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The Design and Implementation of Dog Loss Prevention Device Combining
Wireless Communication and GPS Technology
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Abstract

Recently, as the number of families raising dogs has increased, cases of lost dogs have frequently
occurred. According to US statistics, 5% of the total dogs are reported to be alive, with only 18%
reporting to their owners. Therefore, a device for preventing the loss of dogs is needed, and the
demand for the market is rapidly growing. Therefore, it is necessary to develop a lost device for dogs.

In this paper, we developed a loss prevention device that combines low—power broadband wireless
communication technology, LoRa communication method, and GPS positioning technology. The result
of this study is expected to prevent the loss of dogs. It is also expected that social problems will
reduce the problem of lost dogs.

» Keyword: Loss dog, Prevention Device, LoRa, GPS, Wireless communication

[. Introduction

Ha vy SEET I Adsls 7MAo) B ez kAl BaEar itHTable 1 #2)[1].
glom, uky FEo i BAE FA Ear Qi) o]9h e Agke]
Wlo] Wste] vy BE3 Beld AJgw A48T 93,  Table 1. The status of lost companion animals
Wl BB A9l0] shbe] e Adow wasw gk S o -~
wEbA whe e ﬁ”ﬂ *3%35 FEe 875% W | Number of lost animals 3,300,000 3,200,000
tFsA L gdom, Abg| Ao r e whe] FEel ek o2 7F4 | Number of adopted animals 1,600,000 1,600,000
olge7} A71Ea gtk 1 = 3]"/]’«] EA7 d A B4 upE Number returned to owner 620,000 90,000
o3} Qoi S0 FEls o EM AlgtEe] g%}"'ﬂ Z EAS Rate of return to owner 18% 2.8%
FE= BAE AZbsHA g5 9o <Source: The American Society for the Prevention of Cruelty to Animal>
HZ WA 7192 7o) 54 T whE o] 74
AF|7E RIASHA] dAatar gict. o) gk Ak o} dste] tignl= ojAH 71 F FRIA HEo ke gEe] @8] "ol
o oA Wi B3 Beste] BAEI 2R gon, Al T AL @ T deH, FAddA 50}7}7@ 3 7714
olof vl ¥k a7k A AlAl 19191 vl (639w RE vl o] AbtEe] Aol BylE FaL 9lof ofo] gk s H<r

AVMF(American Veterinary Medical Foundation) ®3)¢] The — EAo] Aldk 7ot}
American Society for the prevention of cruelty to Animal®] ARslHo g of7|Hal e f7IA BAE dEstr] $IsiA
Aol whzw w=ellut AA] WA 3 5%¢1 3300000 nkErr = HbeAo] BAHE As
715w, 71 FolA] 18%(627F lel)rto] Q1o A thA] Bolbar 85w, 1o whE Ae] 8
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[I. Related works

1. Domestic/Foreign Related Technology and
Market Status

Table 1914 ®.2l ule} o] vk & FAHL wwo =2 3
gt et AzF 6uint o] dojxar glow, 1 AR vy
s=oll digk A FA A gk §437488ka vk Grand
View research®] Pet Wearable Market At w2 ke

FE A A A 20219 8,350 Fo odEa gk

Table 2014 ®.l vk} o] vk T&9] F7h= vH S&
o] B Ay a, vk FEY B4 Pet HXF4(GPS)
Aol o AAEIL s AT QdrH2l

Jet Hm

Table 2. Companion animal site tracking market growth

Source Contents Statistics
) USD 2 billion
2021, Pet Wearable Market size (4,300 billion won)
Grand Share of pet location tracking
View (Among the whole market of pet 34.8%
Research wearables)
Expected in 2021
Size of Pet Location Tracking Market Worldwide, 835 billion
won
Table 3. Analysis of existing products
product name | GPS Bat?ery Subscription fee Price
lifetime
Paw Tracker (0] 2~5 days USD 9.95 USD 99
Gibi Pet locator 0 1~4 days USD 9.95 USD 99
Tractive (0] 2~4 days USD 9.95 UsSD 129
Whistle 0 2~6 days USD 9.99 UsSD 99

Table 30ll4] K1 nie} Fo] 7]E] AFES CDMA RE&
Aeistan glol wele] Abg Al7to] v Eor, CDMA $41 &
ol it € AHERSE AF 71he] RS e 1S 9o
2 AHE 5 9ok B olF ol8ab] A% AHgAL A1)
Sol gtk A% v B HoR podr,

web] 2 =Rl s AR PAE 71E AR 7}
Zeju) 70% AER P53, A2 F29 LoRA B4 BE
& Augtoms Wee £R 7% £@ 2i9AA 27t A7
AT 5 A FoEA BAHS 2 st

2. LoRa Communication

LoRa¥ Long Range Low Power T4 ZZo @A
920Mhz tHe] Fi+E ARt T84l 7]elth LoRa
5 ol &% AERIEY AU eE #@A ARHI SlE
CDMA/LTE =5 w4 o] AFEQIEIYL Alvhe] 2.9F AR £4
o2 &gd o 3oy el 24 ¢ 4 Holrh o

LoRaE o|&3l= W27} CDMA/LTE E¥E o] &3h= W
AL FFHORE WEA FHo] folgk Al Hirl= vES]
A7F FEE AA @ oyt MIESA F5o] & AW
R &89 of B FHE AFstaL Ak

LoRaE o]&ato] AMERIEY AU LE 7538 49de
SKT®] ThingPlug A¥7} Hle[ElE 38 FaL A Aloj&
A 771wl EEla dshd e A8 AH7t floj®
AAA A=) vlolHE A Aloete Aol 7hsattt
= Gdo] Tt o E Bof, AvfEETO 2% AAX] AlA ]
A5 BUEE AU Alofsh= Aol 7hsat, 010 M
b3 et gl7] wiiel 7159 CDMA/LTESH: 2]
We Ao A0S AT davt glek S, AFERJIEY AY
25 T5Hahe l glolA, Hl&3} Ajzte] @ EA] ¥ a1, Al

2 AUEIE 58 = TH[3-4].

lm Fl

N

A

3. GPS [5]
GPS(Global Positioning System) B HA| 9] %
Bl A GLONASSS 84 s &85 a1 9l T
A HA ot} = S A JElom, FA T
& NAVSTAR GPS(NAVSTAR:E ¢fa7}b ofyA|vt £%
olekal &}7]
g, 5%, A% Az SA4, A7 F
o ALgE I )
47H(”X1]L 1 o)) 1E9A
oA WAt nlo] AR TS GPS FA7] 4] FAlske] 417
of $1] WElE AAsch GPS 91432 nl=r - A505-51] 3
ol A FEjatar A om, = 91g o] WA e A= A B
AL 5 A9 A, Aol F 2 njgo] AZk oF 75N &
2o o2tk 2L} GPSE A AN ERE ALE TFs et
GPS 2171 Al 70
& Falste] A Al

{0

NAVigation System with Timing And Ranging
% gith)olth 7] fri,
7] 59 4 ¥ Wrke 54

GPSAAM = FHAEE B

o] GPS §ldeziE FAlE A%
17]¢] 1A& 2Adet S1delA S
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Az} FATA FAE AlBo] ARARE SA8HE 94
i A7) Abole] ArlE & Al ol FAIE Al
= 9149 1A sk JRIF £ ek HAaS Al 719 ¢4
o] Agjet 7t A AAE LAl HA A STl A e} e
WS o83l AV HAIE ANE Qi) Eu Al AL
e8] AgetA 7] Wil eaks BAsar BE A
o] & ol&s AAE AAgrt
[Il. The Proposed System

1. The Concept of System design

B =EoA AQehE Al4AE2 Y LoRa T4 A4l [6]
3} GPS 74l 7158 20 e dlofelE tubol2[7
AAlsta Feste] vk TE9 HAE F4 bl %ko_i
A T =] #A 7L 7hs e Alz=HloltH9].

LgRa‘
Mv&;&u
&2 5
y 4
< “
Fig. 1. System configuration diagram
Fig. 1eA9} o] Wi sEo] Jo AAY v & °F

of F-atsto] 2H8akal ol dlofelE A FA717F dA) wke
TE9 A5 GPS 32 LoRa 41 o] &3l M2 A%
AW ERE 1 U&-S vk FEO] 19 AnfEFE}
PCollA gRleh 4= A= gtr} o] Al2=8& AP(Access Point

)9} 23] El(repeater) 7} & (1= LoRa SA W28 #8350

24 dole tlulolze] Y ARE HAadeis Zo] 7
SITH10]. webd slolel 2 Anlgel 71 84 2419 HiEe)
AR AVEHE RS S obe B A A0S o
8% 5 JES ol g0l BA e AFH ALEG ] A2

92 s,

2. System Configuration
Fig. 2& doj21E EHA %
Fig. 204 H.31 nje} o] 410131—‘%

25, ARM-CORE, 6% #jo]z Al 1[11—12], GPS 4l
o2 FAH ) 53], 65F Ao|= AA EES Fhe
?‘é? w559 dF geks %oﬁ w2 AAsk :
LoRa ®E UART , SPIEAl 848 #&3le] sl=e)o]

e H|o]AE FAIEI o, UART, SPI &l=¢o] S1g#|o]~
45 5, LRW A= B2o] A& XEeolch
T o
B Gux yro sensor
Ek_ G{—'
fak eliamy
LoRA ARM-CORE
Module M1 e
i
— o= .| GPS Module
Server UarT

=

GPS REL A8 % F&43 4 s
2

43k Al ghEt B3 S HS0R Wy i’
AL sAstolth. 53], GPSEES] dofels EdA Ui
B AT M ke gse dusles st

2 golell Edrle thedt 28 AR AUl 2E Bl
g2t

‘ Companion owner: Purchase wearable tracker

Registered companion animals in the control center
(matching the unique number of the LoRa module)

‘ Occurrence of a lost companion

‘ The pet owner reports the loss to the control center.

The control center sends signals to the corresponding
LoRa module through the LoRa network.

The LoRa module starts the operation of the GPS
module.

The GPS module transmits latitude, longitude, time and
altitude data to the LoRa module.

The control center receives the location data of the lost
animal from the LoRa network.

The control center sends the location of the companion
animal to the owner.
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B omRoly FHE AsEe 9] Aueled o e

Antenna

Zo] Tk ey

i
IC

@ ¥He &2 /MEE o8 E A (Tracker)E 283}, p—

@ whe] FEo] o] Fak= 9A9 AE 2 GPS Ao

B 99X 4HE $218t0] ARM-CORE RE& Hith
@ 6% Aol 2 AMZ Fal ZAHH vl B2 £29 AR Deteator Wi
2 ARM-CORE ®E= Hut)
@ ARV-CORE ZEI A 5418 GPSSh 6% <ol = 4]

=
gt Wk s=o] ARARD, °ofF, T, Hol, ¥4 4
g 55 Pl LoRa ZEs T3 AHE AARE

Fig. 3. Construction diagram of wearable device

Salet. Fig. 4% wlEje] 34 3% AARE 19 Aolv, Fig. 5
© Aeel] ald W T 91X AHE ol8ste] Wel & UART <IEj#o] =9} U-Box 6M &S AAE Lol
B 791 20lEE ol PCE U2 ol P4 el
B8 9 FAT & Y=g 9k Charger & Battery
® 34 7150 Byt W0 Y= Aol Wl FF 4 forex w 1gEamAn
o 4R FU5} ol 4 & = A AL Aol

R A o o]BF A ARG L= FAL B,

3. The Implementation of Wearable Tracker PCB

Jole EdAZ THs7] 944 Fig. 37 o] LoRa ¥ -
Bl 752 AAEAT, ai —f
D A9 T3¢ e el 24 7Fss e Aese F“’ S = A
2 sjglom), o] 4 velelE A F4 wES Ag | T
@?(.)Ra 5 142 EAL 95 BES AL} Fig. 4. A design of charging circuit and LDO circuit
: LDO(300mA Torex) 7-8 R
© Max 1000mAh charging circuit
: 915MHz ¥ RF 3|2 $4(RFM95 one chip &4 - %
OEZRELEE 1-% o AN Lora ¥4 FA0E e
MU GBS S, off-linedl % x15to] =
A4 HolEE Akw 5 Qus Wwel s AL, e 2
@ A% 127 : FRHE AL SYsel AN B4 4 s
& Bashes sl e
® X-tal : 574 WEAES ol&atod B FH5E Aolghe =
W18 28 Ygsle] QAR ForE FHahEs st =
® GPS BEE : 91# +4& 9% GPS RS A$
@ MPU : 7& 258 Aza7] 98 MPUS A-8315ch e
: Main CPUS} UART 4] <lEjsf|e]~ & Oz e L ) g%é—ﬁ'
© 9600bps Baud rate, TTL Level e I i - s |
: U-Blox 6M 2& & B e
: Back battery 3|2 A& o el :E;- - %
: UFL Qrelvt A Aoz 544 sl 7T L

: AT 99X A% EEPROM 3|== 338

Fig. 5. UART interface and U-Blox 6M module circuit
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Fig. 62 PCB REE 98t o}ESIT A 3Ho|tt, 4. The Implementation of Embedded Software

B =olA g dlolE Ee] WiEol AHEHE
AXESO] T2 RES thd gtk
1. Ubox GPS module®] A}g-o] 7F538EE UARTHA o=
GPS % AEE tgloly 24
2. UboxE F3l4 4189 GPS A& 7wk g, $%/4%/
AZYAE FEE Aeshs TR 7y
3. 65 Aol 2 AIA AT E V|Nte R g T2 FH ¥y X

23] 74
4. LoRa &A1& 918k =efoly] 2
(a) 2 Layer artwork (b) Top surface mounted Fig. 9= 7% lt= 22339 25 FA45=olt
SMT drawing
Fig. 6. Artwork for wearable tracker's PCB et
jons type
URSI%EEIZS identification based
Fig. 72 #% A2t PCBo|t}. #12He PCBE 2 Layer® Controller on gzirgn;?nsor
T3t Az ArE AElES skglem, o] 2 layer FAS
4 layer tiH] 50%78 =] A2¥] AHE Ao 2ZH 714 7 signal L' w
Aol == 319t PCB 7142 30mm * 40mme]th Manage latitude / LoRa
longitude / time / Network
altitude information Driver
[
i
Anntena

Fig. 9. Module configuration diagram of
embedded program

IV. Results and Evaluation

Fig. 7. The implemented wearable tracker 1. Results and Evaluation

B o= g v =8 dolE EgAE ol&et

i = = = T
Outline o] GPS F4 H|2EE 3 A3} Table 49 2th
NO Name Meterial
— 5
o 1 Casel ABS-PC
i qay
2 | Gose2 il s Deien s (2 ot
3 | UsBeap Silicon Rubber p [ e sova Hoatigens
4 ABS-PC ey e sAgEg
= A@zaa
ol .
: L -9 3e
wits
omeuss s
kL) il Of2tH A RUYYE
(=L 23y=ny USEY ™t m.4
AR 185. P s prem e
mENE P -
p  sEoasy sade
- Zyde— | @
1 :
. ope . . .
Fig. 8. The specification of wearable tracker package
: o o H e = 2} A5 = sonw - =
Fig. 8& dlojziE Ed7 PCBE W& AX& package:E ’
AAstar Fdgk Aol

Fig. 10. GPS signal measurement locations within the Campus
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GPS 2159 4L 33 22
@ 7 golgE EYRAE vE
9lo] u-center TE IS AP35}
H2ES A4
@ Chartcross Limited®] Z~v}E#8 App 'GPS Test'®
Al A5 FAE S8t Al dlolelE EdAR
FAIgE A Ee) vl
@ & 103 (Fig. 10 #2)9 F4E ol
@ 171¢] Aol warm start modeZ 1034 =
® vl 54 Aluteh GPS A& 4441 92 A)7ks 54 715
©® g FaolA 1031 SAT Aks Hataks A=t
of 2713
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Table 4. The Results of GPS signal measurements

GPS Device Smart Phone APP

Placec?.?;th Longitude | Latitude | Longitude | Latitude Difference
1 6.00 [126.566978|33.454558126.340096(33.271667/0.2268815|0.1828907
2 6.66 [126.562483(33.459020/126.334477(33.2732230.2280054(0.1857965|
3 7.00 [126.565420[33.457585126.335528(33.272720/0.2298912|0.1848644]
4 6.11 [126.563765|33.456045126.334967(33.2722050.2287980|0.1838399
5 6.66 [126.559590[33.453427|126.333441(33.271206/0.2261484/0.1822208|
6 6.43 [126.561937|33.456391|126.334294(33.2722550.2276421|0.1841354]
7 6.00 [126.558028|33.451965126.332949(33.2707030.2250790|0.1812612]
8 6.58 [126.562872|33.457112126.334630[33.2725280.2282420|0.1845834]
9 6.78 [126.560460|33.457648126.333731(33.2727550.2267281/|0.1848921
10 | 7.09 |126.561053[33.453080/126.333994(33.271095/0.2270582(0.1819841
Avg.| 6.53 Average [0.2274474(0.1836469
STD [0.0013769(0.0014858

Table 404 Bl ule} Zo] A% GPS device} AvIEE

P& S8 SAA T} nAE Afo]E Holar glont o]= GPS 4l
3 2] SAF S Uloll &3l 2t 2 FAIS T = Afo]
ojm, F x| ztold| ugt AFTHAE HWH ZTHA}
0.001 =5 Hola glo] ol F AA| 3+e] 1473 A7} YA
s & Qo] SAR A gho] AU FHEa Qirk ®
Gk 7 A bl AR HAGE 2fo] & HolalE 9lont FAE ¢
SeHA 549 A3 s Abol7t F AX(AlTE G e} 2~
WtEE)o e SAHE FHES Wil dA A7 Hela Q)
o] o] A& Fale] A oRE AHA S Holal glth
GPS9] Warm Start H&A AT dRbd o2 30% o|U2 f
st e, & 54 APeA= Bt 6.5 HE

= jow B, A% &
$ 958 Ao Brhd

e FEE goldE EgA Y GPS AE A ul$- A
Ao TR UsS Hola A, HE ARE G Het
oS Hola g Aow F AT

N 33°27'10.959"
E 126°33'39.948"

(b) Measurement using u—Center program

Fig. 11. The Examples of results of measurement experiments

o] ZAtell 3k &

Fig. 11 o5 54 A%
=2

Fig. 12& 7% dojz1E EYAS zﬁgg}oq ol % ;L{}%
osste]l HARS W SHE GPS NFES A&l A
ZAolt}. Fig. 12014 HQl vje} Zro] EAg dhg TE9 &3
A NS AL 4 AR A

QI iEOCD- =S -5-A-BNAuSEmasen
. ] FPELEEGE #38 "

Fig. 12. Tracking the location of the dog

A€ GPS HlolH B 6% Ao]Z Al Hlo]E= LoRa &

N EES Batol AME A%s] Fig 129041 8 AR
AHgAN YA AAROE Wl FEY AAE A4
RS sgith, $A18 65 Aol 414 HolE = wel ]
A5 BHS oM £ Qe V1 ARE FHu7 S
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V. Conclusions

oY AW ICT 7142 #8500 vle] 523 pale T

@ 717150 o 5

NEEREE *%“301 g Srjsa Qi Al B

oﬂ*ﬂ AN g
S

8 EgAE G
HlolHE 7|ie= Xixd%“ A7l FA1 4191 LoRa E4 WA
Aestezs 7)1E AEE E} HE 2] *}%71 & TN
SIATE. S GPS A% Bl

Tl - 4w Zﬂﬂi
2A7Fo 2 i E

2 AME Fal ?"J
] Sl g HHE2 AT ¢
F=ol Ay E& Sl $1AI8] $hs well= GPS A5 418
ol kol 93] sfete] ofelg 4= vk WdAlS 7ML 7l
sttt ol& sdsy] sl Aulel] 98 T EEEe] AAE
J],oltﬂ— 2= o}‘— Hl—tﬂzo] Tﬂ‘i @Z}oﬁo];tﬂ— =] Eo]q_

HlolE & *ﬁﬂi AFsto] 74 715

513 5 ek, ohe] 6% Aol
Hlole] ghg olgte] FHol el
43 4 900 Sj9iek. ohi, el

0
:-:rg

2 53 QEse] W EE NEAl P BReIAE welE
B BE 5 UES S 29 24T Ao,
GFoli= o] EA 7o) $ERS 24T 5 ol BEY
AT shutel AxdoR Fole] weliFEel vt o MK
& Wedg gt}
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