
 

LPWAN ����
��	�������
 
Localization in forest environment using LPWAN 

 

ðƄŨÌ 47-166724 

Ō Ï Ŀŏ ×�ǜUmezawa, Keisukeǝ  

ğõĩÔ ŗü Ɲ ĩġ 

 

�� ŲżƖı�

� ƼĂ���v[�ƀķEđǁBŪùXŬ·

TC��ƸEÛTEĔåX�v[�ƀķm

IoT ņÙBAXŤ'[ƃÃCi�e�bµ

ĹUoECB<9��NVFÃC�E¿-m

ţœƓĘBAXÊƥÁµĹUoECB<9

WL?B.��¿ŝEţėƆmƘśŢçX�

sj��bRUĝƟCOďŤ?-UÊƗĒ

XŴÕ4['U���,�àRUN]B.ŀ

ĻŢçm¿ŝEţėƆXi�e�bRUN

]?�]¿ŝF°ï4['.N],?-U

]Ɣ)SV['U���

� L9��	��� Ă 
 Ĵ �� ĮƵ-9ĺĮĸí

ǔŘ+S � ĂƊ=,��NEÄŪ�ĨCo<

[�,ž;­UN],µĹB'áã,��Ķ

WïàRU8�9��NVSEáã?F�,ž

;­UN],µĹB'9N��ƘśEţėƆ

m¿ŝEţėƆXë+SűUN]Fǒ4

'���

	� ǋǂŲż�

��ýSF�¿ŝǊ��k}lzƹƾegn

���Carrier Pigeon-like Sensing System	�

XĤľ498	9��NEegn�F¿ŝÎé

,*�'Ci�e�b49o�jX�'C

�ĥ4��ŇE¿ŝC7Eo�jXƹƾ4[

'.N]?���,�àRUN]B.¿ŝÎ

é?o�jEƹƾXƑTƽRegn�?C

U�Þ �	��NVFĚƲǃąƕĒtlp��

~]ÓdVUĝƟXďŤ4[*T,ǀ§Ţ

ç,¼ēBáÿC*'[OìĪE¿ŝÎé

E�ƌář?o�jX�ĥ4ƍLUN]?�

o�jXĳċL?ƾUN],ÊƗ?CU]

Ɣ)['U���

�

�

�

�

��Þ��¿ŝǊ��k}lzƹƾegn�EŁ

ĐÞ��ýS8	9+SćŤ	�

�

4+4B,S��ÖǗř]4[ 	 =�0SV

U��ǟ=F¿ŝ,i�e�b49o�j,

�ƒĔåX¦Ğ4['B'ř���ƒĔåF

o�j]ôCB<[¸N[ĖÒXBR9N��

o�jÃ ?FCLTĖÒXBPB'��O

E � =F��¿ŝ,RVǄWB'ÊƗĒ,C

Uř?��7N?��Ňſ?ƈ�RU 147.2 X

Ť'[NEƯǗXƧŎRUěőEĤľXƞ

E��

�

3. LPWAN 
� LPWAN ]F��Low Power Wide Area 

Network EƎŸ?��ŮǓ»?ǈƷǑCwc

lpXƾ§�È§RUN],?-Uǀ§Ƥ

ĽEN]XğR��ǀ§ƷǑFƤĽCOoU

,��ƣǀ4,C<9æÍFĪ_�ŹĄ]+



BTǅ.L?ǘI��LoRa Eǀ§ƤĽF

-	�MHz ÿ?��'WQUdy`^{�mÿ

]ÓdVUÑŒĪÿX£ŤRU9N���[

i�gťư,�ơB9N��şƘEtlp�

�~X¢TmR'��ĸŻ?FNE 1 5� X

Ť'UN]?ºŻ?EƯǗXƧŎRU��

�

(� Ĥľěő�

� ��}lzƹƾ�ƒĔå��egn�E

ĤľXƞE�� ĸegn�?F��ŀĻŢç

CìĪE LoRa �f���XĦƻ49äá

ø����LoRa Anchor	XƫƒRUN]?��

LoRa�Anchor EǓŒX£<[ƯǗXƧŎR

U��± ūCFÞ 	 EoEC��LoRa 

Anchor +SŪ§49ǓŒX£<[¿ŝE

�ƒģñXƞE��L9��LoRa Fǀ§ƂÝ

,ă'9N��¿ŝÎé?o�jX°ĵRU

Ďơ,Ś'9N��o�jXŭĢYlz��

qRUN],?-U]Ɣ)['U��

�

�

�

�

�

�������Þ 	�Ĥľegn�EŁơÞ�

�

�ƒģñCF LoRa E RSSI XŤ'U��É

²ūěő?CUƑTƽ4ĳö 	 �őXŤ'

[ƿŇūCƧXōNU��7Eǐ RSSI EƷ

ǑŊEŔƠĲƐ,ĎơCBU9N��òŕC

o<[ōN9ċ���o�ExZln[�b

XƞE���

�

)� ŀĻŢçC*LU�ƒģñE

òǙ�

� ×Û��ĺ�íð,¦ĵ4['UŷŜŖƓ

ĻC[ LoRa Anchor X �) ËŤĖ4��òǙ

Xƞ<9��òǙ49\�YX ( =E\�Y

C¶L�Þ 		��\�YO]EƮþāâXō

N9��7Eǐ 	 =EěőXŤĖ4��7V8

VEěő?ģñRU LoRa Anchor EĪX

ģñCĎơBĳ�ǍE ( +SČACèm4

['.N]?��ƮþEāâXŋƺ49��

LoRa Anchor EŰ©]��È§ª?EŰ©F

GPS ?Ç<99N��āâ? ��m EƮþF

ïàRU��LoRa Anchor ªFšáE´ŰX

£<[�lz�lk�bXƞ<99N��7

EƮþFĳí? )� ]B<['U,��È§

ª?FƮþFĳí ��� ]B<['U��òǙ

æĚEńǚF �,)m +S ,

m L?C<9��

 

 

�

�

�

�

�

�

�

�����Þ 	 ģñXƞ<9\�Y�

�

6.1 RSSI EŔƠ�o�E¢ę�

��) ËE LoRa EƷǑCôRUŔƠĲƐX

x�gE¯ĆCĳö 	 �őX£<[ōN9��

Ŏñ¥ĪXƩƁ4���o�EƅĄXų+N

9��7EƋļ��Ŏñ¥ĪFŁa ��)�%����

E9N��NE�o�X£<[�ƒģñXƞ

<9���

�


� �ƒģñ�


�� ěő ��

�ğñ49 Anchor E¨Ī®[XÈ§?-9

ŅĀ 127m 

�
�200m

 



~[�pEMģñXƞE��± ūCF�Þ (

EoEC�LoRa Anchor EĪX , ¨Cƫñ

4[ǓŒXƾ§49æÍ��, ¨®[EǓŒ

XÈ§?-['BLVdģñFƞWB'��

ÃƇC Anchor E¨Ī,è)UN]?��ƅ

Ą,AEoECêÁ4['.+XŋƺRU

9N?CU��

�

�

�

�

�

�

�

� � � � � � Þ (�ěő � EŁĐÞ�

�


�	 ěő 	�

ğñ49ĪWLE LoRa Anchor EǓŒX

È§?-['B.[O��7Eář?È§R

UN],?-9ĳíE LoRa Anchor EĪ

XŤ'[�ƒģñXƞE��± ūCF��

LoRa Anchor EĪX ,¨Cƫñ4['9æ

Í��,¨®[E Anchor +SEǓŒXÈ§?

-['B.[O��7Eář?È§?-9ĳ

íEǓŒEĪ?ģñXƞE��NVFòǐE

¹ŤŞŐXĕñ49���

�

�

�

�

�

�

�

�

� � � ���Þ 
��ěő � EƋļ�

�

�

�

�

��

�

�

�

�

����������Þ (�ěő 	 EƋļ�

�

�� ĵ¾ƂÝ]ǍŦ�

����Ƌļ�

� Þ 
��( oT��ěő ���	 EA;SCô4

[O��Anchor EĪ, )Xƶ)U]��7E³

ªEƏ]ǛƜE\�Y?FƮþ,ǖĜ;C

BUN],W+<9��L9��ƮþFǛƜ��

ƏE\�YC*'[Ʈþ,öP.��ƴƜ��

ǕƜEëªE\�Y?FƮþ,oTí-.

BUN],¶+<9��NEơÜ]4[��o

T³ªE\�YEJE,��oTu[hE÷

B'ǓŒXÈ§?-9N]CƵÜ4['U

]�

�

��	 ĵ¾ƂÝ�

� �ƪ 	 =Eěő+S°ǀ4[��ńǚ �,)�

+S ,

� L?«ĬECU �	���"�	����Ú

ĭEƂÝCô4[��LoRa E Anchor ÎéX

()�!�
���ǊǏ?ŽL[ ) ¨��ƫƒRVd��

Ʈþ ����%��)���EƅĄ?ģñXƞEN]

,µĹUN],¶+<9��7E9NòǐC

LoRa XƫƒRU]-F LoRa ,ģñ49

'ƂÝXƢEoEC��ĳ�?O ( ËëªC

ƫƒ4��ňTE LoRa X³ªCƫƒXRU

N]?���ƪEoEBƅĄCBU]ƨ)U��

�ĭ?��7E LoRa ,ĈSV['UƂÝE

ëªCBU]��«Ĭ,�'ĭFģñ,JK



?-B'��µĹ9]4[OƮþ, 
���!�


��� ]CLTƛ.B'��L9���ªEĭ?

FƅĄF 	��� ]ē.B',��Anchor Xè

m4['<[O7EƮþF¨ĪXèm4[

'<[OĎS4Oƛ.BSB'9N��šŉ

ǎ?F Anchor E³ªXģñRUƂÝCŧ

NUN]XģîRU��

�

��
�ǍŦ�

� ×ÛòǙ49\�YF��\�Y � +S\

�Y ( CÐ+<[«Ĭ,đCB<['9��

òǐCFúEĊF®[×ÛEoECB<[

'UƬ?FB.��úCo<[ŃABĊX4

['U�,óįCĕ¬?-U�7E9N

RSSI E§ÌĉĄEŔƠOæĚ¤ï?x�

gE¯ĆEw���jCêÁ,CU9N��

�ƚÁRUN]Fǒ4'��ĸŲż?F��C

.L?ĺ�íð¦ĵEŷŜŖƓĻECU�

ǇE\�YC*'[�ƒģñEƮþX¦ƭ

RUOE?CT��ũB<9ářũB<9ú

?E�ƒģñEƅĄF×ċEƯǗ]RU��

�

,� ƋƱ�

� ĸŲż?FŀĻŢçC*'[��¿ŝ,i

�e�b49o�C�ƒĔåX��RU9

NC 1PWAN E�ź?CU LoRa XŤ'[

ƳŠ49��ĺ�íð¦ĵEŷŜŖƓĻC[

òǙXƞ'��LoRa��) ËXŤ'[�ƒģñ

Xƞ<9��NEİŰ©F GPS XŤ'[Ç

<99N��āâ4[ ��� ŹĄŰ©CƮþ,

�<['U��Ǡ=Eer�]?�ƒģñX

ƞ<9Ƌļ��³ªE\�YFA;SEer

�]?O Anchor EĪ, � ¨��?Ʈþ,

�)�� ��CÆLUN],W+<9���ĭ?

Anchor EëªǇ¶E\�Y?FƮþ,7

V8VŁa 
�����
��� ��]'EƋļCB

TƅĄEħØE¡á,CU9N��×ċEƯ

Ǘ]RU��

ĸŲżF#ßžŲżǉŪő�ŶðĝƟĠƙ

ņł�JST	��P-,L�ŶðĝƟĠƙņł

�����		�ƎÀŮ 6�340��
	��
���	E½ę

XEL9OE?CU�

�

ÅƔīŠ�

[1] ǆǒğŴÂãEŞŐ - H.4Lčƙgn�e�

�  - ŵûů}��|�fǜ]��[�ǝ ,  

http://www.pref.fukushima.lg.jp/site/portal/list271-840

.html, ĳƉǌƦĮǡ2017- 01-05Ǟ 

[2] K. Nakagawa, H. Kobayashi,, K. Sezaki, "Carrier 

pigeon-like sensing system:animal-computer interface 

design for opportunistic data exchange interaction for a 

wildlife monitoring application., " Proceedings of the 

5th Augmented Human International Conference,  pp. 

12. ACM,  Kobe,  Japan,  (2014). 

[3] Bernat Carbonés Fargas,  Martin Nordal Petersen,  

“GPS-free Geolocation using LoRa in Low-Power 

WANs”,  Global Internet of Things Summit (GIoTS),  

2017,  2017-09 

[4] LoRa-based Localization Systems for Noisy Outdoor 

Environment,  “Ka-Ho Lam,  Chi-Chung Cheung 

and Wah-Ching Lee”,  Wireless and Mobile 

Computing,  Networking and Communications 

(WiMob),  2017-11 


