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                Object_oriented Programming for Microcontrollers 

      Hachiro Ijuin 

Object_oriented programming environments for some kinds of  microcontrollers have been established recently 

through raising the programming language C up to C++, while they were already done on the PC. Inclusion of class 

libraries into the environments has provided effective tools for communication between the PC and the microcomputer. 

Serial class in the libraries and its instances can send messages from the PC to the outputs of microcontoller’s I/O to set 

proper parameters for control and the messages sent reversely from the microcontroller can affect the objects drawn on 

the display of the PC. Some other prospects concerning to the environments are discussed further . 
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ࡀ࡞ࡵࡘぢࢆ≦⌧࡜࡛ࡲࢀࡇࠊ࡚࠸ࡘ࡟ࢢ࣑ࣥࣛࢢ

᭷≉ࢢ࣑ࣥࣛࢢࣟࣉࣥࢥ࢖࣐ࡸ᪉ࢀࡉࡢᑟධࡢࡑࡽ
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Programmable Logic Device)ࡣࢀࡇࠊࡀࡿ࠶ࡶFPGA

ࠊࡋ࡟୙᥹Ⓨᛶࢆ⣲Ꮚࢢ࣑ࣥࣛࢢࣟࣉ࡚ࡗ࡞␗ࡣ࡜

㞟✚ᗘࡸࡸࢆపࡀࡢࡶࡓࡋࡃከࢢࣟࣉࡢࡽࢀࡇࠋ࠸

ࡉᅛᐃࢆ⬟ᶵࡀ࢔࢙࢘ࢻ࣮ࣁࠊࡣᚩ≉ࡢICࣝࣈ࣐ࣛ

ࡇࡿࡵ㧗ࢆ㧗㏿ᛶࡸಙ㢗ᛶࡋࡃ↓ࢆ㥏↓ࡢᅇ㊰࡚ࡏ

ࡢᶆ┠࡚࠼ኚ࡟ᰂ㌾ࢆฎ⌮ᡭ㡰ࠊ࡜฼Ⅼࡿࡁ࡛ࡢ࡜

ᶵ⬟ࢆᐇ⌧ࡢ࢔࢙࢘ࢺࣇࢯࡿࡁ࡛ࡃࡍࡸࡋ฼Ⅼࢆ࡜

ᣑࡢ࢔࢙࢘ࢺࣇࢯࡢࡇࠋࡿ࠶࡛࡜ࡇࡿ࠸࡚ࡗᣢࡏే

ᙇᛶࡸ㛤Ⓨຠ⋡ࡢ㧗ࢆࡉ༑ศ࡟άࠊ࡟ࡵࡓࡍ࠿ᚲ↛

ⓗࢺࢡ࢙ࢪࣈ࢜࡟ᣦྥࡀࢢ࣑ࣥࣛࢢࣟࣉࡢ MPU ࡸ

DSP ࠼ゝ࡜ࡓࡁ࡚ࡋᾐ㏱࡟⏺ୡࡢࣥࢥ࢖࣐ࡓࡵྵࢆ

 ࠋࡿ
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4444㸬㸬㸬㸬࣮ࣝࢶ࣮ࣝࢶ࣮ࣝࢶ࣮ࣝࢶࡢࡢࡢࡢ⏝⏝⏝⏝ࢢࣥ࢕ࢸ࣮ࣗࣆࣥࢥࣝ࢝ࢪ࢕ࣇࢢࣥ࢕ࢸ࣮ࣗࣆࣥࢥࣝ࢝ࢪ࢕ࣇࢢࣥ࢕ࢸ࣮ࣗࣆࣥࢥࣝ࢝ࢪ࢕ࣇࢢࣥ࢕ࢸ࣮ࣗࣆࣥࢥࣝ࢝ࢪ࢕ࣇ⩌⩌⩌⩌    

 ᫖௒ࡢࢢࣥ࢕ࢸ࣮ࣗࣆࣥࢥࣝ࢝ࢪ࢕ࣇࠊヰ㢟ࡀከ

㒊୍࡟࡛ࡍࠋ[1]ࡓࡁ࡚ࡗ࡞࡟࠺ࡼࡿࢀࡽࡆୖࡾྲྀࡃ

๰࡚ࡗர࡟ᖺ㱋ᒙ࠸ᗈࠊ࡚ࡋ⬺ࢆᇦࡢ㊃࿡ࡢ࢔ࢽ࣐

సពḧࢆ㥑ࡿࢀࡃ࡚࡚❧ࡾዲ౛฿᮶ࡢឤࡏࢃ⁻࠼ࡉ

࢔࢙࢘ࢺࣇࢯࠊ࡜ࡿ⧞ᡭࢆ࡜ࡶࡢ㨩ຊࡢࡑࠋࡿ࠸࡚

㛤Ⓨࢺࢡ࢙ࢪࣈ࢜ࡿࡅ࠾࡟ᣦྥࡢᜠᜨࢆ㝶ᡤ࡟ᇉ㛫

ぢࣥࢥࣝ࢝ࢪ࢕ࣇࠊࡽࡀ࡞ࡋ࠿ࡋࠋࡿࡁ࡛ࡀ࡜ࡇࡿ

࠸ࡘ࡟㠃࢔࢙࢘ࢻ࣮ࣁࡿࡍ࡟⬟ྍࢆࢢࣥ࢕ࢸ࣮ࣗࣆ

ࡾഛ࡛㊊‽ࡢ࡝࡯ࢀ࡝ࠊᚲせ࡛ࡅࡔࢀ࡝ࡀఱࠊࡣ࡚

ࢀࡑࠋ࠸࡞ࡣ༑ศ࡛ࡶࡋࡎᚲࡣ㆟ㄽࡓࡗ࠸࡜࠿ࡢࡿ

ࠊ࡟๓ࡿࡍゝཬ࡟ࢢ࣑ࣥࣛࢢࣟࣉࣝ࢝ࢪ࢕ࣇࠊ࠼ࡺ

࡟࡜ࡇࡿࡍ♧᫂ࡎࡲࢆ඲యീࡢᵓᡂࡢ⩌࣮ࣝࢶࡢࡑ

 ࠋࡿࡍ

ࡢ࣮ࣝࢶࡢࡵࡓࡢࢢࣥ࢕ࢸ࣮ࣗࣆࣥࢥࣝ࢝ࢪ࢕ࣇ

୰᰾ࠊࡣࣥࢥ࢖࣐ࡢࡑࠋࡿࢀ࠿⨨ࡀࣥࢥ࢖࣐ࡣ࡟ධ

ฟຊಙྕ࡟ᛂࢆ್ࡢࢱࢫࢪ࡚ࣞࡌ᭦᪂࠶࡛ࡳࡢࡿࡍ

࡜ᡭࡾ㏦ࡢಙྕࡣ࡟እࡢࣥࢥ࢖࣐ࠊࡤࢀࡍᴟㄽ࡜ࡿ

ࠊࡕ࠺ࡢࡑࠋࡿ࡞࡟࡜ࡇ࠸Ⰻ࡛ࡅࡔࡿࡍព⏝ࢆᡭࡅཷ

ࢡࢵࣟࢡࡢෆ㒊ࠊࡤࢀ࠶ሙྜ࡛࡞୙せࡶࢀࡎ࠸ࡢࡑ

ಙྕࢆ฼⏝࠿ࡿࡍෆ㒊࡛ࢱ࣮ࢹฎ⌮࡚ࡋ࠿ࡿࡍෆ⮚

ࢀࡽ࠼⪄ࡀ࡝࡞࡜ࡇࡍṧࢆグ㘓࡟୙᥹Ⓨᛶ࣓ࣔࣜࡢ

࢝ࢪ࢕ࣇࡣ࡛⌮ฎ࠸࡞ࡢ᥋ゐࡢ࡜⏺እࠊࡋ࠿ࡋࠋࡿ

࡞ࡁ࡛ࡣ࡜ࡇࡿࡵྵ࡟㒊㢮ࡢࢢࣥ࢕ࢸ࣮ࣗࣆࣥࢥࣝ

୙ࡣᏑᅾࡢ᪉୍ࡢධฟຊࡶ࡜ࡃ࡞ᑡࠊ࠼ࡺࢀࡑࠋ࠸

ྍḞ࡛ࠋࡿ࠶ 

ᐇ⌧ࠋࡿ࠶࡛࣮ࣝࢶ⏝ฟຊࡣࡢࡿࢀࡉ┠ὀࠊࡎࡲ

ฟຊࣥࢥ࢖࣐ࡀ࡝࡞ࡁືࡢ≀ࡣ࠸ࡿ࠶㡢ࡸගࠊࡣ࡟

⌧࡟ฟຊ➃Ꮚࡢࣥࢥ࢖࣐࡟ᐇ㝿ࠊࡀࡿ࠶௦⾲౛࡛ࡢ

኱ࣞ࣋᭱ࠊ࡛ࡢ࠸࡞ࡂ㐣࡟㟁Ẽಙྕࡢつᐃࡣࡢࡿࢀ

ࣝ௨ୗࡢ㟁ᅽ ᐃྍ⬟ࡢࢱ࣮࣓࡞㔪ࡢኚ఩ࡀࡁືࡸ

ฟຊࡢ඲࡚࡜ゝ࣓࡞࠺ࡼࡢࡑࠊࡽࡀ࡞ࡋ࠿ࡋࠋࡿ࠼

㛵ࡀேࡢ࡝ࢇ࡜࡯ࠊࡣ࡚ࡋᑐ࡟࡝࡞ࡁືࡢ㔪ࡢࢱ࣮

ᚰࢆᣢࡶ࡚ࡋ࠺࡝ࠋ࠸࡞ࡣ࡜ࡇࡘ௚ࡢ≀⌮㔞ࡀᮃࡲ

ࣗࣆ࣏ࡶ࡜ࡗࡶࡿࢀ࠿⨨࡟ฟຊഃࡢࣥࢥ࢖࣐ࠋࡿࢀ

ࢻ࣮࢜࢖ࢲࡿࡍⓎගࠊࡣ࡟ࡢࡶ࡞࣮ࣛ LED(Light 

Emitting Diode)ࡀᬑ㏻ࡣ㑅ࠋࡿࢀࡤᾘ㈝㟁ຊࡀᑡ࡞

ࡀࡢ࠸ࡍࡸࡋධᡭࡃࡃ࡟ࢀᏳ౯࡛ቯࠊࡃ࡞࡛ࡅࡔ࠸

࢜࢖ࢲࠊࡋ࠿ࡋࠋࡿ࠸࡚࠸ࡘࡧ⤖࡟⏝฼࡞ᡭ㍍ࡢࡑ

ࡋ࡬᪉ࡢ㊊࠸▷ࡽ࠿㊊࠸㛗ࡿ࠶ᚩ࡛≉ࡢ኱᭱ࡢࢻ࣮

࢖ࢲⓎගࠊ᪉ྥᛶ୍ࡢࢀὶ࠺࠸࡜࠸࡞ࡽ㏻ࡀ㟁ὶ࠿

ࢇ࡜࡯ࡣ஝㟁ụ㸯ᮏ࡛ࡢࢺ1.5࣎ࣝࡤࢀ࠶࡛ࢻ࣮࢜

2ࠊࡀ࠸࡞ࡽග࡝ ὶࡀ㟁ὶ࡟ᛴ⃭ࡣࡽ࠿௜㏆ࢺࣝ࣎

஝㟁ụ࡛ࡢࡍฟࢀ 2 ᮏ㸦3 ࡚ࢀษࡁ↝ࡣ㸧࡛ࢺࣝ࣎

ࡢ⏝㟁ὶไ㝈ࡎᚲࡣሙྜࡢࡇ࠼ࡺࢀࡑࠊ࡜ࡇ࠺ࡲࡋ

㟁Ẽ᢬ᢠ㸦㸳࣎ࣝ250࣮࣒࢜ࡑࡼ࠾ࡣ࡛ࡲࢺ௨ୖ࡛

ୖ㝈ࡉࡿ᫂ࡣḟ➨㸧ࡣ࡟ࡅࡔ࡜ࡇࡄ࡞ࡘ࡟ิ┤ࢆ༑

ศ࡟␃ព࡞࠺ࡼࡢࡇࠋ࠸࡞ࡽ࡞ࡤࢀࡅ࡞ࡋLEDࡢᛶ

㉁ࡢࡑࠊࡶ࡚࠼⪄ࢆⅬⅉࡸᾘⅉ࡚ࡗࡼ࡟ಙྕ࢖ࣁࡢ

࡜⏝ฟຊࣝࢱࢪ࢕ࢹࡿࡍฟ᳨ࢆࣝ࣋ࣞ࢘ࣟ࡜ࣝ࣋ࣞ

ࡋ࠿ࡋࠋ࠸࡞ࡣၥ㢟ࡃ඲ࡣ࡚ࡋ㛵࡟ࡢࡿࡍ⏝౑࡚ࡋ

LEDࠊࡽࡀ࡞ ࡋὀពࡣሙྜࡃ⨨࡟ฟຊഃࢢࣟࢼ࢔ࢆ

LEDࠊࡾࡲࡘࠋ࠸࡞ࡽ࡞ࡤࢀࡅ࡞ ࡣ 2 ࡟‶ᮍࢺࣝ࣎

ࡸపࣞ࣋ࣝ᭱ࡀฟຊࠊࡾ࡞ࡃ࡞ὶࡀ㟁ὶ࡟ᛴ࡜ࡿ࡞

᭱㧗ࣞ࣋ࣝ࡟㐩ࡿࡍ๓࡟ᾘⅉࢆ࡜ࡇ࠺ࡲࡋ࡚ࡋ༑ศ

୰ኸࡢᅗ㸯ࠋ࠸࡞ࡽ࡞ࡤࢀࡅ࡞ࡋ⏝౑࡛ୖࡢ▱ᢎ࡟

ࢢࣟࢼ࢔ࡶ࡟ฟຊࣝࢱࢪ࢕ࢹࠊࡀᅇ㊰ࡢࡘୗ஧ୖࡢ

ฟຊࡶ࡟౑ࡿࡍ࡜࠺࠾LEDࡢᅇ㊰ࡑࠋࡿ࠸࡚ࡋ♧ࢆ

࡚ࡋᑐ࡟ฟຊࡢࣝ࣋ࣞ࢘ࣟࡧࡼ࠾ࣝ࣋ࣞ࢖ࣁࢀࡒࢀ

Ⅼⅉࢢࣟࢼ࢔ࠋࡿࡍฟຊ࡟ᑐୖࠊࡣ࡚ࡋୗࢀࡒࢀࡑ

㧗ࣞ࣋ࣝ๓࡛᭱ࡧࡼ࠾పࣞ࣋ࣝ๓᭱ࡢฟຊࡀLEDࡢ

ᾘⅉࠋࡿࡍ 

 

 
 

ᅗ1 ࣐ࣝࢱࢪ࢕ࢹ/ࢢࣟࢼ࢔ࡢࣥࢥ࢖ධฟຊ 

 

௚᪉ࠊධຊࢱࢪ࢕ࢹࠊࡣ࡚ࡋ࡜ࡢࡶࡿ࡞࡟࣮ࣝࢶ

ࣝಙྕ࠺ᢅࢆሙྜࢢࣟࢼ࢔࡜ಙྕ࠺ᢅࢆሙྜࢆศࠊࡅ

ධຊࢆኚ᢬ᢠྍࡢྑ࡜ࢳࢵ࢖ࢫࡢᕥࡢᅗ㸯ࢀࡒࢀࡑ

ഃࡢ௦⾲࡚ࡋ࡜඘࡚ࠊࡋࡔࡓࠋࡿࡁ࡛ࡀ࡜ࡇࡿᅗࡢ

ᕥ࡛ࣟࣥ࢜ࢳࢵ࢖ࢫࡀࡢࡶࡢୖࡢࡑࠊࡣࢳࢵ࢖ࢫࡢ

ࣁࡀࡢࡶࡢୗࠊ࠼ఏ࡬ഃࣥࢥ࢖࣐ࢆධຊࡢࣝ࣋ࣞ࢘

ࢪ࢕ࣇࠊᒁ⤖ࠋࡿ࡞࡟ࡢࡶࡿ࠼ఏࢆධຊࡢࣝ࣋ࣞ࢖
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࣮ࣝࢶࡢᑠᵓᡂ᭱ࡢࡵࡓࡢࢢࣥ࢕ࢸ࣮ࣗࣆࣥࢥࣝ࢝

ධຊ࡜LEDࡢ⏝ฟຊࡣ࡟௨እࣥࢥ࢖࣐ࠊࡣ࡚ࡋ࡜⩌

ࠋࡿ࡞࡟࡜ࡇࡿࡾኚ᢬ᢠ࡛㊊ྍࡧࡼ࠾ࢳࢵ࢖ࢫࡢ⏝

ࡢࣥࢥ࢖࣐ࠊࡶ࡛ࢇ⤌ࢆ㟁Ẽᅇ㊰࡞㞧「࡟࠺ࡼࡢ࡝

࿘ࡢࡇࡣࡾ㸱✀ࡀᙧࢆኚࡁ⨨࡚࠼ኚ࡜ࡢࡶࡓࡗࢃぢ

 ࠋࡿࡁ࡛ࡀ࡜ࡇࡍೌ

 

5555㸬㸬㸬㸬SerialSerialSerialSerial  ⏝ᛂ⏝ᛂ⏝ᛂ⏝ᛂࡢࡢࡢࡢࣜࣛࣈ࢖ࣛࢫࣛࢡࣜࣛࣈ࢖ࣛࢫࣛࢡࣜࣛࣈ࢖ࣛࢫࣛࢡࣜࣛࣈ࢖ࣛࢫࣛࢡ

⎔㛤Ⓨࡢࡑࠊࡣ࡛ࢢࣥ࢕ࢸ࣮ࣗࣆࣥࢥࣝ࢝ࢪ࢕ࣇ

ቃࡢⴭ࠸ࡋ㉁ⓗྥୖࡀ㛫㐪ࡃ࡞࠸኱࡞ࡁ㨩ຊࡗ࡞࡜

ࢢ࣑ࣥࣛࢢࣟࣉᣦྥࢺࢡ࢙ࢪࣈ࢜ࠊ࡟ࡽࡉࠋࡿ࠸࡚

ᛌ㐺ࡀ࡜ࡇࡓࡏࡉୖྥࡃࡁ኱ࢆ⋠㛤Ⓨຠࠊࡋᾐ㏱ࡀ

ࣈ࢜ࡣ࡛ࡇࡇࠋࡿ࠸࡚ࡋ࡟⬟ྍࢆࢢ࣑ࣥࣛࢢࣟࣉ࡞

ࢫࣛࢡࠊࡀᜠᜨࡿࡼ࡟ࢢ࣑ࣥࣛࢢࣟࣉᣦྥࢺࢡ࢙ࢪ

 ࠋࡿࡵ␃࡟౛ࡿࢀࡽᚓ࡟ࡁ࡜ࡿࡍ⏝฼ࢆࣜࣛࣈ࢖ࣛ

AVR ࢹධฟຊࡢࣝࢱࢪ࢕ࢹࡸࢢࣟࢼ࢔࡟ࣥࢥ࢖࣐

㛤ࡢࡑࡶ࠿ࡋࠊࡋ࡟࠺ࡼࡿࡁ࡛⥆᥋࡟ᡭ㍍ࢆࢫ࢖ࣂ

Ⓨ⎔ቃࢆ࡛ࡲᥦ౪ࡿࡍArduinoࣥࢥࣝ࢝ࢪ࢕ࣇࠊࡣ

ࡿ࠶࡛࣮ࣝࣗࢪࣔࣥࢥ࢖࣐ࡓࡋ㐺࡟ࢢࣥ࢕ࢸ࣮ࣗࣆ

ࣛࢢࣟࣉࡢ㛤Ⓨ⎔ቃୗ࡛Cゝㄒ㢼ࡢഃࣥࢥࢯࣃࠋ[2]

ࣥࢥࡢࡑࠊࡤࢀࡍࢢࣥ࢕ࢹ࣮ࢥ࡚ࡗࡼ࡟ゝㄒࢢ࣑ࣥ

ࢽ࣓ࡢ㠃⏬ࢆ࡛ࡲࡳ㎸ࡁ᭩ࡢ࡬ࣥࢥ࢖࣐ࡽ࠿ࣝ࢖ࣃ

࣮ࣗ㡯┠ࡢࣥࢥ࢖࢔ࡸ㑅ᢥ࡛ࡅࡔ⡆༢ࠋࡿࡁ࡛⾜⥆࡟

USBࠊ࡟ࡵࡓࡢ㏻ಙ࡜⤥㟁※౪ࠊࡋࡔࡓ ࢆࣝࣈ࣮ࢣ

ࡋタᐃࡃࡋṇࢆࢺ㏻ಙ࣏࣮ࡢࡑࠊࡋ⥆᥋ࡵࡌ࠿ࡽ࠶

Arduinoࠋ࠸࡞ࡽ࡞ࡤࢀࡅ࡞࠿࠾࡚ ࣟࣉࡢࡑࠊࡣ࡛

᭩࡟ࣥࢥ࢖࣐࡚ࡋࣝ࢖ࣃࣥࢥࢆ㸧ࢳࢵࢣࢫ㸦࣒ࣛࢢ

ࢫࣛࢡࣝ࢔ࣜࢩ࡟᫬ྠࠊ㸧ࢻ࣮ࣟࣉࢵ࢔㸦࡜ࡴ㎸ࡁ

Serialࡳ⤌ࡀࣜࣛࣈ࢖ࣛࢫࣛࢡࡢ㎸ࡺࢀࡑࠋࡿࢀࡲ

ࡆୖࡕ❧࡛ࡅࡔࢡࢵࣜࢡࢫ࣐࢘ࠊ࡚ࡗࡼ࡟ࢀࡇࠊ࠼

ࣥࢥ࢖࣐࡜㠃⏬ࢱࢽࣔࡢഃࣥࢥࢯࣃࡿࡁ࡛ࡢ࡜ࡇࡿ

 ࠋࡿ࡞࡟⬟ྍࡶ࡛ࡘ࠸ࡀ㏻ಙࡢ㛫࡛ࡢ࡜

㏻ࣝ࢔ࣜࢩ࡜௚ゝㄒࡣ࡟୰ࡢࣝࣉࣥࢧࡢࡑࠊࡓࡲ

ಙࡶࡢࡶࡢࡵࡓࡿࡍ࡟⬟ྍࢆ⏝ពࡢࡑࠋࡿ࠸࡚ࢀࡉ

ἢ࡟ἲᩥࡢJavaࠊ࡚ࡗࡼ࡟࡜ࡇࡿࡆୖࡕ❧ࢆࢺࣇࢯ

ゝㄒࡿࡁ࡛ࢢ࣑ࣥࣛࢢࣟࣉ࡚ࡗ Processing ࡛సᡂ

ࡿࢀࡽࡏࡉ㐃ᦠࢆࣥࢥ࢖࣐࡜ࣥࣙࢩ࣮ࢣࣜࣉ࢔ࡓࡋ

ࣉࡢᚲせ᭱ᑠ㝈ࠊࡣゝㄒࡢࡇࠊඖ᮶ࠋ[3]ࡿ࡞࡟࠺ࡼ

ࠊࡽ࠿࡜ࡇ࡞⬟ྍࡀ⏬ᥥ࡚ࡗࡼ࡟ࢻ࣮ࢥࢢ࣑ࣥࣛࢢࣟ

ࡇࡇࠋࡿ࠸࡚ࡋ㐺࡟ࢢ࣑ࣥࣛࢢࣟࣉࡢᣦྥࣥ࢖ࢨࢹ

ࣥࢥ࢖࣐ࡢᅗࡢẁୖࠊ࡟࠺ࡼࡿࢀࡉ♧࡟ᅗ2ࠊࡣ࡛

ഃࢢࣟࢼ࢔ࡢධຊ➃ࣝࢱࢪ࢕ࢹࡧࡼ࠾ධຊ➃ࡽ࠿

USB ࢱ࣮࣓ࣛࣃࡢ⏝⏬ᥥࡿࢀࡽ㏦࡚ࡋ㏻ࢆࣝࣈ࣮ࢣ

ࢆᴃ෇࡟㠃ୖ⏬ࡢഃࣥࢥࢯࣃࡢᅗࡢୗẁࠊ࡚ࡗࡼ࡟

ᥥࡢࡑࠊࡁ఩⨨ࠊᙧࡧࡼ࠾Ⰽࢆ௵ព࡟ኚࡼࡿࢀࡽ࠼

 ࠋࡿ࠸࡚ࡋ࡟࠺

 

 
  㸦ୖẁ㸧 ࣐ࡢࡑ࡜ࣥࢥ࢖࿘㎶ᅇ㊰ 

 

 

  㸦ୗẁ㸧ࣥࢥࢯࣃ⏬㠃ࡢ࡬ᥥ⏬ 

 

ᅗ ࡬㠃⏬ࣥࢥࢯࣃࡿࡼ࡟♧ᣦࡢࡽ࠿ࣥࢥ࢖࣐ 2

 ⏬ᥥࡢ

 

࡟♧ᣦࡢࡽ࠿㠃⏬ࣥࢥࢯࣃࠊ࡟㏫ࡣ࡜ࢀࡇࠊࡓࡲ

ࡇࡿࡍ࣮ࣝࣟࢺࣥࢥࢆ➃ฟຊࡢഃࣥࢥ࢖࣐ࠊ࡚ࡗࡼ

ᕥୖഃࠊ࡟࠺ࡼࡿࢀࡉ♧࡟ᅗ3ࡤ࠼౛ࠋࡿࡁ࡛ࡶ࡜

㠃⏬ࡣ࡟ࡁ࡜ࡿ࠶ࡀࣝࢯ࣮࢝ࢫ࣐࢘࡟㠃༙ྑࡢᅗࡢ

ࠊ࣐ࡃ࡞ࡣኚ໬࡟ ࠊࡀࡿ࠸࡚ࡋᾘⅉࡣLEDࡢഃࣥࢥ࢖
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ࡼࡢᅗࡢᕥୗഃࠊ࡜ࡃ⨨࡟ᕥ༙㠃ࢆࣝࢯ࣮࢝ࢫ࣐࢘

ࡍⅬⅉࡀLEDࡢഃࣥࢥ࢖࣐࡚ࡋኚ໬ࡀⰍࡢ㠃⏬࡟࠺

ࡃ࡚ࡗᣢࢆࣝࢯ࣮࢝ࢫ࣐࢘࡟㠃༙ྑࡢᅗࠊࡓࡲࠋࡿ

ࠊࡾࡼ࡟࡜ࡇࡿ࠼ኚࢆ⨨఩ࡢࡑ࡬➃ྑࡽ࠿➃ᕥࠊ࡜ࡿ

ࡿ᫂ࡢ㧗᭱ࡽ࠿ᬯࡗ┿ࢆࡉࡿ᫂ࡢLEDࡢഃࣥࢥ࢖࣐

 ࠋࡿࡁ࡛ࡀ࡜ࡇࡿࡏࡉኚ໬࡟㐃⥆ⓗ࡛ࡲࡉ

 

 

 

ᅗ3 ࣐ࣥࢥ࢖ഃࡢLEDࡢⅬⅉ࡜ᾘⅉࡧࡼ࠾ 

 㠃⏬ࡢഃࣥࢥࢯࣃࡢࡵࡓࡿ࠼ኚࢆࡉࡿ᫂

 

࡜ࣥࢥࢯࣃࠊࡣ౛࡛ࡢධฟຊไᚚࡸ⏬ᥥࡢࡽࢀࡇ

ࡢ཮᪉ࢆ࣮ࣝࣟࢺࣥࢥࡸタᐃࡢ㏻ಙࡢ㛫ࡢࣥࢥ࢖࣐

ࢫࣛࢡࡢྡྠ Serial ࡚ࡗᢸࡀࢫࣥࢱࢫࣥ࢖ࡢࡑࡸ

ࠊ࣐ࡣProcessing࡛ࠋࡿ࠸ ࣉ࡞₩⡆ࡶࢺࣥ࣋࢖ࢫ࢘

ࠋࡿ࠸࡚ࡗ࡞࡟࠺ࡼࡿࡁ࡛⌮ฎ࡚ࡗࡼ࡟グ㏙࣒ࣛࢢࣟ

Processing ࢆࢻ࣮ࢥࡢࡑࠊࡣ࡚ࡋ㛵࡟ HTML ࢖࢓ࣇ

Webࠊ࡛ࢇ㎸ࡵᇙ࡟ࢢࢱࢺࣉࣜࢡࢫࡢࣝ ࣑ࣛࢢࣟࣉ

ࡓࡋ࡟࠺ࡼࡿࡁ࡛⏝฼࡛ࢢࣥ Processingjs 㛤Ⓨࡶ

 ࠋࡿ࠸࡚ࢀࡉ

୍᪉ࡢࡑ࡜ࣥࢥ࢖࣐࡟ࡽࡉࠊ࿘㎶⿦⨨ࡶࢆᢳ㇟໬

ࣥ࢖ࡸࢫࣛࢡࡿ࡞࡜⌮௦ࡢࡽࢀࡑഃ࡛ࣥࢥࢯࣃࠊࡋ

࣑ࣛࢢࣟࣉࡿࡏࢃᢸࢆ⌮ฎࡢഃࣥࢥࢯࣃ࡟ࢫࣥࢱࢫ

ࢢ㸪ࡤ࠼౛ࠋࡿ࡞࡟⬟ྍࡶ࡜ࡇࡿ࡜ࢆࣝ࢖ࢱࢫࢢࣥ

ࡢࡇࠊࡤࢀ࠸⏝ࢆPure Data (pd)ࡢゝㄒࣝ࢝࢕ࣇࣛ

ゝㄒ⏝ࣥࢥ࢖࣐ࡢArduinoࡀࣜࣛࣈ࢖ࣛࢫࣛࢡࡢ㛤

Ⓨࢆࢀࡇࠊ࡛ࡢࡿ࠸࡚ࢀࡉ฼⏝ࢢ࣑ࣥࣛࢢࣟࣉࡿࡍ

࡜ᚓពࢆ⌮ฎࡢ㡢ኌࠊࡣゝㄒࡢࡇࠋ[4]ࡿ࡞࡟⬟ྍࡀ

࣐ࠊࡋᑐ࡟ධຊ࢜࢕ࢹ࣮࢜ࡣ㸪ᅗ4࡛࠼ࡺゝㄒࡿࡍ

࠸࡚ࡋ♧ࢆ౛ࡿࡏࡉኚㄪࢆࡉࡿ᫂ࡢLEDࡢഃࣥࢥ࢖

㡢ኌࢆධຊ࢜࢕ࢹ࣮࢜ࠊࡣࢀὶࡢ⌮ฎ࡞ᇶᮏⓗࠋࡿ

ࣀࣟࢺ࣓ࢆฟຊࡢࢺࢡ࢙ࢪࣈadc࢜ࡿ࠼ኚ࡟ࢱ࣮ࢹ

ࡢࡑࠊࡋᢳฟࢺࢵࣙࢩࣉࢵࢼࢫ࡟࡜ࡈ࣒ࢬࣜࡢ࣒࣮

ࡢࣥࢥ࢖࣐࡚ࡗࡼ࡟ࢱ࣮ࢹ LED ࢆฟຊࡢ࡬

PWM(Pulse Width Modulation)ไᚚࡉࡿ࡚᫂ࡋㄪᩚࡍ

 ࠋࡿ࠸࡚ࡗ࡞࡟ࡢࡶࡿ

 

 
ᅗ4 ࣮࢜࢜࢕ࢹධຊࢆLEDࡢࡉࡿ᫂ࡢኚ໬ 

 ࣒ࣛࢢࣟࣉ Pure Dataࡿ࠼ኚ࡟

 

㛤ࣥࢥ࢖࣐ࠊࡣἼࡢࢢࣥ࢕ࢸ࣮ࣗࣆࣥࢥࢻ࢘ࣛࢡ

Ⓨ࡟ᑐࡶ࡚ࡋ᪂࠸ࡋὶ࡚ࡋ࡜ࢀᢲࡋᐤࡏጞࠋࡿ࠸࡚ࡵ

ࢩCortexM-3ࣥࢥ࢖ARM࣐ࠊࡣmbedࢻ࣮࣎ࣥࢥ࢖࣐

ࢻ࣮࣎⏝ࢢࣥࣆ࢖ࢱࢺࣟࣉࡓࡋᦚ㍕ࢆMPUࡢࢬ࣮ࣜ

࣮ࣝࢺࢫࣥ࢖ࢆ㛤Ⓨ⎔ቃࠋ[5]ࡿ࠸࡚ࢀࡽࡅ఩⨨௜࡜

௨እࢻ࣮࣎ࠊ࡛⬟ྍࡀ㛤ⓎࡢWebୖ࡛ࡃ࡞࡜ࡇࡿࡍ

ࣛࣈࡧࡼ࠾ࣝࣈ࣮ࢣUSBࡢ⏝㏻ಙࡢ࡜ࣥࢥࢯࣃࡣ࡟

ࠊࢀ࠶OS࡛ࡢ࡝ࠋࡿ࡞࡟ᚲせࡀࡳࡢࢺࣇࢯࢢࣥࢪ࢘

ࡉࡁ࡛⥆᥋ࢺࢵࢿ࣮ࢱࣥ࢖࡚ࡋ㉳ືࡀࢨ࢘ࣛࣈࡢࡑ

⬟ྍࡀࢢ࣑ࣥࣛࢢࣟࣉࡿࡼ࡟C++ゝㄒࠋ࠸ࡼࡤࢀࡍ࠼

ࠊ࡚ࡗࡼ࡟ࡳ㎸ࡾྲྀࡢࣝ࢖࢓ࣇ࣮ࢲࢵ࣊࡞ᇶᮏⓗࠊ࡛

ධฟຊࡣࢫࣛࢡ୙⮬⏤ࡃ࡞౑ࠋࡿ࡞࡟࠺ࡼࡿ࠼౛࠼

⏝฼ࢆࢫࣛࢡࡢฟຊࣝࢱࢪ࢕ࢹ࡜ධຊࢢࣟࢼ࢔㸪ࡤ

ࣛࢢࣟࣉࡿ࠼ኚࢆែ≦ࡢฟຊ࡚ࡗࡼ࡟ධຊಙྕࠊࡋ

ࢀࡑࠊࡾࡲࡘࠋࡿ࡞࡟ࡢࡶ࡞₩⡆࡟࠺ࡼࡢḟࠊࡣ࣒

ࢫࣥ࢖ࡢDigitalOutࡧࡼ࠾AnalogInࢫࣛࢡࡢࢀࡒ

ࡋᣦᐃࢆ࡝࡞␒21ࡧࡼ࠾␒20ࣥࣆධฟຊࢆࢫࣥࢱ

࡚ ain(p20)ࡸ dout(p21) ࡟࠺ࡼࡢ⏕ᡂࠊࡋain ࡢ

┿ഇ࡟ᛂ࡚ࡌ dout ฟࡢࣝ࣋ࣞ࢘ࣟࡸࣝ࣋ࣞ࢖ࣁ࡟

ຊ 㸦್1ࡸ 0㸧ࢆ௦ධࡿࡍฎ⌮ࢆ↓㝈࣮ࣝࣉෆࡃ⨨࡟
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ࠊࡣ๭௜ࡢࣥࣆ࡞࠺ࡼࡿࢀࡉ♧࡟ᅗ5ࠋ࠸ࡼ࡛ࡅࡔ

࡛ࡀ࡜ࡇࡿࡍㄆ☜࡟༶ᗙ࡚ࡋ⏝฼ࢆ࡝࡞㠃⏬ࣉࣝ࣊

 ࠋࡿࡁ

 

  

 ᅗ5 mbed࡛ࢢ࣑ࣥࣛࢢࣟࣉᚲせࡿ࡞࡟ 

 ࣝࢱࢪ࢕ࢹ࡜㸦ᕥᅗ㸧ࣥࣆࢢࣟࢼ࢔

 ⨨㓄ࡢ㸦ྑᅗ㸧ࣥࣆ

 

6666㸬㸬㸬㸬࣐ࡢࡢࡢࡢࢢ࣑ࣥࣛࢢࣟࣉࣥࢥ࢖࣐ࢢ࣑ࣥࣛࢢࣟࣉࣥࢥ࢖࣐ࢢ࣑ࣥࣛࢢࣟࣉࣥࢥ࢖࣐ࢢ࣑ࣥࣛࢢࣟࣉࣥࢥ࢖ᒎᮃᒎᮃᒎᮃᒎᮃ 

ࡃࡁ኱࡟㏿ᛴࡣቃ⎔ࢢ࣑ࣥࣛࢢࣟࣉࡢࣥࢥ࢖࣐ 

ኚㇺࢆ㐙ࠋࡿ࠸࡚ࡋ࡜࠺ࡼࡆ㧗⢭ᗘࡢไᚚࡣᙜึࡼ

ᐇ᫬㛫ไᚚࡶ࡛࠿࡞ࠊࡀࡓࡗ࠶ࡣ࡛࡜ࡇࡿࢀࡲᮃࡾ

ࣆࣥࢥࣟࢡ࢖࣐ࠊࡓࡲࠋࡿ࠶ࡘࡘࡋቑ኱ࡀせㄳࡢ࡬

࡜ࠎḟࢆ್ࡢᦚ㍕࣓ࣔࣜ࡜ᗘ㏿⟭₇ࡢࡑࠊࡀࢱ࣮ࣗ

ๅ᪂ࡃ▐ࡀࣥࢥ࢖࣐ࠊ࡟࠺ࡼࡓࡗ࠸࡚ࡋ㛫࡟஫ࡢ࠸

㝽㛫ࢆᇙࠊࡣ࡛ࡲࢀࡇࠋࡿࢀࡽ࠼⪄ࡶ࡜ࡇࡃ࠸࡚ࡵ

୍㒊ࢆࣥࢥ࢖࣐ࡢ㝖ࡢࡑ࡚࠸እ࡛⪃ࡓ࠸࡚ࢀࡽ࠼ಙ

ࣥࢥ࢖࣐⬟㧗ᶵ࡟➨ḟࠊࡣ⌮ฎ࠸㔜ࡢ࡝࡞⌮ฎࡢྕ

ഃ࡬྾཰ࡃ࠸࡚ࢀࡉໃࡶ࠸ឤࠋࡿࢀࡽࡌ 

 ᰂ㌾࣒ࢸࢫࢩ࡞㛤Ⓨ࡟㐺ࡓࡋFPGAࣝࢱࢪ࢕ࢹࠊࡣ

ᅇ㊰ࡢ᭩ࡁ᥮ࡀ࠼୺࡛ࠋࡓࡗ࠶௒࡛ࢢࣟࢼ࢔ࡣᅇ㊰

ࠊ᪉୍ࠋࡿ࠸࡚ࢀ⌧ࡶࡢࡶ࡞⬟ྍࡢ࠼᥮ࡁ᭩ࡢ

PSoC(Programmable System on Chip)ࡽ࠿ࡵࡌࡣࠊࡣ

ࡀ࠼᥮ࡁ᭩ࡢ୧᪉ࡢᅇ㊰ࢢࣟࢼ࢔࡜ᅇ㊰ࣝࢱࢪ࢕ࢹ

ࣝࢱࢪ࢕ࢹࡢFPGAࠋࡓࡋⓏሙ࡚ࡋ࡜ࣥࢥ࢖࣐࡞⬟ྍ

ᅇ㊰ࡿࡍ࣒ࣛࢢࣟࣉࢆ⬟ຊࢢࣟࢼ࢔ࠊ࡜ᅇ㊰࡚ࡋ࡜

᭷⏝࡞ቑᖜࡸⓎಙࡢࢱࣝ࢕ࣇࡣ࠸ࡿ࠶ᅇ㊰ࣉࢆ࡝࡞

㧗ᶵ࡚ࡵᴟࡘᣢࡏࢃྜࢆ཮᪉ࡢຊ⬟ࡿࡁ࡛࣒ࣛࢢࣟ

⬟࡛㧗㞟✚ᗘࡀࣥࢥ࢖࣐ࡢฟ⌧ࡇࠋࡿ࡞࡟࡜ࡇࡓࡋ

࢔࢙࢘ࢺࣇࢯࠊࡣ࡚ࡋᑐ࡟ࣥࢥ࢖࣐࠸ࡋ᪂࡞࠺ࡼࡢ

ᢏ⾡ࡍࡲࡍࡲࡶ㧗ᗘ࡛ࡢࡶ࡞ᑐฎࡀ࡜ࡇࡿࡍせồࡉ

ࢀࡉ⏝㐺࡟ࢱ࣮ࣗࣆࣥࢥࡢ⯡୍ࠊࡽ࠿࠺ࢁ࠶࡛ࡿࢀ

࢖࣐ࡢࡽ࠿ࢀࡇࠊࡀ࠸ᢅ࡞ᬑ㐢ⓗ࠸࡞ࡽࢃኚ࡜ࡢࡿ

 ࠋࡿࢀࡽ࠼⪄࡜ࡢࡶࡃ࠸࡚ࢀࡉ࡞ࡣ࡟ࣥࢥ

7777㸬㸬㸬㸬ࡵ࡜ࡲࡵ࡜ࡲࡵ࡜ࡲࡵ࡜ࡲ 

ᴫほࢆ௒࡜࡛ࡲࢀࡇࡢࢢ࣑ࣥࣛࢢࣟࣉࡢࣥࢥ࢖࣐

࢖ࢱࢫࢢ࣑ࣥࣛࢢࣟࣉࠊ࡟ࡶ࡜࡜ᶵ⬟ᙉ໬ࡢࡑࠊࡋ

ࢺࣇࢯࠋࡓࡋ♧ࢆ࡜ࡇࡿ࠸࡚ࡁ࡚ࡋኚㇺࡃࡁ኱ࡶࣝ

ࢢࣟࣉᣦྥࢺࢡ࢙ࢪࣈ࢜ࡢ࡚ࡋ࡜ᖖ㐨ࡢ㛤Ⓨ࢔࢙࢘

࡜ࡇࡿ࠶ࡘࡘࡾ࡞࡜୺ὶࡢࡑࡶ࡛ࡇࡇࠊࡣࢢ࣑ࣥࣛ

ࣥࢥࢯࣃࡿࡁ㛤Ⓨ࡛ࡃ࡞⌮↓ࡣ࣒ࣛࢢࣟࣉࠋࡓࡳࢆ

ഃ࡛⾜࡚ࡗ⤖ᯝࣥࢥ࢖࣐ࢆഃ࡬Ώࠊࡶ࡟ࡢࡍ」㞧࡞

ฎ⌮ࣥࢥࢯࣃࢆഃ࡛⾜࡜ࣥࢥ࢖࣐࡚ࡗ㐃ᦠື࡚ࡋస

࡞㔜せ࡟㏻ಙࣝ࢔ࣜࢩࠊࡶ࡟ࡵࡓࡿࡍ࡟࠺ࡼࡿࡁ࡛

ᙺ┠ࢆᢸࢆࢡ࣮࣡ࢺࢵࢿࠊ࡟ࡽࡉࠋࡓࡏࢃ௓ࡓࡋ㏻

ಙ࡟ᗈࢥࢯࣃࡸࣥࢥ࢖࣐ࡿࡀ࡞ࡘ࡛ࢺࢵࢿࠊࡤࢀࡆ

ࡓ᪂ࡸ࣮ࣝࣟࢺࣥࢥࢺ࣮ࣔࣜࠊࡁ࡛ࡀ㐃ᦠືసࡢࣥ

  ࠋࡿ࠶ࡶᛶ⬟ྍࡿࢀࡉฟࡳ⏕ࡀᙧែࡢ⌮ศᩓฎ࡞

 

㉁㉁㉁㉁␲ᛂ⟅␲ᛂ⟅␲ᛂ⟅␲ᛂ⟅    

㹏㹏㹏㹏    㸦㸦㸦㸦ᑠฟᑠฟᑠฟᑠฟ㸧㸧㸧㸧࣐࡟ࢱࢫࢪࣞࡢࣥࢥ࢖ゐࢢࣟࣉ࠸࡞ࢀ

 㸬࡚ࡋ㛵࡟㊶ᩍ⫱ᐇࡢࡑ࡜ࢢ࣑ࣥࣛ

㸿 ࣐ࡢࢢ࣑ࣥࣛࢢࣟࣉࣥࢥ࢖ᇶᮏࢪࣞࡾࡣࡸࡣ

㏻ࠊࡋ࠿ࡋࠋ࡜ࡇࡿࡍグ㏙ࡃࡋṇࢆࡁືࡢࢱࢫ

ಙࣜࣛࣈ࢖ࣛࢫࣛࢡࡢࡵࡓࡢࡑ࡜ࡿ࠼⪄ࢆ࡝࡞

ࡀ᪉ࡓࡋ⏝౑ࢆᣦྥゝㄒࢺࢡ࢙ࢪࣈ࢜ࡿ࠼ᢅࡀ

㛤Ⓨຠ⋡ࡣ᱁ẁ࡟㧗ࠋࡿࡲᢸᙜࡿࡍᐇ㦂࣐࣮ࢸ

PICࠊࡣ࡛ࠖࢱ࣮ࣗࣆࣥࢥࡳ㎸⤌ࠕ ࡢࣥࢥ࢖࣐

࡟ࢢ࣑ࣥࣛࢢࣟࣉゝㄒࣜࣈࣥࢭ࢔ C ゝㄒࢢࣟࣉ

࠸㧗ࡢᢳ㇟໬ࠊࡣ௒ᚋࠋࡿ࠸࡚࠼ຍࢆࢢ࣑ࣥࣛ

ゝㄒࡶᚲせ࡟ᛂ࡚ࡌຍࠋࡃ࠸࡚࠼ 

㹏 㸦ᒣஅୖ㸧Processingゝㄒࡢ౑࠸ࡘ࡟ࡉࡍࡸ࠸

 ఍᱌ෆ✲◊࣒ࢸࢫࢩࡳ㎸ࡳ⤌࡜࡚

㸿 Processing ゝㄒࡣᥥ⏬࡟ඃࡓࢀゝㄒ࡛኱ኚ౑

ࠋ࠸ࡼ࡛ࡅࡔࡿࡍグ㏙ࢆ㛵ᩘࡢ⏝⏬ᥥࠋ࠸ࡍࡸ࠸

Javaᩥࡢἲ࡟‽ᣐࠊࡽࡀ࡞࠸࡚ࡋJava㸦ࣞࣉ࢔

ࠊࡃ࡟࠸࠶ࠋ୙せࡣグ㏙ࡢ๓ᚋ࡞࠺ࡼࡢ㸧ࢺࢵ

Ꮫ఍ࡀ㔜ࡳ⤌࡚ࡗ࡞㎸࣒ࢸࢫࢩࡳ◊✲఍ࡣ࡬୙

ཧຍࠋ 
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