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ǂ̇ 

ěĘºΪWɻǤɥ�Ͷ̇ɴ̨Ψφǵʄʕƻ¸W�³�̧͖ěĘɓyºΪɴ̃ˈφͨ͝ȹ

m;ˍàʔʍʸʹ͂��EDLEBKJ?ED7B�(;KH7B�(;JMEHA���((� �� �ͥ˼ºΪ̧͖Ʌʣφɔ½Ǥɻƶ

ͨ͝ż¡̧͖ěĘɓy)̌φ\̥ǤĐ?)ĜěĘɓyΪ½φɧƜǤ³ǯy̫ɴěĘɓyΪ

½φ̧͖̃ˈOǝʸͨy̫ɴěĘɓy³ǯ˧3ɴ̧͖ǒǻφ¶ͨ͝ʪʷǕóMěĘΪ½̵

̒�ͫ¿ʐÎˎ˵ȘȒφ˗ȝʈ˝ÎʐÎ¿̜Ϊ½ěĘȉͥ˼ˎ˵_ǈěĘɴÎ�T� � �

cÃĖÅƑ̢ǢǫɴΏȡφǵʪʷƴɪUĈWɓyȚȿ�E8@;9J�:;J;9J?ED�àʔʍʸʹ͂ȕĜV

��ɋʄʕɴȄƈƦ˽φʸȿ̛φ_˗ǯǒº͖ěĘɓyφOFΐěĘɓyͥ˼̧͖φĖ

Đ?)ĜɴěĘɓya�ÒƭpɏȰΪSpΚȫΪxåɞɤɦΪ�̧͖ɜͪ ���� �� ˑĖÒƭy

̫ɴěĘɓyaφÒƭͻˇΪSpʮDċΪS!˛ɦΪSʮɶΪSpʮΪŞ͖ɜsθͪ

���T 

\ͨƴɪȞǜȯǬͶ̇ɴˆλφTǤΛ̇ǎΒ,ͷěĘɓyɴǖ�̵ǘ�ɋʍʸʹ͂̔ʼ

ɴʰǷφɍƀ¶ʸͨl˰Ȝɴ̔ʼ͙vφơ˗+̬ȕĜ³�˧3ɴ̧͖˗Æφ͟OǴ�˱F

ɴͨʑƙ̜ǯ\RɴďΗmφĎȞφǵʄʕO͟�ąΨͥ˼Ǐ˧φɺÃƴɪUΔàʔʍʸ

ʹ͂ȕĜV�OěĘɓyͥ˼̧͖φʟW�ʍʸʹ͂ȕĜëOɓyͥ˼͖ ς̧\ºΪσφ

ʟk�ʍʸʹ͂¶OʟW�̧͖¿ɓyɴż¡ͥ˼ºΪ̧͖φ͟�ǼȒɴ3˹ǤOʟW�

ɓy�ȿʹ͂ȕĜˑ̏φëΛ̧͖̇ż¡aǤù:ĖW�Ɯ*�ɓyφˑ]ƛ�íxʲʔɓ

y�ȿɴ˗ÆφM͟�ʍʸʹ͂ɴȕĜƙɪĖ²tΛ̇�ȿɓyɴƙɪaφ�4hěĘɓ

yx)φƛ�íx�ȿĄĀɓyS͉͐ɓySryɓyʡʡωˑʟk�ºΪ̧͖ɴʍʸʹ͂

ë̯̱OʟW�ʍʸʹ͂�ͫͨ�ɴɓy«Dͥ˼ºΪ̧͖φĖºΪɴʍʸʹ͂a̔ʼɴ

ǥͬ�ǝĈWɓyȚȿʍʸʹ͂ɴ̔ʼǥφˑ]4ǻƛ�ǎΒ¿ɴǚěĘɓyςƜǚĄ

Āσ̵̒ǯΈφsɍǯȘǭĖ~Rɴż¡̵̒[˗+ƚÇɴ̧͖ɓyɎɐaYǝāWΪφĎ

Ȟǵʄʕǚ·¸ɴȹm;ˍż¡̧͖ǼȒƙɪĖĐ?Ɯy̫ɴěĘɓy̧͖aφMǯÉǝ·

�ěĘɓyǖ�Ó̵̒ɴǎΒxåʍʸʹ͂ȕĜ̔ʼɴǥφʸȿ̛χǚǼȒĖFΐ_ǈȿ

̛aφĖĐ?)ĜɴěĘɓy̧͖ɜʬɋ ��
��φˑĖy̫ěĘɓyɴ̧͖ɜʬɋ ��
�φǒ

ǻęǯƻÙT�

Ȟ)O̧͖ʪʷO§ɀɴxvżΡgͥWȟͥ˼ȿ̛�ǵȜǚĤ�φäˏ �(, ĒCɎmȔ

ɁφĊ̛O̧͖ʪʷȕǇƝ)ɖȮSB«ɖȮxåė[BɖȮYʒěĘȉc̈ɴǊǐ ƞφ

OěĘɓy̧͖ʪʷO§ɀɴǓƓʑm¶�ͥWȟFγºǺ̧͖ʪʷcx�ƍφFγ̦Ǣ͖

̧ʪʷĖɎm ����� ȲǢ˞ � ȲǢŝïsíȝʈ̧͖ěĘɓyT	
ͨ͝ǵʄʕ̦Ǣ¾ɪàʔʍʸʹ͂ɻƶ̧͖ěĘɓy³�˧3ɴ̧͖ɜφ「ͥWȟɱWǯ

Șǭ£Óʹ͂ǒ˗å̧͖ʑtͦ�ǒɜφ,dm·�̧͖ɶɴƚǵφǉ,ƻÙěĘȉ³�ě

Ęɓy̧͖ɴ˗Æφ`ͥWȟ·�ʆηƚǵφ̬ǩ˗ěĘȉǦåφ`]íxʵóɓ˔ʹSΘ

ʜƦ˽åǩÎƦ˽φǉ,ěĘºΪ˝ÎÓɴí˼ƍφɋėɠɥ�ɸW{̰ɚT�
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(S ʄʕÎȘ 

ǯWȜĖĒCėɡΕ̞ɴʹʚZɾ¿WÂUûʤƊιǭ̾ͥȴπɴμ7̄ϊVɴǗʛĠP

ˡżɐ45φ̬ƛΝcɴΜδρƞxTƐƤ̀ɥ�̨Ψɼ΄ɴǜ÷�ʄʕωĖȀ̚ɼ΄Ǘɚɴ

ͨʑaφɾ¿WʧĒ«ɴ;ːψˮĿ�45φx˫ȂʽĒȧa;;ɨOǝ;ȃěĘºΪɴʄʕ

ɱɟφθͪ ��
��ɴa;ɨφǤ=¬ȭǯěĘºΪɴˍƕωȞ)φȅǅ˼ǑΉɥ�ˉɴʷ̵̑

ǘΫʌφƛĒȠiɴěĘčǎɜΓɍ͞iƻθφ�ȣiɴƚɜĤɴdmg͞Ɇ̼ǝʻÿφ

4[ĔφƞxΫɍĖěĘčǎɴͱºgüɟɦΧφ̽̈ěĘºΪɴͶ̇ƍT�

�

ĔWψîɊȠiěĘčǎɜˡěĘčǎĤɜĔφɥ�ˉ(2001-2015) 

ˑ¬ɠʎƦɱWaφ̵̒ʎƦʗέɗͥφÒƭɓ˔ʹS�# r[ǩƖS,ǖǅºǺʡǚÅƦ

˽ɴ˶ËɱWφƃ�BF>7!E =Ðȍɝȁɇ¿�# r˜̧͖̺̻rΪɴ̧͖˗Æʡφ�ɼOǝ,

Chcƞ̈φěĘȉ5ʳTǤ�ʷˈǐěĘɴȉ7φΫɍǯ~,Ǐͥɴʖω̵̒ʎƦ�ͥ

ò˼òȎǏ̫ɧ˞ˎ͕Ɯ̬ǽn˼Ȏȵ/φˡ²ǳžr�ɴ¯ƇƈˡOěĘºΪɴ̟ʁ�ͪ

¿ěĘȝʈºΪɴɺɴφ\4ćɪ̵̒ʎƦɴƠȡ�fÉr�ͥ˼ěĘºΪɴÛÉφgɼ�

͟Ǥ¬ɠ±õɴΨɺφĎȞǵʄʕaǱ˷ɫȹm;ˍɴƦ˽�ͥ˼ěĘºΪ̧͖φÛÉW˥

rOěĘºΪɴ˱FˡƻÙǯǒƍφOʎƦͦɪǝěĘºΪɴΥĝɸW{̰ɚT�
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̲S ʄʕɺɴ 

Ƌˏͨ͝ż¡ɻƶ̧͖ěĘɓyɴΪ½φǬRǭǯ[»lďΗλΛ̇́¨ǰåʗʅψ�

WSěĘɓyɴ*Ȗƍψ�

ɫǝěĘɓyǤɫĄĀɴÒ̃ɓ͕̫ɋěĘφĄĀɴÒ̃ɓȣ-ͳǯǚɴ̖̑å\õ

ɴ̫ÓφĎėĎǥΑǥͳĖĤÈφĎȞěĘɓy¥Ʉh\õɴ*ȖƍφěĘɓyɴ)

̌²̭Eɴʑmå̧͖ɴΗmę̺ͨɟǯƠHǗ9̧͖S͉ɑ̧͖Sǃ¨ɑ̧͖ʡĐ

?ʦēɴ̧͖T�

kSěĘɓyɴɼ�ƍψ�

ĄĀɴÒ̃ʸcǭ¸ɟ\õɴÒ̃Ƿ̶�άȆÞÁ̖̑ΙõɴÒ̃ɓφˑ̫ƚěĘɓ

yƀTǭǯɼ�ɴɔƆ:Ėǝ\õǷ̶ɴÒ̃aφ�4。̾͟�ĄĀφǯʮɶͻʢÒ

̃gǯ!˛ɦÒ̃φΓɍːɴÒ̃UKåǷ̶ͳ\ɼõφ�ZΟɴÞÁĔȈáͳǯ

ΙõɴɼõĔȈåĄȔɔƆφĎȞěĘɓyɴɼ�ƍǯ½ǝ²tɓyɴ̧͖φ:Ėɼ

�ɴȤ�~θT�

YSěĘɓyɴy̫ψ�

ěĘɓy̧͖ȤĄĀɓy̧͖ǪÈďΗφĄĀɋhͺĂǭ�̩)̌)ĜxĤÈ̷̳ɴ

í˗ƍφˑěĘɓyɼæφĎɋǤƫȌɴěĘφĎȞOǝěĘ\ǭƒƏ�̩φǭOě

Ę%ƟS_ȌS̈́ͅφĎȞFÏaɴěĘɓyʸcǤ\íΤǳ̫yɴ)̌φĤȨ͖̀

ZɴďΗmT�

ǵʄʕɺɴ4[ψ�

WS�ɪȹm;ˍàʔʍʸʹ͂�ɋěĘΪ½̧͖ɴȄƈƦ˽ğʊT�

kS³�̎ȬěĘɓyɴ*ȖƍSɼ�ƍˡy̫ɴɔƍφ˗ǯ˧3]x�ɴ̧͖˗ÆT�

YSȤ͍ĈWɓy�ȿàʔʍʸʹ͂ˡΔàʔʍʸʹ͂OĐ?åy̫ěĘɓyɴ̧͖˗

Æå£ˆλȤ͍T�

ČS̖̑W�˝ÎʐÎˎ˵ɴȘȒφγ̧̦͖ɶ˗ǕóȘȒφͪ¿˝ÎºΪɴɺɴT�

mSO̧͖ʪʷͥ˼ɥģ§ɀȿ̛φxh̎Oǝɥģ§ɀ̫Óʦēɴ̧͖˗ÆT�
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äS ʄʕͨʑ 

WS ɟǯƦ˽åǜȯåƵ̓ 

Ė¬ĒÜʇĨ̥ǗʹʚZͥ˼Ț φɦNƤͨãʄʕːOǝěĘåż¡̧͖ǜΟɴʄʕɱɟψ

ͨ͝ż¡ɻƶ̧͖ěĘɓyɴʄʕʈF~Rφ\̥x΄;9UěĘV7D:�U̧͖VƜUěĘV

7D:� Uż¡̧͖VƜǤUěĘV7D:Uàʔʍʸʹ͂VƜ� UěĘV7D:� UºΪV7D:� U̧͖V

ɴǁNφĖ_Ʊț¬Ǘɴ �� ˰ � Ø*ʠxåǫɺåǂ̇ɴ � ˰  Ø*ʠaęȭǯȀ¿ɼ΄

Ϊ�ɴʄʕφ4[Ĕψ�

�

�

ĔkS¬ĒÜʇĨ̥ǗʹʚZȀ̚UěĘVˡU̧͖V΄;9ɴʵǻ 

�

Ȟ)φOɺÃǩ˗ÓěĘºΪ̖�ɴ�ȯͥ˼̵ǘǎΒφƇĒ ,?;B7<< ¯ð4�5ɱ˿h

&;;H=KJ� čǎȉφíxOěĘZÞÁɴ̵ɀčǎȔ̞ͥ˼̧͖φɰɌȯ̧͖¿čǎȔ̞ǥφ

čǎȉǭMěĘɓy͜¸φ²ḃɴ̧͖Ʀ˽Ǥ̧½ěĘZɴčǎȔ̞φêɢ´� �IA?BIJKD7 ¯

ð4�5ƞ̖̑ɴ˝ÎěĘºΪoÂǤ̧͖ͨ͝ěĘ̀ɴΩ˨ͥ˼ºΪφˑΠĒɴ� ,KF;H�?D ¯

ð4�5� ɱ˿ɴ �# čǎȉ� (;F>HED� ḃǤOɦɖΪͥ˼̧͖φíOJɔɦSͻˇåɞ

ɤɦYΪɴěĘɓyͥ˼čǎφȨ͖̇Ʀ˽ZʣǤȤ͍ƶ͘ǵʄʕɴǜ÷φ\ͨsɍȭǯ

Oy̫ɴěĘͥ˼̧͖φĒ«ɴ,̭čǎ¯ð4�5·¸ɴ 3;HE3;HE ɌrčǎʚÂǤxÚ˝Î

čǎɴǜtφ²̧͖ɴȄƈƦ˽ḃǤxɦˇΪ̪ͨ͝çěĘɓyZɴȊʉͥ˼̧͖ωȽ˯

,;4�5·¸ �# ̵ɀčǎȘċr�ǩ˗ěĘȉ�φíOͻˇSJɔɦSɞɤɦåʮɶČΪě

Ęɓyͥ˼̧͖åºΪφă_ǈěĘǥΛƯĆÎ̧͖ȘÀφ̧͖ǥΛ˪ �	� ʏͥ˼̧͖ω

MǎΒɴ͟lC¯ðɴ̧͖Ʀ˽ͥ˼Ǖɡφˡǵʄʕɴǜ÷ͥ˼Ȥ͍φḃɴ±͠λͳǤ͝

ͨż¡̧͖φ�şɯλÂĖǝɻƶ̧͖ěĘɓyxåɻƶ̧͖y̫ƀɴěĘɓyφǕɡ4[

˿ψ�
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˿Wψǩ˗ÓěĘºΪ̖�ɴḃ̧͖Ʀ˽ǕɡȤ͍ 

im� ĒC� ¯ð�ʴ˂� öʓ� ̧͖Ȕɴ� y̫ěĘ� ̧͖ǥ�

2016 ƇĒ Sielaff Leergutčǎȉ čǎȔ̞� \³�� ʬ 	� ʏ�

2107 ɢ´ Eskilstuna ˝ÎěĘºΪo ěĘ̀Ω˨� \³�� ʬ  ʏ�

2018 ΠĒ SuperBin AI čǎ Nephron ěĘɓy� \³�� \̝�

2018 îɊ ,̭čǎ zero zeroɌrčǎ Ȋʉ� \³�� \̝�

2019 îɊ Ƚ˯,; AI̵ɀčǎȘċr ěĘɓy� \̝� �	� ʏ�̘)	
2019 îɊ ǵʄʕ ̧͖ěĘɓyºΪ̃ˈ ěĘɓy� ³�� ʬ �
� ʏ�

̘ψ3-5ʏ̵̒�˝ǚ˓ĠPa˿ʌɴ̧͖ǥ 

Ȟ)φ\ ɻƶͨ͝ż¡̧͖ěĘɓyɴɼ΄ʄʕɱ˿ɴ̥Ǘ\*φOy̫ɓyɴɼ΄ʄ

ʕåƵ̓g͍RφȀƤĒ«ǯ΄y̧̫͖ɴɼ΄ʄʕÒƭψοʭɣ[8]φxǦ͠ʖĔyˡE
ȦʖɔƆʵóČʴΔ÷ƍʴót̕ƘʂΊφ¶ͨ͝ǬŒęǜȯςLSMσͥ ˼;ˍ̔ʼφxǏ

̫̕ƘʂΊ«ɴ¤ʰ�ͦɪĖʑţ͖u˿Șɴ,H」Ǘ9Ȣˡ΅ƪ}ǖ9ωʹ˰Ǡ[9]φ
OƠHǖ9ɴ̫yžȿɓ¾ɪȣ�ƠHǖ9ɴȖǵĔˡžȿȔɴͥ˼Ȥ͍φ�Ɏy̫ͷ�˾

ͷÕ͵ʑmφOƠHǖ9ͥ˼ºΪωǶ^ƽSɒvøS˲rƇSτττ[10]φ¾ɪȹm;ˍà
ʔʍʸʹ͂�̧͖ěĘɓy`ͥ˼ºΪφȤ͍ǵʄʕˡɼ΄ǗɚɅʣȯåȕĜşɯ4[˿ψ	

˿kψy̫ɓ̧͖ɼ΄̧͖Ʀ˽ǕɡȤ͍ 

im� ʄʕː� ̧͖Ȕɴ� ʒΪ� �ɪǜȯ� ȕĜΪ½�

��� οʭɣ� ,H」Ǘ9Ȣ

ˡǖ9�

�� Ϊ�

��	3��	���

ǬŒęǜȯ� Șċ;ˍǜȯ�

����� ʹ˰Ǡ� ƠHǖ9� � Ϊ��	��� xy̫ͷ�ºΪ� �Ɏ̫yʑm�

���� Ƕ^ƽ�

ɒvø�

˲rƇ�

τττ�

ěĘɓy�

�ÒúĐ?å

y̫��

� Ϊ�

�ͻˇSpʮDċ

ΪS!˛ɦΪ��

¾ɪĈWɓy͖

̧àʔʍʸʹ͂

ͥ˼ěĘɓyż

¡̧͖�

ȹm;ˍ	àʔ

ʍʸʹ͂�

���� ǵʄʕ� ěĘɓy�

�ÒúĐ?å

y̫��

� Ϊ�

Đ?)Ĝ �Ϊψpɏ

ȰΪSpΚȫΪSɞ

ɤɦΪ�

í̫y)Ĝ �Ϊψ

ͻˇΪSͻʢÒ�p

ʮDċΪ�S!˛ɦ

ΪSʮɶΪSpʮ

ΪSʮǸΪ��

¾ɪ�àʔʍ

ʸʹ͂�ɓy�ȿ

υɓyºΪ�ͥ˼

ěĘɓyż¡͖

̧�

ȹm;ˍ	àʔ

ʍʸʹ͂�

�

ˑĖ̊̋Υĝʝ̸ɴ #C7=;(;J�&7H=;�,97B;�/?IK7B�+;9E=D?J?ED��ECF;J?J?ED��#&,/+��Ė ��� i

ɫ�˝*�*,;ɴ;ɨ4�5�B;N�%H?P>;LIAO� ̖̑hW� �;;F�&;7HD?D= ȕĜ	�B;N(;JφĖɳ˰
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ͷʯɴ #C7=;(;J� ̵ǘnZ,d̺̻h�ʷǜȯφ2[hɰim·͊φJEF	�� ɴͽ̡ɜ·�¿

�
��φɼ͍ʟköƚˀɴ ��
��ͽ̡ɜǯhΫ˳ɴƻÙφˑΑƀȣWiɴ·͊ƂbφͳǤƴ

ɪàʔΪʍʸʹ͂ɴƦ˽φS²Ė ��� i͟iφ�˝ƅ͋ÔqʄʕΉɴĕΎ JEF	� ɴͽ̡ɜ

·�¿ �
���φ͟ƚT̺̻hrΪ̧͖ɴͽ̡ɜφg̦ǢhàʔΪʍʸʹ͂ƚɋż¡̧͖ɴ

bȲƦ˽ǜȯ4�5φ4[ĔφĎȞǵʄʕƴɪàʔΪʍʸʹ͂�ɋż¡̧͖ɴȄƈǜȯT�

�

�

ĔY:ILVRCȠV·͊ͽ̡ɜˡƴɪɴḃǜȯĔ(ǵʄʕǕɡ) 

�

͟ΪɴǜȯḃǤƙɪàʔΪʍʸʹ͂ɴàʔͦʣφͨ͝Ƀʘ�,B?:?D=�0?D:EMI�ǜtMĔ¡

ˡàʔȄ�A;HD;B��ƜʓͨɈċ�<?BJ;H�ͥ˼ͦʣφàʔȄíx̖̑ƚòʒ\õɴxÓɔƆφ�4x

ÓĚɻʺȊɴĚɻàʔȄSxÓȨhʺȊɴȨhàʔȄʡʡφʨĈ̢ǢW[àʔͦʣɴǜtT�

ί¦ƛ��ɪ ���� ɴàʔȄãͨɈWw ���� ɴκɲĔɐφxǖ9ɴ,Œ�˿ʌĔɐɴ

ȹȻφǖ9̻,Ω˨̻ȹφǖ9̻ŒΩ˨̻ȻTƛ�ǭ¦ƧàʔȄǐĖĔɐɴŝZ̍ãͥ˼

àʔͦʣφͨ͝ĔɐˡàʔȄZOƙ¿ɴǖ9ɼe¶ɼÈφƂ¿ɴʵǻǭǐĖɔƆĔ�<;7JKH;�

C7F�ɴŝZ̍Tƛ�íx̖?ɃʘʐÎɴ,Œφʓ�ȟ�,JH?:;�φ「̖?ȟɋ φ� ƶ[�

ǭƧàʔȄŽïʐWȆͥ˼ͦʣφͶ̆͟nÎ�cƀǭƂ¿ɔƆĔɴʟW»Tɰ=ƚʟW»

ƀǭŽ[ʐWȆφõȖǤƃǬŝͰ5�ͦʣφWȖͶ̆͟nÎ�cƀφTíxƂ¿Ww=

ǕɴɔƆĔφ4[Ĕψ�
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�

ĔČ:àʔͦʣʌƑĔ(ǵʄʕǕɡ) 

�

ˑz˨ĔɐĎɋǯ +!�ƞxºƚYXφ\ͨͦʣǜȯˡκɲĔɐɼõφί¦Ǥ�ɪ ����� ɴ

àʔȄƃĔɐŝZ̍5ͦʣφĎɋĔɐǯYXφƞxƛ�ǭƧYXƂ¸�ɴʵǻã�ɼÈφ

WȖǐ¿ɔƆĔɴŝZ̍φͶ̆͟nͦʣõȖǭƂ¿ͦʣƀɴɔƆĔTàʔͦʣḃĖǝə

ƂɓyɴɔƆφgǤǬǚɴɓy�ȿǜȯφƛ�Mxàʔʍʸʹ͂�ɋěĘɓyºΪ̧͖ɴ

ȄƈƦ˽T�

�
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kS ʄʕǼȒ 

ǵʄʕ?ˌ[»ɴʄʕǼȒφȐºɋUěĘǖ�ÓVSUȹm;ˍVSUʪʷȿ̛ˡºΪȘ

ȒǕóVY�ͱºφʄʕǼȒĔ4[Ĕψ�

�

ĔmSʄʕǼȒĔ 

(W) ěĘǖ�Óψ 

ěĘɓyǖ�ÓɴɺɴǤ˴ΒěĘɓyφɍƀͨ͝ǖ�ż¡ɴƠȡ�ͪ¿ěĘɓyǖ�Ó

ɴɺɴφĎȞφƛ�ͨ͝Y�ȟε�ͥ˼φº½ǤUěĘ˴ΒVSUěĘǕɡVxåUƬǌɎ

ɐVφx[º½O�ȟεͥ˼̢Ǣψ�
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1. ěĘ˴Βψ 

ʀƞþʁφěĘɓyʒΪˁ*φˑ]Α˳ǚɩĀZšĖÒ̃SÞÁS)̌SǷ

̶ʡʡęǭΑ˳ǥ·Ό¸ǚφĎȞǖͷξ,SʒΪˁ*φʋǝʄʕǯ²ǥΈÀ

xå̵ɀǯΈφĎȞǵʄʕ¦Ϳ?fΪěĘɓy�ɋv˿φº½ǤͻˇΪSͻʢ

Ò�âpʮDċΪ�S!˛ɦΪSpɏȰΪSpΚȫΪSɞɤɦΪSʮɶΪSpʮΪS

ʮǸΪʡfʒφ͟fʒΪ½_ȶ˵íčǎɴ̵ɀɺaḃv˿ɴěĘΪ½φ²Ĝ

ƔˡʒΪɴ*Ȗƍg~̆Εφ̽ x�ɋv˿ěĘɓyºΪ̨ΨƵ̓aÒú*ȖƍS

ɼ�ƍˡy̫ɴYʒḃɔƆɴv˿T�

2. ěĘǕɡψ 

OǎΒɴěĘʒΪφ²ahpɏȰSpΚȫåɞɤɦYΪĖW˥ěĘĜƔ

[͍R̫y)φ²ή°ΪW˥r�Oǝ͟ΪěĘɴ˹ɡʸcǤ\ɂǿɴφĎȞ͟Ϊ

ěĘɓyĎɋ_Ȍˑ͢ƚy̫gǤΝcǦͧɴφěĘɓyɴǕɡφḃTǤaǱȕ

Ǉƶ͘ěĘɓý_ȌɴȖ̮φĎȞφOǝ͟°Ϊ˴Β¿ɴěĘɓyφǭOěĘ

ɓyͥ˼)Æɴ˹ɡφ�4ǆ%SƹưS̈́ͅʡʡφ̬ěĘɓyɴ)Ĝ̼ǝƶ͘W

˥ƛ�c̈ɴěĘȖ̮χ�

3. ƬǌɎɐψ 

ɋhͥWȟͥ˼ȹm;ˍɴƴȖφǵʄʕΛ̇OěĘɓy˴Β,ͷɴɎɐx�

ɋ̔ʼɴğʊφàʔʍʸʹ͂OǝɓyɔƆĖʾǐå�ʐZɴ̧͖˗Æǭǯ˧3

ɴǒǻφ�OǝɓyɔƆɴǟ͕ɴ̧½˗Æ͍vφĎȞφǵʄʕOěĘɓyͥ˼

ƬǌǥTΛ̇˴Βɼɰ*ɓyˎ͕å\õ̍mɴɎɐφ̬ʍʸʹ͂̔ʼǥ˗+Ƃ

¿\õ̍mɴɔƆ̵ǘφǵʄʕĖÅƑ̢ǢΏȡW±=ƚ ���� wɎɐφê)Ė

ƚǻĠýΏȡͶǚǕɡěĘǖ�ÓɎɐφMâpʮDċΪ½�ɎºΪɴˍƕ�ȝ

ƚͻʢÒΪφ`MΝͻʢÒɴɓyÄ`ǚĤʟfΪʮǸΪφǕɡƀφǬʳ=ƚf

Ϊ± ������ wɎɐɴěĘǖ�Ó[�T�

(k) ȹm;ˍψ 

ȹm;ˍɴȟεƯɎ�ɎUȕĜǼȒVSUȔ̕�ȎVSU̔ʼ�ȎVåUȕĜ

̙¢VČȟεφx[ͥWȟ̢Ǣψ�

1. ȕĜǼȒ 

ǵʄʕĖÅƑ̢ǢΏȡ�ɪψĈWȹm;ˍʍʸʹ͂ɓyȚȿ�)8@;9J��;J;9J?ED�

Ʀ˽φ�ͥ˼ʍʸʹ͂ȕĜɴ̔ʼåͨ͝ȕĜ�ͥ˼ěĘɓyɴ̧͖φʸȿ̛Oǝ

Đ?)Ĝå̫yěĘɓyφę˗ǯ˧3ɴ̧͖Ɂʈɜφ�ˏͷĄĀ\Ǜ·Ό¸ǚě

ĘɴʒΪǡǚǮɯφâƴɪɴǜȯΛ̇,ͷɴěĘǖ�ÓɎɐͥ˼Ȕ̕φȔ̕ɴͨ

ʑΛ̇r[ͥ˼ºΪφhΛ̇ƨª,ͷɴȔ̕r[ƚǵφĖ̔ʼɴΏȡgΛ̇ʸ

ͨ×˰xZǖͷʯ½ɴ͙v̔ʼå̤ǔơ˗+̬ȕĜǵ͇³�£˧ɴ̧͖˗Æφɓ

yɼ�ƍgΛ̇ʸͨ\Ṳ̈̀ǔơ˗+ͮ©lɼgǋφĎȞφWɻĖƋˏåNƤǏͥ

ɴ̎ȬcͩωɺÃƤ¿ɴǜ÷Ǥ¾ɪUΔàʔʍʸʹ͂V��ʹ͂��ͥ˼̧͖ȕĜ
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ɴǏͥφ`ɱ˿ĖǵȜɴƚǻĠýΏȡφɼ͍ǝˡÅƑ̢ǢΏȡɴȕĜǼȒşɯå

£ˆλφǕɡ4[˿̢Ǣψ�

˿Yψǚʄʕƚǻ:ʹ͂ȕĜǼȒşɯȤ͍˿ 

ɺ� ÅƑ̢ǢΏȡ� ƚǻĠýΏȡ�

ȕĜǼȒ� ĈWɓyȚȿàʔʍʸʹ͂� Δàʔʍʸʹ͂�

ěĘɓyʒΪ� � Ϊ�Đ? �Ϊ�íy̫� � Ϊ�� � Ϊ�Đ? �Ϊ�íy̫� � Ϊ��

àʔʍʸʹ͂	b

k�
'E8?B;(;J�,,��

ɓy�ȿʹ͂� ɓyºΪʹ͂�

'E8?B;(;J�,,�� 'E8?B;(;J�

Ȕ̕Ɏɐǖͷ� ���� wº �Ϊ� ������ wº Ϊ� ������ wº �Ϊ�

Ȕ̕Ηm� a� �� Ǭ��

̔ʼ͙vȜǖ� � ˰Ȝ� � ˰Ȝ� �� ˰Ȝ�

BEII� �
�Q�
�� �
��Q�
�� �
�Q�
��

WȜ̔ʼǥ� ʬ �� Œǥ� ʬ �� Œǥ� ʬ � Œǥ�

ĤÈɓyǥ� ΛͶǚȔ̕å̔ʼ� ld\Λ̇ͶȔ� ΛͶǚ̔ʼ�

ȕĜäṳ̈̄ǔ� ̻*Ϊ½̻̆Ε� ʨĈ� ʨĈ�

ɼ�ɓygǋƍ� ͍θ� �� a�

ƙɪĖ²tɓy� ͍�� ͍θ� ͍��

Ǖηͦ�ǒ˗� θ� �̧͖ǥʬ �
 ʏ�� �� �̧͖ǥʬ �
� ʏ��

�

ǵʄʕḃaǱƙɪĖěĘɓy̧͖ɴ ǧƙɪφɔ½aǱ˗+·�ʆηǒ˗ɴΛȩφĎ

Ȟǭɔ½ˏƗ͏ͷʯ½ɴàʔʍʸʹ͂�ɋ̧͖ȄƈɴζkφƴɪΔàʔʍʸʹ͂ȕĜǼȒφ

ºƚUɓy�ȿʹ͂ȕĜVxåUɓyºΪʹ͂ȕĜV�ȟεφȟεWͨ͝ɓy�ȿʹ͂

ȕĜͥ˼�ȿżɐaɴěĘɓyφ¶ͥ˼ȟεkφͨ͝ɓyºΪʹ͂ȕĜͥ˼ɓyºΪφǬ

ʳƂ¿ěĘɓyɴΪ½χ�

2. Ȕ̕�Ȏ 

ǵʄʕĎɋƴɪΔàʔʍʸʹ͂ɴǼȒφĎȞφĖɓy�ȿʹ͂ȕĜφsΣOěĘɓy

Ɏɐͥ˼Ȕ̕φǵʄʕƴɪ� *�,��&�/)�� Ȕ̉̕ʦɴȆtͥ˼Ȕ̕φͨ͝ɀ©̴ɴȔ̕

͋η	&78;B#C=�4�5�Oɼɐͥ˼Ȕ̕φ4[ĔωȔ͋̕ηíxMȔ̕ɴ«D͓¸ƚ *�,��&�

/)�� ̉ʦɴ� NCB� ɴșȈȆtT�

�

Ĕ°: �ɪ LableImg ͋ηͥ˼Ȕ̕ʌƑĔ 

�
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Ȕ̕�ȎTǤOɎɐZɴɓyͥ˼ȇ φͭOěĘǖ�ÓɎɐ±� ������� wɎɐφͥ ˼Ȕ φ̕

Ȕ̕ƀÖºɋ̔ʼȖǵåȿ̛Ȗǵφɼ΄ǖͷ4[˿T�

�

˿Č:ěĘǖ�Óǖͷå̔ʼåȿ̛Ȗǵǖͷ˿ 

˴ΒɴěĘɓyΪ½� ǖ�ÓɎɐǖ� ̔ʼȖǵǖ� ȿ̛Ȗǵǖ�

ͻˇΪ� ������

������ ������

ͻʢÒ�âpʮDċΪ�� ������

!˛ɦΪ� ������

pɏȰΪ� ���

pΚȫΪ� ����

ɞɤɦ� ���

ʮɶΪ� �����

pʮΪ� ����

ʮǸΪ�ǚĤ�� ���

Œ̑� ������� ������ ������

�

ɫǝƛ�Ǐ̫hȕĜǼȒφĎȞĖUɓy�ȿVȕĜɴȔ̕�ȎφȔ̕ɴɓyΪ½φƛ�ʷ

W Ȕ̕UE8@;9JV͟WΪφ͟Ȗɴ�ȯ,d·�Ȕ̕�ȎaDǣȔͽɴjyφS²̻*Ϊ½

ǥ~Dǣ\Œƈȇͭͽ̡φW�ȇͭͽ̡ɴȔ̵̕ǘW`ͥ˼̔ʼǥφDǣ͢ƚ̔ʼ̵ǘɴ

Ⱥȷφí˗ǭ͢ƚ̧͖ɜɴ·�φS²ǤĈwɎɐ*ɓΪ½ɓyɴȔ̕φɔ½Dǣȇͭͽ̡φ�

ˑĖUɓyºΪVʹ͂ȕĜaφƛ�\Λ̇OɎɐɴ«Dͥ˼Ȕ̕φˑǤͨ͝ǕɡșȈȽ

Ĉ`ÈxÈ̘Ϊ½�ͥ˼ɓyºΪɴȔ̕Ǘy�ȎφĎȞφɼ͍ǝɓyȚȿɴȔ̕Ηmåƞ

˒ǥęǯ,dmɴʥɽT�

�

3. ̔ʼ�Ȏ 

ǵʄʕƴɪ �7<<;� ��EDLEBKJ?ED7B��H9>?J;9JKH;� <EH� 7IJ� ;7JKH;��C8;::?D=�� ȹm;ˍȇǼ4�5�

ɋƛ�ȹm;ˍ̔ʼɴȇǼφ̔ ʼɴ�ȎʪʷͭǄx.8KDJK��
��4�5ɥģ�ɋ"EIJ� `Ė &?DKN

ɥģaĽ̃ �E9A;H4�5xå (L?:?7	�E9A;H4�5�ʨÓ �7<<;� Ľ̃ɴ�Ȏφ˷ɫ[͎ )F;DIEKH9;�

a_ʸºp¸�ɴ �7<<;��E9A;H� ɥģ�ͥ˼̔ʼφǵʄʕƴɪ� �E9A;H� �ͥ˼̔ʼḃɴâ

ĎǤɋĽ̃ȟε`ΝǤǵʄʕɴͶλφͨãĖʪʷĽ̃Ɂ�Zʸc˒̴.*ǥͥ˼ͽƜ

ː�ȝφ¾ɪ�E9A;H� [͎� ?C7=;� ˗ǯǒʨÓĽ̃ȟεφˑ]˰WĎɋ̤Ǖɴ΄�φƧɥģs

ħhíx~DǣėͶǚĆɪƎƄƜ͗͡ǚĤɥģφǤɺÃOǝɥģrˈɴǯǒƠȡφgǤʞ



� � � � ���

óɺÃ̵̒ʎƦͦɪɴbȲφǵʄʕͨ͝ʹ͂Zºp_rˈ3ɴɥģφ[͎ƀͥ˼̫Ǫφ˗

Ɖͦ͡˼åȿ̛ǵʄʕƞΛ̇ɴɥģχ�

ɫǝǴ�ƙɪɴ ǧǤaǱ̧͖ʑtͦ�ĖɼO�@�ƚǵɴʆηZφĎȞĖʍʸʹ͂ɴ

̖̑ŻƋˏ͍͏ͷɴʹ φ͂Ǭ3˗+µ³̧͖ɜˡǒ˗Zɴ£ÑφäɎ0;?�&?K� ʡrĖ ���

iƞƻ¸ɴ,,�	�,?D=B;�,>EJ�'KBJ?�EN��;J;9JEH�4�5å �D:H;M�!4�5ʡrĖ ���iɱ˿ɴ'E8?B;(;J�

ʹ͂ǼȒxå $ED7J>7D�"K7D=4�5ʡrĖ ��� iɱ˿O\õʍʸʹ͂ɴǒ˗Ȥ͍φΫʌx

'E8?B;(;J� ʵó� ,,�� Ėǒ˗å̧͖ǒǻZ³ǯ˧3ɴ˿ɟφ4[Ĕψ�

�

�

ĔXS\õʹ͂[ GPUͦ˼ɴǥȤ͍Ĕ[16] 

�

ĎȞǵʄʕͭǄx 'E8?B;(;J	,,�� �ɋȟεWɓy�ȿȕĜɴàʔʍʸʹ͂φȞ)

'E8?B;(;J� ʹ͂ǵ͇TǤ͏ͷʯ½ɴàʔʍʸʹ͂φƙɪĖɓyºΪȕĜZφoµ³ǒ˗ˡǒ

ǻZɴ£ÑφĎȞƛ�oͭǄƴɪ 'E8?B;(;J� ��ɋǵʄʕȟεkɴɓyºΪȕĜɴàʔʍ

ʸʹ͂T�

�

(1)  MobileNet-SSD àʔʍʸʹ͂ 

'E8?B;(;J	,,�� àʔʍʸʹ͂Ǥʵó'E8?B;(;J� ˡ� ,,� �ʍʸʹ φ͂²a'E8?B;(;J çv

â¦ɴ/!!�ɴğʊʹ φ͂ɰż¡͓ª¿àʔʍʸʹ͂ͨʑaφƃ9EDL�¿9EDL�ɋ'E8?B;(;J

ʍʸʹ͂ͱºφ9EDL� cƀTǤ ,,� ʹ͂ͱºφǵʄʕM 'E8?B;(;J	,,� àʔí̊ÓǕɡ4

[Ĕψ�

�
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�

Ĕ®:MobileNet-SSD àʔʍʸʹ͂àʔͨʑí̊ÓʌƑĔ 

�

'E8?B;(;J	,,� ḃɔ˨cWǤ�ɪȹmíºΖàʔ��;FJ>M?I;�,;F7H78B;��EDLEBKJ?ED�ʵóλ

àʔ�*E?DJM?I;��EDLEBKJ?ED�çvȔɁàʔφMȔɁàʔȄͥ˼º̎̑ʣφ�ͪ¿ȾȒʣͷφ

�4φ�̖͓ªɋ '�ͩ͠ɴɔƆĔφàʔȄ,Œɋ	ϋ
"
∗ϋ

"
� �͓¸ͩ͠ɋ (�� ÂȔɁàʔ

Ȅßɋ	ό ∗ϋ
"
∗ϋ

"
∗ύφ�4φ͓ªɔƆĔɋ�$ ∗ % ∗ 16φ͓¸ �� ͩ͠�9>7DD;BI�ÂȔɁɴ

àʔ̑ʣͷɋψ� �

� $ ∗ % ∗ 16 ∗ 3 ∗ 3 ∗ 32 = $ ∗ % ∗ 4,608� � ��
�
�
��

ˑ�ɪȹmíºΖàʔɴ̑ʣͷɋψ�

� $ ∗ % ∗ 16 ∗ 3 ∗ 3 + $ ∗ % ∗ 16 ∗ 1 ∗ 1 ∗ 32 = $ ∗ % ∗ 656� � � ��
�
�
���

ĎȞȹmíºΖàʔȄˡȔɁàʔȄɼȤ̑ʣͷȤɜɋψ�

�

		

ϋ
"

∗ϋ
"

∗ϋ
1

∗ϋ
1

∗ 2 +ϋ
1

∗ϋ
1

∗ 2 ∗ 3

ϋ
"

∗ϋ
"

∗ 2 ∗ 3 ∗ϋ
1

∗ϋ
1

=

1

3
+

1

ϋ
"

4
		�

� ��
�
�
���

²kǤuªImeǖ�0?:J>�'KBJ?FB?;H�		5	�ȾR͓ª͓¸ɴͩ͠ǖ�9>7DD;BI�φ͓ªXɴͩ͠�

ǖ�2� ̫ƚ� 52φ͓¸Xɴͩ͠�ǖ	3� ̫ƚ	53φuªImeǖƀʿ̑ʣͷ4[ψ�

�
			ϋ

"
∗ 	ϋ

"
∗ 52 ∗	ϋ

1
∗ϋ

1
+ 52 ∗ 53 ∗ϋ

1
∗ϋ

1
�

� ��
�
�
���

²YǤuª̎Ǻmeǖ�+;IEBKJ?ED�'KBJ?FB?;H�� 6� �·�Ĕɐɴ̎Ǻmφß�ɪĖɔƆĔ�<;7JKH;�

C7F�ɴ,ŒZφƞxuª̎Ǻmeǖƀɴʿ̑ʣͷ4[ψ�

�
			ϋ

"
∗ 	ϋ

"
∗ 52 ∗	6ϋ

1
∗ 6ϋ

1
+ 52 ∗ 53 ∗ 6ϋ

1
∗ 6ϋ

1
�
� ��
�
�
���
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'E8?B;(;J	,,�4�5Ė 9EDL� ƀΟȼÈh � �àʔXφɍƀʿ±Ʃç � X�ɋȚȿφƻçΤ̖

ȇ�:;<7KBJ�8EN�φ̜ � Xɋ 9EDL�9EDL��9EDL�6��9EDL�6��9EDL�6��9EDL�6�φ²ƀͤƶɪǝΪ

½Ƃºɴ ��� àʔXφXöɋ 9EDL6C8EN69ED<�� 9EDL�6C8EN69ED<� �� 9EDL�6�6C8EN69ED<� ��

9EDL�6�6C8EN69ED<� �9EDL�6�6C8EN69ED<� �9EDL�6�6C8EN69ED<� ͓¸Ǥxƛ�̔ʼɴΪ½ǖe

Z ��Τ̖ȇT�

ǀ/¹tºɋ�ͱºψ?�ǀ/ÿºΪǀ/φ¯t4[ψ�

�
			7(9, :, ;, <) = 	

1

3
(7>?@A(9, :) + 57B?>(9, ;, <)�

� ��
�
�
���

²aφ9 v˿ºΪí�mφB v˿Τȿȇφ=v˿ɿFȇφ9ED< v˿ºΪǀ/φBE9 v˿?�ǀ

/T�

O ������ wȔ̕=ƚɴɎɐǐ¿ȟεWɴ̔ʼɥģaφ`Ğ˼ 9H;7J;6B?IJ
I>� ɩɨ̔ʼΒ

�JH7?DL7B
JNJ�åȿ̛Β�J;IJ
JNJ�ɴǗ9șφ`Ğ˼ 9H;7J;6:7J7
I> M $*�!#C7=;I ɺͼaɴɎɐ͕ƚ

BC:8 ̵ǘnφ`Ė �E9A;H [ɴ �7<<; ȹm;ˍȇǼax 'E8?B;D;J	,,�� àʔʍʸʹ͂ͥ˼̔

ʼ�Ğ˼
�JH7?D
I>�φy ͙ͨv � ˰ȜƂ¿ BEII ʬ �
��	�
�� ŝïɴ̔ʼƚǻφǵʄʕ̖?ȣ ����

Ȝ͙vMɩɨW{țͶșĖ ,D7FI>EJ� ɺͼaφ̔ʼ=ƚƀĖ ,D7FI>EJ� ɺͼaƛ�Ƃ�ȣØȜ

ɴțͶșφ³ηʵǻ4[Ĕψ�

�

Ĕf:ǵʄʕ̔ʼʵǻɩɨțͶșʌƑĔ 

(2)  MobileNet àʔʍʸʹ͂ 

'E8?B;(;J� àʔʍʸʹ͂ɴɔ˨φ4ÃΟƺ͚φTǤͨ͝ȹmíºΖàʔ��;FJ>M?I;� ,;F7H78B;�

�EDLEBKJ?ED�ʵóλàʔ�*E?DJM?I;��EDLEBKJ?ED�çvȔɁàʔφͥˑͪ¿·�ͦʣͷɴɔλφǵ

ʄʕƴɪ 'E8?B;(;J� �ɋȟεkɓyºΪɴàʔʍʸʹ͂φõȖOàʔXí̊ÓφǕɡ4

[Ĕ˿ʌ'E8?B;(;J ɴàʔͨʑT�
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�

�

Ĕ×:MobileNet àʔʍʸʹ͂àʔͨʑí̊ÓʌƑĔ 

�

�

4. ȕĜ̙¢χ 

Ėk¤ºΪaφc�ɪʩʈm�*H;9?I?ED�åìčɜ�+;97BB��˾ͷå̙¢ɴʷ̑φ\ͨɺȔȚ

ȿ�)8@;9J��;J;9J?ED�ƙɪĖż¡̧͖ZhºΪɴȝʈˡùφͯÒƭĔ¡aɓηɴ?�φˑ]

ɺȔȚȿhĈWɓy)φgÒƭ*ɓy�ȿφ4[ĔT�

�

Ĕ×WSc̈ɴ̑ʣȘ̊̋ąΨ(Stanford’s CS231ṇʑ̵ǘ) 

ĎȞφǵʄʕĖÅƑ̢ǢΏȡƴɪ *�,��&�/?IK7B�)8@;9J��B7II;I�/)����>7BB;D=;� ƞ?ˌɴ

	FE?DJ�?DJ;HFEB7J;:�7L;H7=;�FH;9?I?ED4��5��ɋ˾ͷȕĜɴ̙¢φ²¯t4[ψ�

�
		CD =

1

11
E DF%GHIJ

(K)

K∈{N,N.P,….,P}

�
� ��
�
�
��
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Ė̔ʼΏȡƛ�Ć IEBL;H6JH7D
FHEJEJNJ� aɴ I>EM6F;H69B7II6H;IKBJ�� -HK;� ɴäǖφ`?ˌȣ͙

v ���� Ȝͥ˼WȜ �*å C�* ɴȿ̛φʷ̑ �� Ȝɴ̙¢hęʵǻ4[˿ψ�

�

˿mSòΪěĘɓy�*�å C�* ��ÅƑ̢ǢΏȡ��

Ϊ½� ͻˇ

Ϊ�

pʮD

ċΪ�

!˛ɦ

Ϊ�

pɏȰ

Ϊ�

pΚȫ

Ϊ�

ɞɤɦ

Ϊ�

ʮɶΪ� pʮΪ� C�*�

�* �� �
���� �
���� �
���� �
���� �
���� �
��� �
���� �
���� �
����

�

̔ʼʵǻƂ¿òΪěĘɓyʬhę �
����Q��
���� ɴ �* �φȞ)φC�* θͪ �
���φʣǤƂ¿

\ͽɴƚǻT�

\ͨǵȜƚǻĠýΏȡǏ̫ȕĜǼȒφƛ�ĖȟεWƴɪɓy�ȿȕĜɴ̔ʼφƞǯȔ̕

ɴ ������ wɎɐę Ȕ̕UobjectVWʒΪ½ɓyφǬʳ̔ʼ͙v � ˰Ȝ=ƚ̔ʼɴ AP å
mAP	ęɋ 1ς100%σφ4[Ĕƞʌψ	
	

	
Ĕ×kSȟεWɓy�ȿȕĜ̔ʼĔ 

�

ˑĖȟεkφɓyºΪȕĜ̔ʼɴȕĜ̙¢φͨ͝'E8?B;(;J� ºΪàʔʍʸʹ͂̔ʼ �� ˰Ȝ

ƀǬʳƂ¿h �
���� Ɂʈm�799KH79O�� ɴ̔ʼƚǻφ̔ʼʵǻ4[ĔT�

�

�

�

�

�
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Ĕ×YSȟεkɓyºΪȕĜ̔ʼ=ƚĔ 

(Y) ʪʷȿ̛ˡºΪȘȒǕóψ 

(1)  ʪʷȿ̛ 

ʪʷȿ̛ḃǤh̎ǵʄʕɴǒǻφί¦M̔ʼ3ɴȕĜșǐȨ͖̇ɶaφɋhɸͷ·�

ƚǵφǵʄʕͭǄʄƽ¯ðɴ.*ʪ»ɩĀφ̜ʪ»ɩĀḃǤƙɪĖ #E- Υĝφ�ɋ͍͏ͷ

ͦʣɴ̖�φʪʷ`Ǎƿ &?DKN ˡ 0?DE:MI� �ȎʪʷφM̧͖ɶĽ̃ĖȕǇɴȘȒZͥ˼F

ΐěĘɓyɴ_̧͖͆ȿ̛åʷ̧͖̑ɜωĖÅƑ̢ǢΏȡφǵʄʕ�ɪĈWɓyȚȿàʔ

ʍʸʹ͂ͥ˼Đ?)Ĝåy̫ěĘɓyɴ̧͖φƂ¿̧͖ʵǻʵǻ4[˿ψ�

�

˿°SÅƑ̢ǢΏȡFΐěĘ_ǈ̧͖ɜʷ̑˿�

˴ΒɴěĘɓyΪ½� FηěĘ_ǈȜǖ� ̧͖ȝʈǖ� ̧͖ͽ̡ǖ� ̧͖ɜ�

Đ�

?�

)�

Ĝ�

pɏȰΪ� ��� �� � ��
���

pΚȫΪ� ��� �� �� ��
���

ɞɤɦΪ� ��� �� �� ��
���

Ò�

ú�

y�

̫�

)�

Ĝ�

ͻˇΪ� ��� �� �� ��
��

pʮDċΪ� ��� ��� � ��
���

!˛ɦΪ� ��� �� �� ��
���

ʮɶΪ� ��� �� �� ��
���

pʮΪ� ��� �� �� ��
���

Œ̑� ���� ���� ��� ��
��
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�

�ɪĈWɓyȚȿàʔʍʸʹ͂ȕĜφƂ¿ɴǕη̧͖ɜʬɋ ��
�T�

� � ˑĖƚǻĠýΏȡ�ɪΔàʔʍʸʹ͂ͥ˼Đ?åy̫ěĘɓyɴ̧͖φ�õȖǜtĖȘ

ȒZͥ˼FΐěĘɓyɴ_̧͖͆ȿ̛åʷ̧͖̑ɜφƂ¿̧͖ʵǻ4Ǖɡ4[˿ψ 

 

˿XSƚǻĠýΏȡFΐěĘ_ǈ̧͖ɜʷ̑˿�

˴ΒɴěĘɓyΪ½� FηěĘ_ǈȜǖ� ̧͖ȝʈǖ� ̧͖ͽ̡ǖ� ̧͖ɜ�

Đ�

?�

)�

Ĝ�

pɏȰΪ� ��� �� � ��
���

pΚȫΪ� ��� �� �� ��
���

ɞɤɦΪ� ��� �� �� ��
���

Ò�

ú�

y�

̫�

)�

Ĝ�

ͻˇΪ� ��� �� �� ��
���

ͻʢÒΪ� ��� �� �� ��
���

!˛ɦΪ� ��� �� �� ��
���

ʮɶΪ� ��� �� �� ��
���

pʮΪ� ��� �� �� ��
���

ʮǸΪ� ��� �� �� ��
���

Œ̑� ����� ����� �� ��
���

�

Ǖη̧͖ǒǻˡĈWɓy�ȿàʔʍʸʹ͂ɼ͘ɴ̧͖ȨɁφǕη̧͖ɜʬ ��
��φ\ͨΔà

ʔʍʸʹ͂ȕĜĖ*ɓy˿ɟφǢΫ£ǝĈWɓy�ȿàʔʍʸʹ͂ȕĜφ[˿ǤÅƑ̢Ǣ

ΏȡˡƚǻĠýΏȡƴɪʒȕĜǼȒĖ*ɓyɴȤ͍˿ψ�

˿®SʒȕĜǼȒĖ*ɓy̧͖Ȥ͍˿�

ÅƑ̢ǢΏȡ�¦Ã�� ƚǻĠýΏȡ�ǵȜ��

ĈWɓy�ȿàʔʍʸʹ͂� Δàʔʍʸʹ͂�

� �

ɓy.Ξ͘ǥǭͽ̡̧͖ɋW�ɓy� ɓy.Ξ͘ǥs˗º½�ȿ\õɓy�
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*ɓy̧͖ǒǻ͍vφΛ̇¶Èx� *ɓy̧͖ǒǻȤcÃǒǻ3�

�

ˑĖɓyɴɼ�ƍZg³�̧͖˗Æφ4[˿ψ�

˿fS\õǷ̶�ΙõɴÞÁ)̌ɴɓy̧͖ǒǻ˿ 

ɼ�ƍɴ̧͖ǒǻ�\õǷ̶�ΙõɴÞÁĔȈ��

ͻˇǷ̶� ͻʢÒǷ̶� JɔɦǷ̶�

� � �

�

(2)   ǒ˗̤Ǖ 

ǒ˗̤ǕɴͱºḃǤaǱɸͷ£Ó̧͖ɶɴ̧͖ǒ φ̠ǵʄʕxʑtåʪʷǒ˗£Óͥ

˼̤ǔφɫǝʆηǍƿ )F;D�& È͡φíxͨ͝ )F;D�&� ̬ !*. ÛÉͦʣφĎȞOʆηί

¦Ľ̃Ǎƿ)F;D�& ɴΫʌÝɴβÎʑtφ¶ͨ͝)F;D�/� βÎw !*.� ͥ˼ͦʣφ̬ʑtͦ

�ɴǒ˗ƻÙφ¦ÃĖÅƑ̢ǢΏȡƚÇͨ͝ !*. Mǒ˗ƃ 
��<FI�<H7C;� F;H� ,;9ED:�ƻÙ˞

�<FI ŝïφ[˿ψ�

˿×Sǒ˗̤ǕǏͥÃˡǏͥƀǒǻ˿ 

ǏćÃ�ʬ 
��<FI�� Ǐćƀ�ʬ �<FI��

�
�

�
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\ͨǵʄʕĖƚǻĠýΏȡƴɪΔàʔʍʸʹ͂ǼȒφĎȞφɼ͍cÃĈWàʔʍʸʹ͂Λ

̇ĤÈêW�ʍʸʹ͂ɴͦ�φß�ͨ͝!*.£ÓφĖ (���� �ΏΚ˘Ğ˼s ǯ �	�<FI ŝ

ïφΓɍĖǕηǼȒZÌx˗+ƙuφ\ͨ͟gǤǴ��ƂͥWȟÊÆ£Óɴǜ÷T�

�

(3)  ºΪȘȒǕó 

ʋǝʄʕǥǯ²ΈÀÈZ;ɨɴ̵ɀǯΈφºΪȘȒɴ̖̑ḃɴɺɴĖǝγ̧̦͖ɶ

OěĘɓy̧͖ƀφMΪ½�ͫ¿˝ÎºΪȘȒφɪxγ̦˝ÎÓºΪɴí˼ƍφĎȞĖȘ

Ȓ̖̑Z¦\͛ȩˋƓφˑxÇ˗ɋbT�

ȘȒɴĐ?yͨ͝  H;;��� ͥ˼˃̅φ`¾ɪ ��� Þ˿Ș»Þɼ΄ȘȒĐ?yωˑĖƷÀ

ʪʷɴͱºφǵʄʕ¾ɪ�H:K?DE�.DE� ƷÀΰͪφ`βÎɵbφbÎěĘˈǐɹφɰ�H:K?DE�

ǎ¿̧͖ɶ̧͖ˈǐĖěĘˈǐɹZɴěĘΪ½ƀφǭʐÎěĘˈǐɹ¿ěĘȉ?�λφ¶

βÎΰͪͥ˼ˎ˵_ǈěĘɴÎ�φǵʄʕƴɪ Arduino �ɋΰͪåȘȒƷÀɴƷÀǹφb

̇Ǥ_ʸǯ~*ƚÇȈ�ͨ͝ Arduino ƷÀǹ�ͥ˼˝ÎÓȘȒγ̦φĖɼ΄;ˍɴ̵ɀ͍

DǣçƂφêǜΟ Arduino ʨǣ]ɻ̌ɴʑt̠ȯíxǯǒʾȾǵʄʕɁ�ɼ΄ͱyƷÀɴ

ǥφȞ)ĖƚǵZg͍�@φĎȞǵʄʕͭǄ Arduino �ɋǵʄʕȘȒƷÀɴḃƷÀǹφ

ǕηȘȒɴʺ͂ͤƶǜt4[Ĕψ�

�

Ĕ×ČSȘȒΚ͂ͤƶʌƑĔ 

�
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ê)ǕɡǵʄʕȘȒ̖̑�ɪɴǷǘåʴ̃ƀȖt4[˿ψ 

 

˿×WS˝ÎºΪȘȒ�ɪǷǘ˿�úʴ̃ƀȖt�

˝ÎºΪ̃ˈʌƑȕĜ�ǵʄʕ˝̅��

̃ˈ� Ĝ˺� FηɎɐ� ̉Ȇ�

�H:K?DE� ƷÀǹ� .DE�
�

�-'�!����*	.�

�H:K?DE��(��,>?;B:�� /��
�

�H:K?DE��(��,>?;B:� ǖƷȘǉWǹ�

ȟͥΰͪƷÀċ� ������
�

������ ȟͥΰͪƷÀǨɐʴ�

�ǰΰͪ� '!����
�

'!��� �ǰΰͪ�˦Ș��

ȟͥΰͪ� (�'���
�

�� Ĝȟͥΰͪ� &���� ɼ� �*�

õȟb͒� �!-	��-�
�

«8 �CC� νΟ� �
�CC�� �
�CC�

õȟb͒� �!-	��-�
�

«8 �CC� νΟ� �
�CC�� �CC�

ʺƍƥ͌� &'�..�
�
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̐̅m§͌� (ED;�
�
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õȟb� �!-�
�

.(#--���!-� I �CC�1�  ���CC�

Κɀ�ƙċ� &+,	��	��
�

��/	���/� ͓ª� �/��
��� ͓¸�
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�

-OF;	��-OF;	���

ͻǆ� (ED;�
�

ͻǆ 1��

ƣɹ� (ED;�
�
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ŒĜěĘȉ� (ED;�
�
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�

˝˼˃̅ȘȒ¤y`ͨ͝ ��� »Þ�

�� »ÞȘȒ¤y� (ED;�
�

˝˼˃̅ȘȒ¤y`ͨ͝ ��� »Þ�

�� »ÞȘȒ¤y� (ED;�
�

˝˼˃̅ȘȒ¤y`ͨ͝ ��� »Þ�
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�
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�

˝˼˃̅ȘȒ¤y`ͨ͝ ��� »Þ�
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ºΪȘȒɴʐÎǜtǤͨ͝ΰͪbÎɵbɕuěĘǐˈɹ[ɴȘȒφ¶ͨ͝ěĘǐˈɹǞ

ɴ�ǰΰͪ�ͥ˼ˎ˵�ěĘɴÎ�φȘȒɴ£λǤÎ�ʨĈφͨ͝ Arduino ƷÀʟW�ȟ

ͥΰͪͥ˼ʐÎ¿ͪ?�λφcƀ¶ͨ͝�ǰΰͪ(˦Ș)�Ğ˼ˎ˵ɴzÏT 

ʟW�ȟͥΰͪƞ�ɪɴǤ NEMA17 ƃ̉ȆZƂʁ̹ 1ȟǤ 1.8mφͨ͝¯tƾʣíx

ʁͩWđǤ 360mφx 1.8mʡǝ 200φ˿ʌȟͥΰ̹ͪ 200ȟʡǝ 1đφˑƛ�ͨ͝

Arduino ZĽ̃ CNC Shield ǖƷǉWǹZΟƼZ A4988 ɴΰͪƷÀȕʴ�ƷÀȟͥΰ

ͪφƞẋɔ½ȱƑ CNC Shield ǹZĖ A4988[ɴ̓ʺφº½ǯ¬ȟͥS1/2ȟͥS1/4

ȟͥS1/8ȟͥS1/16ȟͥɴȕtíxͭǄφ4[˿ψ 

˿×kSͨ͝ A4988 ƷÀ NEMA17ȟͥΰͪȟǖ˿ 

MS1 MS2 MS3 Microstep Resolution Wđɴȟǖ 

L L L Full Step 1 200 

H L L Half Step 1/2 400 

L H L Quarter Step 1/4 800 

H H L Eight Step 1/8 1,600 

H H H Sixteenth Step 1/16 3,200 

ƞxĖ Arduino ɴʑtƷÀŻȱƑ͟�şɯφê)¾ɪ A4988 ʟČ˙�(ping4) Zɴθ

Κ�ƷÀȟͥΰͪȝ͕gTǤʐÎěĘǐˈɹÃͥφ�Κ��ƷÀȟͥΰͪæ͕gTǤěĘ

ǐˈɹč¿â�φʟm˙�( pin5)Âɪ�ƷÀȟͥΰͪʐÎɴȟǖφW� HighÈZW�

Low�˺v˿Wȟφíx�ɎěĘȉ�ˈ̑ʣ3̿Ζ̬ěĘǐˈɹʐÎ¿?�λφ¶ͨ͝Ʒ

À�ǰΰͪMG995�ͥ˼ˎ˵ɴÎ�φʑtĆÎƀǭ¦Aý�ǰΰͪMG995¼5̍mɋ

180mφgTǤȨhφ¿ͪ?�λƀ¶̬�ǰΰͪMG995͕¿ 0mφgTǤĚɻǜ÷φƀ

�ɭ 500ȥʏφ¶ƃ 0m͕č 180mT 

ºΪȘȒɴΈÀǤȨhʐÎɴ͡m\íx.ƉφùÂǐˈĖěĘǐˈɹZɴěĘɓyǯ

í˗ǯȘǭƲ¸�φ²ȜǤˎ˵ͨ͝�ǰΰͪ、Ùɴ˗ÆǯΈφOǝ͍ͶɴɞɤɦěĘɓy

ǯǥǭȤ͍ñÆφ�ɪ*ȜèÆDǣZħT 

ǵʄʕc˝ÎºΪȘȒḃǤ˿ͪ˝ÎºΪɴí˼ƍφƐ¡_ěĘë̇ƧěĘɓy_Ė

ěĘǐˈɹƀφͨ͝ǌżŞ̦͖¿ěĘɓyɴΪ½φͥˑƷÀěĘǐˈɹʐÎ¿̜ΪěĘɴ

ěĘȉ�ˈφɍƀͥ˼ˎ˵(�ěĘ)ɴÎ�φĎȞφWȜë˗_ǈW�Ϊ½ɴěĘgʣǤ˝

ÎºΪȘȒɴΈÀφFΐZ4ǻWȜǐ˞ʒΪ½ɴěĘɓyĖěĘǐˈɹZφ˝ÎºΪȘ

ȒǭxʟW�͠ʁ Arduino ʐÎ¿?�λɴ̵̒ɋbφêW�ɓyTǭ̀˳ͥěĘȉaφ͟

Ǥƀ˅ͯǤ̇˄˅ʄʕåƋˏɴͱºT 

˕S ʵ̥ 

ǵʄʕƚÇǏͥÅƑ̢ǢΏȡƞƻ¸	ͨ͝ȹm;ˍàʔʍʸʹ͂ȕĜ�ɻƶOĐ?åy

̫ěĘɓyͥ˼̧͖φĖÅƑ̢ǢΏȡφǵʄʕƴɪĈWɓyȚȿàʔʍʸʹ͂ȕĜ��ɋ

ż¡̧͖ɴȄƈφOǎΒɴěĘɓyɻƶͨ͝ż¡ͥ˼̧͖φ\̥ǤĐ?)ĜƜǤy̫ɴ
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ěĘɓyφę³ǯ˧3ɴ̧͖ǒǻωǵȜƚǻĠýΏȡǪͥWȟƻ U̧Δàʔʍʸʹ͂ȕĜV

�OĐ?åy̫ěĘɓyɻƶͥ˼ż¡̧͖T�

ĖΔàʔʍʸʹ͂ȕĜaφί¦Oɓy�ȿàʔʍʸʹ͂ͥ˼ȕĜ̔ʼφəƂɓy�ȿ

ɴ˗Æφ²Ȝͨ͝ɓyºΪàʔʍʸʹ͂ͥ˼ȕĜ̔ʼφ�Oɓyͥ˼ºΪɴ̧͖φĖȞ

ǼȒaφɓy�ȿɴȕĜ˗+̻́\õɴɓyΪ½φͶ̆�ɪƍ,dƻÙφˑĖɓyºΪɴ

ȕĜ̔ʼaφo˗əƂ̔ʼǥ,dʾʃɴ3˹φǚǼȒͨ͝ʑtͥ˼ǕóφĖFΐȿ̛ɴ

̧͖ǒǻaφǯ˧3ɴ̧͖˗Æφ²aYΪĐ?)Ĝ�Ǵy̫�ɴěĘɓyφ͖ ̧ɜʬͪ ��
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