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MOBILE APPARATUS, FOOD CHARACTERISTICS DETERMINATION DEVICE, FOOD 

CHARACTERISTICS DETERMINATION METHOD, AND PROGRAM 

 

BACKGROUND 

1. TECHNICAL FIELD 

[0001] The present invention relates to a mobile apparatus, a food characteristics 

determination device, a food characteristics determination method, and a program. 

2. RELATED ART 

[0002] In Patent document 1, it is described as “the mobile terminals (301 to 303) are 

equipped with an optical sensor that can measure the sugar content and maturity of fruit 

products, and when the owner of the mobile terminal holds the mobile phone over a fruit 

product at the storefront, at the same time as the kind of the fruit product is recognized, 

measurement of sugar content and maturity is started, and the owner of the mobile terminal 

can be notified of the degree of deliciousness corresponding to the kind of the fruit product 

based on the measured sugar content and maturity.” 

 Prior Art Document 

 Patent document 

 Patent document 1: Japanese Patent Application Publication No. 2011-48591 

 

SUMMARY 
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[0003] In the first aspect of the present invention, provided is a mobile apparatus, 

comprising: a radiating unit configured to radiate light; a spectroscope configured to perform 

spectroscopy of light entered to output a measured value; an identification unit configured to 

identify a kind of a food product corresponding to the light entered the spectroscope; and a 

determination unit configured to determine a characteristic of the food product to output the 

characteristic of the food product, by referring to a storage unit configured to store a kind of a 

food product, a characteristic of the food product, and information about light in association 

with each other, based on the measured value output from the spectroscope and the kind of 

the food product identified by the identification unit. 

[0004] The mobile apparatus may be a general-purpose information communication 

terminal configured to fulfill a function corresponding to an installed application.  The 

spectroscope may be detachable.  The radiating unit may be detachable. 

[0005] An image-capturing unit configured to generate an image by image-capturing may 

further be comprised.  The identification unit may be configured to identify the kind of the 

food product based on the image. 

[0006] The storage unit may be configured to store the information about light in further 

association with a part of the food product.  The identification unit may be configured to 

identify the part of the food product based on the image.  The determination unit may be 

configured to determine the characteristic of the food product further based on the part of the 

food product. 

[0007] The characteristic of the food product may include at least any of color, sugar 

content, acidity, maturity, firmness, or a functional ingredient amount.  The radiating unit 

may be configured to radiate light in the visible light band, and the spectroscope may be 
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configured to have sensitivity to the visible light band.  The radiating unit may be configured 

to radiate light in the near-infrared band, and the spectroscope is configured to have 

sensitivity to the near-infrared band.  The radiating unit may be configured to radiate light in 

the ultraviolet band, and the spectroscope is configured to have sensitivity to the ultraviolet 

band. 

[0008] The storage unit may be configured to store the information about light in further 

association with the distinction between scattered light and transmitted light.  The 

determination unit may be configured to determine the characteristic of the food product 

further based on whether the measured value is of scattered light or transmitted light. 

[0009] In the second aspect of the present invention, provided is a food characteristics 

determination device, comprising: a storage unit configured to store a kind of food product, a 

characteristic of the food product, and information about light in association with each other; 

a communication unit configured to communicate with a mobile apparatus; and a 

determination unit configured to determine a characteristic of a food product by acquiring a 

kind of the food product and a measured value of spectroscopy from the mobile apparatus via 

the communication unit and referring to the storage unit, and output the characteristic of the 

food product to the mobile apparatus via the communication unit. 

[0010] In the third aspect of the present invention, provided is a food characteristics 

determination method, comprising: radiating light; performing spectroscopy of light entered to 

acquire a measured value; identifying a kind of a food product corresponding to the light 

entered in the performing the spectroscopy; and determining a characteristic of the food 

product to output the characteristic of the food product, by referring to a storage unit 

configured to store a kind of a food product, a characteristic of the food product, and 
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information about light in association with each other, based on the measured value output in 

the performing the spectroscopy and the kind of the food product identified in the identifying, 

to determine the characteristic of the food product. 

[0011] In the fourth aspect of the present invention, provided is a program for causing a 

mobile apparatus to perform: radiating light from a radiating unit; performing spectroscopy of 

light entered to acquire a measured value from a spectroscope; identifying a kind of a food 

product corresponding to the light entered in the performing the spectroscopy; and 

determining a characteristic of the food product to output the characteristic of the food 

product, by referring to a storage unit configured to store a kind of a food product, a 

characteristic of the food product, and information about light in association with each other, 

based on the measured value output in the performing the spectroscopy and the kind of the 

food product identified in the identifying, to determine the characteristic of the food product. 

[0012] The summary clause does not necessarily describe all necessary features of the 

embodiments of the present invention.  The invention may also include a sub-combination of 

the features described above. 

 

BRIEF DESCRIPTION OF THE DRAWINGS 

[0013] Fig. 1 schematically shows the exterior of a mobile apparatus 10 according to the 

present embodiment. 

 Fig. 2 schematically shows the exterior of a mobile apparatus 10 according to the 

present embodiment. 

 Fig. 3 schematically shows function blocks of a mobile apparatus 10. 
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 Fig. 4 shows an example of information stored in a storage unit 150. 

 Fig. 5 shows an example of operation flow S10 of the mobile apparatus 10. 

 Fig. 6 schematically shows the exterior of another mobile apparatus 12. 

 Fig. 7 schematically shows function blocks of still another mobile apparatus 16. 

 Fig. 8 (a) and (b) schematically show the exteriors of the front and a side of still 

another mobile apparatus 50. 

 Fig. 9 (a) and (b) schematically show the exteriors of the front and a side of still 

another mobile apparatus 52. 

 Fig. 10 (a) and (b) schematically show the exteriors of the front and a side of still 

another mobile apparatus 54. 

 Fig. 11 (a) and (b) schematically show the exteriors of the front and a side of still 

another mobile apparatus 56. 

 Fig. 12 schematically shows function blocks of a food characteristics determination 

system 22 according to the second embodiment. 

 Fig. 13 shows an example of determining “Color 1” as a characteristic of “Tomato” as 

a kind of a food product using the mobile apparatus 10 according to the first embodiment. 

 Fig. 14 shows an example of determining “Sugar content” as a characteristic of 

“Muscat” as a kind of a food product using the mobile apparatus 10 according to the first 

embodiment. 

 Fig. 15 shows an example of determining “Acidity” as a characteristic of “Muscat” as 

a kind of a food product using the mobile apparatus 10 according to the first embodiment. 
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DESCRIPTION OF EXEMPLARY EMBODIMENTS 

[0014] Hereinafter, the present invention will be described through embodiments of the 

present invention, but the following embodiments do not limit the present invention according 

to claims.  In addition, not all combinations of features described in the embodiment are 

essential to the solution of the invention. 

[0015] Fig. 1 and Fig. 2 schematically show the exterior of a mobile apparatus 10 according 

to the present embodiment.  The mobile apparatus 10 is configured to determine a 

characteristic, such as sugar content, of a food product 30, such as a greengrocery product. 

[0016] The mobile apparatus 10 is a general-purpose information communication terminal, 

such as a smartphone, a tablet, and a PDA, configured to fulfill the function corresponding to 

the installed application.  On one surface side of a body 100 of the mobile apparatus 10, a 

touch panel 104 configured to display information and receive input from the user is provided. 

[0017] On the other surface side of the mobile apparatus 10, a sample holder 102 having a 

cylindrical shape is provided.  In the sample holder 102, a radiating unit 110, a spectroscope 

120, and an image-capturing unit 130 are provided.  The inner diameter of the cylindrical 

shape is approximately 3 cm to 4 cm, and the height is approximately 2 cm to 3 cm.  In the 

sample holder 102, an optical system such as a lens may further be arranged. 

[0018] The radiating unit 110 includes a source of light such as an LED and is configured to 

radiate light in the visible light band, the near-infrared band, and the ultraviolet band.  Light 

in each band may be radiated at the same time. 
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[0019] The spectroscope 120 is configured to perform spectroscopy of light entered to 

output a measured value.  For example, the spectroscope 120 is configured to perform 

spatial wavelength dispersion of light entered from a slit using a reflective grating and receive 

the light using a photodetector, to output the intensity of the light, which is associated with a 

wavelength, as a measured value.  The spectroscope is small as an approximately 1 cm cube, 

and a mini-spectrometer of “Micro series” or “SMD series” made by Hamamatsu Photonics 

K.K. or the like may be used, for example. 

[0020] The image-capturing unit 130 is what is called a digital camera module having an 

optical system and an image-capturing device.  The image-capturing unit 130 is configured to 

generate an image by image-capturing.  For example, an image of the food product 30 is 

generated by capturing an image of the food product 30. 

[0021] Fig. 3 schematically shows function blocks of the mobile apparatus 10.  In addition 

to the radiating unit 110, the spectroscope 120, and the image-capturing unit 130 described 

above, the mobile apparatus 10 comprises an identification unit 140, a storage unit 150, and a 

determination unit 160. 

[0022] The identification unit 140 is configured to identify the kind of the food product 30 

corresponding to the light entered the spectroscope 120.  In this case, the identification unit 

140 is configured to identify the kind of the food product 30 based on the image generated by 

the image-capturing unit 130.  The identification unit 140 may identify the kind of the food 

product based on the matching degree with each of the pre-stored feature quantities of the 

food product, by image analysis, or may identify the kind of the food product using machine 

learning such as supervised learning Convolutional Neural Network (CNN) where pictures of 

food products and the kinds are used for the learning in advance. 
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[0023] The storage unit 150 is configured to store a kind of food product, a characteristic of 

the food product, and information about light in association with each other.  The 

determination unit 160 is configured to determine a characteristic of the food product to 

output the characteristic of the food product, by referring to the storage unit 150, based on 

the measured value output from the spectroscope 120 and the kind of the food product 

identified by the identification unit 140. 

[0024] Fig. 4 shows an example of information stored in the storage unit 150.  As described 

above, the kinds of food products, characteristics of the food products, and information about 

light are associated with each other. 

[0025] The kinds of food products are greengrocery products such as a tomato, an apple, 

and a pumpkin, for example.  The characteristics of food products include at least any of 

color, sugar content, acidity, maturity, firmness, or a functional ingredient amount.  In the 

example in Fig. 4, in association with “Tomato” as a kind of a food product, color 1, color 2, 

sugar content, acidity, maturity, firmness, functional ingredient amount 1, and functional 

ingredient amount 2 are associated as characteristics of the food product.  Examples of color 

1 and 2 are red and green.  Examples of function ingredient amount 1 and 2 are the amount 

of chlorophyll and the amount of lycopene.  The characteristic of the food product to be 

determined may be different for each kind of the food product.  In the example in Fig. 4, 

although sugar content, acidity, and maturity are associated with “Apple” as a kind of a food 

product, function ingredient amount 1 and 2 are not associated with it. 

[0026] The information about light may be an amount of light at a specific wavelength such 

as for color 1 or may be a calibration curve representing the correlation between a value of a 

food product and a measured value such as for the sugar content.  In the example in Fig. 4, 
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information about light for color 1 is an amount of light of 630 nm, which corresponds to the 

red range.  The information about light for color 2 is an amount of light of 500 nm, which 

corresponds to the green range. 

[0027] Fig. 4 schematically shows, as an example of the calibration curve, calibration curve 7 

for the sugar content of “Apple” as a kind of a food product.  Here, the horizontal axis shows 

the magnitude of sugar content as a value of a characteristic.  The vertical axis shows the 

magnitude of a measured value.  This measured value is obtained by converting a measured 

value output from the spectroscope 120 by using a predetermined calculation formula.  The 

conversion formula and/or calibration curve of a measured value is/are calculated in advance 

experimentally, through simulation and/or machine learning, such as multivariate analysis and 

principal component analysis. 

[0028] Additionally, the magnitude of the measured value depends on the radiation 

characteristics of the radiating unit 110 and the sensitivity characteristics of the spectroscope 

120.  Thus, the calibration curve described above can also be described as what is obtained 

by performing calibration on a set of a specific type of radiating unit 110 and a specific type of 

spectroscope 120.  Therefore, a calibration curve as a standard may temporarily be stored in 

the storage unit 150, and the user may be prompted to use the radiating unit 110 to radiate 

light and use the spectroscope 120 to perform measurement for a standard sample, and based 

on the measured value, calibration may be performed on the calibration curve for this mobile 

apparatus. 

[0029] Fig. 5 shows an example of operation flow S10 of the mobile apparatus 10.  

Operation flow S10 starts on the mobile apparatus 10 when an application configured to 

determine a characteristic of a food product is activated by the user.  Said application is a 
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computer program configured to cause the mobile apparatus 10 to perform each step of 

operation flow S10. 

[0030] The mobile apparatus 10 displays a message to prompt the user to capture an image 

of the food product 30 on the touch panel 104 (S101).  In this case, a frame together with the 

message “fit the entire food product within the frame” may be displayed on the touch panel to 

facilitate identifying the kind of the food product 30.  When the user presses down a shooting 

button, the image-capturing unit 130 captures an image of the food product 30 and generates 

an image of the food product 30 (the same step).  The identification unit 140 identifies the 

kind of the food product 30 based on the image generated by the image-capturing unit 130 

(S103). 

[0031] The radiating unit 110 irradiates the food product 30 with light (S105).  In this case, 

to avoid the impact of external light, a message to prompt the user to cause the food product 

30 to contact with the sample holder 102 is preferably displayed.  In the present 

embodiment, the radiating unit 110 radiates light in all bands of near-infrared, visible light, and 

ultraviolet that the radiating unit 110 itself can emit, regardless of the kind of the food product 

30, the corresponding characteristic, and information about light. 

[0032] The spectroscope 120 performs spectroscopy of the light entered to output a 

measured value (S107).  In this case, during the radiation of light by the radiating unit 110, 

the spectroscope 120 outputs the measured value.  In this way, scattered light which is light 

radiated by the radiating unit 110 and scattered by the food product 30 can be measured.  

Further, in the present embodiment, the spectroscope 120 outputs a spectroscopic profile 

representing the intensity of each wavelength of the light entered as the measured value, 
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regardless of the kind of the food product 30, the corresponding characteristic, and 

information about light. 

[0033] The determination unit 160 determines a characteristic of the food product 30, by 

referring to the storage unit 150, based on the measured value output from the spectroscope 

120 and the kind of the food product 30 identified by the identification unit 140 (S111).  In 

the present embodiment, the determination unit 160 also performs determination on any of 

the characteristics in association with the kind of the food product 30 in the storage unit 150.  

For example, in the example in Fig. 4, determination is sequentially performed on the sugar 

content, acidity, and maturity for the kind of the food product 30 “Apple”. 

[0034] In this case, determination unit 160 refers to the storage unit 150 and performs 

conversion into a measured value corresponding to the information about light for each 

characteristic from the profile being the measured value output from the spectroscope 120, as 

needed.  For example, for “Sugar content” as a characteristic of the kind of the food product 

30 “Apple”, the formula described above with reference to Fig. 4 is used to perform the 

conversion.  For the measured value after the conversion, the determination unit 160 

determines the characteristic represented by the calibration curve.  In the example in Fig. 4, 

when the measured value after the conversion for “Sugar content” as a characteristic of the 

kind of the food product 30 “Apple” is “3”, sugar content is determined as “6”. 

[0035] The determination unit 160 outputs the result of determination to the touch panel 

104 (S113).  For example, the determination unit 160 displays the message indicating 

“measured sugar content of the apple is 6” on the touch panel 104.  Operation flow S10 ends 

here. 
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[0036] Thus, according to the present embodiment, the mobile apparatus 10, such as a 

smartphone, enables the user to know information about a characteristic of the food product 

30 easily.  In particular, using the radiating unit 110 and spectroscope 120 with a broad 

wavelength band enables knowing various characteristics of the food product 30. 

[0037] Fig. 6 schematically shows the exterior of another mobile apparatus 12.  The mobile 

apparatus 12 is the same as the mobile apparatus 10 except for parts that will be described in 

particular. 

[0038] The mobile apparatus 12 includes a spectroscopy unit 14 detachable from the body 

100.  The mobile apparatus 12 is configured to operate as a general-purpose information 

communication terminal even when the spectroscopy unit 14 is not attached thereto. 

[0039] The spectroscopy unit 14 has the sample holder 102, the radiating unit 110, and the 

spectroscope 120.  For the spectroscopy unit 14, a through hole 132 is further provided.  

The through hole 132 is arranged at a position where the image-capturing unit 130 of the body 

100 looks into the through hole 132 when the spectroscopy unit 14 is attached to the body 

100. 

[0040] The spectroscopy unit 14 is fixed to the body 100 by means of a magnet, screwing, a 

clip, or the like.  The spectroscopy unit 14 and the body 100 are configured to transmit and 

receive information through wireless communication such as Bluetooth (registered 

trademark).  Instead of wireless communication, wired communication may be employed for 

transmitting and receiving information, where a connector provided for the spectroscopy unit 

14 is inserted into an interface for a wire, such as a USB-c type, provided for the body 100. 

[0041] Thus, when the spectroscopy unit 14 is not used, it can be detached, which allows the 

mobile apparatus 12 to have its effect contributing to the miniaturization of the mobile 
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apparatus 12, in addition to the effects of the mobile apparatus 10.  Note that, instead of the 

entire spectroscopy unit 14 being detachable, the radiating unit 110 and/or the spectroscope 

120 may be detachable from the body 100 individually.  In addition, a part of the radiating 

unit 110, a source of light in the near-infrared band and/or the ultraviolet band may be 

detachable. 

[0042] Fig. 7 schematically shows function blocks of still another mobile apparatus 16.  The 

mobile apparatus 16 is the same as the mobile apparatus 10 except for parts that will be 

described in particular. 

[0043] In the case of the mobile apparatus 16, the information stored in the storage unit 150 

of the mobile apparatus 10 is stored in an external server 18.  The mobile apparatus 16 is 

configured to refer to the information stored in the server 18 by communicating with the 

server 18 via a communication unit 170.  The server 18 is a server serving the Agricultural 

Data Collaboration Platform (WAGRI), for example. 

[0044] Thus, the mobile apparatus 16 has its effect of allowing utilizing the latest, large 

amounts of information stored in the server 18, in addition to the effects of the mobile 

apparatus 10.  Note that, some pieces of the information stored in the storage unit 150 of the 

mobile apparatus 10, such as a piece of information that may be often used and a piece of 

information that was used in the past, may be stored in the mobile apparatus 16. 

[0045] Fig. 8 (a) and (b) schematically show the exteriors of the front and a side of still 

another mobile apparatus 50.  The mobile apparatus 50 is the same as the mobile apparatus 

10 except for parts that will be described in particular. 

[0046] In the mobile apparatus 50, the spectroscope 120 is arranged in an opposing position 

to the radiating unit 110 by an arm 124 having an arc shape extending from the sample holder 
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102.  This allows the spectroscope 120 to perform spectroscopy and measurement of 

specularly transmitted light, which is light of the radiating unit 110 transmitted through the 

food product 32.  In this case, information in the storage unit 150 in Fig. 4 is preferably 

information corresponding to measured quantities obtained by performing spectroscopy of 

the specularly transmitted light.  Note that, the arm 124 may be hard so that the shape does 

not change or may be soft so that the shape can change.  Note that, in the sample holder 

102, an optical system 126 such as a lens is arranged. 

[0047] Fig. 9 (a) and (b) schematically show the exteriors of the front and a side of still 

another mobile apparatus 52.  The mobile apparatus 52 is the same as the mobile apparatus 

50 except for parts that will be described in particular. 

[0048] In the mobile apparatus 52, the spectroscope 120 is arranged sideways relative to the 

radiating unit 110 by the arm 124 having an arc shape extending from the sample holder 102.  

This allows the spectroscope 120 to perform spectroscopy and measurement of diffusely 

transmitted light, which is light of the radiating unit 110 transmitted through the food product 

32.  In this case, information of the storage unit 150 in Fig. 4 is preferably information 

corresponding to measured quantities obtained by performing spectroscopy of the diffusely 

transmitted light. 

[0049] Fig. 10 (a) and (b) schematically show the exteriors of the front and a side of still 

another mobile apparatus 54.  The mobile apparatus 54 is the same as the mobile apparatus 

10 except for parts that will be described in particular. 

[0050] In the mobile apparatus 54, in addition to the spectroscope 120, another 

spectroscope 122 is provided, and the spectroscope 122 is arranged in an opposing position to 

the radiating unit 110 by the arm 124 having an arc shape extending from the sample holder 
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102.  This allows the spectroscope 120 to perform spectroscopy of scattered light of the food 

product 32 and additionally allows the spectroscope 122 to perform spectroscopy and 

measurement of specularly transmitted light transmitted through the food product 32. 

[0051] In this case, information about light in the storage unit 150 in Fig. 4 is preferably 

stored in further association with the distinction between scattered light and specularly 

transmitted light.  The determination unit 160 is configured to determine a characteristic of 

the food product 32 further based on whether a measured value is of scattered light or 

specularly transmitted light. 

[0052] Fig. 11 (a) and (b) schematically show the exteriors of the front and a side of still 

another mobile apparatus 56.  The mobile apparatus 54 is the same as the mobile apparatus 

54 except for parts that will be described in particular. 

[0053] In the mobile apparatus 56, in addition to the spectroscope 120, another 

spectroscope 122 is provided, and the spectroscope 122 is arranged sideways relative to the 

radiating unit 110 by the arm 124 having an arc shape extending from the sample holder 102.  

This allows the spectroscope 120 to perform spectroscopy of scattered light of the food 

product 32 and additionally allows the spectroscope 122 to perform spectroscopy and 

measurement of diffusely transmitted light transmitted through the food product 32. 

[0054] In this case, information about light in the storage unit 150 in Fig. 4 is preferably 

stored in further association with the distinction between scattered light and diffusely 

transmitted light.  The determination unit 160 is configured to determine a characteristic of 

the food product 32 based on whether a measured value is of scattered light or diffusely 

transmitted light. 
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[0055] Fig. 12 schematically shows function blocks of a food characteristics determination 

system 22 according to the second embodiment.  The food characteristics determination 

system 22 comprises a mobile apparatus 19 and a food characteristics determination device 20 

in communication with each other through the Internet or the like.  The mobile apparatus 19 

is the same as the mobile apparatus 10 except for parts that will be described in particular. 

[0056] In the mobile apparatus 19, the image-capturing unit 130 is configured to transmit an 

image of the food product 30 to the food characteristics determination device 20 via the 

communication unit 170.  Similarly, the spectroscope 120 is configured to transmit a 

measured value of the spectroscopy of the food product 30 via the communication unit 170.  

In this case, information associating them with each other and information required to return 

information to the mobile apparatus 19 are also transmitted. 

[0057] The food characteristics determination device 20 is, for example, a general-purpose 

information processing device, such as a personal computer, with a program installed therein.  

The food characteristics determination device 20 may also be a server serving the WAGRI 

described above.  The food characteristics determination device 20 comprises a storage unit 

200, a communication unit 210, an identification unit 220, and a determination unit 230. 

[0058] The storage unit 200 has information similar to the information stored in the storage 

unit 150 of the mobile apparatus 10.  In other words, the storage unit 200 is configured to 

store a kind of a food product, a characteristic of the food product, and information about light 

in association with each other.  The communication unit 210 is configured to communicate 

with the mobile apparatus 19. 

[0059] The identification unit 220 is configured to perform an operation similar to the 

operation of the identification unit 140 of the mobile apparatus 10.  In other words, the 
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identification unit 220 is configured to identify the kind of the food product 30 based on an 

image of the food product 30 acquired via the communication unit 210.  Instead, the 

identification unit 140 may be provided on the side of the mobile apparatus 19, and the 

information indicating the kind of the food product 30 identified by the identification unit 140 

may be acquired by the food characteristics determination device 20 via the communication 

unit 210. 

[0060] The determination unit 230 is configured to perform an operation similar to the 

operation of the determination unit 160 of the mobile apparatus 10.  In other words, the 

determination unit 230 is configured to determine a characteristic of a food product by 

referring to the storage unit 200, based on the kind of the food product 30 identified by the 

identification unit 220 and a measured value of spectroscopy acquired from the mobile 

apparatus 19.  The determination unit 230 is configured to output the result of the 

determined characteristic to the mobile apparatus 19 via the communication unit 210.  An 

output unit 180 of the mobile apparatus 19 is configured to display, on the touch panel 104, 

information on the determined characteristic of the food product 30 acquired from the food 

characteristics determination device 20 via the communication unit 170. 

[0061] Thus, according to the second embodiment, in addition to the effects of the first 

embodiment, an effect of reducing the computational load in the mobile apparatus 19 can be 

obtained.  Note that, information about light may be stored in association with information 

for identifying the radiating unit 110 and the spectroscope 120 in the storage unit 200, and the 

determination unit 230 may further receive information for identifying the radiating unit 110 

and the spectroscope 120 from the mobile apparatus 19 to determine a characteristic of the 

food product 30 based on said information. 
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[0062] In any of the embodiments described above, the identification units 140, 220 may 

identify, based on an image of the food product 30, a part of the food product 30, for example, 

whether the part is closer to or far from the calyx of the greengrocery product.  In this case, 

in the storage units 150, 200, information about light is stored in further association with a 

part of a food product, and the determination unit is configured to determine a characteristic 

of the food product further based on the part of the food product.  This enables determining 

a characteristic of a food product further precisely. 

[0063] In any of the embodiments described above, the identification units 140, 220 are 

configured to identify the kind of the food product 30 based on an image of the food product 

30.  Instead, or in addition, the user may input the kind of the food product 30.  In this case, 

the kinds of food products stored in the storage unit 150 may be displayed in a selectable way 

on the touch panel 104. 

[0064] In any of the embodiments described above, the determination units 160, 230 are 

configured to determine any of the characteristics associated with the kind of the food product 

30.  Instead, or in addition, the user may select the characteristic to be determined.  In this 

case, characteristics of a food product stored in the storage unit 150 may be displayed in a 

selectable way on the touch panel 104.  In addition, if the kind of the food product 30 has 

already been identified, the storage unit 150 may be referred, and characteristics 

corresponding to the identified kind may be displayed in a selectable way on the touch panel 

104. 

[0065] In any of the embodiments described above, the radiating unit 110 is configured to 

radiate light in the near infrared range, the visible light range, and the ultraviolet band.  

Accordingly, the spectroscopes 120, 122 have sensitivity to the near infrared range, the visible 
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light range, and the ultraviolet band.  Instead, only light in a band corresponding to a 

measured value corresponding to a characteristic to be determined may be radiated.  Also, 

only a measured value corresponding to a characteristic to be determined may be output from 

the spectroscopes 120, 122. 

[0066] Also, in any of the embodiments described above, image-capturing of a food product 

and identification of the kind may be performed before or may be performed after radiation of 

light and measurement of spectroscopy.  Also, in any of the embodiments described above, 

the mobile apparatus may be a special-purpose apparatus for determining a characteristic of a 

food product instead of a general-purpose information communication terminal. 

[0067] [Example 1] 

 Fig. 13 shows an example of determining “Color 1” as a characteristic of “Tomato” as 

a kind of a food product using the mobile apparatus 10 according to the first embodiment.  

Fig. 13 (a) is a picture on day 1 of the exteriors of tomatoes, each of which is individually 

identified by numbers 1 to 8, and (b) is a picture on day 11 of the exteriors of the same 

tomatoes. 

[0068] Fig. 13 (c) shows the measurement result of color 1 of each tomato described above.  

While the developments of color 1, which is redness, of all of the tomatoes as the days passed 

are shown in the same figure, it can be read about the result that each of them converges at 

values like limit values. 

[0069] [Example 2] 

 Fig. 14 shows an example of determining “Sugar content” as a characteristic of 

“Muscat” as a kind of a food product using the mobile apparatus 10 according to the first 
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embodiment.  The horizontal axis shows a measured value of sugar content, and the vertical 

axis shows a prediction value based on a measurement value of the spectroscope 120.  

Among measured values, “○” represents a measured value of sugar content by destructive 

testing.  On the other hand, although “+” represents a nondestructive estimated value 

obtained by performing machine learning using “○” described above (that is, an actual 

measured value of destructive testing), it may be considered as a value equivalent to a 

measured value by destructive testing.  Also, as described with reference to Fig. 4, 

measurement values of the spectroscope 120 and prediction values of sugar content are 

related in advance. 

[0070] It can be understood that the accuracy increases as the shape formed by the points 

on the graph is similar to a shape of a 45-degree straight line.  Turning to Fig. 14, points 

generally gather around the 45-degree straight line. 

[0071] [Example 3] 

 Fig. 15 shows an example of determining “Acidity” as a characteristic of “Muscat” as 

a kind of a food product using the mobile apparatus 10 according to the first embodiment.  

The horizontal axis, the vertical axis, “○”, and “+” correspond to those in Fig. 14, but sugar 

content is replaced with acidity.  Although measurement values of the spectroscope 120 and 

prediction values of acidity are related with each other in advance, the relationship is different 

from the relationship for sugar content. 

[0072] It can be understood that the accuracy increases as the shape formed by the points 

on the graph is similar to a shape of a 45-degree straight line.  Turning to Fig. 15, points 

generally gather around the 45-degree straight line.  In addition, as seen from Fig. 13 to Fig. 

15, determining characteristics of different kinds of food products, determining different 
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characteristics of the same kind, or the like can easily and precisely performed by using the 

same mobile apparatus 10. 

[0073] While the present invention has been described with the embodiments, the technical 

scope of the present invention is not limited to the above-described embodiments.  It is 

apparent to persons skilled in the art that various alterations and improvements can be added 

to the above-described embodiments.  It is also apparent from the scope of the claims that 

the embodiments added with such alterations or improvements can be included in the 

technical scope of the present invention. 

[0074] Note that the operations, procedures, steps, and stages of each process performed 

by an apparatus, system, program, and method shown in the claims, embodiments, or 

diagrams can be performed in any order as long as the order is not indicated by "prior to," 

"before," or the like and as long as the output from a previous process is not used in a later 

process.  Even if the operation flow is described by using phrases such as "first" or "next" in 

the scope of the claims, specification, or drawings, it does not necessarily mean that the 

process must be performed in this order. 

EXPLANATION OF REFERENCES 

[0075] 10, 12, 16, 19, 50, 52, 54, 56: mobile apparatus; 14: spectroscopy unit; 18: server; 20: 

food characteristics determination device; 22: food characteristics determination system; 30, 

32: food product; 100: body; 102: sample holder; 104: touch panel; 110: radiating unit; 120, 

122: spectroscope; 124: arm; 126: optical system; 130: image-capturing unit; 132: through 

hole; 140: identification unit; 150: storage unit; 160: determination unit; 170: communication 

unit; 180: output unit; 200: storage unit; 210: communication unit; 220: identification unit; and 

230: determination unit. 
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WHAT IS CLAIMED IS: 

 

1.  A mobile apparatus, comprising: 

 a radiating unit configured to radiate light; 

 a spectroscope configured to perform spectroscopy of light entered to output a 

measured value; 

 an identification unit configured to identify a kind of a food product corresponding to 

the light entered the spectroscope; and 

 a determination unit configured to determine a characteristic of the food product to 

output the characteristic of the food product, by referring to a storage unit configured to store 

a kind of a food product, a characteristic of the food product, and information about light in 

association with each other, based on the measured value output from the spectroscope and 

the kind of the food product identified by the identification unit. 

 

2.  The mobile apparatus according to claim 1, wherein the mobile apparatus is a 

general-purpose information communication terminal configured to fulfill a function 

corresponding to an installed application. 

 

3.  The mobile apparatus according to claim 2, wherein the spectroscope is detachable. 

 

4.  The mobile apparatus according to claim 2 or 3, wherein the radiating unit is detachable. 
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5.  The mobile apparatus according to any one of claims 1 to 4, further comprising: 

 an image-capturing unit configured to generate an image by image-capturing, 

wherein 

 the identification unit is configured to identify the kind of the food product based on 

the image. 

 

6.  The mobile apparatus according to claim 5, wherein 

 the information about light is stored in the storage unit in further association with a 

part of the food product, 

 the identification unit is configured to identify the part of the food product based on 

the image, and 

 the determination unit is configured to determine the characteristic of the food 

product further based on the part of the food product. 

 

7.  The mobile apparatus according to any one of claims 1 to 6, wherein the characteristic of 

the food product includes at least any one of color, sugar content, acidity, maturity, firmness, 

or a functional ingredient amount. 
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8.  The mobile apparatus according to any one of claims 1 to 7, wherein the radiating unit is 

configured to radiate light in a visible light band, and the spectroscope is configured to have 

sensitivity to the visible light band. 

 

9.  The mobile apparatus according to any one of claims 1 to 8, wherein the radiating unit is 

configured to radiate light in a near-infrared band, and the spectroscope is configured to have 

sensitivity to the near-infrared band. 

 

10.  The mobile apparatus according to any one of claims 1 to 9, wherein the radiating unit is 

configured to radiate light in an ultraviolet band, and the spectroscope is configured to have 

sensitivity to the ultraviolet band. 

 

11.  The mobile apparatus according to any one of claims 1 to 10, wherein 

 the information about light is stored in the storage unit in further association with a 

distinction between scattered light and transmitted light, and 

 the determination unit is configured to determine the characteristic of the food 

product further based on whether the measured value is of scattered light or transmitted light. 

 

12.  A food characteristics determination device, comprising: 

 a storage unit configured to store a kind of food product, a characteristic of the food 

product, and information about light in association with each other; 
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 a communication unit configured to communicate with a mobile apparatus; and 

 a determination unit configured to determine a characteristic of a food product by 

acquiring a kind of the food product and a measured value of spectroscopy from the mobile 

apparatus via the communication unit and referring to the storage unit, and output the 

characteristic of the food product to the mobile apparatus via the communication unit. 

 

13.  A food characteristics determination method, comprising: 

 radiating light; 

 performing spectroscopy of light entered to acquire a measured value; 

 identifying a kind of a food product corresponding to the light entered in the 

performing the spectroscopy; and 

 outputting a characteristic of the food product by determining the characteristic of 

the food product by referring to a storage unit configured to store a kind of a food product, a 

characteristic of the food product, and information about light in association with each other, 

based on the measured value output in the performing the spectroscopy and the kind of the 

food product identified in the identifying, to determine the characteristic of the food product. 

 

14.  A program for causing a mobile apparatus to perform: 

 radiating light from a radiating unit; 

 performing spectroscopy of light entered to acquire a measured value from a 

spectroscope; 
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 identifying a kind of a food product corresponding to the light entered in the 

performing the spectroscopy; and 

 outputting a characteristic of the food product by determining the characteristic of 

the food product by referring to a storage unit configured to store a kind of a food product, a 

characteristic of the food product, and information about light in association with each other, 

based on the measured value output in the performing the spectroscopy and the kind of the 

food product identified in the identifying, to determine the characteristic of the food product. 


