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ʿ 1 ʽ� ͭ͋ʩʺ 

�

�

W`�
 
1.1 �����5�
� ́ƶ, ·¦�ÀʾȳgǙ͉cʛƢ~ʠĜyd, ̹gŞygǟű~·¦�Àʾȳu IoT ɔŜcb

~ʒB_ˇĻd�Ä�Ä�ĚȷzwCdc\Y. M{hĻdÛgıeuʐɬˣǦcb~ņ̋Ĵ`

ezwCdc\Ywh`cg, ıʂgʐǥˋu˫ɿʏų~·¡�¿Ä�Szǲ˻dtǕʒ`ez

ņ˩ǚ~ʫŖn_Bz. cscx, �Ä�Ä��¦��Gƶ=ƜŭĴÅΔǚ˩Ĵn_BzYs, ˫

ɿʏųḓ˴~ËazMacg, õaiıʂGÛͬgá}yd˫ɿʏų~�Ä�Ä�SzMaG

ņ˩waˤax{z`Az. ƍͷdtgwCcʩʺhƆŨn[5], ÛGÝŨSzMacgɆȻʏų

uıʂgʐǥˋ~�Ä�Ä�SzMa`ÛaıʂhđƆn_BgMaG`ezaˤax{_B

z.  

� qY, 2011 ƶ 3 Ȭ 11 Ȟ̴eYȸȞȴžͽɻcx 7 ƶ˓]G, MgľʛÔȐdw\_ÛGʼ[

ĎzMaGĚȷcBÁ¯ÀgȎƚ˜ͥGɈĚO{_BzũŮG, ȲwƆŨSz[1]. M{xgũŮ

`hÛGʼ[ĎzMaGĚȷcBYs, ˫ɿgʐǥˋuıʂgʐǥˋ~ŻcxʧzMahͻn

B.  

� ȴʩʺh, ıʂǤ͈ú~ʒBYʏų�Ä�Ä�h, ÛGÝŨSzMacgıʂŌŶ`ʏų�Ä

�Ä�~˺CMa~ņ˩dSzʩʺ`AzG, M{xg�Æ�dhìˡǟű~àËSzǔ̇GA

z. tM`, ȴʩʺ`h LPWAN gÇʶ`Az LoRa ~ʒB_ìˡȀƌ~̘rY. ĒðʞdhŅ

ēʞcɱìǯɪ`, GPS cb`ʒBx{z³À�¾�ÁÆ�¼Ä~ʒB_, LoRa g RSSI cxg

ǅƽ~ġʒn_ìˡ~ȀƌnY. MgȜɪGʪʼO{{i, ď˫ı`ıʂG�Ä�Ä�nY�Æ

�dìˡǟű~àËSzMaGĚȷzYs, ˫ɿʏųuʐǥˋ~ɯgʧzMad΀Ƴdǉdʼ]

a.  

 

1.2 ��D`A6J<�
�

� ȴ̤Șh��âÉgwCcɍǫ`AzΙ�

�

ʿ 1 ʽ[ƻ̤?`hȴʩʺ~bMcCdAY\_gďðgɌ̇aʩʺgǣˢd]B_̓nzΙ 
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ʿ 2 ʽ[ʩʺ˨Ȧ?`hȴʩʺdbhzʩʺg˨Ȧd]B_, ʌʅg̡΋at{dƗSz�­

ÂÆ�~ːÝnYǌ, ȌŚɼd]B_̓nz.  

ʿ 3 ʽ[ͭ͋ʩʺ?`hǌ̓Sz LoRa dͭ͋SzČ˺ʩʺd]B_̓n, tgŘ΋ɼa̎ɦ

˂~ȁɃSz.  

ʿ 4 ʽ[RSSI ~ʒBYìˡȀƌgɌ̇?`hƍͷdȴʩʺ`Ǳ\Yǯɪd]B_̛ng̓n

z.  

ʿ 5 ʽ[ƍΒa̗ö?`hƍͷdʲʀɴˣȻd_˺\YƍΒg˔ȼ~qas, ˤƖ~̓nz.  

ʿ 6 ʽ[˔̤?`h 5 ʽdwyǍx{Y˔ȼd]B_qasYǌ, ÜǌgƢȯuņ˩ǚd]B

_̓nz.   

�
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ʿ 2 ʽ� ͭ͋ʩʺ 

�

�

UV\C�
�

 

 

 

� ȴʽ`hʩʺ˨Ȧan_˫ɿʏų·¡�¿Ä�dͭSzʌʅa̡΋~̓nYǌ, ̎ɦ~̘rY

õd]B_qasz. qY, ȴʩʺ`ʒBY LPWAN gÇʶ`Az LoRa d]B_, tgɌ̇a

ʃǒ~ʫS.  

 

2.1 ˫ɿʏų·¡�¿Ä�gʌʅ  
 

� ͟Ư͞`h͈ú˗Gʛ͔n_by, ͼɫgĎxcBŲǭhƆŨncBgxBʯY[hMgǛǜ

~Ùńn, ǆYyĥgʂa̝̩n_Bz. ncncGx, õaiŢ 2.1 gʝB͞ěh͈ú�Ä«

¾GƆŨncB˃ǭdc\_by, ÛGMgwCcŲǭdĚōB_ƍũ̢ɀ~˺CMahɎ=c

���GǽczMaGƐȡdǢĈ`ez. ȣͬʞ���cx, ˫ɿgʐǥˋ~ŵn_nqC��

�uÛä̱g���cb, Ɏ=c���Gccz. 

 

 

 

 

 

 

 

 

 

    

Ţ 	��%�͈ú�Æ©��¿��	KDDI) 1 

 

                                            
1 Ţh AU g͈ú�Æ©��¿�[2]wyǁʒ 
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2015 ƶȣɼ`ȞȴgŤŦgˌ 70%hɆȻʏųac\_by, ͈úťŻgũŮhȲwżgƆŨSz

Ys, Ȟȴ`hȲwżgg͞ěG͈úťŻdc\_Bz. tgYs, M{xgũŮ`�Ä�Ä�

nY�Æ�~͈ú˗~͈n_��­ÂÆ Szdh̡΋GêC. qY, ̪ƖƹʐɬƉďƟũŮ̡

GĚn_BzƵǫ 28 ƶgƤƧũŮdbhz͘ͻgʅɨdw{i, 2, 495 äg͘ͻGʛʐn, tg

C[ɘ˥Å˺ȜÊȠdc\YÛh 319 Û, ̭Ć˥h 1133 Ûw\Y[Ţ 2.2]. ͘ͻʛʐʅɨhŴɰ~

ˠy͂n_BzG, Ƶǫ 25 ƶâͯcxʛʐäȕh 2000 äâÈ~Ȁʴn_by, Ƶǫ 19 ƶaɟ̽

SzaâÉgwCdc\_by, ͘ͻ˥hƶ=ŴĬn_Bz[3].  

 

 

 

 

 

 

 

 

 

 

   Ţ 2. 2 ͘ͻ˥Å̭Ć˥Åɘ×˥gȀʴ2 

 

 

͘ͻ˥gʡʞĠ`̉_rza �%���GʜƤ`Ay��tg 
,�%�G͓̈́B`A\Y���

͈̚ǯɛgôʒʅɨ~̉_rza��ȆƱͼ̚u�³�º�ɾ˜G �
�(��`A\YG��͈̚�¿

�Ĕgrφİ`AzMa~̪Ɩƹh̓n_Bz���

âÈgwCd��ƤƧũŮdbB_h��͈úťĔ`A{iȑĮ~őlMaGĚȷzG��tgŻă

dc\_nqCaȑĮ~őlMaGĚȷcB��qYM{xgũŮ`h 3�� GÈǯgĎxcB˃ǭ

tżg��tgrB`͓̈́BdͲzņ˩ǚGΔBaˤax{z���

ƍͷ��͓̈́Bwh`cg��óɊÍgÔȐcbt̴e_Bz��á˾ʞc̢ɀÍgÔȐh�¥¿Ä

`gɘ×ÔȐ#	(AGǹix{z��ΔƤɇʂdͭSz̢ɀ~˺\_BYͷ��Ŭ{ÉG\_BYΔ

ͼŧ˜d̢ɀŔGAuq\_̏{_nqB��ǤͼɘnY��qYȞȴʐǥƈègͤŻ̢ɀȣgƉ

ď³¡º�Àd—\_BzwCd��ͤŻ̢ɀÍd¥�uɞ˹��¨�³d͘͏Szņ˩ǚtĸě

dƆŨSzYs#(A��ʯ͔Gȥɛʐɬn_Bz͟Ǔ͞`hǢĈG]ccBwCcɎ=cÔȐG��

ƤƧũŮ`bMzgGʃĠcMa`hcBa̐az��

� qY��	�%% ƶ 
 Ȭ %% Ȟ��ʮƩʿÇľʛ`ÔȐG̴eYMahʯ͔g̔ǪdŅgcB���

                                            
2 Ţh̪ƖƹʐɬƉďƟũŮ̡,”Ƶǫ 28 ƶƽdbhzƤƧ͘ͻgɌɨcxǁʒ[3] 
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MgwCcũŮ`hȎƚ˜ͥG΀Ƴdżg��ʼ[ĎzMaOaĚȷcBķŮtƆŨSz��Ţ 	�


hʮƩʤg±Æµ°Æ�`ĐͫO{_Bz͛ͻǸʫķŮgũŢ`Az#%A��ŢcxěczwCd��

ȲwżggķŮGƲ͜ŠͻķŮdǸƌO{_by��ÛGʼ[ĎzMaGĚȷcB��MgwCc

ķŮ`g˫ɿgʐǥˋuıʂgʐǥˋ~ʧzMah��Ǭ=ÛΌda\_΀Ƴdͣ̇c̡΋`A

zG��ÛGttttʼ[ĎzMaGĚȷcBg`��tgʌʅ~ʧzMahͻnB.  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

      Ţ 2. 3 ʮƩʤdbhz͛ͻ˥ǸʫķŮgɌǗŢ (Ƶǫ 28 ƶƽ) 3 

 

                                            
3 ʮƩǏˬ��Æ�¼Äg±Æµ°Æ�cxǁʒ[1] 
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2.2  _e6]M�^�2>N416PeO 
 
� Nakagawa et al. (2014)h, Delay Tolerant Networking, ͎ƿ˦ǚ£��ÃÆ�ǲ˻~ġʒn

Y, ıʂͬ³À�±�­̻ͅ���µ (Carrier Pigeon-Like Sensing System âÉ CPSS) ~ȁ

ɃnY[5]. CPSS h DTN ~ġʒnY���µ`Ay, tg���µgÍ̹hÎd 3 ]ġˏcx

ɍǫO{z. [�Ä�Ä�?[�Æ�đφ?[bCl]���&�Æ?`Az. [�Ä�Ä�?`h, 

ıʂG˨̭\_Bz�Ä�·�ºÆÀ~ġʒn_, ˫ıʞd�Ä�Ä�~˺C. [�Æ�đφ?

`h, �Ä�Ä��¦��~˨̭\YıʂŌŶG͘͏SzMa`, ÕBg�Æ�~͈údw\_

Ȩț~˺C. Ēðʞdh, ıʂhÕBd`A\Yͷ, ʃφg˺ı~Sz. õaiʄ`A{i, ÕB

g¡��~śIŋC˺ı~˺C. M{xg˺ɽG˺}{Yg~�¿�Æd, ıʂŌŶG�Ä�Ä

�nY�Æ�gđφGƃqz. MCSzMa`ƺB˅šgŦũdbB_t, ̅ȕgıʂŌŶGǟ

űg̻ͅ~˺CMa`, ž̊ɐ£��ÃÆ�~ɍˆn, �¿�g�¦Æ~˺CMaGĚȷz. [b

Cl]���&�Æ?̀ h, ͈ú�Ä«¾GȖ\Y͈úŰũƟdıʂ~bjeƒrzMa`, ̻ͅ

O{Y�Æ�ď_~��­ÂÆ SzÞ˒r`Az. ıʂhtg��­dƒ\_Ɏ=cˣǚ~Ƿ

\_Bz. tgYs, õaiƜȻx(2012)[4]h, �¿�·�¹³£�gbjeƒrdh£��¸

¾�Ǹōgǟűģɸ~ȁʫSzMa`, �¿�·�¹³£�gbjeƒrdǫīn_Bz. Mg

CPSS h͈úʏųGĭǞcũƱdbB_t, żȕgÍ˕ũɼ, MM`hıʂŌŶG�Æ�~ØȂ

n˖hzMa`, ÛGÝŨSzMacg, �Ä�Ä�nY�Æ�~ÛͬgǯĊq`ͅyƠhzM

aGĚȷzaˤax{_Bz. 

� qY, ʁƤxhMg���µgʄŌŶgĚèBgͷgğƌ�À�¿�µ~ˤɃnY[6]. Ēðʞ

dh, Ûͬg˺ıɈʧdô}{z�À�¿�µ~ıʂdtʒBzMa`, wyΔBˊƽ`ıʂg

S{͕B~ɈʧSzMa~ņ˩anY.  

Ywn, M{x 2 ]gʩʺ˔ȼhAgq`ʄdͰƌnY˔ȼ`Ay, ßgıʂŌŶgS{͕B~

ɈĚSzdhÜǌtɈ̖~˺Cǔ̇GAza̓n_Bz.  

 

 

 

 

 

 

 

      Ţ 2. 4 DTN ~ʒBYıʂͬ³À�±�­̻ͅ���µgɌǗŢ4 

                                            
4 Íƫx[5]g̤ȘgŢcxǁʒ 
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ȝƆǯɪg̡΋atg̎ɦȜɪ  

� Íƫx, ʁƤxGȁɃnYǯɪgȲ̎ɦcɼan_h, �Ä�Ä�O{Y�Æ�gìˡǟűG

àËO{_BcBɼGǹix{z. ìˡǟűh�Ä�Ä�O{Y�Æ�hìˡǟűaƗdc\_

Ğs_ǣŐ~ǫSaˤax{zYs, ìˡ~àËSzghǔ·at̐az.  

 

˭ʻ΂~ġʒnY˫ı˫ƭìˡȀƌgʩʺ 

ŋͬxh, ɆȻʏųdbB_˫ƭìˡȀƌ~˺CYs, ˭ʻɔg΂~ġʒn_ìˡȀƌ~̘rY. 

Ēðʞdh, ȸÚžƈʲʀɴˣȻd_³��`΂~ͨ΂n, tgͨ΂�Æ�cxɔɅƈˣ`ƈˣ

ɔ~óǫnY. ˭ʻ΂~˫ı`ěΌSzͷ, SVM aői{zǯɪ~ʒB_ěΌ~˺\Y[7]. SVM

hȒưAyƈˣgá˾ʞc·�À`Ay, ³Æ�ÄȫžĴaői{zɌǗ~ġʒn_ěΌ~˺C. 

qY, ΂~ěΌSzͷd¶Àŏɫȕ�­��¾µ÷ȕ  (âÉ MFCC) ~ʒB_, ͨ΂O{Y΂c

xʃǒͥ~ǴĚSzǯɪ~ʒB_ˊƽōÈ~̘rY. ncncGx, ěΌŜ˫ðgˊƽ̗ö~

ROC ȧ˜~ʒB_̗önYǭ, tg˔ȼhěΌˊƽG 100%dc\_nqB, Ƞxcd͒ƈˣ`

AzMaG}cz. ľşan_h˭ʻ΂~ɔɅƈˣdchzdhžͥgȒư�Æ�Gǔ̇dcz

G, �Ä­ÀȕG 500aAqyżgcc\YMau, ttttMFCCęʎh΂ŷęʎdô}{z

ǯɪ`AzYs, ˭ʻ΂gěΌdhōB_Bcc\YMacbGǹix{z.  

� qY, ÍƫxGȁɃnYMgǯɪhıʂŌŶGS{͕CÔ~ĥȁan_Bz. ncncGx, 

Ƥͬ͞dbB_ıʂŌŶGͩȰͬS{͕}cBņ˩ǚtƆŨn, tgwCcʅɨ`h�Æ�gȨ

țʊhÉGy, ÛͬgǯĊdđφO{z�Æ�g˙ͥhɰ\_nqC. 

� tM`ȴʩʺ`h, ǌ̓Sz LPWAN ~ʒB_, țYc���µgȁɃ~˺CMa`M{x 2

]g̡΋~Ōȣd̎ɦSzǯɪgȁɃ~˺C. 

 

Å2.3�LPWAN 
 � LPWAN ah, Low Power Wide Area Network g˙ʳ`, ʣͼĪ`̸ͩͺd§���~ͅ

úÅńúSzMaG`ez͈ú̊ɂgMa~ǸS[]. ͈ú̸ͺh̊ɂdtwzG, ͈̉nGA\Y

Ųŋhȕ�Âʵƽaccy͖gq`Ύl. ncncGx, Wi-FiuBluetoothcbdgxn͈ú͉

ƽh͎B. tgYs, IoT cb, ɟ̽ʞ�Æ�ƐͥgƜOB�Æ�~ͅúÅńúSzMad͗nY

ɖÌáƜŭʣͼĪ͈ú·�ºÆÀan_, ʒBzMaGǢƌO{_Bz. 

 

Å2.3.1 LPWAN gʶΌaʃǒ  
� LPWAN gÍ`, á˾ʞc̊ɂhÎd LoRaWAN, SIGFOX, NB-IoT g 3 ]`Az. 3 ˥gÞɎ

gɟ̽~É̔dʫS[8]. ˾ 2.1 wy 3 ˥dht{u{ƜOc͕BhAztgg,� đ͈gʃǒan_

͈ú˅šGa_tƺBɼGÈix{z.� ȫt͖gq`͈úG`ez SIGFOX `h͈ú˅šG͈̉n
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GA\YŲŋ 50km, ȫt͈ú˅šgʈB NB-IoT `t 5km a, tg͈ú˅šhƺB. SIGFOX, 

LoRaWAN dͭn_hǭ̦�¬��®À�Ʊaői{z͈úƱŮ~ġʒn_BzYs, Ȟȴgͼɫɪ

dwy¾��Ä�ʕ̣ɾn`͈ú~˺CMaG`ezYs, ʇ˫g£��ÃÆ�~ɍˆ`ez. tg

Ys, ơŻ`�Ä�Ä�nY�Æ�~ͅúSzgdǉdʼ]aˤax{_Bz.   

  � � ˾ 2. 1 LPWAN ̊ɂgʃǒɟ̽5 

 SIGFOX LoRaWAN NB-IoT 

ŏɫȕƱ 920Mhz 920Mhz ȆƱͼ̚aŌo 

͈ú˅š ȫž 50km ʵƽ ȫž 20km ʵƽ ȫž 5km ʵƽ 

͈ú͉ƽ 100bps (Èy)  3kbps (Èy)  62kbps 

ͼɥƘŒ ȕƶ ~ 10 ƶâÈ ȕƶ ~ 10 ƶâÈ ȕƶ ~ 10 ƶâÈ 

��º¿�� 16bit 32bit 128~256bit 

 
� LoRaWAN hǌ̓Sz 3 ]g͈ú�¾�~Ƿ\_by, ôʒʒ”dƒ\_Mg�¾�~ôBěhz

Ma`İʊwg�Æ�~ͅúSzÞ˒r~Ƿ\_Bz. ÇȜ`,  SIGFOX h Uplink grg͈únc

˺acB, NB-IoTh�À¾Æ~ġʒnY͈ú`Az. ŊLPWANgʶΌdw\_͈úgÞ˒rGcc

yʚcz. ncncGx, đ͈n_�Æ����~͈úgÍǓdbg��Æŭ£��ÃÆ�~ɍˆS

zMa`, tg�¦Æ�¿�~ƺždSzMa~ʆ\_Bz. NB-IoT h¾��Ä�Gǔ̇cYsüÛ

`ǱCMahĚȷcBG, SIGFOX u LoRaWAN hüÛ`ǱCMaGĚȷzYs, tg·�ºÆÀG

̯ŸO{zwCdcyhosY[36]. ȞȴdbB_hŗÇ�¾�µG SigFox ` LPWAN g£��

ÃÆ�ɍˆ�Æ©�~Ƣͫn_BzG, ȞȴdbB_LPWAN~ʒBY�Æ©�gƢͫhÇˮʞ

`hcg, NB-IoT dbB_hqwåɊgƛĎtƃq\_BcB. ÇȜ`½ÆÂ�§~ÍǓd, ˉ

Ťcb`h LPWAN ~ʒBY�Æ©�Gƃq\_BzYs, ʩʺgżgh½ÆÂ�§gʂG, Ü

gaM|Îɭac\_Bz[20],  [21],  [22],  [23] 

 
Å2.3.2 LoRaWAN 
  
� LPWAN gÍg 1 ]g̊ɂ`Az LoRaWAN h Semtech ʬdw\_ͫʛO{Yɾ˜̊ɂg 1

]`, Ìʗ̊ɐ` LoRa Alliance aői{zÞɎ`̊ɂGĿƓd˂ƌO{_Bz[35].  

͈Ƴ LoRaWAN aBai, âÉgŢGʫSwCd mac ƣg LoRaWAN aʂʎƣg LoRa ~ǸS

[9]. LoRaWAN hŢ 2.5 g͈y, 3 ʶΌg�¾�~Ƿ\_by, Mg�¾�g͚ǳdw\_͈úg

��´Ä�~ĜyȪazMaG`ez. Class A `h�¦��ăcxg͈úGÎdc\_by, 

Uplink cx͈ú~ͫƃSz(Ţ 2.6). �¦��ăG�Æ�~�Æ¦Æd��­ÂÆ nYǌ, Ü

ƽh�Æ¦Æăcx�¦��ăd͈ú~ͫƃSz. 
                                            
5ȸÚ�Á��Â�Ä�¦��Ɂǀèʬcxǁʒ[5] 
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       � � � Ţ 2. 5 LoRa g͈ú̊ɂgɌǗŢ6 

 
� Mgae, �¦��ăh RX1 a RX2 aBC 2 ]g�Â��~Ƿ[, �Æ¦ÆăcxgǕˁ~

ǋ]. ÇȜ`, Class B `h�Æ¦Æăcxg͈ú~˺B, Class A dɟn_uuͩBńúȣͬ~

̕h_Bz. Class C `hƳd�Æ�gńú�Â��~ͫȎn_Bz. LoRaWAN g̊ɂ`hʒ”

dǕo`ďðg Class ~̕ƌSzMa`̡΋~̎ɦSzMaG`ezaˤax{_Bz.  

 

 

 

 

 

   Ţ 2.6 Class A g��µ�Â��7 

 

� qY, Ţ 2.5 gcx, LoRa hʂʎƣgͼɫgŹ̢Ȝǀ~Ǹn LoRa Ź̢aői{z�°��¾

µǵȓdw\_§���~͖gq`ΎiSMaGĚȷz. LoRa Ź̢gʃǒan_ Spreading 

Factor (ǵȓʊ) GƆŨSz. MgÁÆ�h 7 ~ 12 ýq`̕ƌSzMaGĚȷ, wyžecǵȓ

ʊdS{iSzob, tgě̸ͩͺdúŉ~ΎiSMaGĚȷz. ÇȜ`, ďðan_g�ÀÆ

­��hÉGz. ôʒ`ez͈úƱŮh 125kHz,  250kHz,  500kHz gΜʶΌƆŨn, ôʒS

zƱŮaǵȓʊ`�Æ�ÁÆ�h˫ıʞdɦqz. 

� ȴʩʺ`hMg LPWAN g 1 ʶ`Az LoRa ~ʒB_, Č˺ʩʺg̡΋~̎ɦSz. Ēðʞd

hÍƫxGȁɃnY³À�±�­̻ͅ���µ~ǵǄnY, ÃÄ±�­̻ͅìˡǟűàË���

µ~ȁɃSz. 

                                            
6 Semtech ʬg±Æµ°Æ�wyǁʒ[9] 
7 N. Sornin xg̤Șcxǁʒ[10] 
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ʿ 3 ʽ� ͭ͋ʩʺ 

�


�
	� �R�2,-)A(abNZ;

40L"#%*6@H�
 
 
 
 
� ȴʽ`hČ˺ʩʺg̡΋ac\_BY, ìˡǟű�Æ�Gɕȃn_BzMa, ıʂŌŶGS{

͕}cBMa`̴Mz�Æ�GØȂO{cBŘ΋~̎ɦSzYs, ÃÄ±�­̻ͅìˡǟűàË

���µgȁɃ~˺C.  

 

Å3.1 ȁɃ���µgɌ̇  
� ʿ 2 ʽ`̏{YwCd, Č˺ʩʺg̡΋an_, ıʂG�Ä�Ä�nY�Æ�dìˡǟűGà

ËO{_BcBMa, qY, ıʂŌŶGS{͕}cBŲŋdh�Æ�~é͔`ecBɕͲ~, ȴ

���µdw\_ȌŚSz. 

� Ţ 3.1 h, ȴȁɃ���µgɌǗŢ`Az. ʿ 2 ʽ`̓nYwCd, ȴȁɃ���µdh

LPWAN gÇʶ`Az LoRa~ʒBY. Çˮʞd, LPWAN h͈ú˅šG΀ƳdƺBYs, ͖gq

`ͼɫ~ΎiSMaGĚȷz.  

 

 

 

 

 

 

 

 

� � � � � � � � � � � � � � Ţ 3.1 ȁɃ���µgɌǗŢ 
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tM`, ıʂGńúnY LPWAN gúŉgǅOcx, ıʂgìˡ~ŌƌSz. qY, tgƺ˅š

c͈úcx, ıʂŌŶGS{͕}Tat, ńúăaͅúăG͈úťĔdĎ{i, LPWAN ~Ýn

_ʢǿ�Æ�~��­ÂÆ SzMaG`ez. qY, LPWAN hʣͼĪ`AzYs, ͩȰͬɆ

Ȼʏųd̕ˡ~n_toa�bċͼGÊ̇cɼGMg���µgʃǒ`Az.  

  

Å3.2 LoRa ~ʒBYŰũƟgǉħ  
 Ţ 3.1 g���µgɌǗŢcx, LoRa ~ȅ—nYŰũƟ(MM`h LoRa Anchor)gǉħ~̠Ƞ

Sz. ɆȻĔdǿũO{YMg LoRa Anchor h, 2 ]gǉħ~Ƿ]. 1 ]h, LoRa Anchor cxʛ

úO{Yͼɫ~ıʂGńúSzMa`, ìˡ~ȀƌSzYs`Az. ńúnYͼɫcxìˡ~Ȁ

ƌSzYsdh, ͼɫgǅOa̸ͺgͭ÷Gěc\_BcBaȀƌSzMaGĚȷcB. Çˮʞ

dh, Ţ 3.2 gwCd, ͼɫh̸ͺdͭn_hŁɟõn_Bgg`, ̸ͺGͫh{iͫgob, t

gúŉǅƽhɰ˿n_BgMaGƺgʧx{_Bz. 

 

 

 

 

 

 

 

                              Ţ 3.2 ͼɫɰ˿gɌǗŢ 

 

̸ͺaúŉǅƽgͭ÷h Log Distance Model dwyâÉgɎdƌǀĴO{zMaGƺgʧx{

_Bz[16].  

. 

                               (4.13) 

 

� Ao h 1mAYygRSSIgĀ~ʫn, n h§�Â�Źȕaői{, Çˮd 2~6ʵƽgĀ~Ńz. 

ʎǢʞc˫ʔéȄʻͬdbB_h n = 2 an_̑˄SzMaGĚȷz. ͈Ƴh 1m bed RSSI

~ɱƌn, ũɼɝg RSSI ~�¾«d­Â��nYǌ, È̔gĐǀ~ĊdȫƜΛÑɪ~ʒB_, 

§¾¶Æ� n ~ɦsz. âÉg˾ 4.2 hƍͷgƍɱĀaĐǀdwyʎǢʞcɰ˿ȧ˜ag 8m q

`gɰ˿gɟ̽`Az[8].  
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       Ţ 3.3 RSSI g̸ͺɝgƍɱĀaʎ̤Ā8 

 

RSSI a̸ͺgͭ÷~ɤszMa`, ıʂGńúnY LoRa Anchor gúŉǅƽcxƍɱnY̸ͺ

~ɤszMaGĚȷz. 

 

LoRa Anchor g 2 ]ʡgǉħh, ıʂG�Ä�Ä�nY�Æ�~ʢǿ��­ÂÆ SzYsdƆ

ŨSz. ȝƆ���µ`h, b{c 1 üð~͈ú�Ä«¾GƆŨSzŲǭq`bjeƒrz[�

��&�Æ?���µ`~Ǿʒn_BY. tM`, ȴ���µ`h 1 üðdͰxT, LoRa g͈ú

ťĔdAzıʂg�Æ�~ͅúSzMaG`ez.  

 

Å3.3 ìˡȀƌǯɪ  
� ȴʽ`h RSSI ~ʒB_ìˡȀƌ~˺CŲŋgǯΆ~̛ngqasz. RSSI ~ʒBYìˡȀƌ

~˺CŲŋ, ĥʽ`̠ȠnYwCd RSSI a̸ͺgͭ÷Gǔ̇dcz. RSSI a̸ͺgͭ÷Gɤq

{i, tMcxìˡȀƌ~˺CMaG`ez. ȴʩʺ`hìˡȀƌdbB_Ņēʞǯɪ`Azˠ

y͂nȫƜ 2 Ñɪ~ʒB_ìˡȀƌ~˺\Y. tgYs, hosdˠy͂nȫƜ 2 ÑɪgɌǗa

tg̑˄ǯɪ~Mgʽ`̠ȠSz. 

 

Å3.3.1 ˠy͂nȫƜ 2 Ñɪ  (³À�¾�ÁÆ�¼Ä)  

 
� ìˡȀƌ~˺CdAY\_, Ņēʞǯɪ`Azˠy͂nȫƜ 2 Ñɪ~ʒB_Ȁƌ~˺\Y[15]. 

Çˮd n ügȝʧgìˡ~ʒB_, ɤsYBũɼgȀƌ~˺C. ȝʧgũɼcxȲʧgũɼgq

`gƍɱO{Y̸ͺhǔT̟Ƭ~Ŏ�`Bz, tgYs, Mg̟Ƭ~ȫƜdSzwC, ˠy͂n

̑˄~˺CMa`ɗʪcìˡ~ɤszMaG`ez.  Anchor g̕Ųǭ~ȝʧgìˡan, tg

                                            
8 K. Pahlavan xg̤Șcxǁʒ[16] 
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ƾɏ~ xi , yi , zi( )aˡe (i = 1, 2, …, n ), ɤsYBȀƌìˡgĞȰìˡ~͗ǆd x0 , y0 , z0( )aˡe, t

{xgƍɱnY̸ͺ~ƍɱĀ Riaˡga, ƍɱĀaȀƌĀg̟Ƭ�Ri hǀ 4.15 gwCd˾ʌ`

ez [15].  

         (4.14) 

�Ri hȋë̸ͺaői{, ȲʧȕgȕwhȜʵǀGƆŨS{i̎Ⱥʞd̎gMaG`ez. nc

ncGx, ƍͷdhMgȋë̸ͺdh̟ƬGŎq{zYs̎hcB. tM`¡ºÆ�ÄɪGwg

ô}{z[15]. ɤszneȀƌìˡgƾɏ~ (xp, yp, zp) abe, ĞȰĀ~ (x0, y0, z0,) tgûɗ

œ~ �x,  �y,  �z, abhiȋë̸ͺaƍͷdɱƌO{Y̸ͺ RigɚƬ, �Rih, ǀ 4.14 g

wCd�Ri = Ri – R0aɤszMaG`ez. ǀ 4.14 dbhzŹĴͥ~�x, �y, �z an˜ǇĴ

~˺Ca, ǀ 4.14 hǀ 4.15 gwCd˾ʌ`ez. 

                      (4.15) 

ǀ 4.14 ~ɤszȣ, ŊŹȕdƗn_āǐě~˺\YǀGǀ 4.16 ~ 4.18 dcz.  

                      (4.16) 

                   (4.17) 

                   (4.18) 

ǀ 4.16 ~ 4.18 cx, ŊŹȕdƗSzāǐě΅~�, �, �aˡga, ǀ 4.15 hǀ 4.19 gwCd

˺ĝŌŶgʹan_˾ʌ`ez. 

                           (4.19) 

tgYs, ǀ 4.20 gwCd˺ĝan_̎gMaGĚȷz.  

                                  (4.20) 
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ǀ 4.20 ~4X d]B_̎ga, ǀ 4.21 acz. 

 

                                  (4.21) 

Çˮʞd, 3ɖĊgìˡ~ɤszdhȝʧgìˡh 4ɼA{iĸě`AzG, GPS`ìˡɱì~˺

CŲŋcbgwCd, ńúnYͼɫď_~ʒB_ìˡ~ȀƌnYoCG, tgˊƽhōÈSza

ˤax{_Bz. M{hȲʧȕdƗn_[͒Ħɦƌgʅǥ?aői{by[15],� tgȣg�X d

]B_g˺ĝ̎hɖǀ`˾ʌO{z 

                             ΔX = AT A( )
−1
ATR                          (4.22) 

Mgǀ~�X d]B_̎gMa`, ̟ƬGɤqz. �X gǫěGĸědƜOgcc\YŲŋ, ]

qy, ĞȰĀdƗn_ȀɱĀag̸ͺG͖c\YŲŋ, tgě̟Ƭ�X hžegczYs, �X

ě~ĞȰĀd̷n, Ėƽ�X d]B_̎gMa`, “ɖʞd̎~ɤszMaG`ez. 

 

Å
�
�	�7J�%�.IDGJK ~ʒBYìˡȀƌgŲŋ�

 

� LoRa Anchor gĞȰìˡa, ìˡȀƌ~˺\YìˡgʥĀh GPS ~ʒB_ŃǍnY. GPS h

�ÂÆ¦À²��¼Ä`AzYs, ÂÆ�À²��¼ÄdŹȂSzǔ̇GAz. tM`, ȴʷ`

hŹȂgͷdƺgô}{_BzȜɪg̠Ƞ~˺C. 

 

 

 

 

 

 

 

   Ţ 3.4 �ÂÆ¦À²��¼¡Ä�cxÂÆ�À²��¼¡Ä�mgŹȂȜɪ 

 

Ţ4.4gwCd, GPS`ŃǍnY˝ƽ˓ƽ, ΔƽhÇˮʞdhɱũƾɏˋaői{_Bz. Mgɱ

ũƾɏˋ~Çƽũʍ~ÍǓanY ECEF ƾɏˋdŹȂ~˺Cǔ̇GAz. tn_ȫǌd, ũʍ~

ÍǓanYŹȂ~˺\Yǌ, ũƵ˜È~Űɳan_ìˡ~ŹȂ~˺Cǔ̇GAzYs, Çˮʞd

hMg 2 ɛ͵gŹȂGǔ̇dcz. ɖʽcxtgŹȂȜɪa, ̑˄gȜɪ~ːÝn_Bg. 

 

 

 
ɱũƾ

ɏˋ 

 
ECEF
ƾɏˋ 

 
ũƵƾ

ɏˋ 
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.
�
�
 ɱũƾɏˋcx 1�12 ƾɏˋm�

 
� ũʍgͣǓ~ľɼanYȣ, ũʍg˾΁́gdAzńúìˡgìˡƾɏ~»Æ�¿� ʻͬ`

˾ʌSzMa~, ũʍÍǓÅũʍţƌʢØƾɏˋ (earth centered, earth fixed) aől[14].  

ɱũƾɏˋ`ŃǍnY˝ƽ˓ƽΔƽ~ʒB_, Mg, ũʍgͣǓ~ÍǓan_ɱũƾɏˋcx

ECEF ƾɏˋdŹȂ~˺C[14]. Ţ 4.1 hũʍgͣǓ~ÍǓảYȣg, ˼λgìˡƾɏa, ńú

ăgìˡƾɏ~ũʍ~ÍǓan_˾ʌnYɌǗŢ`Az. 

 

 

 

 

 

 

 

           Ţ 3.5 ECEF ˋaɱũƾɏˋgɌǗŢ9 

 

Ţ 4.1 gwCd, ũʍgͣǓ~ÍǓaS{ińúìˡ~»Æ�¿� ƾɏʻͬ`ǱCMaGĚȷ

z. a ~̳͓ƵūĹǊ b ~ʨĹǊaS{i, ͺǓʊ e aāƵʊ f gͬdh 

 

                              (4.1) 

               � � �                   (4.2) 

ǀ 4.1, 4.2 gwCcͭ÷Gǫyʼ]. MMcx, ˝ƽ~S, ˓ƽ~R, ɉĕðΔ~ h aSza, ń

úũɼg»Æ�¿� ʻͬ`gìˡƾɏ(x, y, z)hǀ 4.3 ~ 4.5 gwCd˾ʌ`ez[14]  

                          (4.3) 

                          (4.4) 

                           (4.5) 

Mgȣ, N, e hǀ 4.6, 4.7 `̑˄O{z. 

                                            
9 ʎ̎SzYsg GPS Ľì̑˄­Â�¾µĎͪwyǁʒ[14] 
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                             (4.6) 

                              (4.7) 

 

a h̳͓ƵūĹǊan_, 6378137m, f hǮƵʊ` 1/298.257223563 Gƌȕac\_Bz. 

MgwCcŹȂ`, ˝ƽ˓ƽcx ECEF ƾɏˋdŹȂ~˺\Y. 

 

.
�
�(�1�12 ˋcxũƵʢØƾɏm�

 

� ŰũƟgɱũˋƾɏ~ECEFƾɏdŹȂnYǌ, M{~OxdũƵƾɏmŹȂSzǔ̇GAz. 

ũƵʢØƾɏh, ũƵ˾΁à́gAzɼ~Űɳɼan_tgɼcxŬʢȜōdōcCɼ~ Z, Z d

Ɨn_ʢ̍d X, ĵȜōd Y ̼~ŃzgGÇˮʞ`Az[14]. ɤsYBƾɏ~(x, y, z),  ŹȂǌg

»Æ�¿� ƾɏ~ (e, n,�)aSza, ǀ 4.9 ~ 4.12 `ŹȂ~˺CMaG`ez.  

 

 

 

 

 

 

    Ţ 3.6 ECEF ƾɏcxũƵʢØƾɏŹȂgɌǗŢ10 

 

                          (4.9) 

 

                        (4.10) 

 

                          (4.11) 

 

                                            
10 ʎ̎SzYsgΞΟΠɱì̑˄­Â�¾µĎͪ(1)wyǁʒ[15]  



 
 

 
 

17 

                  (4.12) 

 

(x0, y0, z0) hľɼ`, ľɼh˫ě`̕ƌSzMa`, ľɼ~ŰɳanYʢØƾɏ~ɤszMaG

`ez. ìˡȀƌ~˺CYsgʻͬ~, ˝ƽ˓ƽcxʢǿ̑˄G˺cazũƵʢØƾɏdͰƌS

zMaG`ez[14]. ȴʩʺ`hMg, ũƵʢØƾɏdʥĀaȀƌĀ~ˡgMa`, tgȀƌˊ

ƽ~ɤsY. 
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X 4W� dcUV�

�

�

IFQ65���NZ?768f�
�

�

�

�

.��	�8f6TS�

 
� ɆȻʏųdbB_ıʂG�Ä�Ä�nY�Æ�gìˡǟű~àËSzYs, ƍͷgɆȻʏųd

bB_ìˡȀƌ~˺C. Ēðʞdhhosd, LoRa g̸ͺNag RSSI gɰ˿·�À~óǫnY

Aa, «¿�gĐǀdwy·�ÀĴ~˺C. tgǌ, ƍͷdŰũƟăcxͼɫ~ͅúnńúăg

ìˡ~ȀƌSz. qY, ȴʩʺ`hΔíƬtˤǧSzYs 2 ɖĊƾɏ`hcg, 3 ɖĊƾɏ`ìˡ

~ȀƌSz.  

 
.����8f5=�

 
� ÜŞ, ƍΒ~˺CdAY\_͚�wŲǭh, ȸÚžƈGùφn_BzʲʀɴˣȻ`Az. Mg

ŲǭhȸÚžƈGǭφn_BzYsƤ͓GȖĄO{_BzYs, ƍΒGnuSB. ÇȜ`, Ƥg

ΔíƬuŏygɆȻʏųcb, ƍͷdȴ���µ~ƍ̀SzŲŋdǢƌO{zʏųd́BaBC

ʃǒ~φSz.  

 
 
 
 
 
 
 
 
  � � Ţ 4.1 ƍΒŲǭ(ȸÚžƈʲʀɴˣȻ) 
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.����8fKE�

 
� ƍͷd LoRa ~ɆȻʏųd̕ˡSzŲŋhìˡȀƌgˊƽ~ˤǧn_, ͙˶uΔíƬGƝcB

aM|dˡggG¯��waˤax{zG, ɆȻʏų`ǔ̇aO{z LoRa Anchor ggƓƽ~

ȀƌSzMaGȴƍΒgʡʞ`AzYs, ÜŞhʈB�¿�dĸěcȕ`Az 15 Ň LoRa 

Anchor ~̕ˡnY. ̕ˡnY 15 Ňg LoRa Anchor hŏydAzɆȻgƓ͹ƽu, ͙˶gʅɨG

ǐƂdʚcz. w\_, M{xgǟű~ôai, ƍͷg͐ʒ~ˤaYȣbMd LoRa ~ˡgne

c, ̫̤nuSBaˤaY. ô\Y LoRa h EASEL ʬgʂ~ʒB_[28], ³��Äh Raspberry 

Pi model 3 ~ʒB_Ȋó~˺\Y.  

 

 
 
 
 
 
 
 
 
 
 
 
   Ţ 4.2 ƍΒdôʒnYɔȵ 

 

Ţ 5.2 g (a) g LoRa Anchor ~ 15 Ň̕ˡn, Ţ 5.2 g (b) gwCd̺d̀ʦnY LoRa `ńú

~˺\Y.ÜŞh̺~ıʂảʼ__ńú~˺B(Ţ 5.3), tgȣgŢ 5.2g(c)g Garmin Etrex g

GPS ~ʒB_ʥĀ~ŃǍnY 

 

 

 

 

 

 
     Ţ 4. 3 ƍΒ΍Ȧ 

 

(a)  

  

(c)  

 

(b)  
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ÜŞhǵȓʊ 7, � ƱŮh 500kHz g̕ƌ` LoRa ~̕ƌnY. âÉ, ˾ 5.1, 5.2 h EASEL ʬg

LoRa géͅÁÆ�aɮ̱ͼĪdcz. 

 

   ˾ 4.1 LoRa g�Æ�ÁÆ� 

 SF 

7 8 9 10 11 12 

 

 

BW 

62.5 2, 734 1, 563 879 488 269 146 

125 5, 469 3, 125 1, 758 977 537 293 

250 10, 938 6, 2500 3, 516 1, 953 1, 074 586 

500 21, 875 12, 500 7, 031 3, 906 2, 148 1, 172 

 

  � � � ˾ 4 2 LoRa gͅúĚĪaɮ̱ͼĪgͭ÷ 

ͅúĚĪ ɮ̱ͼĪ 

13dBm 43mA 

7dBm 35mA 
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.����8fBN�

 
� Ŋ Anchor gìˡ~ GPS `ɱìnY. ô\Y GPS h Garmin g Etrex 30-J ` (Ţ 5.2  c) , Ŋ

Anchor gŲǭh Theta `ȉǈ~˺\Y. Ŋũɼg Local Position h GPS cbg Global Position

`ŃǍSzghƁqngcB. Local Position~ɗʪdŃǍSzdh, ɱͥˋcb~ʒB_Ņēʞ

cɱͥ~˺\YȜGwy, úΊǚgΔBìˡ~ŃǍ`ez.  

ncncGx, ÜŞ Anchor g̕ˡŇȕh 15 Ňaɟ̽ʞżg, qY, ɆȻʏųaBCɟ̽ʞ

Anchorg̕ˡ���Gcczʏųw\YMaa, ƍΒ̃Į˥G 5ÛaƝcc\YYs, Ņēʞc

ɱͥh̥s GPS `gɱͥ~̘rY. Ţ 5.4 dAzʲʀɴˣȻgÍdAzìˡd LoRa Anchor ~

̕ˡn. Ţ 4.4 g;˰gȽĔgĔă`¾Ä×µdͼɫ~ńúnY. tgȣgʥĀt GPS ~ʒB_

ŃǍnY. GPS `gìˡhƍͷgìˡagxn_̟ƬGAzYs, ŰũƟădͭn_h, LoRa 

Anchor ~̕ˡnYȣ, Ç˛dȉ\Yėʥcx Google Map È`³�­³��Ä�~˺\Y. t

gɽ, ȫž` 5m g̟ƬGÑ\_Bzņ˩ǚGAz. ńúă`hȫž` 10m g̟ƬGÑ\_Bz

ŲŋGAz.  

 
 
 
 
 
 
 
 
 
 
 
 
 

 

 

 

 

 

  � � � Ţ� 4. 4 ƍΒŲǭa Anchor g̕ˡŲǭ 
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Å�����YG4[9�

 
� MM`h, ɱƌO{Y 15 Ňg LoRa g̸ͺɝg RSSI ~ʫnYǌ, t{u{g·�ÀdƗSz

«¿�g·�Àg§¾¶Æ�~ʫS. M{xgŢ~ěhzgh,  

RSSI g¦¾]ea, tg¦¾àedƗSz·�Àgˊƽ~Ġ=d̫̤SzYs`Az.  

 

.����	��Anchor L6 RSSI 6&+3.�
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
  �     � Ţ 4. 5 Ŋ LoRa gƍɱĀ 

 

 

Ŋ Anchor cxg RSSI hÈ̔gɎdc\Y. Ţ 5.5 cxěcz͈y, LoRa g RSSI h̸ͺGŌ

o`ttgǺ{ƴhccyžeB. w\_, È̔`t̓nYG, 3 ɼɱͥ`ĕG 1 ]gɼ`Ø}z

MahəbɾBa̐\_t͒̐`hcB. ÇȜ`, EASELʬ̄gLoRahȫž-142dBmq`ͼɫ

~ńúSzMaGĚȷzYs, ŢgwCd 200m à́`ˌ T100 ~ 110dBm acy, ccyvx

ItžeBYs, ɆȻʏų`hȫž` 200m ͬͶ`nc, LoRa Anchor ~ˡgMaGĚȷcBM

aGěcz. 
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.4.5.2   AnchorL6' A% -!  
 

� ȫƜ 2 Ñɪ~ʒB_Ŋ Anchor g«¿�gĐǀg§¾¶Æ�~ɤsY. tgȣgŞƲǀgɎƅ

~âÉdʫS.  

 

 
 
 
 
 
 
 
 
 
 
 
 
 
 

                            Ţ 4. 6 ŊƍɱĀa·�Àgɟ̽ 
 

� ɖdɦƌ÷ȕ~ʒB_·�ÀgÓɱˊƽ~ɱƌnY. ɦƌ÷ȕh·�ÀgŞƲǀgˊƽ~˾S

Ǹɏac\_by, Āhȫž`1~az. ɦƌ÷ȕG1d́h{íBob, tg·�ÀhƍɱĀ

~̠Ƞ`e_Bza̎͡Sz. Ŋ LoRa Anchor dƗn_, ĐǀdwzŞƲǀGbgʵƽˊƽ~˾

n_Bzc, tg˔ȼ~âÉdʫS.  
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� � � � � � � � � �    � ˾ 4.3 Anchor ɝgƒËʊ (ɦƌ÷ȕ)  

 ɦƌ÷ȕ 

 

 

 

 

 

 

 

 

Anchor gʙŉ 

1 0.202 

2 0.594 

3 0.700 

4 0.755 

5 0.414 

6 0.455 

7 0.483 

8 0.470 

9 0.409 

10 0.400 

11 0.565 

12 0.486 

13 0.526 

14 0.360 

15 0.474 

 

È̔gwCd, ɦƌ÷ȕh 0.5 ~ 0.7 `Az. ]qy, ɆȻʏųdbB_t Log Distance Model

dwy RSSI g̸ͺdƗSzɰ˿·�À~́ë`ezMaGěc\Y.  

w\_, M{xg Anchor dƗSz«¿�gĐǀg·�À~ʒB_, ìˡȀƌ~˺C.  

 

.4.6   NZ?7  
 

� LoRa Anchor g̕ˡŲǭatgüȕ~ŹĴOrcGx, ìˡɝgȀƌˊƽ~ɟ̽n_Bg. h

osd, ȀƌnY�¿�~4]dķěhnY. ķěhnY4]g�¿�NadìˡȀƌ~˺B, �

¿�NagȀƌƵū̟Ƭ~tasY. 
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                               Ţ 4.7 ķěhnY 4 ]g�¿� 

 

ƍͷɆȻʏųdñŇg LoRa ~bgwCd̕ˡSzch, ìˡȀƌgˊƽ~ɦszͣ̇cŘ΋`

Az. 15 Ňg LoRa Anchor ~̕ˡnYG, MMcxbg LoRa Anchor gͼɫ~Bg]ôCc`, 

ˊƽGbgwCdŹĴn_Bgc~̢nzǔ̇GAzaˤaY. tM`, LoRa Anchor g̕ˡg

Ȝɪ~ˤaY. ƃs, �¿�ďð~̈CwC, 3 ɖĊʻͬgìˡȀƌ~˺Cgdǔ̇ȫíͰ`Az

4 Ňg LoRa Anchor ~ʒB_ìˡȀƌ~˺\Y.  Mgʎʔan_h, ƍͷg͐ʒʅɨ~ˤaY

ȣ, ̕ˡ���~ígSzYs, czng Anchor ŌŶ~ͺ{_̕ˡSzMa`, ̕ˡŇȕ~ɰ

xSMa~ʡʞanYcxw. MgʅǥcxΚŇT] LoRa Anchor ~ŴuncGx, Ŋ�¿�g

ȀƌˊƽGbgwCdŹĴn_Bgc~̢nY. Mgȣ, LoRa Anchor h, Anchor ŌŶGczn

g̸ͺGͫgwC, Ţ 5.8 gwCd̕ƌnY. 

 

 

 

 

 

 

 

 

 

                           Ţ 4.8� LoRa Anchor g̕ˡȜɪ 

ɑƴ:127m 

�
�: 200m
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qY, ʿΜʽ`̠ȠnYwCdÜŞhˠy͂nȫƜ 2 Ñɪ~ʒB_ìˡȀƌ~˺\YG, Mg̑

˄ǯɪhĞȰìˡg̕ƌgÞȜdw\_, ďðg̑˄ͥdǈ΃~Ëaz. ÜŞgƍΒ`h,ĞȰì

ˡGYqYq˯c\YŲŋ, ̎GǍx{zq`ȕěcczMahA\_tǔT̎Gɤq\YG, 

ĞȰìˡGYqYqǞc\YŲŋ, ̎Gʛȓn_ɤsx{cBŲŋGA\Y. ĞȰìˡgɤsȜ

h, ńú`eY LoRa Anchor gìˡ~ĻˍƵūn_ɤsY. ìˡȀƌdbB_h 2 ]gǯɪ~

ʒǣn, �¿�ɝgȀƌˊƽ~ɟ̽n_Bg.  

 

Å����	���>N 	��

�

ǸƌO{Y 7J�%�.IDGJK gȕď_~ńú`eYŲŋgrgìˡgȀƌ~˺C��Ēðʞdh�Ţ (��

gwCd�7J�%�.IDGJK gȕ~ , üd̕ƌn_ͼɫ~ͅúnYŲŋ��, üď_gͼɫ~ńú`e_

Bch{iȀƌh˺}cB��Ļˍd .IDGJK güȕGŴazMa`��ˊƽGbgwCdŹĴn_

Bgc~ɟ̽SzYs`Az��

�

�

�

�

�

�

�

�

�

�����������������������������Ţ (���ǯɪ % gɌǗŢ�

�

âÉd 7J�%�.IDGJK gŇȕdƗSz��t{u{g�¿�NagƵū̟Ƭ~—rz��

�

�

�
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  Ţ 4.10 Anchor4 ~6 dƗSz�¿�ĠƵū̟Ƭ 
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                    Ţ 4.11 Anchor7 ~9 dƗSz�¿�ĠƵū̟Ƭ 
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              Ţ 4.12 Anchor10 ~12 dƗSz�¿�ĠƵū̟Ƭ 
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           Ţ 4.13 Anchor13~15 dƗSz�¿�ĠƵū̟Ƭ 
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Ţ5.12ht{u{g˔ȼ~1]g�¾«dqasYʂ`Az. ɑ̼GLoRa AnchorgŇȕ`, ˞

̼GȀƌƵū̟Ƭ~¶Æ�À`˾̔nYtg`Az. 

 

 

 

 

 

 

 

 

 

 

 

 

                        Ţ 4.14 ǯɪ 1 dbhz�¿�ĠƵū̟Ƭ 

 

.4.6.2��YG4[9�
� Ţ 5.12 g˔ȼcx, LoRa Anchor gŇȕG 5 ŇâÈ`ˊƽGΉǰ[dczMaGěc\Y. M

gMacx, ǯɪ 1gʡʞan_LoRa AnchorgŇȕatgȀƌˊƽdɟõͭ÷GAzaBCã

ƌ`MgƍΒ~˺\YG, ˔̤an_ɟõͭ÷hAqyɾBaBCMaGěc\Y. Ţ 5.12 cx

Ĕăg�¿�goCGwyˊƽG˯gczMaG}c\Y. Mġşan_Ĕăg�¿�goC

Gɲ͑cg LoRa Anchor cxg̸ͺǴBg`, RSSI dwzȀƌ̸ͺGwyɗʪd˺azaB

CMaGˤax{z. ÇȜ`;˰g�¿�h LoRa Anchor gŇȕG 15 Ň`cBaȀƌG˺aT, 

ȀƌG`e_t 600m âÈa̟Ƭhȫtžec\Y. tġşan_h, ÜŞƍΒ~˺\Y�¿

�hćȚGʃde]g, ÇʙÉg�¿�cxÈg�¿�q` 70m gćȚGƆŨnY. tgYs, 

Ég�¿�`ńú`ezͼɫhżgg¤��GÑ\_BYtgwaˤax{z. âÉ, ˾ 5.4 w

y, �¿�Nagƌͥʞc̗ö~˺\Y. 

 

� � � � � � � � � � � �   ˾ 4.4 ǯɪ 1 dbhz�¿�ĠƵūȀƌ̟Ƭ 

  Ƶū̟Ƭ 

 

�¿� 

̳ 200m ~ 300m 

Θ˰ 100m ~ 180m 

˚ 100m ~ 200m 

; 640m(1 ũɼgr 
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Å4.6.3��8ǯɪ �8�

 
� ƍͷgôʒ~Ǣƌn_ǸƌnYȕwhg LoRa Anchor ~ńú`e_Bcg_t, Ţ 4.15 gw

Cd, tgũɼ`ńúSzMaG`eYȫžg LoRa Anchor gȕ~ʒB_ìˡȀƌ~˺C.  

 

 

 

 

 

 

 

 

                               Ţ 4.15 ǯɪ 2 gɌǗŢ 

�

ǸƌnYȕwhg 7J�%�.IDGJK gͼɫ~ńú`e_Bcg_t��tgũɼ`ńúSzMaG`e

Yȫžg 7J�%�.IDGJK gȕ~ʒB_ìˡȀƌ~˺C��Ēðʞdh��7J�%�.IDGJK gȕ~ , üd̕

ƌn_BYŲŋ��, üď_g .IDGJK cxgͼɫ~ńú`e_Bcg_t��tgũɼ`ńú`eY

ȫžgͼɫgȕ`Ȁƌ~˺C��M{hƍͷgġʒʅɨ~ǢƌnY��

 

LoRa Anchor güȕ~ǯɪ 1 ŌɎ 4~15 q`Ŵun_Bg. ŴunȜhǯɪ 1 aŌo`Az.  
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�

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
                 Ţ 4. 13 ǯɪ 2 dbhz Anchor ɝgƵū̟Ƭ 
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ǯɪ 1 ŌɎ, È̔g˔ȼ~ 1 ]g�¾«dqasY. tg˔ȼ~âÉdʫS. 

 

 
 
 
 

 
 
 
 
 
 
 
                       Ţ 4.16 ǯɪ 2 dbhz�¿�ĠƵū̟Ƭ 

 
Å4.6.4��˔ȼaˤƖ�

 

� Ţ 5.14 wyȀƌg˔ȼcx, ǯɪ 1 ŌɎ LoRa Anchor gŇȕ~ŴuriŴuSobĩʞdt

gˊƽG˯gczaBCMahcc\Y. ɌfLoRa AnchorgŇȕG 5ŇâÈ`tgˊƽhΉǰ

[dczMaGŢ 5.14 cxěcz. qY, Anchor gŇȕG 4 ŇgŲŋ`, ˚, Θ˰gĔăg�¿

�htgˊƽGȫt˯c\YMaGěc\Y. ;˰g�¿�dͭn_h, ǯɪ 1dɟn_Anchor

gŇȕG 13 ŇcxȀƌ~˺azwCdhc\YG, tgˊƽhqwǞBYsȌŚgòũGAz. 

˾ 5.5 hŢ 5.14 g˔ȼ~ƌͥʞdqasYtg`Az. 

 

                          ˾ 4.5 ǯɪ 2 dbhz�¿�ĠƵūȀƌ̟Ƭ 

  Ƶū̟Ƭ 

 

�¿� 

̳ 130m ~ 350m 

Θ˰ 50m ~ 100m 

˚ 150m ~ 200m 

; 600m ] 650m 
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Å4.7��φİ˅šaͰʗ�

  

φİ˅š 
� È̔ 2 ]gǯɪcxđ͈n_, ɏΔ 785m cx 863m q`ćȚgAz 127m P 200m ŝȜg

˅šdƗn_, LoRa g Anchor ŌŶ~ 45 ~ 60m ͬͶ`ʻh_ 5 üâÈ̕ˡS{i, ̟Ƭ 100 ~ 

150m gˊƽ`Ȁƌ~˺CMaGĚȷzMaGěc\Y. tgYsƍͷd LoRa ~̕ˡSzae

h LoRa GȀƌnYB˅š~̈CwCd, ȫí`t 4 ŇŻăd̕ˡn, ɚyg LoRa ~Ĕăd̕

ˡ~SzMa`, È̔gwCcˊƽdcza̐az. ÇȜ`, tg LoRa GǄx{_Bz˅šg

Żădcza, ćȚGíBȜhȀƌGop`ecB. ĚȷYan_t̟ƬG 300 ~ 600m aAq

y˯gcB. qY, ÈăgȜ`hˊƽh 200m aǞgcBG, Anchor ~Ŵun_B\_ttg̟

Ƭhüȕ~Ŵun_B\_tǔTnt˯gcxcBYs, ʌɛ͵`h Anchor gĔă~ȀƌSz

˅šdʘszMa~ȀƀSz. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

    Ţ 4. 17 LoRa gʎǢʞc̕ˡ˃ǭ 

 

ˌ 120m 

�200m
 

ˌ 70m 
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ʿ 5 ʽ� ˔̤ 

�

�

Y`�
�

�

�

�

� ȴʽ`h��ȴʩʺdwyǍx{Y˔ȼuǫȼg˙ǶaÜǌgƢȯd]B_̓n_Bg����

�

.5.1��DUV6�4��
�

� ȴʩʺ`hɆȻʏųdbB_ıʂGÛͬgá}yd�Ä�Ä�~˺CıʂǤ͈ú~ʒBYʏ

ų�Ä�Ä��	������gŘ΋ɼan_��ıʂG�Ä�Ä�nY�Æ�gìˡǟűàËd̮ʉn

Y��ıʂgʐǥˋu��˫ɿʏų~Ƿ˖ʞd�Ä�Ä�n_Bgdh��ÛG�Ä�Ä�~˺Cw

yıʂdá}yd�Ä�Ä�~˺\_tx\YȜGǷ˖ņ˩ǚGΔB��MgɍǢ~ƍʌSzY

s��3��ÊǤ�¿�`AzɆȻʏųdbB_7�!.8gÇʶ`Az7J�%~ʒB_ìˡȀƌ~˺\Y���

� ÜŞhȸÚžƈùφgʲʀɴˣȻd_ƍΒ~˺B��tgφİǚ~ʪcsY�� ɱƌnY ��üg

�Æ�cx %) Ňg 7J�% g ���4 gɰ˿ȧ˜~ 7JF�0+L0%IDE gé͔Đǀ~ȫƜ 	 Ñɪ`̎e��t

{u{g§¾¶Æ�~ɤsY��ɤq\Y·�ÀdƗn_ɦƌ÷ȕ~ɤsza��Ɍf ��)�]����

acy�Azʵƽgˊƽ`·�ÀGƍɱĀ~̠Ƞ`e_BzMaGěc\Y��w\_��Mg·�

À~ʒB_ìˡ~ȀƌnY���

� ȀƌnYìˡg̟ƬgƵū~ɤszYs��ȀƌnYìˡ~ ( ]g�¿�děhY��tgͷ��	

]gǯɪ~ʒǣnY��7J�%�.IDGJK ŌŶhƍͷg̕ˡgʅɨ~Ǣƌn_��ȫtͬͶGƺgczw

C 7J�%�.IDGJK ~̕ƌncGxȀƌ~˺\Y��
 ɖĊʻͬgìˡ~ȀƌSzg`ȫƜg ( üg

.IDGJK `ìˡ~Ȁƌn��Mgˊƽ~Űɳd % ]T] .IDGJK güȕ~Ŵun_B\Y��ǯɪ % `

hĻˍd .IDGJK güȕaˊƽ~ɟ̽SzYs��ǸƌnY 7J�%�.IDGJK güȕěńú`e_Bz

ŲŋgrȀƌ~˺\Y��ǯɪ 	 `hƍͷg͐ʒ~ˤa_��tgũɼ`ńú`eYȫžg 7J�%�

.IDGJK güȕ`ìˡȀƌ~˺\Y��tg˔ȼ��ǯɪ % `h 7J�%�.IDGJK gŇȕG ) ŇâÈdcz

a��tgȀƌˊƽhÇʙÈg�¿�aĔăg�¿�`Ήǰ[ac\Y��w\_��MgwCcʏ

ųd 7J�%�.IDGJK ~̕ˡSzŲŋ��AzȀƌnY�¿�~̈CwCdŝʹd % ŇT] ( Ň��tn
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_tgĔăd % ŇâÈ 7J�%�.IDGJK ~̕ˡSzGȀƀO{z��ȴʩʺdwyɆȻʏųdbB_

7J�% g ���4 ~ʒB_ìˡȀƌ~˺CMaGAzʵƽņ˩`AzMaGʫO{Y�

 

Å5.2��ÜǌgƢȯ�

�

� ÜŞgƍΒ`, ɆȻʏųdbB_h4ʹdǄx{YAnchordƗn_, ɟ̽ʞĔăgìˡhˊƽ

˯gȀƌ`ezMaGěc\Y. ÇȜ`Ţ 4.4 g;ȽgŻădAzŲŋh, Ĕăobˊƽ˯gȀ

ƌ`ecBMacx, õaiͣràeɚƬɪ~ʒB_, Anchor Nadͣràh~˺BìˡȀƌ~

˺CMa`, ˊƽgȌŚGȰǋ`ezaMaGȁɃO{_Bz[18]. ncncGx, ͣrh RSSI

g¦¾àedw\_Ôĥd̕ƌSzYs, ɆȻʏųdbB_MgĀ~ÔĥdȀɱSzMahͻn

B. w\_, ıʂgìˡ~ɆȻʏų`ȀƌSzͷdhczngƺ˅šd LoRa ~̕ˡSzMa`

ĢƽgȌŚ~˺CaBC�­ÂÆ�tφİ`Az. qY,qY, ìˡȀƌ~˺Cͷ, ĞȰìˡhń

ú`eY Anchor gȝʧgìˡgƵū~Ń\YŲǭ`ƃsY. ³À�¾�ÁÆ�¼Äh¡ºÆ�

Äɪdw\_“ɖʞd̎~Ȩțn_BgYs, ĞȰĀGďðg̑˄ͥdžegǈ΃~Ëaz. t

gYs, ĞȰgìˡgɦsȜ~ĻˍƵū`ɤszg`hcg, ńú`eYAnchorgRSSIgǅƽ

cxͣràh~˺B, RSSI GwyǅB Anchor wygìˡcxĞȰìˡ~��Æ�OrzMa`

̑˄ȣͬ~ɰxrzg`hcBcaˤa_Bz.  

� qY, ¿À��µ`�¾��Ä�~˺CŲŋh Kalman Filter ~ʒBzaÈǯg˺gMaGƺ

g˺}{_Bzg`. Kalman Filter gġʒtĸědɈ̒gòũGφz.  

 qY, ȱgʶΌuƓ͹ƽdYBn_RSSIGbgwCdŹĴSzc,� ćȚdƗn_RSSIGbg

wCdŹĴn_Bgc~·�ÀĴĚȷ{i, ßgũɼußgɆȻʏųdbB_tȴʩʺaŌʵƽ

gˊƽGǍx{zg`hcBcaˤa_Bz. 

ǌYîÏͬČʐGǸȇnYwCd� �¿�g˅štgtgaȀƌ̟ƬGoa�bŹ}xcBgh

Ř΋cg`̇Ɉ̒Ô΅an_ȩg 
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�

�

�

� ȴ̤Șh��ȸÚžƈžƈͱ�țΈŮĨǫʰƈʩʺʰ�ʬèȘĴʏųƈƙȍ�ûŶ̡ʵdŨˈÍd��

Ńy˒�wʩʺ~qasYtg`S��ûŶ̤ȘůˀdAYyɎ=cȜdbÌ̚dcyqnY��

� ǸƛȒƋ`Azɺƪ˷ȒΔdhžƈͱĎƈĥgɛ͵`ʯGʩʺƎ͚jd̈́\_BYaecx��

ƍͷdĎƈn_ʩʺ~͍s_˺\YÜȞq`��żȜ΁`bÌ̚dcyqnY��ʃd��ʩʺ�Æ

³GÍ=ɦqxcc\Y˫ědƗn_ȫǌq`̉ǻ_zMacg�uyYBȜōdʩʺǴ^B

_BgwC��ɧƤg� ¦��~BYwe̞dAyGaCNPBqnY���

� ƜȻļɒ�ĘȒΔdh�Æ³GŹ}\Yǌg΁þ~̉_΄e��bciOq`MCn_ñacǇ

dcztg~ûŶŨƈÍdózMaGĚȷqnY��ȴǆdAyGaCNPBqS��Ⱦ�¸Ä§

�`ƍΒGͩǁeƏdƲ{cgc\YAgȞ��Ž͎gq`ƜȻĘȒΔab̚`eYMah��û

ŶŨƈÍg̰ͣcǘBĚ`S��ʩʺgȜōǚwh`cg��ƜȻĘȒΔgüÛʞcb̚u��Ûʐ

̓cbb̚΄e��a_t̋ͤGƺGyqnY��

� ʲʀɴˣȻdɩyGh`ƍΒ~nd˺\Yͷ��ʯgɳĄÊ̷`ƜȻĘȒΔwh`cg��ƍΒ

~ǯé\_΄BYƜȻʩʺƎg¦¬¾µÅ¡Â�¾ɠ��ș˸ʩʺƎgÉǑžʭ�ɠ��tn_Ōo

ʩʺƎgæ˸ĶÇ�ɠdhżžc̈́Ǡ~ch_nq\YÔ~�MgŲ~ÿy_ɯgb̙jʕnÈ

iqS��ʃdʲʀɴˣȻhɏΔGΔg %% ȬaBCɟ̽ʞƕBÍ`gƍΒw\YMa��ƍΒɔȵ

G̅ȕAy̕ˡcxŞłq`żžczįĪ~ch_΄eqnY��ʟɎgbci`�ûŶʩʺdǔ

̇c�Æ�~��òSMacgŃzMaGĚȷqnY��

� æ˸ȟɜ�ĮȒh�Æ³GŹ}zĥq`��ɝ͌ǡnrcg´Æ��Ä�gȣͬ~ħB_΄hY

Ma��Ǥ̨ʕnÈiqS���

� ȸÚžƈ�ɺƪʩʺƎgČ―`AzÍƤǝ�ɠ��ȱʓ̂ÇȮ ɠ, ÍƫǨɖ͝ ɠ, ŪȴȔſ ɠ, 

Ĭ˸ǂĤ ɠ, Ɇ˱̔ ɠ, ʁƤˎ ɠ, ƤȴʢÛ ɠ,  Εΐʭſ ɠ, ȹͤφǃ ɠ, ŋͬĉͳ ɠ, 

ͦȱƇʖ ɠ, λͤčʋ ɠ, ̆ÖΑ˟ ɠdhΏrèuŋƑ, ʩʺƎ`g´Æ��Ä�cb`ɧƤ

gģɸ~BYweqnY. ʃd, ɺƪʩʺƎg OB gʟO�hǟűˋxncxe�´º¡�Æ�

¼Ä˩ĪgΔOa, ɡOgOdŧþO{qnY.� �

� qY��ŌȰ`Azĵ͢ʧÒ�ɠ��æ˸ĶÇ�ɠahʩʺwh`cgȞ=gʐɬu�³±�Ä�

��u³¿�cb~͈o_��a_tɋnBȣͬ~͒NSMaG`eqnY��ʃdƈʐ�³±�

Ä���h 
Û`ó\Y˯BǘBĚ`S��̲~Ń{YMahĳ̤Ƅnc\Yhb��ʩʺƎ`ͫʛ

n_BYȣGÇʙɋnc\Y`S��ʃdɔ˩~Ĝyěh_ó\_BYg`��Ġ=dó\_BY
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tg~ %]d˔ŋOr��¦�G̴ecBwC̘˺̟ͧnYȣhžŹ`nYGa_tċƍnYȣͬ

~͒NSMaGĚȷqnY��

� ĵ͢g�h³�°Æ�`��˘ΗƁe`��˫ěgǣ̉~n\cy̓nzǭGSNgˏȗ`S��

˫ěg̼~Ƿ\_B_��Ƴdďð~ˤa_BzǭG˫ědhcB̋ɼwaǘBqnY��9³¿�

~çǩƎdˡB_ 7%C `gʟg�´º¡�Æ�¼Ä~ŴunYBWa˧B_��üÛʞdha_t

žec˽Ȉ~ńhqnY��Mg 	 ƶͬ��ĵ͢g�dhʩʺg� ¦��tɧƤtxBqnYG��

t{âÈdÛͬʞdǫͩSzŲ~ɧƤËa_txBqnY��

� æ˸g�ahƔƤg �90. ŋƑuʲʀɴˣȻ`g 	 ɩ 
 ȞgƍΒcb��ħya 	 Ûwh`̚S

MaGżc\Yě��ɹBȣͬ~͒NSÔG`ea_tɋnc\Y`S��æ˸g�h̶Őg˅š

Ga_tƺg��Ǚd²Æ¾Ä dʘƈd˺gcb̉Yʡah́˪c��tg˺ıĪgAzÇ΁d

ΓcO{_BqnY���

�ǌ―`AzÍȶʭÇ�ɠhɡ͠yÈǯ`��̉ˣCɼGa_tżc\Y`S��΁þgOBƸÔu

ʩʺƎgǰ[ÈigȞʵɦsÅbƼɦscb��a_t��§�Mcn_g{qnY���¢ÆªÆ

GƁecǭGqY��Íȶg�g�¸¾d³��n__��a_tˏȗwaǘBqS��

� "%J��NI ɠ�� +%I0+%I�5+%IF ɠ���JIF��GEIOE+ ɠ��6EOE+�"%IF ɠ��Ben Rukutantichoke ɠa

h´Æ��Ä�ǌuΏrègŲdbB_, ŤͷØɭGĚȷ_΀Ƴdɋnc\Y`S. ʃd, ÍŤ

gʂöÅÊıʑÔǟd]B_a_t̛ngcyqnY. 

� qY, ƈèŀĬutgßdbhzȕżggÔĲǯ˖e~˺\_BYwBYʱȩgȹȴźʸ ɠ, 

Ĕ˸ɶ ɠdǤ̨BYnqSΙ 

� ȴʩʺhYŤʼʩʺͫʛɪÛʰƈǲ˻Ǻˬɔɍ(JST), OeGh-ʰƈǲ˻Ǻˬɔɍ(11012)Å˙

Ĳʣ SCOPE(162103107)gĮǫ~Ch, ˺}{Y. 

2018 ƶ 1 Ȭ 22 Ȟ� Ʉɧ� řï 
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� � � ˾ .��% Ŋ Anchor ɝg Log Distance Model g§¾¶Æ� 

 

  §¾¶Æ� 

 ʙŉ n 

 

 

 

 

 

 

� � Anchor  

1 1.782 

2 2.363 

3 2.448 

4 2.565 

5 1.894 

6 1.946 

7 2.272 

8 1.924 

9 1.960 

10 1.612 

11 1.772 

12 1.847 

13 1.978 

14 1.875 

15 1.847 

 


