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Ã|Ì°q   

�Á� �Y Ã{Z/̈f//�Y Z/] ÓÂ¼ » Ê]Ô³ ÃÂÌ» Ê¨Ì¯ �YÂy �Ìz//�eÊ» ¹Z/n¿Y [�z» ÉZ/Å ¾ÌÀq Ä/̄  {Â//�
�Á��Á� ¾f§ZË ¾ËY�]ZÀ] ,|Àf//�Å �Ì³ d«Á Á �] ÄÀË�Å ÓÂ¼ » ÉZÅ  ½Z°»Y [�z» �Ì£ c�Â//�] Ä¯ ÊËZÅ

Ê¨Ì¯ Ê/�YÂy �nÀ/� ÃÂÌ»    d/�Y dÌ¼ÅY ÉY�Y{ |À¯ ¾ÌÌ e Y� Ê¨Ì¯ �YÂy ¾ÌÌ e ªÌ¬ve ¾ËY �Y ¥|Å .
¦Ì� �Y Ã{Z¨f/�Y Z] Ê¿Z»�Z^¿Y Ã�Á{ Ê� Ê]Ô³ ÃÂÌ» ÊnÀ/�w�/�Á�§  .d/�Y ÃÂÌ» ÉZÅZ»{ Z] �Ìv» Ä/� �{ ZÅ

 cÁZ¨f»0  ,5  Á10    Äm�{�ÂÌ/�¸/�   .|¿|/� Ã�Ìy}¦Ì� �b/�  ÉZÅVis/NIR   �Y Ä¿Â¼¿ �Å ÉY�]4   ÃÂÌ» Ä�¬¿
Ã�Y|¿Y.|/� É�Ì³ Ê³�ËÁ | ] Ä¸u�» �{)Ê]Ô³ ÃÂÌ» Ê¨Ì¯ ÉZÅ   µÂ¸v» |»Zm {YÂ»SSC  Á  ¶]Z« ÄfË|Ì/�Y

�fÌeTA�Á� �Z/�Y �] (ÊËZÌ¼Ì/� ÉZÅ-¶¼ ·Y�Âf/�{ Á �Y�]Y �Y Ã{Z¨f/�Y Z] Á ÊÅZ´/�ËZ»�M ¾ÌÌ e �m�» ÉZÅ
�Ìa Ä¸Ì//�Â] .|//���Y{�aÂÀf» ÉZÅZe �|Ì//�� ¶«Y|u Ä] ºuY�» ¶»YÂ� cY�Ìi �Y Ã{Z¨f//�Y Z] dËZÆ¿ �{ .

Ã{Y{¦Ì� �Y lfÀ» ÉZÅ�ËZ»�M Á ÊnÀ//�)cZ ]�» ¶«Y|u ½ÂÌ//��³� �Á� �Z//�Y �] �m�» ÉZÅPLS (
µ|» Ä] ¹Y|«Y|Ë{�³ É�Z/�.  �Ìa d«{ Ä] �Â]�» ÊÀÌ]SSC  �Ìa ¦Ì� �Z/�Y�] µÁY ªf/�» Z] Ã|/� ��Y{�a

d«{ Z] Á  95/0=2R    Á8/4=SDR |//� ¶//�Zu. �Ìa d«{ Ä] �Â]�» ÊÀÌ]TA �Ìa ¦Ì� �Z//�Y�]  ��Y{�a
d«{ Z] Á ¹Á{ ªf/�» Z] Ã|/�  96/0=2R    Á1/6=SDR |/� ¶/�Zu.  ¦Ì� Ä¯ {Y{ ½Z/�¿ ªÌ¬ve ¾ËY lËZf¿  ÊnÀ/�

Ê» w�/�Á�§�Á� ¾Ë�´ËZm �Ë�/� Á ÄÀË�Å º¯ Ê/�Á� ½YÂÀ ] |¿YÂeÃ�Y|¿Y ÉY�] ÊfÀ/� [�z» ÉZÅ  É�Ì³
 Ê¨Ì¯ �YÂy.|�Z] ÃÂÌ»  

  
:É|Ì¸¯ cZ¼¸¯  

¦Ì�ÊnÀ�- �Ìa��Y{�a-y��Á�§®Ë{�À-Ê]Ô³-µÂ¸v» |»Zm {YÂ».  
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*Ä§�� Êe{Z � �³�¿  

 Ä»|¬»  
dÌ¨Ì¯ Z] cZnË�^/� Á ÃÂÌ» ÉY�] Z/�Z¬e ¾Ì»ZfËÁ Á É~¤» {YÂ» ÉY�Y{ Ä¯|Àf/�Å É�f/�Ì] ÉZÅ �{  |Àq

  Äf/�~³ ÄÅ{Ä]Á�   .d/�Y Ã{Â] �ËY�§YÃY� ¾f§ZË ¾ËY�]ZÀ] Á É~¤» {YÂ» ¾Ì¼ze Á ÊËZ/�ZÀ/� ÉY�] ÊËZÅ�Z¯
¾Ì»ZfËÁµZ//� �{ ÊËÓZ] dÌ¼ÅY �Y É��ÁZ//�¯ cÓÂ//�v» ÉZÅd//�Y Ã{Â] �Y{�Ây�] �ÌyY ÉZÅ  .¾ËY�]ZÀ] 

Ä/m�{ÃÂÌ» É|/À]  Z/Å¾Ì»Z/fËÁ Á É~/¤» {YÂ» ½Y�Ì» Á d/Ì¨Ì¯ �Z///�Y �]  ½M ÉZ/Å  �Y Ê°ËcZ/»Y�·Y  �Y �a 
  d//�Y{�]ÃÂÌ» É�Zne ���Y Ä¯ d//�YÅ Y� ZÊ» �ËY�§Y|Å{]8[ . �{ �f//�Ì] ½ZÀÌ¼�Y ½{�ÁM d//�|] ÉY�]

Ã|/� É|À] Äm�{ cÓÂ/�v» dÌ¨Ì¯ {�Â»Ê¨Ì¯ Ê]ZË��Y ,   |ËZ]Ä¿Â¼¿ �Z/�Y �]|/�Z] É{ZË� ÉZÅ    Á  ÉÂ/� �Y
|ËZ] �´Ë{ Ä]c�Â/�  [�z»�Ì£ Á �Ë�/� {Â/� ¹Zn¿Y ÊËÂm Ä§�/� ÄÀË�Å Á d«Á �{ Ze  �ËY�§Y d«{ Á Ã|/�

|/]Z/Ë]3[.  � �ÌyY Ä/Å{ �Z/Æq �{�ÁÊ¨Ì¯ Ê]Z/Ë��Y ÉY�] É{|/ f» ÉZ/Å  ¾Ì»Z/fËÁ Á É~/¤» {YÂ»  ÃÂÌ» ÉZ/Å
Ä]  �Y|]Y [�z»�Ì£ c�Â/�Ã|/�d/�Y  ZÆÀe Ä¯ Ê¯|¿Y {Y| e ½M �YÄf/�¿YÂe ZÅ|¿Y  �Y [Â¸�» �ËY�/�  �Zv·

 ÄÌmÂe Á {�Z/� Ã{�ÁM�] Y� Êf À/� Á ÊÀ§  É{Z/�f«Y�Á� .|À/�Z] Äf/�Y{,Ê°ÌfaY ÉZÅ   Á ÊËZÌ¼Ì/� ,Ê°Ì¿Z°»
kYÂ»Y  Á�f°·Y�{ ÊeÂ� Á Ê/�Ì�ZÀ¤»  ½Â»�M Ä �ÂeÄf�Y{ Ê�Z�Y �¬¿ [�z»�Ì£ ÉZÅYZ»Y ,|¿ Ä] ÉZÆ�Á� �Z¯
  Äf§��ÁZ¯ ÊËZ¿YÂe Ê³�ËÁÉZÅ ÃÂÌ» �Y É{Á|v»Y� ZÅ .|¿�Y{ ¹�Ó ¾ËY�]ZÀ]  ¾ËY �{ º¯Zu �ËY�//� d//�Y
�Á�ZÅ �ËZ»�M lËZf¿ d^i ZË ��Y�³ �{ Á Ã|� Ê���] d«{ Ä] |¿Â� �Zv·]15[  .  ½ZÌ» �{�Á� ÉZÅ �¯}
Ã|/�   {�]�Z¯  kYÂ»Y  Ä] �Ì�ZÀ¤»Á�f°·YÉ�ÁZÀ§ Ã�ËÁ ¦Ì�/ÊW�» ÊnÀ/�w�/�Á�§   ®Ë{�¿Ä] ÄmÂe Z]  ÓZ] d«{  

½M É�Ë~a�Y�°e dÌ¸]Z« Á  ,É�Zned/�Y Ã|/� É�Z/�  Á   ÉY�] ÊÆmÂe ¶]Z« ���Y  d/�Y{�] �Y �a �ËZÀ/�
d�Y Äf�Y{ ÃÂÌ»]6[.  

�¦ÌnÀ//�Ê NIR Y�]É  ·ÁY¾Ì  �Z]�//�Âe  �Â¿�Ë ]11[  Y�]É  Ã�Y|¿Y³É�Ì  ZÅ{�]�Z¯ �{ Ä¿Y{ d]Â��É 
��ÁZ//�¯É  d/§�³ �Y�« Ã{Z/̈f//�Y {�Â»�Y .  Y�] |/ ] Ä/] ½Z/»� ½MÉ  �neÄ/Ë  ¸ve Á¶/Ì �//� �Ë  »½Y�Ì   ,d/]Â��

XeÁ�a¾Ì  ]�q ÁÊ  � �{¦Ì  Ã{�f/�³YÉ Y~£ cÓÂ/�v» �YÊË    ÁÉ��ÁZ/�¯  f§�³ �Y�« Ã{Z¨f�Y {�Â»Äd�Y  ]5[. 
Ä»Z¿�]ZÅÉ  ·ÁYÄÌ ¿Z^£Z] �{Ê  Âfv» Ä]YÉ  a ®/�y Ã{Z»�ZÌ ]2[YÂfv» ,É   {YÂ») µÂ¸v» cY|»ZmSSC/� (\Ì ]1[  

YÂfv» ÁÉ   o�Z« [M]12[    ½Z»� ½M �Y Z»Y ,{Â] �¯�¼f»¹Zn¿Y É�ZÌ�] cZ¬Ì¬ve .d�Y Ã|�   �Z�f¿Y Ä¯ Zn¿M �Y
Âe�a  NIR » d§Z] �{ÃÂÌ  �^� ÁcZnË  iPe dve�Ì  ��ZfyZ��Ë  ,d�ZÆ¿M  Ä]   {Á�É  � �Y Ä¯ |� ¦�¯¦ÌnÀ�Ê 
NIR »ÊY�] ½YÂeÉ  Ã�Y|¿Y³É�Ì  /�Â/�ycZÌ  � Ä] �Â]�»�ZfyZ/��Ë  fz/� |À¿Z»Ê  /�M ,\Ì  ¸yY{Ê   fu ÁÊ 

ÁÊ³�ËZÅÉ /�uÊ     {�¯ Ã{Z¨f/�Y]9[.  d§�/�ÌaÉZÅ yYÉ�Ì  /�¿Zfa Ä¯¶Ì �¦ÌnÀ/�Ê NIR Y�§Y Y��Ë »Ê ,|Å{
À°e ¶/»Z//�®/ÌZ/ÅÉ  Â//�eÉ�Y{�]�Ë    Á |/Àq�]Y  �Ê¨Ì  ¿Z/°» cZ/�Ô�Y Ä/̄  d//�YÊ  Ê» Ä/WY�Y Y�|/Å{]13[   Á

�¦ÌnÀ//�Ê  Ä/¿Z/»�|/Àq » Ã�Z/mY Ä/̄ÊM�§ Z/e |/Å{ÉZ/Å|/ÀË  À¯Y�a Á [~/m� |/¿Y Ä/¿Z/³Y|/m �Â� Ä/]Ã�Y³É�Ì  
Â/�¿  |]18[.  ¼ÅYdÌ  � ½Á�§Y�Á�¦Ì nÀ/�Ê NIR �ÁZÀ§ �{É Y�§Y �Y d/�Y{�] �Y �a�Ë yY�Ì   {Y| ecÓZ¬» 

Àr¼Å Á¾Ì Y �Y¾Ë  «YÁdÌ //�] Ä¯É�ZÌ ·Âe �Y|ÌÄm�{ �Â�y ½Z³|ÀÀ¯|À]É Ô¿M¾Ë ,//� ½ÂÀ¯Yºf//�Ì ZÅÉ  
NIR Y�] Y�É Ã�Y|¿Y³É�Ì ¯ ¦¸fz» cZ¨�dÌ¨Ì aÃ{ZÌ�Z�É d�Y �Z°�M ,|¿Y Ã{�¯.  

¬Ì¬ve �{Ê SSC   Ê¸»Z e ¦Ì� �Y Ã{Z¨f/�Y Z] Ê]Ô³ w�/�Á�§Ê^Ì¯�e ®ÌÀ°e �Z/�Y �] Á   cZ ]�» ¶«Y|u
ÊW�m PLS Á Ã�Ì¤f»|Àq Ê�y ½ÂÌ//��³�  MLR   Ê^Ì¯�e ®ÌÀ°e �{ .|//� É�Z//�·|»20  )½ZÆ¿ �Ì¤f»LVs (
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  Ä¯ |//� Äf§�³ ��¿ �{ É�Z//�·|» ÉY�]12   �Á� �Y Ã{Z¨f//�Y Z] µÁY Ä¨·Â»PLS  Á8    �Z//�Y �] É| ] Ä¨·Â»

 �Á�MLR  ÊÀÌ] �Ìa Ä]SSC   cZ�Ô�Y �¨u Z] Ê^Ì¯�e É�Z/�·|» Ä¯ {Y{ ½Z/�¿ É�Z/�·|» lËZf¿ .|ÀfyY{�a
  Ê»Z¼eLVs   Ê°e ÉZÆ·|» Ä] d^/�¿ ÊÀÌ] �Ìa �{ É�f/�Ì] d«{PLS  ÁMLR d/�Y Äf/�Y{]22[ ÊÀÌ^�Ìa ½Z°»Y .

SSC  Ê]Ô³ÃÂÆ« Äf/�Å Á º·Z/� ÉZÅ Ê·Z¬f¿Y ÊnÀ/� ¦Ì� �Y Ã{Z¨f/�Y Z] ÉY w�/�Á�§   kÂ» µÂ� Ã{Á|v» �{
600-904  �f»Â¿Z¿   É�Z/�·|» �Z/�Y �]PLS µ|» .|/� Ê/���] Äf/�Å ,º·Z/� ÉZÅ Ê]Ô³ Z] Ã|/� Ã�^Ì·Z¯ ÉZÅ

ÃÂÆ«/� .|¿{Y{ ÄWY�Y Y� d«{ ¾Ë�f/�Ì] \Ìe�e Ä] Ê^Ì¯�e Á ÉYÃ�Y|¿Y ÉY�] Ê^Ì¯�e É�eY�f/�Y ®Ë �b  É�Ì³
ÃÂÆ« Äf//�Å ½Z»�¼Å Á ÉYSSC   Äf//�Å �Y Y� º·Z//� Ê]Ô³ µÁY Ä¸u�» �{ Ä¯ |Ë|m É�eY�f//�Y .|//� ÄWY�Y

ÃÂÆ«Ê» �Ìz/�e ÉY  | ] Ä¸u�» �{ Á |Å{SSC  �Ìa Y�Ê» ÊÀÌ] ZÅ µ|» �ËZ/� Ä] d^/�¿ É�eÓZ] d«{ ,|À¯
d//�Y{]14[.   «� |Àq µ|» �Y Ã{Z¨f//�Y ½Z°»Y¼Ê  Y�]É   e¾ÌÌ ¼¯ÊSSC  ]Ô³ º«� Ä//� �{Ê � �Z//�Y �]¦Ì  

nÀ/�Ê w�/�Á�§  µÂ� Ã{Á|v» �{ ÉZÅ kÂ»350–1000    Á1000–1800    �f»Â¿Z¿Ê���] .|�  �Â´·Y �YºfËZÅÉ 
¤f» [Zzf¿Y ¦¸fz»�Ì  Y�]É Æ]ÄÀÌ�Z//�É µ|».|//� Ã{Z¨f//�Y ZÅ Zf¿  ªÌ¬ve ¾ËY lË |Àq µ|» Ä¯ {Y{ ½Z//�¿

¼«�Ê  Y�]É  a�Ì]ÊÀÌ  SSC  �Y Ã{Z¨f/�Y Z] Ä¿Â¼¿ Ä¼Åµ|» Ä] d^/�¿ ZÅZÅÉ  {�§ º«�É  {Â] �e�] Á  Ä¿Â¼¿³É�Ì  
½�Á {|n»^�e �Y{Ê¬Ì  f]Z«�Ê )CARS�Â´·Y �Y �fÆ] (ºfË  ¤f» ¥~u Â·�Z  ̄d¿Â» ÊeZ�Ô�Y�Ì£ �Ì)MC-UVE  (

a Á�Ì]ÊÀÌZÅÉ aÊa�{Ê)SPAY�] (É  ¤f» [Zzf¿YÉZÅ�Ì  {Â] �iÂ»]7[.   ¶]Ze�a lÀ/� ¦Ì� ®Ë �Y Ê¬Ì¬ve �{
w�/�Á�§  Ê¨Ì� Ã{Á|v» �{310-1100   ÊÀ^/�Ìa ÉY�] �f»Â¿Z¿SSC   Á{ Z] ¡Z] Ä/� .|/� Ã{Z¨f/�Y ¡Z] �{ Ê]Ô³

 [~/m ¦Ì� .d/§�³ �Y�« Ê//���] {�Â» ªÌ¬ve ¾ËY �{ Ê]Ô³ º«�w�//�Á�§   �Á� �Z//�Y�]PLS    ÉY�]
 É�Z/�·|»SSC  ¯ {Y{ ½Z/�¿ ªÌ¬ve ¾ËY lËZf¿ .|/� Ã{�] �Z°]µ|» Ä ÉZÅPLS  ¾ÌÌ e �{ ÊËÓZ] d«{ �YSSC  

�Ìa ÉY�] �»Zm µ|» ®Ë �Y Ã{Z¨f/�Y Ä°Ì·Zu�{ |Àf/�Å �Y{�Ây�] É{�§ ÉZÅ º«� ÊÀÌ]SSC    µ|» Á{ �Å
Ê» µ|» d«{ ½|»Y ¾ÌËZa h�Z]Ê» �»Y ¾ËY Ä¯ {Â/� º«� �Å ÉZÅ Ê]Ô³ cÁZ¨f» Ê³|Ì/�� t�/� Ä] |¿YÂe

 {Â/� Ã{Y{ d^/�¿]4[.  ÊÀÌ] �Ìa ½Z°»YSSC   µZ¬f¿Y ¦Ì� �Y Ã{Z¨f/�Y Z] Ê]Ô³w�/�Á�§   µÂ� Ã{Á|v» �{
  kÂ»630–900  �Y .|/� Ê/���] �f»Â¿Z¿/��³�Ì½Â  W�m cZ ]�» ¶«Y|uÊ )PLS/�Z» Á (Ì¾ f/�a �Y{�]Ì ½Z^-  
�f¼¯ Ë¾  ) cZ ]�»LS-SVM(   É�Z/�·|» ÉY�]SSC   �Á� ¾ÌÀr¼Å |/� Ã{Z¨f/�Y(CARS)    µÂ� [Zzf¿Y ÉY�]

 cY�ÌÌ¤e Á Ê¨Ì� cZ�Ô�Y Ê�Ân¼Å �Y µ|» d«{ ½{�] ÓZ] ÉY�] dËZÆ¿ �{ .|� Äf§�³ �Z°] �iÂ» ÉZÆmÂ»
  �] Ê¨Ì� cZ�Ô�Y ÃY�¼Æ] ��«Á Z»{ Ê/�Ân¼Å µ|» Ä¯ {Y{ ½Z/�¿ ªÌ¬ve ¾ËY lËZf¿ .|/� Ã{Z¨f/�Y ��« Á Z»{

  �Á� �Z�YLS-SVM  ÊÀÌ] Ê�Ìa d«{ ¾Ë�fÆ]SSC   ¶�Zu Y�]17[.  
½Z/°»Y ªÌ¬ve ¾ËY �Y ¥|/Å�Ìa Á ÊËZ///�Z/À//� ÊnÀ//�)Ê]Ô³ ÃÂÌ» Ê¨Ì¯ �YÂy ÊÀÌ]  |/»Z/m {YÂ»

)µÂ¸v»SSC)½ÂÌ//�Y�fÌe ¶]Z« |Ì//�Y Á (TA( cÁZ¨f» É�Y{�Z^¿Y ÊËZ»{ �ËY�//� �{ Á É�Y{�Z^¿Y Ã�Á{ Ê� (
d�Y.  
   

ZÆ�Á� Á {YÂ»  
  Y|f]Y �{ÃÂÌ» ¶°� Á Ã�Y|¿Y ÉY�Y{ Á º·Z� �ÅZ� Z] Ê]Ô³ ÉZÅ|� É�Y|Ë�y ½Z�°ËÊ]Ô³ �b� , �{ ZÅ

9  Äf/�{15 ÃÁ�³ ÊËZeÃÂÌ» .|¿|/� É|À]ZÅ   cÁZ¨f» ÉZÅZ»{ Z] �Ìv» Ä/� �{0  ,5  Á10    Äm�{�ÂÌ/�¸/�  
|¿|//� Ã�Ìy}Ä¿Â¼¿ �b//� ,  Ê¿Z»� ¶//�YÂ§ �{ ZÅ15 ,30   Á45  Ã�Y|¿Y Á |¿|//� k�Zy �Z^¿Y �Y �Á�  ÉZÅ�Ì³
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|/� ¹Zn¿Y Ä¿Â¼¿ �Å ÊËZ¼Ì/� Á Ê¨Ì� ÉZ»{ .0    Äm�{�ÂÌ/�¸/�  ÄÌ/�Âe ÉZ»{  ÃÂÌ» É�Y{�Z^¿Y ÉY�] Ã|/�

Ê» Ê]Ô³Ê³�ËÁ É�f/�Ì] ½Z»� c|» d/�Y �{Z« ÃÂÌ» �ËY�/� ¾ËY �{ Ä¯ |/�Z] �¨u Y� {Ây Ê¨Ì¯ ÉZÅ
|ËZ¼¿]16   Á21[. )¶°/� �{1Ä¿Â¼¿ (Ê]Ô³ �Y ÉYÃ�Á{ �{ ZÅ cÁZ¨f» ÊËZ»{ �ËY�/� Á Ê¿Z»�Z^¿Y ¦¸fz» ÉZÅ

  Ã|/� Ã|Ì/�¯�ËÂ/�e Ä]�Ìa Ze d/�Y Äf/�Y{ {ÂmÁ Ê¿Z»�Z^¿Y Ã�Á{ Ê� ÃÂÌ» É�ÅZ� cY�ÌÌ¤e �Y É�/�] ÄÀÌ»�
|�Z].  

      

      

      
 ¶°�1:  cY�ÌÌ¤e `q Ä] d�Y� �Y .ÊËZ»{ cÁZ¨f» �ËY�� �{ Á Ê¿Z»�Z^¿Y Ã�Á{ Ê� Ê]Ô³ ÃÂÌ» d�Âa Ê´¿� cY�ÌÌ¤e

 Ã�Á{ cY�ÌÌ¤e ¾ÌËZa Ä] ÓZ] �Y Á ÊËZ»{ �ËY�� Ê¿Z»�Z^¿Y  

  
¦Ì�  ÉZ/ÅVis/NIRÊ¸]Z/¬e |/» �{([|/m)    �Y Ä/¿Â¼¿ �Å ÉY�]4  Ã�Y|/¿Y ÃÂÌ» Ä/�¬¿  �Â�À» Ä/] .|///� É�Ì³

µ|» �f»ÂË{Y�Á�f°b//�Y ®Ë �Y Ê]Ô³ �Y ¦Ì� [Z//�f¯YPS-100 )Apogee Instruments, INC., Logan, UT, 

USA  ÃÁ�³ ªÌ«{�Y�]Y ÃZ´/�ËZ»�M �{ {ÂmÂ» ,Z°Ë�»M �Â/�¯ dyZ/� (  ª¬v» ÃZ´/�¿Y{ ºf/�Ì/�ÂÌ] ®Ì¿Z°»
¶]Z« ,®^/� ,®qÂ¯ �ZÌ/�] �f»ÂË{Y�Á�f°b/�Y ¾ËY .|Ë{�³ Ã{Z¨f/�Y Ê¸Ì]{�Y®e ÉY�Y{ ,¶¼u¹Z§ �Y É�Z/�

  ®Ì°¨e c�|«Z] Ã|À/�Za �Â¿1  ÄËY�M �Z/��Z°/�M Á �f»Â¿Z¿CCD    Z] Ê�y ½Â°Ì¸Ì/�2048  Ä¯ d/�Y ¶/�°Ìa
 {Á|/v» ٔە    Ê¨Ì�250-1150 )�f»Â¿Z/¿Vis/NIRÄ/] Y� (]Ây �^Ì§ µZ//�eY d/Ì¸]Z/« ,¾ÌÀr¼Å .|/Å|/Ì» �//�Âa Ê

  �f»ÂË{Y�Á�f°b/�Y Ä] É�Â¿PS-100  Ã�Ìy} Á �ËZ¼¿ ¥|Å Z] Ä¿ZËY� Ä] cZ�Ô�Y ÊËZn]Zm Á¦Ì� É�Z/�  ÉZÅ
¹�¿ �{ Ê]Z/�f¯Y, �Y�§YSpectra Wiz   c�Âa Ä�/�YÂ]USB  ) ¶°/� �{ .{�Y{ {ÂmÁ2 �{ ¦Ì� [Z/�f¯Y ÃÂv¿ (

d�Y Ã|� Ã{Y{ �ËZ¼¿ Ê]Ze�Z] |».  
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 ¶°�2: Ê]Ô³ ÃÂÌ» �Y Ê]Ze�Z]|» �{ ¦Ì� [Z�f¯Y  

  
Ê³�ËÁ | ] Ä¸u�» �{�Á� �Z/�Y �] Ê]Ô³ ÃÂÌ» Ê¨Ì¯ ÉZÅÊËZÌ¼Ì/� ÉZÅ- �Y Ã{Z¨f/�Y Z] Á ÊÅZ´/�ËZ»�M

¶¼ ·Y�Âf/�{ Á �Y�]Y|/� ¾ÌÌ e �m�» ÉZÅ. Ä]Ã�Y|¿Y �Â�À»  É�Ì³SSC    µ|» Ê¼/�q �f»Âf¯Y�§� ÃZ´f/�{
PAL1   d«{ Z]1/0  Äm�{  �°Ë�] ¶°/�)3Ä¿Â ]́ �ËZ»�M ¾ËY ¹Zn¿Y ÃÂv¿ .|/� Ã{�] �Z°] ( |Àq Ä¯ d/�Y ÉY

Ê» Ã|¿YÂy k�|» ½Âf/� ÉÁ� �Y Ä�Â]�» {|� Á ÄfzË� ÃZ´f/�{ ÉÁ� Y� Ê]Ô³ Ã�Z/�� �Y Ã��« {Â/�.    ÉY�]
Ã�Y|¿Y  É�Ì³TA    �Z//�Y �] ºË|//� |Ì//�¯Á�|ÌÅ �Y Ã{Z¨f//�Y Z] ÃÂÌ» Ã�Z//�� ÊËZÌ¼Ì//� ¶Ì¸ve �Á� �Y

){�Y|¿Zf�YGB/T 12293-90|� Ã{Z¨f�Y (]19[.  

  
 ¶°�3: µ|» Ê¼�q �f»Âf¯Y�§�PAL  

  
Ã�Ìy} �Y |/ ]¦Ì� É�Z///�½M ½{�¯ ¶/¬fÀ» Á Z/Å¹�¿ Ä/] Z/Å  �Y�§YExcel  ¾´Ì¿Z/Ì» Z/] ¦Ì��Z/Æq �Y É�Ì³

 ¾Ì§�� �Y Ê]Z/�f¯YÄ] Ä¯ |»M d/�|] |uYÁ ¦Ì� ®Ë ÃÂÌ» Äf§�³ ��¿ �{ Ä¿Â¼¿ ½M �yZ/� ¦Ì� ½YÂÀ�
µÂ� �{ {ÂmÂ» �ËÂ¿ Ä] ÄmÂe Z] .|//�kÂ»¦Ì� ÊËZÆf¿Y Á ÊËY|f]Y ÉZÅÊ» ¥~u ÊuYÂ¿ ¾ËY ZÅ Á |¿Â//�

 Ê¨Ì� Ã{Á|v» dËZÆ¿�{nm 430-1030  µ|» Á ¶Ì¸ve Á ÄË�ne ÉY�]|/� Ã{�] �Z°] É�Z/�.  Ä°ÀËY ¶Ì·{ Ä]
Ã{Y{ZÅ  Ã�Y|¿Y �{ �ÌÌ¤e ,Ä¿Â¼¿ Z] �Z//��Z°//�M �ÌÌ¤e �//�Âe �Â¿ �À¯Y�a �iY |À¿Z» Ê¸»YÂ� �Y �iZf» Ê¨Ì� É

É�YÂ¼ÅZ¿ ,Ä¿Â¼¿Ä¿Â¼¿ �{ Êv�/� ÉZÅ  |Àf/�Å É�´Ë{ {| f» ¶»YÂ� Á �f»Á�f°b/�Y ÉZ»{ �ËY�§Y Ä¸Ì/�Â] ,
 {ZnËY ÉZÅ�ËÂ¿  |//� |ÅYÂyÌf//�{ Á Ê»ÂÆ¨»Z¿ cZ�Ô�Y ¾ÌÀq cY�ÌiPe ¶Ë| e �Â�À» Ä] .µ|» Ä] Ê]Z  ÉZÅ

�Ìa Ä] �ZÌ¿ ½ZÀÌ¼�Y dÌ¸]Z« Z] Á ªÌ«{ ,cZ^i Z] ÊnÀ/�YÁÃ{Y{ ��Y{�a.d/�Y Ê¨Ì� ÉZÅ  �Y �ÅÁ�a ¾ËY �{
�Ìa��Y{�aÉ�Z//��YÂ¼Å ¦¸fz» ÉZ/Å)SG(    ÁY�§Y �za tÌv//�e ËÃ|/À  )MSC(µZ/»�¿ ,É�Z//�)SNV(   Á

Ê¨Ì� ®Ì°¨e c�|« �ËY�§Y µÁY ªf�»)D1 ¹Á{ ªf�» ÁD2( |� Ã{Z¨f�Y.  
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 lËZf¿ ¶Ì¸ve  
¶°/� �{ÉZÅ)4( ¦Ì�  Ê]~m ÉZÅVis/NIR  �Ìa�Á� Z] Ã|/� ��Y{�a)É�Z/��YÂ¼Å ¦¸fz» ÉZÅSG(, 

Y�§Y �za tÌv/�e ËÃ|À )MSC(µZ»�¿ ,)É�Z/�SNVÊ¨Ì� ®Ì°¨e c�|« �ËY�§Y Á (  µÁY ªf/�»)D1   ªf/�» Á
¹Á{D2(  Ä¿Â¼¿ ÉY�].d�Y Ã|� ÄWY�Y Ê]Ô³ ÉZÅ  

 ¶°�4: ¦Ì� Ê]~m ÉZÅVis/NIR�Ìa¦¸fz» ÉZÆ�Á� Z] Ã|� ��Y{�a  
  

) µÁ|m �{1  Á2µ|» ÊnÀ/��Z^f�Y Á ½ÂÌ/�Y�^Ì·Z¯ ÉY�] ��¿ {�Â» É�Z»M ÉZÅ�ZÌ » ( ÉZÅPLS  ÊÀf^»
�Ìa �]��Y{�a¦Ì� ¦¸fz» ÉZÅ  ÉZÅVis/NIR¾Ì¼ze ,  �³SSC   ÁTA d/�Y Ã|/� ÄWY�Y cZ�Ô�Y �Z/�Y �] .

  �{ Ã|/� ÄWY�Y) µÁ|m1  Á2µ|» Ê»Z¼e ( ¶¬f/�» Á ¶]Z¬f» ÊnÀ/��Z^f�Y �Á� Á{�Å �{ Ã|/� {ZnËY ÉZÅ
�Ìa d/«{ ÉY�Y{µ|/» {�°¸¼� .|/Àf//�Å ÊËÓZ/] ÊÀÌ]�Ìa �] ÊÀf^» ÉZ/Å  ��Y{�aSG    Ä/]  ®/Ë{�¿ �Z/Ì//�]

µ|/»�Ìa ½Á|/] ÉZ/ÅÊ» ��Y{�aµ|/» {�°¸¼� ¾ÌÀr¼Å .|//�Z/]�Ìa �] ÊÀf^» ÉZ/Å��Y{�a  ÉZ/ÅMSC   Á
SNV   �ZÌ/�]�Ìa �Á� Á{ ¾ËY Ê°Ì§Y�³ �Y{Â¼¿ �{ |¿Á� ¾ËY Ä¯ d/�Y �´Ë|°Ë Ä] ®Ë{�¿ ¶]Z« ºÅ ��Y{�a

µ|» dËZÆ¿ �{ .d//�Y dËÁ��Ìa �] ÊÀf^» ÉZÅ��Y{�aªf//�» ÉZÅ  ÊnÀ//��Z^f�Y �Á� Á{�Å �{ É�Ì³
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µ|» �ËZ/� Ä] d^/�¿ É�eÓZ] {�°¸¼� ÉY�Y{Ã{Â] ZÅ�Ìa �eÓZ] dÌ¸]Z« .|¿Yªf/�» ��Y{�aZ¬» �{ É�Ì³  Z] Ä/�Ë

�Ìa �ËZ//�Ê» Z/Å�Y{�a Á ¥~/u ½Z/°»Y Z/Å�Y{�a �Ìa �ËZ//� Ä/̄  {Â//� Ã{Y{ d/̂//�¿ d/Ì «YÁ ¾ËY Ä/] |/¿YÂe
kÂ» µÂ� É�Z/��YÂ¼Å®Ìa Á �iÂ» ÉZÅÊ» ºÅY�§ Y� Ê /�Â» ÉZÅÊ·Zu �{ |ÀÀ¯ªf/�» Ä¯  \mÂ» É�Ì³

®Ìa �ËY�§YkÂ» µÂ� Á Ê�Â/�Â» ÉZÅ|/� |ÅYÂy ®Ì°¨e ¶]Z« ÉZÅ]10  Á20[  ÉY�] dËZÆ¿ �{.SSC  µ|»  
�Ìa �] ÊÀf^»��Y{�a ªf/�» �ËZ/� Ä] d^/�¿ É�eÓZ] {�°¸¼� ÉY�Y{ ÊnÀ/��Z^f�Y �Á� Á{�Å �{ µÁY É�Ì³

µ|/»Ã{Â] Z/Å)d///�Y94/0=rcv  ,95/0=rp  ,83/4  =SDR  ÉY�] ¾ÌÀr¼Å .(TA  µ|/»  �Ìa �] ÊÀf^»��Y{�a  
ªf//�»Z/]  {�°¸¼� ÉY�Y{  ÊnÀ//��Z/̂ f�Y �Á� Á{�Å �{ ¹Á{  É�Ì³µ|/» �ËZ///� Ä/]  d/̂ //�¿ É�eÓ  Z/Å

Ã{Â])d�Y94/0=rcv ,96/0=rp ,1/6 =SDR(.  
  

µÁ|m1:µ|» ÊnÀ��Z^f�Y lËZf¿ ÉZÅPLS �Á� �] ÊÀf^»�Ìa ¦¸fz» ÉZÅ¦Ì� ��Y{�a ÉZÅVis/NIR  ¾Ì¼ze ÉY�]SSC  
 Ê]Ô³ ÃÂÌ»  

 ��Y{�a �Ìa  LVs  cr RMSEC  cvr  RMSECV  pr  RMSECP  SDR  

¹Zy  1  93/0  84/0  93/0  85/0  96/0  71/0  7/4  
SG  1  93/0  84/0  93/0  85/0  96/0  71/0  7/4  
D1  5  96/0  7/0  94/0  81/0  95/0  69/0  83/4  
D2  8  96/0  7/0  93/0  85/0  91/0  87/0  84/3  

MSC  4  93/0  9/0  91/0  98/0  93/0  74/0  5/4  
SNV  4  93/0  87/0  91/0  96/0  94/0  72/0  6/4  

  
µÁ|m2:µ|» ÊnÀ��Z^f�Y lËZf¿ ÉZÅPLS �Á� �] ÊÀf^»�Ìa ¦¸fz» ÉZÅ¦Ì� ��Y{�a ÉZÅVis/NIR  ¾Ì¼ze ÉY�]TA 

 Ê]Ô³ ÃÂÌ»  
 ��Y{�a �Ìa  LVs  rc RMSEC  rcv  RMSECV  rp  RMSECP  SDR  

¹Zy  2  94/0  018/0  92/0  019/0  94/0  016/0  6/4  
SG  2  94/0  018/0  93/0  019/0  94/0  016/0  6/4  
D1  3  94/0  017/0  93/0  019/0  92/0  019/0  9/3  
D2  12  96/0  014/0  94/0  018/0  96/0  012/0  1/6  

MSC  5  92/0  021/0  91/0  021/0  93/0  017/0  3/4  
SNV  4  93/0  019/0  91/0  021/0  93/0  017/0  3/4  

 
 Ã�Y|¿Y ÉZ�y cY�ÌÌ¤e �Y{Â¼¿  Ê¸�Y Ä¨·Â» {Y| e cY�ÌÌ¤e �Z�Y �] É�Ì³LVs   ) ¶°� �{5  Ã|� ÄWY�Y (

) ¶°� Ä] ÄmÂe Z] .d�Y5  �Y �eY�§ Ê¸�Y Ä¨·Â» {Y| e �ËY�§Y Z] (5    ÉY�]SSC    �Y �eY�§ Á12    ÉY�]TA   d«{
Ê» {Â^Æ] Ê¼¯ ½Y�Ì» Ä] ZÆÀe µ|»  �]Y�] |Àq Ä¨·Â» {Y| e �ËY�§Y d¸� Ä] ½M Ê³|ÌrÌa �Â� �{ Z»Y |]ZË

Ê»Ê¼¿ ��À] Ê¬�À» Ä¨·Â» {Y| e �ËY�§Y ¾ËY�]ZÀ] {Â� |��.  
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(¦·Y)   ([)  

 ¶°�5: cY�ÌÌ¤eRMSEP  �]Y�] �{LVS   (¦·Y)�{  ¾Ì¼zeSSC  ([)ÁTA �Ìa �Y Ã{Z¨f�Y Z]µÁY ªf�» ��Y{�a  ¹Á{ Á  
  

É�Ì³ ÄnÌf¿  
)µÁY ªf/�» ��Y{�a �Ìa �Y Ã{Z¨f/�YD1)¹Á{ ªf/�» Á (D2Ê» �ËY�§Y Y� ®Ìa ÉY�Y{ �Z¬¿ {Y| e ( |Å{
Ê» Ê¨Ì� ®Ì°¨e c�|« �ËY�§Y h�Z] Á {Â�  .µ|» lËZf¿  É�Z�SSC    ÁTA  �Ìa ¦Ì� �Y Ã{Z¨f�Y Z]  ��Y{�a

µÁY ªf/�» Z] Ã|/� ¹Á{ Á  �Ìa ¦Ì� Ä] d^/�¿ É�eÓZ] d«{�Á� �ËZ/� Z] Ã|/� ��Y{�a d¸� Ä¯ d/�Y{ ZÅ
Ê» �»Y ¾ËY)½ZÆÀa ÉZÅ�Ì¤f» �f/�Ì] {Y| e Ä] |¿YÂeLVs�Ìa ¾ËY (�Ìa �ËZ/� Ä] d^/�¿ �Y{�a��Y{�a d^/�¿ ZÅ

 {Â� Ã{Y{.  
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Abstract 

In recent years, infrared spectroscopy has gained wide acceptance in various fields due to its advantages over 
laboratory analytical methods. Its most prominent ability is to record spectra for solid and liquid samples 
without any pre-treatment and destructive effects. The aim of this study was to determine the quality 
properties of pear fruit during storage using infrared spectroscopy. The fruits were stored in three 
environments with different temperatures of 0, 5 and 10 ° C. Vis / NIR spectra were then measured for each 
sample from 4 fruit points.  In the next step, the quality characteristics of pear fruit (SSC and TA) were 
determined based on chemical-laboratory methods and using reference tools and instructions. Since the 
acquired spectra have noise, the effects of disturbing factors are minimized by various pre-processing to 
provide clearer data for modeling the quality characteristics of pears. Finally, using the data obtained from 
spectroscopy and reference experiments based on the least squares regression (PLS) method was modeled. 
The results showed that the combination of infrared spectroscopy with chemometrics methods has a high 
ability to predict the quality properties of pear fruit. SSC prediction accuracy was obtained based on the pre-
processed spectrum with the first derivative and with accuracy of R2 = 0.95 and SDR = 4.8. The prediction 
accuracy of TA was obtained based on the pre-processed spectrum with the second derivative and with an 
accuracy of R2 = 0.96 and SDR = 6.1. 
 
Key words: Spectroscopy, Pre-processing, Near-Infrared, Pear, Soluble solids Content 
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