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㸪ࡁ࡛ࡀࡇࡿࢀゐ⾡ᢏ࠺㐪ᑓ㛛ศ㔝ࡢศ⮬࡞

ࢀࡁ㛤Ⓨ࡛ࡀᐇ㦂ᩍᮦࡿࡁయ㦂࡛ࢆ㊶ᐇ㸪⌮ㄽࡓࡲ

࠸࡞ࡣ࡛ࡢࡿࡁゎỴ࡛ࡀၥ㢟Ⅼࡓ㏙࡛ࡲࡤ

 㸬ࡓ࠼⪄
ࡣ࡛✲◊ࡢ࡛ࡲ㸪⌮ㄽᐇ㊶ࡢ୧᪉ࢆయ㦂࡛ࡿࡁ

ᐇ㦂ᩍᮦࢺࣇࣛࢡ࣮ࣃ࣮࡚࣌ࡋ㢼㌴㸦࢙࢘ࢻ࣮ࣁ

ᩍᮦ㸧Arduino㸦࢙࢘ࢻ࣮ࣁ㸤࢙࢘ࢺࣇࢯᩍᮦ㸧㸪

ཬࡧ Processing㸦࢙࢘ࢺࣇࢯᩍᮦ㸧ࡓࡏࢃྜࡳ⤌ࢆ

㢼ຊⓎ㟁ᐇ㦂ᩍᮦࡢ㛤Ⓨࢆ୰ᚰࡀࡓࡁ࡚ࡗ⾜㸪ᅇ㸪

᭦ 3D ᐇ㦂ᩍᮦ࡞㧗ᗘࡾࡼࡓࡏࢃྜࡳ⤌ࢆࢱࣥࣜࣉ

ሗ࿌࡚࠸࠾ᮏㄽᩥ࡛ࡢࡓࡋ㛤Ⓨࢆ࡞࣮ࣝࢶ ィࡸ

 㸬ࡿࡍ
 

2. 実験 材の  
ᥦࡿࡍᐇ㦂ᩍᮦࡣ㸪ࡃࡁศ࢙࢘ࢻ࣮ࣁࡿࡅ

ᩍᮦ࢙࢘ࢺࣇࢯᩍᮦࡢ 2 ✀㢮࡛ࡿ࠶㸬⌧ᅾ㸪ᥦ౪

ᅗࢆ㢮✀ࡢᩍᮦࡿࡁ࡛ࡢࡇࡿࡍ 1㸪ᅗ 2 㸬ᅗࡍ♧

୰ࡢୗ⥺㒊ࡣᅇ㏣ຍࡓࡋᩍᮦࡿ࠸࡚ࡋ⾲ࢆ㸬ࡤ࠼

㧗ᑓ࡛ࡢࡽࢀࡇᩍᮦ࡚࠸⏝ࢆᐇ㦂ࢆ࣐࣮ࢸసᡂࡿࡍ㝿

Ⰽ≉ࡢᏛ⛉ẖ࡚ࡗࡼࡇࡿࡏࢃྜࡳ⤌ࢆ㸪ᩍᮦࡣ

In recent years, a decrease in motivation of learning, has become a problem in the College of Technology and 
Engineering of the University. In order to resolve this problem, measures are needed from the lower grades of 
these higher education institutions. However, to educate both theory and actual practice at the same time for 
student who have less technical skills is difficult in introductory education. In this study, we developed the 
experimental teaching materials for college student, using higher level teaching materials.For example, there are 
windmill created by 3D printer� and general purpose measurement tool...etc. 
The teaching material provides the both theory and actual practice for engineering education.Currently, we are 
using the materials in the experiment of  Electronic Engineering second grade in this college. 

  * 㟁ᏊᕤᏛ⛉ ᩍᤵ 
 ** ᶵᲔᕤᏛ⛉ ᩍᤵ 
 

論文/藤本・早稲田：工学教育のための実践的実験教材開発

－ 51 －



 㸬ࡿ࠶࡛⬟ྍࡀࡇࡿࡍసᡂࢆ࣐࣮ࢸᐇ㦂ࡓࡋ⏕ࢆ

ᅗ 1.�  ᩍᮦ୍ぴ࢙࢘ࢻ࣮ࣁ
 

ᅗ 2.�  ᩍᮦ୍ぴ࢙࢘ࢺࣇࢯ
 
ᮏᰯ㟁ᏊᕤᏛ⛉࡛ࡣ㸪ᖺᗘࡢᚋᮇࡢࡽࢀࡇࡽᩍ

ᮦ࡚࠸⏝ࢆ 2 ᖺ⏕ྥࡢࡅᐇ㦂ᐇ⩦ࡿ࠸࡚ࡗ⾜ࢆ㸬ࡢࡑ

ෆᐜࢆᅗ 3 㸬㒊࡛ࡍ♧ 3 㐌ࡢᐇ㦂ࡾ࠾࡚ࡗ࡞㸪1
㐌┠࢙࢘ࢻ࣮ࣁࡣ㸪2 㐌┠ࢺࣇࢯ࢙࢘ࢻ࣮ࣁࡣ

㸪3࡚ࡋࡑ㸪࢙࢘ 㐌┠࢙࢘ࢺࣇࢯࡣ୰ᚰࡢෆᐜ

ᐇㄽ⌮ࠕෆ࡛࣐࣮ࢸᑠࡢ㸪ྛ㐌ẖࡓࡲ㸬ࡿ࠸࡚ࡗ࡞

 㸬ࡿ࠸࡚ࡗྲྀࢆࢫࣥࣛࣂࡢࠖ㊶
 

 
ᅗ 3.� 㟁ᏊᕤᏛ⛉ᐇ㦂࣐࣮ࢸ㸦� ᖺ⏕ྥࡅ㸧�

 
 㟁ᏊᕤᏛ⛉ࡢ࡛ࡣ㸪」ᩘࡢᏛ⛉ࡢෆᐜࡳ⤌ࡀ㎸ࡲ

ࡓࡋ≉⛉Ꮫྛࡣ࡚ࡗࡼࡏࢃྜࡳ⤌㸪ࡀࡿ࠸࡚ࢀ

ෆᐜࡾࡼࡸ㧗ᗘ࡞ෆᐜ࡛ᐇ㦂ࢆ࣐࣮ࢸసᡂࡶࡇࡿࡍ

㸬ᅗࡿ࠶࡛⬟ྍ � ࣐࣮ࢸᐇ㦂ࡿࡍ⏝ᶵᲔᕤᏛ⛉࡛

๓ᥦࢆ⏝ࡢ㧗Ꮫᖺ࡛㸪ࡣ࡛ࡢࡇ㸬ࡍ♧ࢆࡢ

㸬᭱ࡿ࠸࡚ࡋ ᚋゎᯒ⤖ᯝᐇ㦂⤖ᯝࡢẚ㍑࠸⾜ࢆ㸪

ࢆ〇ရ࠸ࡼࡾࡼ࡛ࡇࡿࡍࢡࢵࣂࢻ࣮ࣇࢆᯝ⤖ࡢࡑ

㛤Ⓨ࠺࠸ࡿࡍఝయ㦂ࢆయ㦂࡛ࡿࡁ㸬ࡓࡗ࠸࠺ࡇෆ

ᐜࡢᐇ㦂ࡣ㸪㏆ᖺ -$%(( ࡿ࠸࡚ࢀࡤྉࡀᚲせᛶ࡛࡞

ࡽ࠼⪄ࡿ࡚❧ᙺࡶᡂ⫱ࡢຊ⬟ࣥࢨࢹࢽࢪ࢚ࣥ

�㸬ࡿࢀ

�

ᅗ 4.� ᐇ㦂ࡢ࣐࣮ࢸ㸦ᶵᲔᕤᏛ⛉㸧�

�

3. 実験 材 

� ḟ㡯ࡾࡼ㸪ᅗ �㸪� ᩍᮦࡓࡋᅇ㏣ຍࡿ࠸࡚ࡋグ㍕

�㸬ࡿࡍሗ࿌࡚࠸ࡘ

3.1 ーパー ト � � ᖺᗘ࡚ࢀࡽ࠸⏝࡛ࡲ

◊⏣✄ᮏᰯᶵᲔᕤᏛ⛉᪩ࡣ㢼㌴ࢺࣇࣛࢡ࣮ࣃ࣮࣌ࡓ࠸

✲ᐊ࡛〇సࡿ࠶࡛(2),(1)ࡢࡶࡓࢀࡉ㸬ࡢࡇ㢼㌴ࡣ㸪ᅗ 5
࠶ᆺ㸧࡛ࢻࣥ࢘ࣉࢵỈᖹ㍈ᆺ㢼㌴㸦࡞࠺ࡼࡍ♧

ᆺ㸧ࢻࣥ࢘ࣥ࢘ࢲ㸪ᅇ㸪Ỉᖹ㍈ᆺ㢼㌴㸦ࡀࡓࡗ

ᆶ┤㍈ᆺ㢼㌴ྠ࡚࠸ࡘࢺࣇࣛࢡ࣮ࣃ࣮࣌ࡢ◊✲ᐊ࡛ 
㛤Ⓨࡓࡗ⾜ࢆ㸬〇సࢺࣇࣛࢡ࣮ࣃ࣮࣌ࡓࡋ㢼㌴ࡢእほ

ᅗࢆ 6㸪ᅗ 7  㸬ࡍ♧

 

ᅗ 5.� Ỉᖹ㍈ᆺ㢼㌴㸦ࢻࣥ࢘ࣉࢵᆺ㸧 
 

 
ᅗ 6.� Ỉᖹ㍈ᆺ㢼㌴㸦ࢻࣥ࢘ࣥ࢘ࢲᆺ㸧 
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ᅗ 7.� ᆶ┤㍈ᆺ㢼㌴ 
 

ᅗ 5㸪6 ࢡ࣮ࣃ࣮࣌㸪ࡣ࡚࠸ࡘỈᖹ㍈ᆺ㢼㌴ࡍ♧

㢼ࡃᙅࡀ㸪㢼ᵝྠ㢼㌴ࡢ㸪ᐇ㝿ࡀࡿ࠶ࡣ࡛ࢺࣇࣛ

㌴ࡀ⩼ࡢ㐜ࡃᅇࡶ࡛ࡁࡿⓎ㟁࡛࠺ࡼࡿࡁቑ㏿ᶵࡢ

ᶵᵓࢆ㢼㌴⩼ഃࡢⰺᲬⓎ㟁ᶵഃࡢⰺᲬࢸ࣮ࣝࢽࣅ

㢼ࢆᚄࡿࡅࡘࡁᕳࡢࡑ㸪ࡋ〇సࢆ㸪ᦶ᧿㌴ࡁᕳࢆࣉ࣮

㌴ࡢ⩼ഃࢆࡃࡁ㸪Ⓨ㟁ᶵഃࢆᑠ࡛ࡇࡿࡍࡃࡉᐇ⌧

㸦ᅗࡿ࠸࡚ࡋ 8 ཧ↷㸧㸬 
 

ᅗ 8.� 㢼㌴ෆ㒊㸦ࢻࣥ࢘ࣉࢵᆺ㸧 
 

పᅇࡃࡃࡋ⏕Ⓨࡀື࡛ࡇࡓ࠸⏝ࢆᦶ᧿㌴ࡢࡇ

㌿ࡶᑐᛂࡿ࠸࡚ࡗ࡞ࡃࡍࡸࡋ㸬ᦶ᧿㌴ࢆ⏝ࡿࡍ

࠸ࡘḞⅬࡢࡑ㸪ࡀࡿ࠶ࡶḞⅬࡓࡗ࠸࠸ࡍࡸࡾ

࣒ࢦ㍯ࡸࣉ࣮ࢸ࣮ࣝࢽࣅ࠺ࡼࡿ࡞ࡃࡁࡀ᧿ᦶࡣ࡚

࠸⾜ࢆ㸪ᚤㄪ⠇ࡶ㸬ࡿ࠸࡚ࡋ㍍ῶ࡛ࡇࡿ࠸⏝ࢆ

ࡏእࡾྲྀ⡆༢ࢆ㒊ศࡢ⩼㢼㌴ࡸࣝࢭࢼ࠺ࡼ࠸ࡍࡸ

ࡍ⏕Ⓨࢆ㉳㟁ຊࡽ㸪పᅇ㌿ࡓࡲ㸬ࡿ࠸࡚ࡋ࠺ࡼࡿ

ࡿࡁ࡛ࡢࡇࡿ XiKIT ♫〇ࢱ࣮ࣔࢿ࢙ࢪࡢ XGM-RA
⤌ࢆⓎ㟁ᶵቑ㏿ᶵࡢࡇ㸬ࡿ࠸࡚࠸⏝࡚ࡋⓎ㟁ᶵࢆ

Ⓨ㟁࡛ࡶ࡚ࡃపࡀᅇ㌿ᩘࡢ⩼㸪㢼㌴࡛ࡇࡿࡏࢃྜࡳ

 㸬ࡿ࠸࡚ࡗ࡞࠺ࡼࡿࡁ
ࡢ㢼㌴ࡢ㸧ࢻ࣮ࣞࣈ㸦⩼ࡣᆺࢻࣥ࢘ࣉࢵ㸪࠾࡞

๓᪉ࡽ㢼࡛ࡇࡿࡅཷࢆᅇ㌿ࡀࡿࡍ㸪ࣥ࢘ࣥ࢘ࢲ

ࡀࡢࡿࡍᅇ㌿࡛ࡇࡿࡅཷࢆ㢼ࡽᚋ᪉ࡢ㢼㌴ࡣᆺࢻ

≉ᚩ࡛ࡿ࠶㸬 
ᅗ 7 ┤ᆶࢆࢻ࣮ࣞࣈࡁྥࡢ㸪㢼ࡣᆶ┤㍈ᆺ㢼㌴ࡢ

㸪ྥ࠸㐪ࡣỈᖹ㍈ᆺ㢼㌴࠸࡞ࡅ࠸ࡤࢀࡅ࡞ࡋㄪᩚ

ሙᡤ࠸↓ࡢࢻ࣮ࣞࣈ㸪ࡋ㸬ణ࠸࡞ࡀᚲせࡣㄪᩚࡢࡁ

㢼ࡿࡓ࠶ࡀ㢼㌴ࡀᅇࡢࡿᚲせࡀࢡࣝࢺ࡞ᚓࡿࢀࡽ

 㸬ࡿ࠸࡚ࡗᣢࢆḞⅬ࠺࠸ࡿࡀ㛫࡛ࡲ
ᅇ㸪࡞࠺ࡼࡢࡇ 3 ✀㢮ࢺࣇࣛࢡ࣮ࣃ࣮࣌ࡢ㢼㌴ࢆ

㛤Ⓨ࡛ࡇࡓࡋ㸪㢼㌴ࡢᙧ≧ࡢࢻ࣮ࣞࣈࡸᙧ≧ࡅ࠾

ࡇࡿࡍẚ㍑ࢆ࡞࠸㐪ࡢࡉᙉࡢࢡࣝࢺࡸ⋠Ⓨ㟁ຠࡿ

ࡿࡍ㸪〇సࡓࡲ㸬ࡓࡗ࡞⬟ྍࡀ࣐࣮ࢸᐇ㦂ࡿࡁ࡛ࡀ

㞴᫆ᗘࡀᆶ┤㍈㸪ࢻࣥ࢘ࣉࢵᆺ㸪ࢻࣥ࢘ࣥ࢘ࢲ

ᆺ㡰㞴ࡾ࠾࡚ࡗ࡞ࡃࡋ㸪Ꮫ⏕࢙࢘ࢻ࣮ࣁࡢ〇స

⬟ຊᛂ࡚ࡌ⏝ࢺࣇࣛࢡ࣮ࣃ࣮࣌ࡿࡍ㢼㌴ࡢ✀㢮ࢆ

Ỵᐃࡿ࠸࡚ࡗ࡞⬟ྍࡶࡇࡿࡍ㸬 
3.2 度 材� � ๓㡯࡛ㄝ࣮᫂ࣃ࣮࣌ࡓࡋ

⩼ᛶୖ㸪≉࠺࠸ࡿ࠸࡚ࡁ㸪⣬࡛࡛ࡣ㢼㌴࡛ࢺࣇࣛࢡ

⩼ᯝ㸪⤖ࡢࡑ㸪ࡁ࡛ࡀࡇࡿࡏࡉኚᙧᐜ᫆ࢆ≦ᙧࡢ

ࡀࡇࡿㄪࢆ⋠Ⓨ㟁ຠࡸࢡࣝࢺࡢ㢼㌴ࡿࡼ≦ᙧࡢ

ࡢపᏛᖺࡢᏛᕤᏛ㒊ࡸ㸬㧗ᑓࡋࡋ㸬ࡓࡗ࠶࡛⬟ྍ

Ꮫ⏕࡛ࡤࢀ࠶㸪⩼ࡢᙧ≧㸦ࡢࡾࡡࡦ᭷↓࡞㸧ࡗࡼ

࠸࡞ࡣၥ㢟ࡶయ㦂࡛ࡓࡗ࠸ࡿࡍኚࡀ࡞ࢡࣝࢺ࡚

ᆺ⩼࡞㧗ᗘࡾࡼ㸪ࡤࢀ࠶㧗Ꮫᖺ࡛ࡢᕤᏛ㒊ࡸ㸪㧗ᑓࡀ

㸪3D࡛ࡇࡑ㸬ࡓ࠼⪄ࡿ࠶ᚲせ࡛ࡀᙧᡂࡢ ࢱࣥࣜࣉ

ゎᯒࡓ࠸⏝ࢆࢺࣇࢯ㸪ࡾࡼ㧗ᗘ࡞㢼㌴〇సᩍᮦࡢ㛤Ⓨ

 㸬ࡓࡗ⾜ࢆ
� ᅇࡣ⩼ᆺࡢᙧ≧ࡢ࡚࠸ࡘ⪃ᐹࢆࡇࡿ࠼⾜ࡀ┠

ⓗࡵࡓࡿ࠸࡚ࡋ㸪ᅗ 9 㸪ࡣ࡚࠸ࡘࢶ࣮ࣃせࡍ♧

ࡵࡌࡽ࠶ 3D ែ࡛࣮ࣘ≦ࡓࡋ〇స࡚࠸⏝ࢆࢱࣥࣜࣉ

࠸ࡘࢱ࣮ࢹࡢࡽࢀࡇ㸬ࡿ࠸࡚ࡋࡇࡿࡍᥦ౪ࢨ

ࡿ࠶࡛ࢺࣇࢯ࣮ࣜࣇ㸪ࡣ࡚ FreeCAD ࢆࢱ࣮ࢹ࡚࠸⏝ࢆ

〇సࡓࡋ㸦ᅗ 10 ཧ↷㸧㸬 
 

 

ᅗ 9.� 〇సࡿࡍ㢼㌴ࢶ࣮ࣃྛࡢ 
 
� ⩼ᆺࡢᙧ≧タィࡣ࡚࠸ࡘ㸪ࡿ࠶࡛ࢺࣇࢯ࣮ࣜࣇ

QBlade 㸪QBladeࡎࡲ㸬࠺⾜࡚࠸⏝ࢆ ୖ࡛⩼ᆺ㸦ࣞࣈ

ࡢᥭᢠẚࡢᆺ⩼ࡢࡑ㸪㸪ḟ࠸⾜ࢆタィࡢ㠃㸧᩿ࢻ࣮

ゎᯒ࠺⾜ࢆ㸬᭱㐺࡞ᥭᢠẚࢆᣢࡘ⩼ᆺࡀồࡤࢀࡲ㸪2D
ࡽࣝࢹࣔ 3D ࡏࡉᡂࢆࢻ࣮ࣞࣈ㸪ࡋኚࣝࢹࣔ

㸬ᅇࡿ QBlade ୍ࡢࡽࢀࡇ㸪ࡣ࡚ࡋ⏤⌮ࡓ࠸⏝ࢆ

㐃ࡢసᴗࡣ㸪࡚ QBlade ୖ࡛ GUI  ࡇ࠺⾜࡚ࡋ⏝ࢆ

モータ

速  
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ᅗ 10.� ࡢࢶ࣮ࣃ✀ྛ 3D  ࢱ࣮ࢹ
 

㸪3DCADࡵࡓࡿࡁ࡛ࡀ Ꮫ࠸࡞࠸࡚ࡋ⇍⩦సᴗࡢ

ࡶ࡛⏕ 3D Ⅼ࠺࠸ࡿࡁ࡛ࡀࡇࡿࡍ〇సࢆࣝࢹࣔ

㸬ᅗࡿ࠶࡛ࡽࡿ࠶ࡀ 11  QBlade ࡓࡋ〇స࡚࠸⏝ࢆ

㸬ࡍ♧ࢆࢻ࣮ࣞࣈࡿ᭷ࡢࡾࡡࡦࢻ࣮ࣞࣈ࠸↓ࡢࡾࡡࡦ

ࢺࣇࣛࢡ࣮ࣃ࣮࣌ࡢỈᖹ㍈ᆺࡣࢻ࣮ࣞࣈ࠸↓ࡢࡾࡡࡦ

㢼㌴࡛⏝ࡿ࠸࡚ࡋ⩼ᆺ࡞࠺ࡼࡌྠᙧ≧࡛ࡿ࠶㸬୍

᪉㸪ࡢࡾࡡࡦ᭷ࡣࢻ࣮ࣞࣈࡿ㸪ࢺࣇࣛࢡ࣮ࣃ࣮࣌㢼㌴

㸪3Dࡀࡿ࠶ࡣ࡛≦ᙧ࠸ࡋ㞴ࡀࡇࡿࡍ⌧㸪ᐇࡣ࡛ ࣜࣉ

࣮࣌㸪ࡓࡲ㸬ࡓࡗ࡞⬟ྍࡀ〇స࡛ࡇࡿ࠸⏝ࢆࢱࣥ

㸪ࡵࡓ࠸㧗㸪ᙉᗘ㸪⪏ஂᛶඹẚ㢼㌴ࢺࣇࣛࢡ࣮ࣃ

Ᏻᐃᛶࡶ㧗ࡃ㸪ࡢࢻ࣮ࣞࣈᙧ≧ࡿࡼⓎ㟁ຠ⋡ࣝࢺࡸ

ࢆࢱ࣮ࢹ࠸㧗ࡢಙ㢗ᛶࡶ㝿ࡿࡍᐃ ࢆ࡞࠸㐪ࡢࢡ

ᚓࡿࡁ࡛ࡀࡇࡿ㸬ಙ㢗ᛶࡢ㧗ࢆࢱ࣮ࢹ࠸ᚓࡿࢀࡽ

㸪ᐇ㦂⤖ᯝࡣࡇ࠺࠸ QBlade ࣙࢩ࣮࣑ࣞࣗࢩࡢ

ࣥ⤖ᯝࡢẚ㍑⤖ᯝࡶಙ㢗ᛶࡀ㧗ࡾ࡞ࡃ㸪ࡢࡑᚋࡢ⩼ᆺ

ࡁ࡛ࡀࡇࡍ⏕ࡶࢡࢵࣂࢻ࣮ࣇࡢࡵࡓࡢᨵⰋࡢ

 㸬ࡿ

 

ᅗ 11.� QBlade ࡓࡋタィ࡚࠸⏝ࢆ 3D  ≀〇సࢱ࣮ࢹ
ୖഃ㸸QBlade ࡓࡋタィ࡚࠸⏝ࢆ 3D  ࢱ࣮ࢹ
ୗഃ㸸3D ᇶࢆࢱ࣮ࢹ 3D  ࡢࡶࡓࡋ〇స࡛ࢱࣥࣜࣉ

�  

ࡓࡋ⏝㸪ᅇ࠾࡞ 3D 㸪ᅗࡣࢱࣥࣜࣉ 12 ࡍ♧ 3D 
Touch㸦BITS FROM BYTES ♫〇㸧ࡓ࠸⏝ࢆ㸬⢭ᗘࡣ

0.25 ࡋ㸪〇సࡋ⏝ࢆࢱࣥࣜࣉࡢࡇ㸬ࡿ࠸࡚ࡗ࡞ੈ

ᅗࢆᵓ㐀ࡢෆ㒊እほࡢ㢼㌴ࡓ 13 ࡋ㸬ᅇ〇సࡍ♧

ࢻࣥ࢘ࣥ࢘ࢲ㸪ࡀࡿ࠶ᆺ࡛ࢻࣥ࢘ࣉࢵࡣࡢࡶࡓ

ᆺ㛵ࡶ࡚ࡋ QBlade ࡲ㸬ࡿ࠶࡛⬟ྍࡣタィ࡚࠸⏝ࢆ

⨨㓄ࡀࢻ࣮ࣞࣈ≦ࢇࡏࡽᅾ⌧ࡣ࡚ࡋ㛵㸪ᆶ┤ᆺࡓ

 㸬ࡿ࠶〇స୰࡛ࢆࡢࡶࡓࢀࡉ
 

 
ᅗ 12. ⏝ࡓࡋ 3D  ࢱࣥࣜࣉ

㸦3DTouch:BITS FROM BYTES ♫〇㸧 
 

 

ᅗ 13.� 3D  㢼㌴ࡓࡋ〇స࡚࠸⏝ࢆࢱࣥࣜࣉ
 

3.3 数 測� � 㢼㌴ຍࡿࢃせ⣲ QBlade ࡞

࡛ゎᯒࡓࡋゎᯒ⤖ᯝࢆẚ㍑ࡋᛶ⬟ホ౯࠺ࡼࡿ࠼⾜ࡀ㸪

ᅇ㌿ᩘ ᐃ࠺⾜ࢆᩍᮦࢆ〇సࡓࡋ㸬ᅗ 14 ࢆᴫせࡢࡑ

࣮ࣝࢩᑕ㒊ศࡢ㸪ᦶ᧿㌴ࡣ࡚࠸ࡘ㸬ᅇ㌿ᩘࡍ♧

ࡇࡿࡍ 㸪㠀᥋ゐᘧᑕᆺᅇ㌿ᩘィ࡛ィࡅࡾྲྀࢆ

࡛ィ ࡿ࠶࡛⬟ྍࡀ㸬ࡢࡇᅇ㌿ᩘィࡣ࡚࠸ࡘ㸪ᅗ 13
㸪Arduinoࡋタィࢆᅇ㊰ࡍ♧ ࡿ࠼⾜ࢆ ィ࡚࠸⏝ࢆ

ᅗࢆ㸬ᅇ㊰ᅗࡓࡋ࠺ࡼ 14 㸪⡆᫆ࡣ㸬 ᕷ㈍ရࡍ♧

ࡶ࡛ࡢࡶ࡞ 1㹼2 ࡛ࡢࡿ࠶ᑐࡋ㸪タィࡓࡋᅇ㊰

ࡣ࡚࠸ࡘ 500 ⛬ᗘ㠀ᖖᏳ౯ࡿ࠸࡚ࡗ࡞ࡢࡶ࡞㸬

ࡓࡋ〇సࢱ࣮࣓ࢥࢱࡢ㸪ᕷ㈍ࡶ࡚࠸ࡘ㸪⢭ᗘࡓࡲ

ᅇ㌿ᩘィ࡚࠸⏝ࢆ 5 ࡓࡋẚ㍑ࢆᯝ⤖࡚ࡋᑐ㢼㌴ࡢࡘ

⾲㸪ࢁࡇ 1 ᖹᆒࡢࢱ࣮࣓ࢥࢱ㸪ᕷ㈍ࡾ࡞࠺ࡼࡢ
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ㄗᕪ⋡ࡣ 1㸣ᮍ‶࡛ࡾ࠶㸪ᕷ㈍ࢱ࣮࣓ࢥࢱẚࡶ࡚

㸬ࡿศࡀࡇࡿ࠸࡚ࡋ᭷ࢆ⬟ᛶ࠸࡞ࡽࢃኚࢇ

ణ ࡋ 㸪  ᅇ  ⏝ ࡋ ࡓ  ᑕ ᆺ ࣇ ࢛ ࢺ ࢭ ࣥ ࢧ

RPR-220(Rohm ♫〇)ࡢㄆ㆑㊥㞳ࡀ 6 ੈ㹼1cm 㠀ᖖ

ࢆ㒊ศࢧࣥࢭࢺ࢛ࣇࡣ࡚࠸ࡘ㸪 ᐃ㒊ศࡵࡓ࠸▷

⣡ࢆ࡞ࣈ࣮ࣟࣉࡓࡋ〇సࡿࡍᚲせࡿ࠶ࡀ㸬 
 

 
 

ᅗ 14.� ᅇ㌿ᩘィࡢᅇ㊰ᅗ 
 

⾲ 1.� ᅇ㌿ᩘィ≉ᛶホ౯⤖ᯝ 

 
3.4 測 ール� � ࡀ┠⛉ࡢ⣔ࢢ࣑ࣥࣛࢢࣟࣉ

ከ࠸Ꮫ⛉ࡣ࡚࠸ࡘ㸪ᐇ㝿Ⓨ㟁㟁ᅽィ ⏝ࡢ࣮ࣝࢶ

〇సࡢࡵࡓ࠺⾜ࢆᩍᮦ࡛ࡍࢆ㛤Ⓨࡿ࠸࡚ࡋ㸬ࡋࡋ㸪

㸪ࡵࡓࡢ⏕Ꮫࡸ⛉Ꮫ࠺࠸ⱞᡭࡀࢢ࣑ࣥࣛࢢࣟࣉ

Processing࡚࠸⏝ࢆ㸪ỗ⏝ィ ࡢ࣮ࣝࢶ㛤Ⓨࡓࡗ⾜ࢆ㸬

Processing ࡓࡿ࠶࡛ࢺࢡ࢙ࢪࣟࣉࢫ࣮ࢯࣥࣉ࣮࢜㸪ࡣ

ࢹࣝࣗࢪࣅࡸࢺ࣮㸪㟁Ꮚࡾ࠶࡛⬟ྍ⏝ᩱ࡛↓ࡵ

࡛⪅㸪ึᚰࡓࡲ㸬ࡿ࠶ゝㄒ࡛ࡿ࠸࡚ࡋ㐺࡞ࣥࢨ

ࡇࡿ࠶ᐜ࡛᫆ࡀࢢ࣑ࣥࣛࢢࣟࣉࡶ Arduino ぶ

ᛶࡀ㧗ࡀࡢ࠸≉ᚩ࡛ࡿ࠶㸬ᅇ〇సࡓࡋィ ࡣ࣮ࣝࢶ㸪

ࡽ࣮ࣝࢶࡢᩘ「ࡿࡁ㑅ᢥ࡛ࡽࡇࡑ㠃⏬࣮ࣗࢽ࣓

㸬ᅗࡿ࠸࡚ࡗ࡞ 15 㠃㸪ᅗ⏬࣮ࣗࢽ࣓ 16 ᅾᦚ㍕⌧

ࡢ⬟ᶵࡢ࣮ࣝࢶ ỗ⏝ィࡿ࠸࡚ࡋ 1 ࡍ♧ࢆ㸬࣓ࣗࢽ

࣮⏬㠃ࡣ 3 㸪ᅇᥦࡀࡿ࠸࡚ࡗ࡞࠺ࡼࡿࡁ㑅ᢥ࡛ࡘ

౪࣮ࣝࢶࡿ࠸࡚ࡋ㛵ࡣ࡚ࡋ㸪㟁ᅽ ᐃࡳࡢ࣮ࣝࢶ

ࡓࡗ࡞ᚲせࡀ࡞࣮ࣝࢶࡢ㸪ࡋࡶ㸬ࡿ࠸࡚ࡗ࡞

㛵㐃ࢆ࣮ࣝࢶࡢࡑࢺࢵࣟࢫࡁ✵ࡢ࣮ࣗࢽ㸪࣓ࡣ

 㸬ࡿ࠸࡚ࡗ࡞⬟ྍࡀ㏣ຍᐜ࡛᫆ࡇࡿࡅ
 

 
ᅗ 15.� ỗ⏝ィ ࣮ࣗࢽ࣓࣮ࣝࢶ⏬㠃 

 

 
ᅗ 16.� ỗ⏝ィ ࣮ࣝࢶ⏬㠃㸦Voltage㸧 

 
ᅇᥦ౪ࡿ࠸࡚ࡋᅗ 16 ࠺ࡼࡢ㸪௨ୗࡣ࣮ࣝࢶ ィࡢ

 㸬ࡿ࠶ࡀ⬟ᶵ࡞
 
(1)」ᩘධຊ್ࣇࣛࢢࡢ㸦4 ධຊྍ࡛ࡲ⬟㸧 
(2)ィ ࡢࢱ࣮ࢹಖᏑ 
(3)ಖᏑࡓࡋィ ࢡࢵ࢙ࢳࡢࢱ࣮ࢹᶵ⬟ 
(4)ィ ࣮ࣝࢶ⏬㠃ࣕࢳࣉࣕ࢟ࡢᶵ⬟ 
 

� 㸪ᅇࡣ࡚࠸ࡘ(1) 4ධຊࡀࡿ࠸࡚ࡗ࡞⬟ྍ࡛ࡲ㸪

ᐇ㝿ࡣ㸪Arduino ྍࡀᣑᙇ࡛ࡲᩘࢺ࣮࣏ࢢࣟࢼࡢ

ಟṇ࡛㸪⡆༢ࡣሙྜ࡞ᚲせࡀᣑᙇࡋࡶ㸬ࡿ࠶࡛⬟

ኍ㸪ᘨ㸪ࡿ࠶㒊ୖࡢ࣮ࣝࢶ㸬ࡿ࠸࡚ࡋタィ࠺ࡼࡿࡁ

ཧ㸪ᅄ᭩ࡿࡍࢡࢵࣜࢡࢆࣈࢱࡿ࠸࡚ࢀ㸪ࢱࡢࡑ

㸬ࡿ࠸࡚ࡗ࡞࠺ࡼࡿࡍࣇࣛࢢࢆධຊࡓࡋᑐᛂࣈ

㸪ࡋኚࡶⰍࡢࣈࢱ㸪ࡣ࡚࠸ࡘࣈࢱࡓࡋ㸪㑅ᢥࡓࡲ

ୗഃࡢࣈࢱ Active ࡀ㸪⮬ศ࡛ࡇࡍฟࢆᏐᩥ࠺࠸

ࡋ࠺ࡼ࠸ࡍࡸࡾศࡿ࠸࡚ࡋࣇࣛࢢࢆධຊࡢ
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ࣈࢱࡿ࠶㒊ୖࡢ࢚ࣜ⏬ᥥࣇࣛࢢ㸪ࡶ㸬ࡿ࠸࡚

ど࡛ࡇࡿࡍ♧⾲࡚ࡋ್ᩘ࢚ࣜᙧ▴ࡌྠⰍࡢ

ㄆᛶࡿ࠸࡚ࡗ⾜ࢆୖྥࡢ㸬 
� ࡿ࠶ୗ㒊ࡢ࣮ࣝࢶ 㸪 ィࡣ࡚࠸ࡘ(2) Export 
CSV files 㸪CSV࡛ࡇࡍᢲࢆࣥࢱ࣎ ᙧᘧࢱ࣮ࢹ࡚ࡋ

 㸪Export CSVࡣሙྜ࠸ࡓࡵࡸࢆ㸬ಖᏑࡿࡁಖᏑ࡛ࡀ
files ࡿࡃฟ࡚ᚋࡓࡋᢲࢆࣥࢱ࣎ Reset ࡍᢲࢆࣥࢱ࣎

 㸬ࡿࡁ࡛ࡀࡇࡿࡍ୰ṆࢆಖᏑ࡛ࡇ
� ࡿ࠶ୗ㒊ࡢ࣮ࣝࢶ 㸪ィࡣ࡚࠸ࡘ(3) Auto Stop
㸤 Check ࣇࡓࡋᶵ⬟࡛ಖᏑࡢ㸪(2)࡛ࡇࡍᢲࢆࣥࢱ࣎

ࣥࢱ࣎⏕㝿ࡢࡑ㸬ࡿࡁ࡛ࡀࡇࡿࡍ⏕ࢆࣝ

࡚ࡋሙᡤ࡛Ṇ࡞ࡁዲࡢศ⮬࡛ࡢࡿฟࡀࣥࢱ࣎Ṇ

☜ㄆࡿ࠶࡛⬟ྍࡀࡇࡿࡍ㸬ࡓࡲ㸪ࢫ࣐࢘ࡁࡢࡇ

ࡇࡿࡍࢡࢵࣜࢡ㸪ࡁ࠸࡚ࡗᣢୖࣇࣛࢢࢆࢱ࣏ࣥࡢ

♧⾲㒊ୖࡢᥥ⏬㒊ศࣇࣛࢢࢆ㟁ᅽࡢࡁࡢࡑ㸪࡛

 㸬ࡿ࠸࡚ࡋ࠺ࡼࡿࡍ
� ࡿ࠶ୗ㒊࣮ࣝࢶ 㸪ィࡣ࡚࠸ࡘ(4) Save Current 
Frame ィࡢࡁࡓࡋᢲࢆࣥࢱ࣎㸪࡛ࡇࡍᢲࢆࣥࢱ࣎

ࢆ㠃⏬ࡢ࣮ࣝࢶ  png ᙧᘧ࡛⏬ീࡀࣕࢳࣉ࡚ࣕ࢟ࡋ

ᅗࡢ㸬ᅇࡿ࠸࡚ࡗ࡞⬟ྍ 16 ⬟ᶵࡢࡇ㸪ࡣ࡚࠸ࡘ

 㸬ࡿ࠶࡛ࡢࡶࡓࡋࣕࢳࣉ࡚ࣕ࢟ࡋ⏝ࢆ
� ࢩ࢜ࡿ࠸࡚ࡋᬑཬࡃ㸪⌧ᅾᗈࡣ࣮ࣝࢶ ỗ⏝ィࡢࡇ

ࢫࣟࢩ࢜ࣝࢱࢪࢹ㸪ࡃከࡀධຊ➃Ꮚࡶࡾࡼࣉ࣮ࢥࢫࣟ

ࣝ࣋ࣞ➼ྠ⬟ಖᏑᶵࢱ࣮ࢹࡿ࠸࡚࠸ࡘ࡞ࣉ࣮ࢥ

ἣ≦࠸ࡓࡋ⏝ࡢࢨ㸪࣮ࣘ㸬᭦ࡿ࠸࡚ࡋ᭷ࢆࡢࡶࡢ

㠀ᖖ࡞Ⅼ࡞⬟ྍࢬ࣐ࢱࢫ࢝ᐜ࡚᫆ࡌᛂ࡞

ᙉຊࡿ࠸࡚ࡗ࡞࣮ࣝࢶ࡞㸬 
 
4.  

� ⌧ᅾ㸪௨๓㛤Ⓨࡓࡋᩍᮦ࡚࠸⏝ࢆᮏᰯࡢ㟁ᏊᕤᏛ

⛉2ᖺྥࡅᖹᡂ25ᖺᗘࡢᚋᮇࡽᐇ㝿㐠⏝ࢆ㛤ጞ

㸦ᅗࡿ࠸࡚ࡋ 17 ཧ↷㸧㸬ࡋࡋ㸪㐠⏝ࢆ㛤ጞࡉ࡚ࡋ

ࢣࣥ࡞ヲ⣽ࡿࡍᑐ㸪ᮏᐇ㦂ᩍᮦࡵࡓ࠸↓ࡀ⦼ᐇ

ᐇ㦂ࡢ㸪࡚ࡣ㸬ᖺᗘ࠸࡞࠸࡚࠼⾜ࡣ࡞㞟ࢺ࣮

㸪ᩍᮦࡋᐇࢆࢺ࣮ࢣࣥࡿࡍ㛵㸪ᐇ㦂ᚋ⤊ࡀ

㸪ࡓࡲ 㸬ࡿ࠶ணᐃ࡛ࡿࡍࢡࢵࣂࢻ࣮ࣇᐇ㦂ෆᐜࡸ

ᖹᡂ 25 ᖺᗘࡽᮾிᏛᶵᲔᕤᏛ⛉࡚࠸࠾㸪ࢼ࣑ࢮ

࣮ࣝᩍᮦ࡚ࡋᮏᩍᮦࡾྲྀࢆධࡓࢀᐇ㦂ࡿ࠸࡚ࡗ⾜ࢆ㸬

ᖺᗘࡶ࡚࠸ࡘ㸪᪂ࡃࡋ㛤Ⓨࡓࡋỗ⏝ィ ࡞࣮ࣝࢶ

࡚ࡗ࡞ணᐃࡿࡍ⏝ࢆ࣐࣮ࢸ᪂ᐇ㦂ࡔࢇ㎸ࡳ⤌ࢆ

 㸬ࡿ࠸

ᅗ 17.� 㟁ᏊᕤᏛ⛉ 2 ᖺᐇ㦂ᐇ⩦࡛〇సࡓࡋ㢼㌴ 

 
5. の  

� ᖹᡂ 25 ᖺᗘࡣ࡛ࡲ㸪㧗ᑓࡸᏛᕤᏛ㒊ࡢపᏛᖺᒙ࡛

⏝࡛ࡇࡿࡍ⮬ศ⮬㌟࢙࢘ࢻ࣮ࣁࡀ㸪࢙࢘ࢺࣇࢯ

⯆ࡢࡑ㸪ࡓࡲ㸪ࡢࡿ࡚ࡶࡀ⯆᪉㠃ࡢࡽࡕ

ࡀຠᯝࡿࡵ㧗ࢆࣥࣙࢩ࣮࣋ࢳࣔࡢ࡚࠸ࡘ᪉㠃ࡿ࠶ࡢ

ᮇᚅ࡛ࢆࡇ࠺࠸ࡿࡁ㔜ど࡚ࡋᩍᮦࡢ㛤Ⓨ࡚ࡗ⾜ࢆ

ࡶ㸪㧗Ꮫᖺᒙࡣ࡚࠸ࡘᩍᮦࡓࡋ㸬ᖺᗘ㛤Ⓨ(3)ࡓ࠸

⏝࡛࡞࠺ࡼࡿࡁᖹᡂ 25 ᖺᗘࡢෆᐜࢆ᭦Ⓨᒎࡓࡋ

ࡿࡵ☜ࢆ᭷ຠᛶࡢᩍᮦࡢࡽࢀࡇ㸬ࡿ࠸࡚ࡗ࡞ࡢࡶ

㸪Webࡣ㸪ᚋࡵࡓ ࢆᩍᮦࡸᩍᮦࡓࡋ㛤Ⓨ࡛࡞

ᮏᩍࡢ㸪ᮏᰯ௨እ࡛ࡋබ㛤ࢆ࡞࣐࣮ࢸᐇ㦂ࡓࡋ⏝

ᮦࡢ⏝ಁ㐍ࡿ࠸࡚࠼⪄࠸ࡓ࠸≻ࢆ㸬 
� 㸪ᶵᲔ࣭㟁Ẽ࣭㟁Ꮚࡣᩍᮦࡿ࠸࡚ࡋ㸪⌧ᅾ〇సࡓࡲ

ᕤᏛࡢศ㔝㛵࡞࠺ࡼࡿࢃෆᐜࡀࡿ࠸࡚ࡗ࡞㸪〇స

ෆࡢ⛉ᶵᲔ㸬㟁ᏊᕤᏛࡿ࠶ᑓ㛛ศ㔝࡛ࡢᩍဨࡿ࠸࡚ࡋ

ᐜࡀࡢࡶࡢከࡿ࠸࡚ࡗ࡞ࡃ㸬࡛ࡇࡑ㸪᭱⤊ⓗࡣ㸪〇

సࡓࡋ㢼㌴᭱ࢆ⤊ⓗิ┤᥋⥆ࡋ㸪Ⓨ㟁࠸⾜ࢆఝ

ࢻࢶ࣮࣏ࢫ㸪ࡸᐇ⌧㸦㟁ẼᕤᏛ㸧ࡢࢻࢵࣜࢢࢺ࣮࣐ࢫ

⏝⡆᫆⇞ᩱ㟁ụ〇స㸦ᛂࡓ࠸⏝ࢆ㟁ゎ㉁ࡢ࡞ࢡࣥࣜ

Ꮫ⛉㸧㸪ຠ⋡ࡢⰋ࠸㢼㌴タ⨨ࡢࡵࡓࡢ❧ᆅ᮲௳㑅ฟ

㸦㒔ᕷᕤᏛ⛉㸧࡞㸪࡚ࡢᏛ⛉㛵ಀ࡞࠺ࡼࡿࡍෆ

ᐜࡾ┒ࢆ㎸ࡿ࠸࡚࠼⪄࠸ࡓࡁ࠸࡛ࢇ㸬 
�  

 
ᮏ◊✲୍ࡢ㒊ࡣ㸪⛉Ꮫ◊✲㈝ຓᡂ㔠 (ⱝᡭ◊✲

(B)25871037)ࡢຓᡂࡓࢀࢃ⾜࡚ࡅཷࢆ㸬ࡇࡇグ࡚ࡋ

ㅰពࡍ⾲ࢆ㸬 
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