardization (PDS) is a
multivariate full-spectrum standardization method, which works in a similar principle to the DS algorithm, has become the
most wide-used calibration transfer method. It was used to transfer the calibration model developed by the master device to the
slave device in this study. After the model was transmitted from the master device to the slave device, the SSC was successfully
predicted by the slave device, with the correlation coefficient and the root mean square error for SSC prediction in validation
set of 0.865 and 0.919%, respectively. In addition, the developed handheld SSC detection device could transmit SSC prediction
value by Bluetooth to cell phone application written by Android language, which achieved the visualization of SSC values on
Baidu map based on the predicted SSC values and the mobile phone's own positioning information. The overall results of this
study showed that the developed handheld detection device can achieve accurate and non-destructive measurement of yellow
nectarine SSC. With the help of the model transfer algorithm, the model can be shared and effectively transferred between
different devices, avoiding repeated modelling and saving a lot of time and money. The developed device could meet the
demand for rapid, non-destructive, and on-site detection of fruit internal quality. There are good prospects for wide application
of the developed handheld detection device.

Keywords: non-destructive; model; visible and near-infrared spectroscopy; soluble solids content; yellow nectarine
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