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Introduction
1 

The development of portable devices for real-time quality assessment of sugarcane is an essential necessity in 
the agricultural and industrial technology of sugarcane production and processing. Attributes of sugarcane such 
as sugar concentration and water content can be utilized for this purpose. Near infrared (NIR) spectroscopy has 
been one of the most widely applied techniques for quality evaluation of sugarcane. However, NIR 
spectrophotometers in the full NIR wavelength range (up to 2500 nm) are expensive devices that are not readily 
available for portable applications. Short-wave NIR devices in the range of 1100 nm are available at lower costs 
but need to be evaluated for specific applications. On the other hand, dielectric spectroscopy has attracted the 
attention of researchers for quality evaluation of agricultural and food products. In a previous study, a parallel-
plate capacitance sensor was developed and evaluated for non-destructive measurement of sugarcane Brix (total 
soluble solids) and Pol (sucrose concentration) as well as water content, in the frequency range of 0-10 MHz. 
The results showed excellent prediction models with root mean square errors smaller than 0.3 for Brix and Pol. 
This study aimed to develop and evaluate a dielectric sensor that can be extended for portable measurements on 
standing sugarcane stalk in comparison with short-wave NIR (SWNIR) spectroscopy to address how the fusion 
of the two methods may improve the accuracy of models for predicting sugarcane Brix.  

 

Materials and Methods 

A dielectric sensor in the form of a gadget was developed with metallic electrodes to encompass the 
sugarcane stalk samples. The dielectric sensor was excited with a sinusoidal voltage within 0-150 MHz 
frequency range by a function generator, and the conductive power through the electrodes was measured using a 
spectrum analyzer. 105 sugarcane stalk samples were prepared from seven sugarcane varieties and scanned with 
the dielectric sensor. The samples were also subjected to Vis-SWNIR radiation in the wavelength range of 400-
1100 nm, and the reflectance spectra were captured. Reference Brix and water content of the samples were 
determined using a portable refractometer and oven-drying method, respectively. Regression analyses and 
artificial neural networks were performed on independent and combined data from dielectric and Vis-SWNIR 
spectroscopy to develop prediction models for Brix and water content.  

 

Results and Discussion 

Partial least squares regression on independent data sets of each instrument resulted in RMSEP = 1.14 and 
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RMSEP = 1.88 for Brix using Vis-SWNIR and dielectric spectroscopy, respectively. Moreover, data fusion of 
dielectric and Vis-SWNIR spectroscopy at a low level for the prediction of Brix significantly improved the 
prediction accuracy to R

2
P = 0.94 and RMSEP= 0.74. The medium-level data fusion resulted in R

2
P = 0.89 and 

RMSEP = 0.93 for prediction of water content. 
 

Conclusion 

In this study, the accuracy of using Vis-SWNIR and dielectric spectroscopy data for predicting Brix and 
water content in sugarcane stalk samples was evaluated. To develop the prediction models, partial least squares 
(PLS) regression and artificial neural network (ANN) were compared. First, the prediction models were 
developed based on Vis-SWNIR and dielectric spectroscopy independently. Then, the two techniques were fused 
and the improvement in the prediction accuracy was investigated. Fusing the two methods at an intermediate 
level lowered the RMSE of Brix to 0.74, showing noticeable improvement compared to previous studies. Based 
on the achieved results, developing a fusion probe for SWNIR and dielectric spectroscopy and designing the 
measuring system could be the aim of future studies for in-situ evaluation of sugarcane quality parameters. Due 
to the importance of sugarcane quality evaluation, during growth and maturity, the results of this study can have 
a significant role in the development of a portable device that combines NIR and dielectric spectroscopy 
methods for fast and non-destructive evaluation of sugarcane quality parameters.  
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,  ©ĀLLù óĀLLÕ wLL£,,++ ā¿vºLLýv ćv¾LLz #¾¤ùĀýwLLý ć¾LLĊñ

    ¢LÅv ā¹ĀLúý yLö« ¹Ā· Ăz ć¿½ÿwÊí ÿ Ĉĉv¼á ¹vĀù ĈæĊí ¡wĊÍĀÎ·
äĊÕ Ăí v¾¯ªþÅ½¹ ćwă    ½¹ ûv¿½v w¤{LÆý ¢LúĊé wz ĈæĊÕ ā¹ÿº´ù üĉv

Ĉù ºĊõĀ£ ÀĊý ½ĀÊí ô·v¹)ºýĀÉ 
 üĊLLþ°úă½¹  ¡wLLÞõwÖù¹ºLLÞ¤ùć v½wLLíĈĉ Çÿ½ ÕLLĊä¬þLLÅĈ 

¹ć ¾¤îõvĉì v¾zć í È¬þÅĊæĊ¢ ¹vĀù  v¼LáĉĔ ÿ  ē¿½ÿwLÊí ¿v  ĂLöú« 
  $ ½ĀLòýv ā½wLÎÝGarcia, Torres, De Blas, De Francisco, & 

Illanes, 2004#I  āÀLz¾· $Guo, Nelson, Trabelsi, & Kays, 

2007# IíĊæLLĊ¢ $ ¢LLÉĀñAldeza, Botella, Toldr, & Fito, 

2010#I  vĀL¤´ùć    ôLÆÝ ½¹ ºLþé$Guo, Zhu, Liu, & Zhuang, 

2010#I Å½ĊñºĈ  $ ¿ĀLùSoltani, Alimardani, & Omid, 2011# I
ýĊ ¾îLÊ $Naderi-Boldaji et al., 2015# I    ûĀL¤ĉ¿ üLáÿ½ ¢LĊæĊí
$Sanaeifar, Jafari, & Golmakani, 2018# $ ćĀĊí ÿFazayeli, 

Kamgar, Nassiri, Fazayeli, & Guardia, 2019 #Å½¾zĈ   āºLÉ
ć¹ Çÿ½ )¢Åv     ¢LĊözwé wLz ¢LúĊé ûv¿½v ÿ ā¹wLÅ Çÿ½ ìĉ ìĉ¾¤îõv

 ā¿vºLýv ĈLLù x¾LL¸ù¾Ċá ôîLÉ ĂLLz ć¾LLĊñ  ÿ ĂÞLLÅĀ£ ûwLLîùv ĂLLí ºLÉwz
LLzĂ  Çÿ½ ĂLLz ¢{LLÆý ûj ć¾Ċñ½wLLíNIR LLzĂ ûwLLÅj yLL£v¾ù )¢LLÅv ¾LL£
äĊÕ ć¹ Ĉ¬þÅv¾ĊĊâ£ ºýÿ½ È¬þÅ ¾òýwĊz ìĉ¾¤îõv ĂLÎ¸Êù ¡  ćwLă
ć¹   ĂLí ¢LÅv ¾òÆ³ Ĉîĉ¾¤îõv ûvºĊù Äýwí¾å ¿v ĈÞzw£ ā¹wù ìĉ¾¤îõv

äĊÕ ôîÉ Ăzć¹ ćwăĈù ½v¾é ôĊö´£ ¹½Āù ìĉ¾¤îõv ¹¾Ċñ (Blakey 

& Morales-Partera, 2016; Nelson, 2004; Skierucha, 

Wilczek, & Szypowska, 2012))  ûv½wLLîúă ÿ Ĉ«vºLöz ć½¹wLLý 
(Naderi-Boldaji et al. 2015) wz ā¹wæ¤Åv ¿v Çÿ½ äĊÕ Ĉ¬þÅ¹ć

¾¤îõvĉì ÿ zĂ  ñ½wLíĊ¾ć  Lĉì  ¾òLÆ³  ý¿wL·Ĉ  Ă´æLÍ  ¿vĀLùć  ûwLîùv 
ā¿vºýv ñĊ¾ć vĀ¤´ùć  ºþéĂéwÅ ½wĄ¯      ĈLÅ½¾z v½ ¾îLÊĊý äLö¤¸ù øLé½

ā¿vºýv ćv¾z Çÿ½ üĉv xĀöÖù ½wĊÆz ¢é¹ ¿v Ĉíw³ ªĉw¤ý )ºý¹¾í  ć¾LĊñ
   ôîLÉ ĂLz ĂéwÅ ¢zĀÕ½ ćvĀ¤´ù ÿ #¿ÿ½wíwÅ$ ô~ Ă«½¹ IÄîĉ¾z Ă«½¹

                                                           
1- Visible-Short Wave Near-infrared 



Ĉ«vºöz ć½¹wý  Iûv½wîúă ÿ Çÿ½ Ĉzwĉ¿½väĊÕ ¬þÅĈ ¹ć ¾¤îõvĉì æö£ ½¹Ċè Õ Çÿ½ wzĊä ¬þÅĈ    )))-.4   

ć¹ xv¾~ ìĉ ĂÞÅĀ£ v¼õ )¹Āz x¾¸ù¾Ċá   ÿ ĂÞLÅĀ£ ¢LĊözwé wz ìĉ¾¤îõv
zĂ ôzwé ôîÉ Ăz ć¾Ċñ½wí    üĊLz ĂöLÍwå ¾ĊĊâ£ ûwîùv ÿ ôú³  wLă¹ÿ¾¤îõv

       ÿ ¡ÿwLæ¤ù ćwLă¾Öé wLz ¾îLÊĊý äLö¤¸ù ÷wLé½v ĂéwÅ wz çw{Öýv ¢Ą«
ā¿vºývć¾ĊñĂÝ½Àù ćwă )¢å¾ñ ½v¾é ¾Úý ºù ćv 

èĊæö£ Çÿ½ā¿vºýv ćwăäö¤¸ù ć¾Ċñ, Ĉù ½¹ ºLývĀ£    ¢Lé¹ ÈĉvÀLåv
ā¿vºývĂÎ¸Êù ć¾Ċñ Lz ¾Ċ§w£ ć¿½ÿwÊí ¡đĀÎ´ù ĈæĊí ćwăĂ   ĈĉvÀLÅ

ºÉwz Ă¤Év¹) zĂ ½ĀÕ Ĉöí èĊæö£ ā¹v¹ ćwă ÿ¹ wĉ ºþ¯ ¾òÆ³  ĂLz   ËĀLÎ·
Ĉýwù¿ Ĉù ºþĉwúý ¹w¬ĉv ā¹wù wz Ĉ£ÿwæ¤ù ôzwê¤ù ¡v¾§v wă¾òÆ³ Ăí  ºLývĀ£ 
Ăz ¢{Æý ¢õw³ ā¹wæ¤Åv ¿v ìĉ I¾òÆ³  ¡wLÝĒÕv  èLĊé¹  ć¾L£ ¿v   ā¹wLù
øăv¾å ā¹¾í ÿ ¾¬þù Ăz ªĉw¤ý  ć¾L¤Ąz  ĀLÉ¹ $Korel, Luzuriaga, & 

Balaban, 2001 )#ĂþĊù¿ ½¹ ĈêĊê´£ ûĀþíw£ ā¹wæ¤Åv ć ÿ¹ ¿v ĈLêĊæö£ 
Çÿ½ äĊÕć¹ Ĉ¬þÅ ÿ ìĉ¾¤îõväĊÕ  Ĉ¬þLÅVis-SWNIR   ćv¾Lz
ā¿vºýv   ĂéwLÅ ¿v ā½wLÎÝ ©v¾¸¤Åv ûÿºz ¾îÊĊý ĂéwÅ ºþé ćvĀ¤´ù ć¾Ċñ

ā¿vºýv )¢Åv āºÊý Ç½vÀñ ć¹ ¾òLÆ³ wz ć¾Ċñ     ¾L§v ĂLĉw~ ¾Lz ìLĉ¾¤îõv
ÿ½ wz ÿ ā¹wù wz Ĉîĉ¾¤îõv ûvºĊù ìĉ ôzwê¤ùäĊÕ ÇĈ¬þÅ  ¾z µ¾Åÿ¾å
Ĉù ÄĊÕwþâùÿ¾¤îõv äĊÕ ¿v ćÁ¾ýv x¼« Ăĉw~  ĈLù ½wLÚ¤ýv v¼õ )ºÉwz ¹ÿ½

   ½¹ v½ ā¹wLù wLz ôzwê¤ù ¾§v ÿ¹ ¿v Ĉöúîù ¡wÝĒÕv ºývĀ¤z Çÿ½ ÿ¹ èĊæö£
ā¿vºývèĊé¹ ć¾Ċñ     )ºLĉwúý ¹wL¬ĉv ¾îLÊĊý ĈLæĊí ¡wÎ¸Êù ¾£  üĉv¾zwLþz

   5¿v ºLþ£½w{Ý ÈăÿÂL~ üĉv ãvºăv,(    ĈzwLĉ¿½v ÿ ĂÞLÅĀ£   ¾òLÆ³ ìLĉ
ć¹ z ÿ ĂÞÅĀ£ ¢Ċözwé wz ìĉ¾¤îõvĂ ā¿vºýv ćv¾z ć¾Ċñ½wíĂÝ½Àù ć¾Ċñ ćv

 Ix¾¸ù¾Ċá ôîÉ Ăz ¾îÊĊý ĂéwÅ -(  Çÿ½ Ĉzwĉ¿½väĊÕ Ĉ¬þÅVis-

SWNIR ā¿vºýv ½¹  ĂLÎ¸Êù ć¾LĊñ     ÿ ¾îLÊĊý ĂéwLÅ ĈLæĊí ćwLă.( 
 äLLĊÕ x¾LL¸ù¾Ċá Çÿ½ ÿ¹ èLLĊæö£ ĈzwLLĉ¿½vć¹ Ĉ¬þLLÅ ÿ ìLLĉ¾¤îõv

äĊÕ Ĉ¬þÅ Vis/WSIR Ąz ½¹ ā¿vºLýv ¢é¹ ¹Ā{    ÿ ºLþé ¢LÚöá ć¾LĊñ
)ĂéwÅ ¢zĀÕ½ ćvĀ¤´ù 

 

¹vĀù ÿ Çÿ½wă 

ĂýĀúý ĂĊĄ£wă 

IĂÞõwÖù üĉv ½¹ ĂýĀúý    ¿v ÀĊĉwL~ ôLÎå ¾L·vÿv ½¹ āºĊÅ½ ¾îÊĊý ćwă
 ¾îÊĊý Û½vÀùº³vÿ ûw¤Å¿Ā· ûw¤Åv ¾Ċ{í¾Ċùv ¢ÞþÍ ÿ ¢Êí  )ºÉ ĂĊĄ£

ĂýĀúý  ¢Læă ¿v wă  øLé½   ć½wL¬£CP-48ICP-57  ICP-69 ICP-70 I
CP-73 IIRC-9902  ÿIRC-9903  )ºýºÉ xw¸¤ývĂz   ÈLÉĀ~ ½ĀÚþù
ā¾¤Æñ ĂýĀúý Iºþé ¢Úöá ¡v¾ĊĊâ£ ¿v ćv wăĂz     ÓwLêý ¿v Ĉå¹wLÎ£ ¡½ĀLÍ
äö¤¸ù ºþ¯  ĂÝ½Àù ÿ ĂLĊĄ£  āwL£Āí ½¹     ĂLz üLîúù ûwLù¿ üĉ¾L£  ôL´ù
ā¿vºýv ć¾Ċñ    ¹¾í¾ĄLÉ āwòLÊýv¹ ½¹  ºLÉ ôLê¤þù ĂLýĀúý )ºý    ûwLù¿ wL£ wLă
ā¿vºýv ¿v ć¾ĊñĀö« ćv¾z ć¾Ċñ ¹ ¢zĀÕ½ û¹v¹ ¢Å¹ ¿v ÿ ¹wÆå ów°¸ĉ ½
wz  ćwù¹/  Ă«½¹ÃĀĊÆöÅ  )ºýºÉ ć½vºĄòýā¿vºýv Ûÿ¾É ¿v ÈĊ~ ć¾Ċñ

Ăz Iøé½ ¾ă ćv¾z ĂýĀúý IĈĉwù¹ ó¹wÞ£ Ôĉv¾É ć½v¾é¾z ½ĀÚþù ¡ºù Ăz wă

                                                           
1- Sensor fusion 

,-   )ºþLÅ¾z ÔĊL´ù ćwù¹ Ăz w£ ºÉ ć½vºĄòý Èĉwù¿j ô´ù ½¹ ¢ÝwÅ 
Èĉwù¿j ÷w¬ýv ćv¾z üĊz ĈýwĊù ¢úÆé ¿v wăā¾ñ  ¹vºLÞ£ IĂéwÅ ćÿ½ ćwă

,+0  ĂýĀúý,+ Ĉ¤ýwÅ  ÿ¹ ĂLz ĂýĀúý ¾ă )ºÉ ĂĊĄ£ äö¤¸ù ÷wé½v ¿v ć¾¤ù
 ĂÞÖé0 Ĉ¤ýwÅ  ¢Læ« ć¾L¤ù        ćv¾Lz ûj ¿v ĈLúĊý ĂLí ºLÉ āºLĉ¾z āºLÉ
ā¿vºýv  ā¿vºLýv ćv¾z ûÿj ½¹ ûºýwîÊ· Ä Å ÿ wă¾òÆ³ wz ć¾Ċñ  ć¾LĊñ

¢æ« øĊý ÿ ¢zĀÕ½ ćvĀ¤´ù ā¿vºýv ćv¾z āºÉ é ¢LÚöá Ü«¾ù ć¾Ċñ  ºLþ
      ½¹ ºLþé ¢LÚöá ºĉºLÉ ¡v¾LĊĊâ£ ĂLz Ă«Ā£ wz )¢å¾ñ ½v¾é ā¹wæ¤Åv ¹½Āù

Ăz I¾îÊĊý ĂéwÅ óĀÕ ¹vº¤ùv     ćvĀL¤´ù ¡v¾LĊĊâ£ ā¾¤LÆñ ÈĉvÀåv ½ĀÚþù
ĂýĀúý Iºþé¢úÆé ¿v wă      ĂLĊĄ£ ĂéwLÅ üĊĉwL~ ÿ ÔLÅÿ I¾LÅ äö¤¸ù ćwă
 )ºýºÉĂýĀúý ¾Öé    ¢Lé¹ wLz ÄĊõĀLí ÔÅĀ£ wă+,*+  ĈLöĊù   ÷¾L« ÿ ¾L¤ù

ûj xĀÕ¾ù£ ÔÅĀ£ wă ¢é¹ wz ów¤Ċ¬ĉ¹ ćÿ¿v¾+,*+ ā¿vºýv ÷¾ñ ÿ ć¾Ċñ
 )ºĉ¹¾ñ ¢{§ 

 

äĊÕć¹ Ĉ¬þÅìĉ¾¤îõv 

Ăz ā¿vºýv ½ĀÚþùć¾Ċñć¹ ćwă    ¾L{ýv ìLĉ ôîLÉ Ăz Ĉzv¾~ Iìĉ¾¤îõv
 ôîÉ$ ºÉ Ă¤·wÅ,(ā¿vºýv ûwîùv ¢Ą« ¾òÆ³ üĉv )#äõv  Üĉ¾LÅ ć¾Ċñ

yÎý ¹ÿ¾¤îõv ÿ¹ ¿v ôîÊ¤ù ĂéwÅ ćÿ½ ¾z  ĈLù ¾{ýv Ăýwă¹ ½¹ āºÉ  )ºLÉwz
ç½ÿ ¿v û¿w· ćwă¹ÿ¾¤îõv      ¹wLÞzv wLz ôîLÉ ôĊÖ¤LÆù ÷ĀĊþĊùĀõj-=0*, 

Ĉ¤ýwÅ ¾¤ù ôzwé ¾{ýv Ăýwă¹ ĂöÍwå )ºýºÉ yÎý øă ôzwêù ½¹    ĂLz ÿ ¾LĊĊâ£
¢Êñ¾z ć¾þå ôîÉĈù ¾ĉ¼~Ăz ºÉwzĈù Ăí ćĀ´ýā¿vºýv ûvĀ£  ¾Lz ć¾Ċñ

ĂéwÅ ćÿ½¢ùw¸Ñ wz wă  û¿wL· ćwă¹ÿ¾¤îõv )¹Āúý v¾«v v½ äö¤¸ù ćwă
 ĂÎ¸Êù Äývº ùv wz ówĊÆívĀí ôzwí èĉ¾Õ ¿vÝ 0+  Ăz ã¾Õ ìĉ ¿v

 āwò¤Å¹$ ówþòĊÅ ºõĀùAg-4151, Owon, Hong Kong#    ĂLþùv¹ wLz
 ĈÆýwí¾å,0+(+ ôĊö´£ āwò¤Å¹ Ăz ¾òĉ¹ ã¾Õ ¿v ÿ À£¾ăwòù äĊÕ ¾ñ

$GSP-827, GW Instek, Taiwan#  ôîÉ )ºÉ ôÎ¤ù,(   vÀL«v x
 ā¿vºLLýv ĂýwùwLLÅ ½¹ ówLLÎ£v āĀLL´ý ÿĈLLù ûwLLÊý v½ ć¾LLĊñ Çÿ½ )ºLLă¹

ā¿vºLLýv   äLLĊÕ ÈăÿÂLL~ üLLĉv ½¹ ā¹wæ¤LLÅv¹½Āù ć¾LLĊñ  ûvĀLL£ Ĉ¬þLLÅ
ć¹ ÷wý ìĉ¾¤îõv  ¿v Ĉîĉ¾¤îõv ûwĉ¾« Ĉý¿w· ¢ĉvºă wÅwÅv Ăí ºÉ ć½v¼ñ

ć¹ ā¹wù èĉ¾Õā¿vºýv v½ ìĉ¾¤îõvĈù ć¾Ċñ  ¡v¾LĊĊâ£ ¾Ċ§w£ ¢´£ Ăí ºþí
ĂÎ¸Êù ½¹ ¹Ā«Āùăć¹ ćw   ĈLù ½v¾Lé ā¹wLù ìĉ¾¤îõv $ ¹¾LĊñNaderi-

Boldaji et al., 2015 )# ówþòĊÅ ºõĀù yĊí¾£ wz Çÿ½ üĉv ¿v ā¹wæ¤Åv
ôĊö´£ ÿć¹ ¡wĊÍĀÎ· ¾ĊĊâ£ È¬þÅ ćv¾z äĊÕ ¾ñìĉ¾¤îõv ¡wÞĉwù 

 ¿v ā¹wæ¤Åv wz ìĉ  ¾ñºĉºLÊ£ ¾òÆ³ ĂývĀ¤LÅv ćv    ÿ ïĀLă ÔLÅĀ£ Ē{Lé
 $ ûv½wLîúăHoog et al., 2012    )¢LÅv āºLÉ Ç½vÀLñ #  ¡wLÎ¸Êù

ć¹ ć¹ yĉ¾Ñ ôùwÉ ā¹wù ìĉ ìĉ¾¤îõv$ ìĉ¾¤îõv‐#    ¢Låv ½Ā¤íwLå ÿ
$‐Ĉù #ć¹ yĉ¾Ñ Ăí ºÉwz       ûvºLĊù ćÁ¾Lýv x¼L« ¾òýwLĊz ìLĉ¾¤îõv

Ĉ{Öé ÿ¹ ÔÅĀ£ Ĉ«½w· Ĉîĉ¾¤îõv      ÷ÀĊýwLîù wLz ā¹wLù ½¹ ¹ĀL«Āù ćwLă
½Ā¤íwå ÿ ûĀĊÅvÀĉ½Ē~      ĂLz ĈLîĉ¾¤îõv ćÁ¾Lýv ôĉºL{£ ûvÀĊù ¾òýwĊz ¢åv
ĈLLù ā¹wLLù ½¹ ¡½v¾LL³ā¿vºLLýv )ºLLÉwzĂLLÎ¸Êù ôê¤LLÆù ć¾LLĊñ ćwLLă

ć¹ āwò¤Å¹ ºþù¿wĊý ā¹wù ìĉ¾¤îõv  ôLĊö´£ ćwLă     wLĉ Ăî{LÉ ć½v¹¾Lz ¾Lñ



-/+     üĊÉwù Ăĉ¾Êý  ºö« Ić¿½ÿwÊí ćwă,/ ā½wúÉ I. ÀĊĉw~ I,/+. 

ôĊö´£Ĉù Äývº ùv ¾ñāwò¤Å¹ Ăí ºÉwz ûv¾ñ ½wĊÆz ćwă    ÿ ā¹ĀLz ¢LúĊé
Ăz Ĉúý Ã¾¤Å¹ ½¹ Ĉñ¹wÅ ¹½Āù Çÿ½ v¼õ )ºþÉwz ĂÞõwÖù üĉv ½¹ ā¹wæ¤Åv

ć¹ ¡wĊÍĀÎ· ¾§v ć¹ ûvĀL£ ¾¤ùv½w~ wz v½ ìĉ¾¤îõv   ¿v ĈÞzwL£ ìLĉ¾¤îõv
äĊÕ ôîÉ Ăz Ăĉ¼â£ Äýwí¾åĈù ½v¾é ½wĊ¤·v ½¹ ûvĀ£ ćwă ĈĉwývĀ£ )ºă¹

     ĂL¤å¾ñ ½v¾Lé ºLĊĉw£ ÿ ĈzwLĉ¿½v ¹½Āù Ĉö{é ¹ºÞ¤ù ¡wÞõwÖù ½¹ Çÿ½ üĉv
  ¢LÅv(Ghasemi-Varnamkhasti, Ghatreh-Samani, Naderi-

Boldaji, Forina, & Bonyadian, 2017; Hoog et al., 2012; 

Mireei et al., 2016; Naderi-Boldaji et al., 2018) ) 

ā¿vºýv ēv¾zĂýĀúý ē¾Ċñ ûvĀ£ Iwăć¹ìĉ¾¤îõv  ½¹ ā¹ÿº´ù Äýwí¾å
üĊz MHz ,0+(+ ā¿vºýv ÿ ē¾Ċñ¿v ā¹wæ¤Åv wz ÷¾ý  Ĕéw´õv ½vÀåv āwò¤Å¹
ôĊö´£¾ñ äĊÕ  )ºÉ ¢{§Ăz Ă«Ā£ wz  ûwîùv ÷ºÝ  ÄýwLí¾å xÿ½wL«   ĂLz

Ă¤ÅĀĊ~ ôîÉI Äýwí¾åwă  Ĕ¤Å¹ ôîÉ Ăz ½¹34     ĂöLÍwå wLz$ ÄýwLí¾å
MHz 0*+ ā¹ÿº´ù ½¹ MHz ,+(+  ĂöÍwå wz ÿ-  üĊLz MHz ,0+(
,+ #ā¿vºýv ÿ ºÉ øĊÚþ£Äýwí¾å ¾ă ½¹ ûvĀ£ ē¾Ċñ  )ºÉ ÷w¬ýv Ăýwñvº« 

 

 
ôîÉ ,( ć¹ ¾òÆ³ #äõv ā¿vºýv ĂýwùwÅ #x ÿ ìĉ¾¤îõvć¹ ć¾Ċñ vÀ«v ÿ ìĉ¾¤îõvć ûj 

Fig.1. a) The dielectric sensor and b) the dielectric measuring system and its components 
 

äĊÕ Ĉ¬þLÅ  ĈLt¾ù(   ìLĉ¹Àý µ¾LÅÿ¾å   $ āwL£Āí ©ĀLùVis-

SWNIR# 

Üú« ć½ÿj äĊÕ ćwăVis-SWNIR ĂýĀúý ¿v Çÿ½ Ăz wă  ĈzwL£¿wz
ĈÊþív¾~, āwò¤Å¹ ¿v ā¹wæ¤Åv wz ÿ ÿ¾¤î ÅvĀ£Āå¾¤ù  óºù$NIR-V900 #

   äLĊÕ üLĉv )ºLÉ ÷w¬ýv ûv¾ĉv ½Āý ìĉÀĊå ûv½ÿwþå ¢í¾É ¢·wÅ  ªþLÅ
½v¹v ¿wLLÅ½wîÉj ćCCD

- I ĈLLæĊÕ ā¹ÿºLL´ù/++ wLL£ ,,++  ÿ ¾¤ùĀýwLLý
¢Ċözwé ìĊîæ£  óĀÕ©Āù 0  ¾¤ùĀýwý¢Åv)  üĊþ°úă ÀĄ¬ù āwò¤Å¹ üĉv
 Ăzìĉ ¾òÉÿwí  ć½Āý ¾{Ċå ôùwÉ1  ć½Āý ¾{Ċå-++ ĈLýÿ¾îĊù   ÀLĄ¬ù

 Ĉ«ÿ¾· āwñ½¹ ĂzSMA ć½ĀÕ Ăz ¢Åv  Ăí0  ¿v ½Āý ówê¤ýv ĂæĊÙÿ ¾{Ċå
 ¿v āºùj¾z ćĀ£¾~ ¢ĉvºă ĂæĊÙÿ ¾{Ċå ìĉ ÿ ĂýĀúý Ăz ûÁĀõwă ć½Āý Ü{þù

    ĈLù ÷wL¬ýv v½ ¾¤ùĀ£Āåÿ¾¤î LÅv āwò¤LÅ¹ Ăz ĂýĀúý Lă¹º )  wL¤ĉwĄý  äLĊÕ
Ăz ¢LÅ¹   èLLĉ¾Õ ¿v āºLLùj   āwLñ½¹USB     ôLê¤þù ĂLýwĉv½ ĂLzÿ   ā¾LĊ·»

                                                           
1- Diffuse reflectance 
2- Charge-Coupled Device 

Ĉù ā¿vºýv ćv¾z )¹ĀÉĂýĀúý ć¾Ċñ    ĈýĀLöæ£ ĂLĉw~ ìLĉ I¾îÊĊý ĂéwÅ ćwă
 ¾Öé Ăz Ĉ·v½ĀÅ ćv½v¹0 ĈöĊù     ć½ĀLý ¾L{Ċå ½ĀL{Ý ¢LĄ« Àí¾ù ½¹ ¾¤ù
 ôîLÉ$ ºÉ Ă¤·wÅ -(xå )# ĂöLLÍw     ²ÖLLLÅ ¿v ć½ĀLLLý ¾LLL{Ċå ĂLĉw~ 

ºLLý½vºĄòýĈùwLLú£ ½¹ ĂLLýĀúý ā ā¿vºývć¾Ċñ¢zw§ wă $0 ĈöĊù#¾¤ù   ¹ĀLz
ĂzĈ£½ĀÍ øĊê¤Æù Ãwú£ ĂýĀúý wz ¾{Ċå Ăí    ¹ĀL«Āù ¡wLúĊÚþ£ wz )¢Évºý
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 ôîÉ-( ā¿vºýv Ówêý #äõv±¾Õ #x ÿ ĂéwÅ ćÿ½ ć¾Ċñ ā½vÿā¿vºýv Çÿ½ ćäĊÕ ć¾Ċñćwă VIS/NIRI © #ÞéĀùĊ¢ åĊ¾{ ½Āýć ¢{Æý Ăz ĂýĀúýwă  #¹ ÿ

äĊÕ āwò¤Å¹  ā¹wæ¤Åv ¹½Āù ªþÅ 
Fig.2. a) The scanning points on the sugarcane stalk, b) Schematics of Vis-NIR measurement setup, c) The position of 

optical fiber with respect to the sample, and d) The device used for obtaining spectral data  
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 ôîÉ.( ±¾Õ ā½vÿ íĀözĈ Çÿ½ æö£Ċè w~ ²ÖÅ ā¹v¹Ċĉü $LLF# 

Fig.3. Block diagram of the low level data fusion model (LLF) 
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Fig.4. Block diagram of the intermediate fusion model (ILF) 
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