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< SUMMARY >

| \ D-02

= jvestock Vehicle, one of the main infectious pathway factors of
livestock infectious disease and an essential disinfection target
when animal disease occurred, efficient management on moving
and traceability information through integrated device

= Ensure application performance and operational ability on integrated
device equipped with GPS, weight sensor, communication module

Purpose& |= Development of linked program and software on animal traceability
Contents information collected from livestock vehicle integrated device and
KAHIS & PigMos
» Cattle’ s manage information from birth to butchery using RFID
base smart application
= Application of modeling on livestock infectious disease spreading
by analyzing the big data(feed-animal waste moving and weight
information) collected from livestock vehicle integrated device
= Development of Integrated Device for Livestock Vehicles
— Development of Integrated Device
— Development of Small Scale Wireless Expansion Interface Coupled
with Integrated Device
— Development of Integral Device Equipment
— Study on the Construction Method of the Required Device for
Each Type of Equipment and Work Type
— Study on the Development of Integrated Control System of Livestock
Vehicle Using Weight Sensors and Smart Devices
— Development of Weight Sensor with Wireless Communication Module
Results — Additional Development of Precision Weight Sensor Applicable to

Integrated Equipment

= Development of Communication Software between Integrated Devices

and Control Center

— Development of Information Management Functions for Loading—
Unloading

— Development of GPS Information Management Functions

— Development of Livestock Vehicle Movement Traceability Management
Software

— Development of a Middleware for Information Exchange between Livestock
Sites and Control Centers

— Development of Integrated Control System for Livestock Vehicle




| | D-02

= Establishment of Cattle Individual Identification System Using RFID
Base Smart Application
— Development of Cattle Identification System Using RFID
— Development of Communication Software between RFID Reader
Recognition Information and Integrated Device
= Development of Transmission Software and Connection Program on
KAHIS and PigMos Applying to Integrated Device
— Pig Production Phase Information Management Linked System for
Breeding Moving Information

— Animal Traceability Program Implementation by Breeding Moving

Results .
Information
— Development of Linked Program on KAHIS System and
Information Data Collected from Integrated Device
— Development of Linked Program on PigMos System and
Information Data Collected from Integrated Device
= Application of Big data for Predictive Model on Livestock Disease
Spreading
— Development of Livestock Vehicle Movement Analysis System
— Development of Livestock Vehicle Loading—Unloading Analysis
System
= Real—time Management on Livestock Vehicle Movement and
Expected Loading—Unloading Information
Contribution |= Increase efficiency on Animal Disease Control Using managing the
Livestock Vehicle Integrated Control System
) . . Global Animal
Economic Breeding Livestock . .
Keywords ) ) Positioning Disease
Livestock Stock Vehicle
System Spread
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SDIO_DOo=
sSDIo_Do 1

FPCOS

SOBBB

NWOO=p~

20. A=) MCU Pin Map ¥ 737]%

09 C/Ds
USBtoSerialat

RADIO_PWR_ENABLE

3.3V wDDO 1 15 3.3V WD DO 1 15
3.3 VDDOZ2 23 3.3V WD DO2 23
3.3 WDDO3S 358 3.3V WDDOZS =i=]
3.3V YD D04 a9 3.3V WoDO 4 a9
3.3V wDD OB 82 3.3V WD DOS [=ped
3.3 VDDOBS = 3.3 WD DOS =
3.3W VDDOT 22 3.3V WD DOT 22
3.3V wDDOos 21 3.3V wDDOoZ 21
3.3V WDDOo9 103 3.3V WoDO9 103
3.3 VDD 10 114 3.3V YWDD 10 114
3.3V YoD11 127 3.3V WO 1 127
3.3V wDD 12 1368 3.3V WD 12 1368
3.3V WDD 13 149 3.3V WOD 13 149
3.3 VDD 14 159 3.3V WD 14 159
3.3V Yoo 15 172 F.3W WD & 172
GhD WSSO0 14 ShD WSSO0 1
GhD WSS0Z2 =22 GMD WISSO0Z2 =22
GMND YWSES03 g1 [E]w] WESO0Z (=]
GMND WIES04 71 Le]y ]} WIES04 71
GhD VWSS0E5 20 GhD WSSO05 0
GhD VWSS06 102 GhD WSS06 102
GMND WISS0T 113 [E]w] WIESO0T 113
GMND WS008 128 Le] ) WESO0E 126
GhD WSS09 135 GMD WSSO09 135
GND Y5510 148 (=]} WSS 10 14
GMND WISE11 158 [E] ] WES11 152
rC WES1Z2 A8 M WES 12 A5
GND YCAPOT (81 L= w] WOAPOT |81
GMND WCAPDZ | 125 Le] ) WCAPOZ | 125
YBAT vBAT =3 vBaT WBEAT =]
YREF+ YREF+ 38 VREF+ YREF+ a8
3.3V WD DA 39 3.3V WD DA jsi=]
GO WESA 37 Le] ]} WE S8 37
DCRI STrAS2FAZSI(Verify Feferencel D ChAl
DChAI_DOO PCO& 115 16 | DCkMI_DOO DChI_DOO FHOS 86 14 DChAI_DOZ2
oCrI_DO 1 FCO7 118 15 DCMI_DO1 DCrMI_DO 1 FH10 27 13 DCMI_DO3
DChAI_DOZ2 PCO8 117 14 DChAl_DOZ2 DChAl_DOZ2 FH11 28 12 DChAl_DOL
DChAI_DO3 PCOog 112 13 | DChMI_DO3 DChI_DO3 FPH1z2 (=l=] 11 DChI_DOS
DChI_DO4 PC11 140 12 DCMI_DO4g DCMI_DO4 FPH14 129 10 DCMI_DOE
DChI_DOE FDO3 145 11 DCMI_DOE CCrMI_DOE FDO3 145 08 DCrMI_DOT
DChAI_DOS [d |1} 175 10 | DChMI_DOS DCrAI_DOS Flos 175 |20 DChI_DOS
DChAI_DO7T PIO7 176 09 DCMI_DOT DChAl_DOT FIO7 176 119 DChI_DOD
DCrMI_DOs FPC10 139 20 DCMI_Dog DCMI_DOgS 22 DCMI_D10
DChAI_DOS PC12 141 13 DChMI_DOS DChMI_DOS 21 DCMI_D11
DChAI_D 10 FDO& 150 22 DChMI_D10 DChI_D 10 24 DChMI_D12
DChAI_D 11 PDOZ 144 21 | DCMI_D11 DChI_D 11 23 DCMI_D13
- = - = “ =7 —
a9 19, A8 Z7] MCU Pin Map % ++87]%5 WA E 3
DChI_D 12 PE11 [=5=] 24 |DCMI_D 12 SERAILE TS 1E | DRl _Do0
CCMI_D13 PG15 180 23 DChMI_>x13 DEMILD TS 15 BeMI_Ba
HREF PAD4 50 08 HREF HREF a0 4 =0 06 |HREF
12C2_S|1oC FB10 79 03 I2Cz2_SIOoC | oy i ] PEOS: IBT JO3T ECI ISEl
1zcz_s1on FPBE11 20 04 I2C2_SI10oD 12CH _Sha PBOg- lea o4 120 _ShAa
Pl=CLK Paos 52 O7F  Plx=CLK Pl LUk PAaOEs 5= OF | PI=CLK
PN PF10 22 12  PWDRN Py PE1O =29 12 [ PWDN
17 RESET 1 SESET
WEYMNIC FPBOT 165 O | WSYwMNC NENNT Plas T4 JO5 (WSYRC 1
08  =CLK 08 | HNCLK
01 3.3 01 | 3.3V
0z  GRD 02 | GMND
sSDIO SO
01 | 3.3V D1 | 3.3V
02  GhiD 02 | GND
SDIC_Doo FCOo= THEE 03  SDIO_Dog SDIO_Doo FCOg8 T+ a3 [pap
SDIO_ChAD FPDOz 144 04  SDIO_ChdD SDIO_ChdD Pho= 144 Joa | ChiD
SDIO_CLK PC12 141 05 SDIO_CLK SDIO_CLK PC12 141 Jos [cLk
SDIO_DOS FC11 140 06  SDIO_DOo3 SDID_DO3 PE1 140 O DO3S
SDlo_Dboz FCl10 139 Q7 | SDhlo_Doz=2 SDIo_DOo2 PC30 129 o7 Do2
SDIO_Do FCOog 11 og SDIO_Do1 SDIo Do BPEDS 11s Jos DO
09 | CADS 09 | C/ T
USBtoSeriald USBtoSerial&
USARTI_R= PBE11 20 20 TXD
USARTS_Tx FB10 79 79 RxD
USART3 _CTS P11 29 29 RIS
USART3_RTS FB14 94 94 |CTS
RADICOPULSE
RADIO_PWR_EMNABLE FGO7 111
BADICO _RESET PC13 101 11 RESET
USART1_T>< FBOS 154 |29 Rx>D
USART1 R FBOV 1685 128  T=D
GPFS
GPS_PWhR_ENABLE FB15 o5 PwwWHE_ENABLE
GPS_ZD_Fl>= FEI12 o= =3 SD_Fl>=
GPS_RESET PH13 1zg |2 RESET
USART Y R PFO& 24 =2 T
USARTT_T> FFO7 25 10 R

16 DCMI_DOO
15 DCMI_DO
06  HREF

OST IBCH=ESEIE
o4 12C1_SDA

o7 Pl L¥

DS | C /
USBtoSerial&t

USARTS_R>< PE11 =0 S0 T=D
USARTS T3 PBE 10 79 79 R>D
USARTS_CTS PD11 o9 929 RBTS
USARTS_RTS FPE 14 Sa =

Sa CTsS
BADIOPULSE

RADIO_RESET 11
USART1_ =]
USART 1_R>< =
GaPs
PWR_ENABLE ENABLE
_SD_FI1>< s =3
=)
1

a8 21, 48 927] MCU Pin Map ¥ 337]%
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WCDMA
WCDMA_PWR_ENABLE FDO4 146 PWR_ENABLE
UARTE_RX PGOS 152 |7 RxD
UARTE_TX FG14 157 |8 TXD
WCDMA_RI FDO5 147 |13 R
WCDMA_ACTIVE PDOT 151 122 ACTIVE
WCDMA_FOWER_OMN FD12 100 |23 POWER_ON
USARTE_CTS PG13 156 |12 CT3#
USARTS_RTS PG12 155 |11 RTS#
WCDMA_DTR PHO2 43 |9 DTR#
WCDMA_DSR FPHO3 44 110 DsRE+#
ACCELERATION
12C3_SCL FPADS 118 |12 SCL
12C3_5DA FPHOS 85 |2 SDA
ACCEL_INT1 FGO2 106 |5 (INT1
ACCEL_INT2 PGO3 107 16 INT2
OLED
QLDE_DIN FPEO3 2 4 DN
SPIA_SCK PEO2 1 5 CLK
QLED_CS FEO4 3 &6 |CS
CLED_DC PEOS 4 7 D/C
COLED_RESET FPEOS 5 8 |RESET
WIFI
USART2_RX FAD3 47 |10 UART2_TX
USART2_TX PAD2 42 111 UART2_Rx
WIFI_LRESET FG10 153 |1 RESET
EXTRA
ADC12_INB/DAC_OUT2 PAOS a1
ADC12_IN7 PADT 33
ADC12_INS FEOO 36
ADC12_1N3 PBO1 a7
ADC12M14 FCO4 54
ADC12M15 PCOE 95
ADC123_INO/WKUP FPADOD 40
ADC123_IN1 FAOT H
ADC123.M10 PCOO 32
ADCI123IN11 FPCO1 33
ADC123.IN12 PCO2 34
ADC123_IN13 FCO3 35
ADC3_ING FPFO3 26
ADC3_INY PFOS a7
TAMP _1 FC13 8
TAMP _2 Flos 7
OTG_FS_¥BUS FADS 120
OTG_HS_VBUS FE13 3

% 22, dAEEZ7] MCU Pin Map 2 4875 WA X 6

ETH_MI_TA_EN/ETH_RMI_TH_EN, PE11 154
FMC_NCE4_2,DCMI_D3,LCD_B3
SPIE_MISO,USARTE_RTS,LCD_B4 PG12 135
JFMC_NE4,LCD_B1
SPIE_SCKUSARTE_CTS,ETHMII- PG13 156
TXDO/ETH_RMI_TXDO,FMC _A24
ETH_MI_CRS,FMC_SDCKEQ,LCD_ 43
RO PHOZ

ETH_MI_COL,FMC_SDNEOD,LCD_R |FHO3 a4
[2C2_SCL.OTG_HS_ULPI_NXT PHO4 145

[2C3_SMBA, TIM12_CHZ2,FMC_D17 PHO9 B
,DCMI_DO,LCD_R3
TiME_CH1,FMC_D18,DCMI_D1,LC ar
D.RA PH10
TIME_CHIN,CANT_TX,FMC_D21,L PH13 128
ch_G2

TIMB_ETR,SPI2_MOSI/1232_SD.F PI03 124
MC_D27,DCMI_D10

TIME _BHKIN,FMC _NBL2,DCMI_DE,L P04 173
CD_B4

CANT_RX.FMC_D30,LCD_YSYNC PIO2 "
ETH_MI_R*_ER,FMC_D31,LCD_H PO 12
SYNC

OTG_HS_ULPI_DIR Pl 13

% 23, dAldS27] MCU Pin Map ¥ 7387]s WA % 7
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(1) dAFSL7] 7 28E AT 3%

O LTE A2 Wi—-Fi 242 %, Bluetooth T4 2%,
5, 7t E/Aol2 AA, Micro SDHC €%, 4 4
LCDE wWigst dAFYEL7] /i 9 JdAFHEr] 7] Fa54 7]

oL ke
¢h LTE/WCDMA ZEA1 2=
O %% : LTE/WCDMA Module, MR—4200S, Teletiit
- AW 2w FEddgAAMee] Holy F5al SAle 9% Solutiono®E Gl
LTE/W CDMA & A|®&}dar, o]o] =

ExAREel MR-4200SE AEstglct. o
e - =

Product features Electrical
Single-band CDMA 800 Mhz Maximum RF OQutput power :
Voice/DATA Service =223dBm
Analog Audio Interface Supply voltage : 5V £2%
SMS (Short message Service) Reverse voltage protection
Telit CC864-K module inside Power consumption
Dimensions : 46 x 60 x 10 mm Traffic : < 600mA @ 5V
Temperature range Sleep : < TBD @ 5V

-20°C ~ 70°C (operational)

-30°C ~ 80°C {non functional conditions) Addtional features

Voice and SMS

Interfaces TCP stack with IP protocols
30 pin board-to-board connector Minimal power consumption

Antenna connector : MCX type
RS-232 inteface
Handset audio interface

ANT CON

LE910-SKG

30PN

Telit
LTE Module

ANT CON

Convartor

MR-4200S Block Diagram

19 44. MR—4200S Block Diagram
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Ay AAE flste] A
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Wireless
‘Wireless Standard

Frequency Range
Output Power
Receive Sensitivity
Data Rates
Modulation Type

| Hardware
Interface
Temperature
Humidity
Serial

Supply Voltage
Power Consumption
Dimensicn

IEEE 802.11 bigin
2.412~2.477 GHz

18dBm@1Mbps. 16dBm@11n
~93dBM@11n MCSO, -75dBm&11n MCS7

-97dBm@1Mbps.
Max 72Mbps
OFDM. DSSS

MCS0, 14dBm@11ln MCST

UART (2.2% TTL level, no flow control)

SPL GPIC
LET PCB QrEILE

Operation: -40°C~85%C

Operation: 10% ~ 90%, Non-Condensing

UART : 115200bps (default)
SPI supported for high speed
DC 2.7W—~3.6V

Typ. 200mA@operation
16.4mm X 22mm X 2.3mm

connection

serial Command
Forma

Operation Mode
Protocol

WIFL Security
APT

server, DHCP client HTTP

WEP 64/128bit. WPA/WPAZ personal

TBD

1% 46. Wi—Fi Solution 2]¥ % Specification

Wi—Fi Solutiong JMPSYSTEMSjit2]
Specification< tha-3F 7t}

5y 12T L_;bbl‘"
s b ] RS VBATT HE B
B e R |
—& fictie e s 1A it
" — M- £T52 Hi TR (= paIzussATe ATS)
TE] 2i5s S# b = . PGS USAATE CTS)
HDSI564F —a0] I%.EmSETJHn Sha Bla. ok ~ 8 onowenma 0T
:ﬁg: 11Tl I i - PRI W DA DS
1 e s veus TIVE (2 i W OMAACTIVE)
_loze —— 18 ] GHD P e L T lenuawcoma POWER ON)
That Q01w —ei g .
P &l 20 DS D Hi—

PEQE(MOSGI)

JSN270
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3 LED 2 % oo 2
P =5 SR
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AR 1T UARTS R b =
L . L 2o TS0t UARTeax R
i = JSN270_IFBO_VA
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AR V_svs_uss
EE;‘ . l:{ LED GPio14
[ae—2% R6
BBy aw| o e o
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% 47. Wi—Fi Solution 3] 274
= « = =z = = = = 5
O Z2ejvt Ajkst “AAlsES] T, AF ol dEAY U FAAF FFAA AL
”» = = o =] - -
LT ol QoA o] dAFd T AFetA o ® Qlete], 1o A gkst of

#2] Wi—Fi Solutiong A&3HA =3t}

O #3% : Wi—Fi Module, TWMO1 ESP8266, Techdinejil

— 2utEZ7) 9] HolEEAl o] AP Mode®Z 2| ©Hlo]E F541S 918 Wi-Fi
2E AA/AZE $5te] Techdineib®] TWMO1 ESP8266<5 A €stsi o, ojef
<2l PIN Map? 3|24 AXEE o 2t

gHE A 24
1 RESET Reset / 3.3V / Pull-up
2 CH_PD 3.3V / Pull-up
3 GPIO2 General Port VO 2 (£ % VO ZE 2)/ 3.3V / Pull-up
4 GPIO0 General Port VO 0 (2% /O ZE Q)

T ES0 gHolEE - 0: SHOIE RE,1: 2Bt RE

5 GND Hel = gV
6 RxD L Yl = ]
7 TxD L Yal=9 (]
8 VCC e U 33y

19 48. PIN Map¥ 3274 A%
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| \ D-05

O 3= T4

— 2AunlE7]7] 919 dolEEAlY tEo] AP Mode® 2 HolE $5418 93 Wi—Fi
BE AAARE A% 2o AL tad 2k s dAPdEr]e] Addy
AAE Skl Ao 2E F7F itk o] AR 4> NPN Type
BJT9 P Channel MOSFET®? %oz A3+ 01, Enable/Disable A%+

Main AP2] PBO1 (57pin) oA &£ E= 3o}

O™ 49, AdY AA Aoz A
© Bluetooth T4 E&

O 3% : Bluetooth Module, BoT—CLE110, Chinsenjil:

— THAAMLL HolE F54 W Wi-Fi B4 B5 A9 AunlEY|7]9e] F4l
3t Bluetooth AR5 WAAEAE 9ste] Chipseniit® BoT—CLE110<
st o, tf2k4 el Specification?} Block Diagram< ta3} Zt}

Features
m 128KB memory: 64KB RANM and 64KB ROM

m Bluetooth® v4.0, Bluetooth® v4.1 specification

m 7.5dBm Bluetooth low energy maximum transmit output power
m -92.5cBm Bluetooth low energy receive sensitivity

m Support for Bluetooth v4.0, Bluetooth w41 specification host stack including ATT, GATT, SMP, L2CAP, GAP
m RSS| monitoring for proximity applications

®m Programmable general purpose PIO controller

m 10-bit ADC

m 11 digital PiOs

m 3 analogue AlOs

m UART

m Debug SPI

m 4 PWHN modules

m Wake-up interrupt and watchdog timer

m Competitive Size (17mm x 12Zmm x 2mm : 32Pin)

m Operating temperature range (MAX  -20C ™~ 707C)

Application
m 2.4-GHz Bluetooth low energy Systems

W Watch, Keyboard, Mouse, Remote Control
m Sport and Fitness sensors

m Health sensors

m Smart Home

m Mobile Phone Accessories

%9
2] €N
o

A

_41_




16M 32.768K

(Fie]
BPF
o o SPI
g~ UART
MCU
AL J CLK |
PEU Conies Plo
12C
Lo shPy 1.8V ~3.6V

12C EEPROM

1% 50. Bluetooth Module Block Diagram

O 3= 4
— TRAIA LY HolH %*’F Al Bl Wi=Fi 4l &5 A9 AnfEY]7]eke] F4ls 9
Bluetooth EARES YALAZS 93t 379 FAAL thS3 7o}, wsh

dA Gy dHr| o] Ay AAE fste] AdgAo |25 F7} 3t 9]
Aold = 4 & NPN Type BIT$ P Channel MOSFETS] *3%to =
T332, Enable/ Disable A&+ Main AP2] PBO05 (163pin) ol 4

. Rz iz'.f't-.li__:
L | -
A 12
L~ 011 —
1 | NDS356AP
L7 T VEE ha MMET3004 "
BUPRRIONT il hdryr
ST ot T
. WF| -
—. .-— — 1 -
BOT-C1LE11Q VLC VDD PADS =
= ) i .
= .LL-‘EL:_*. =
1T |
—[SP_PIO#
| g "“J'I Db Mide Low | P Mode
= D04/ JART OFF
P LR T[r-el:le Lorw | LBAT Dizatie
~— P00/ FACTORY FESET
¥ F'31" RAZ MeEhe BT QA A08C
QRg 1tes, T0kS, S5 wayE
(LEEARTI_RxFBE1 ] ?% !
(USARTI_THIFEN

[USaRETI_ |"|_\|] W —r e —
l'l_!':',.Q.F!T'-'"_;;'IS'[-'-E'.i.ﬁ =t ’ ) ’

1% 51. Bluetooth BAIEE WAAAA 32 +4
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@ D—-GPS 4 2 F&
O 3= : GPS Module, FGPMMOPAGH, Ascenjit

O 3= T4

— AATEY THFAF ole AR} FAAFY olF AR FHE 9% GPS Module®+=
Asceniit®] FGPMMOPAGHE A &35t o tf2k4 2l Specification?} Block Diagram--
= 2= BEdan

Highlights and Features

*

Built-in 15X15X2.5mm ceramic patch antenna on the top of module
# Ultra-High Sensitivity: -165dBm (w/o patch antenna), up to 45dB C/N of SVs in open sky

reception.

*

High Update Rate: up to 10HzMe=Y

*

12 multi-tone active interference canceller™*** [1SsCC 2011 Award -Section 26.5]
(http:/fissce.org/doc/2011/isscc2011.advanceprogrambooklet_abstracts.pdf )

High 1-PPS timing accuracy for Timing Applications (£ 10ns RMS jitter)

AGPS Suppart for Fast TTFF (EPQ in flash™ Enable 7 days/14 days)

EasY ™M=l Self Generated Orbit Prediction for instant positioning fix

AlwaysLocate™ ™= |ntalligent Algorithm (Advance Power Periodic Mode] for power saving
LOCUS (Embedded Logger Function)™=t=¥

Automatic antenna switching function

Antenna Advisor function

Ascen Firmware Customization Services

* ¢ ¢ ¢ 4 4 ¢ 4 9

Consumption current(@3.3V):
*  Acquisition: 25mA Typical
s Tracking: 20maA Typical

# E£911, RoHS, REACH compliant

System Block Diagram

Paktch Antenna
LA
Ex__AMNT 11
NPT 1 MeUT 2
14 RTCH
Antenna (Ackive]) =P Ps
| Deteck Circulit | BT | e A 3
L Over Current AN o MT Z330 15, 16,
o Protection Circuit Filter GPS Singla 17 .18, 20 (NG
e E Chi
MNMREST |2 "
VEBAC HKUP |4 S32. 7FB58kH=
s 5 Crystal
™= | = e
16e.S68MHE
Rx 143 TCEO
NC 6. 7
[3. 8. 12 .19

T (-

1% 52. FGPMMOPAGH Block Diagram
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@) 7he= L&

O % : Camera Module, 0OV2640, Omnivisionjil:

- ﬁxﬂ =9 T5H S ol TR} FAAFY olF AR FHE HEsH] F A
NEF= -.40}0% Omnivisionji: ] OV2640 7t¥gt2ES A&t 19 thehs
QlSpecification, Block Diagram, A& AFIS tha3 Zo] A7|sho),

—|—‘

l

B i
product features product specifications
o high 2¢ tivity | e light | st st g it W array sade: if N4 A B senitonty
B pOwer sy [ ] atio

® puoel sze
. -
8 power CONYum o dar ®
. » wll capac
o fed patte: 20
- 'y
o lens size 4" Bimage are
L] . ma mage fe e
A A 8 package dimen

°f TF-AF ole B FaarFe] olsAd 2 = 9% GPS Module
olgf e} #t}l. o] W GPS ModuleZ+ RTCM EEZ
= # ¥k GPS Solution®] Hlgle] & o Adstx
] 5 4 =S D-GPSE AYsth. e GPS Gy A o
HE Roas Q= Jl&/zlo]7 AAS 2 L3std) oo sk 3774
2 f&v} GPSZqib AN 7 AHPFGRy] B9z Qs =@
HE 98t 7% FHumelA SV
7HrE RS 1% ﬂﬂ‘:i ﬂ‘;iuk BE& AAFEE7] o] Adey HAE st
of ALAe FZE F7F sk o] A2 A4S NPN Type BITSF P
Channel MOSFET?] %3 o=z FA3}% 2w, Enable/ Disable A1+ Main APY
PB15(95pin) oA &8 =5 33t

Wi
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(GPS_PWR_ENABLE)PE15|
(GPS_3D_FIX)PE1Z]
(GPS_RESETIPHI

(UARTT_R>PFOg
(UART?_T:PFOT

Ell

HNRST
RESET
[2.3]

FDRON|—————————&

O 8z 74

- AAFEY F54F oA FAAFY o|5ARe FHIRE wAFE A
AP BYE 9% GnEe WP H2e TS et 2ok AAY
W] Wl AdY AAE dstel AdA H2E F7} stel, ANBGLS
A oFe Beke

[e)
Type BJTS} P Channel MOSFETS] Z*3gto=Z
F = Main AP9 PB05(163pin) oA g€y =

Y
ro,
o
0,
N
)
)
52
ki
Jhu
ol
32
1S
o
2
2
tote
l
1o
-
oX,
rlo
Z.
U
Z.

ol
38
£

DCMBUS
16 e
OV9EEE_CON v L
w2
23 3 DCMI_DO0A
o g ua DCMLDO
| B DCMLD0
. 5 DCML_DO
owCYF 1C°F - Wl LCML DA
u u
33y 28V 2 DCMI_DO5/|
4l Y T DCMDO
v 18 DCMLDO?
+3.3Y
12V ’
= 5 oo hi) e
OLEDPWR_CNT [o}
NDS356AP
At 1% poveo si0-cLq 22 * DCML_CNTO
2 & DCMILCNTO
co SI0DAT -3 e
I HREF o
0.10F il DCML_CNTD3/]
OLEDPWR_ETC [1] VSN 18 DCMI_CNTO4
— 5 prls i DCML_CNTO5
E iz
= — —H XCLK ———C_DEMLXCLK [3]
= - 5 RESET] W—M/—? c1a
—Ne W DCMLRESM 150F

a9 55, et R s AEAEA 3R A
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@) 71EE/Rol 2 A
O H3% ! Triaxial Acceleration Sensor, BMA250, BOSCHijik
— GPS WA oA AXARE BT 5 IEF BOSCHiES] BMA250 7h&5/}0]

2 AAE Y o o]9 tf2kA Q] Specificatione U £t}

Key features

. Ultra-Small package LGA package (12 pins), footprint 2mm x 2mm,
height 0.95mm

. Digital interface SPI (4-wire, 3-wire), 12C, 2 interrupt pins
Vopio voltage range: 1.2V to 3.6V

. Programmable functionality Acceleration ranges +2g/+4g/+8g/+16g
Low-pass filter bandwidths 1kHz - <8Hz

. On-chip interrupt controller Motion-triggered interrupt-signal generation for
- new data

- any-motion (slope) detection

- tap sensing (single tap / double tap)

- orientation recognition

- flat detection

- low-g/high-g detection

Stand-alone capability (no microcontroller needed)

. Ultra-low power ASIC Low current consumption, short wake-up time,
Advanced features for system power management
. RoHS compliant, halogen-free

Typical applications

. Display profile switching

. Menu scrolling, tap / double tap sensing
. Gaming

. Pedometer / step counting

. Free-fall detection

. E-compass tilt compensation

. Drop detection for warranty logging

. Advanced system power management for mobile applications

O 3=z 4
— GPS W3AeA RS BAT 5 Qi A&/AolZ AN H2THE o
&7 e

+3.3V

DNI R5
DM?O U5
ACC.SCL [1.2]
119 DOMI_XCLK . Pse Voo
(1263 _SCLIPADS| —-= >3 D—075%DT1A YODIO
(12C3_SDAIPHOE| = ACC_SDA [1,2] VODIO
(ACCELINT1PGO2| 50 | ® T2
(ACCEL_INT2)PGO3

C25

GND DNC

10
1 0. 1uF
B GND GND
GND

1% 56. 7HE/ Aol = Al 9 32
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#» Micro SDHC €%

O H3% : Micro SDHC Slot, MSDC—M61408, Chipsenijit:

— Micro SDHC MemoryE 4518 4 A= Slotd Wig AA/AZS 915k
Chipseniit?] MSDC-M61408 Micro SDHC Slotg A=kl on, 2kl
Specification= tha-3F 7t}

Specification

*Electrical Characteristics:

Contact Current Rating:0.5 Amperes.

Dielectric Withstonding Veltoge:ACS00V r.m.s.

Insulation Resistonce:1000 MO Minimum.

Contact Resistance:40 m{)} Maximum.
*Erviranmental:

Cpercling Temperoture:=25"C~490°C.
*Environmental:

Mcting Cyeles:5,000 Insertions.

*Mechanical Chorocteristics:

Card Push Insertion/Out Force:0.7~1.20kgf.
Contoct Sepaoration Force:0.20kgf Minimum.
*Material:

insulator:HI—-Temp Plastic UL 94V-0 Roted.

Cantact:Copper Alloy{(t=0.15mm).

Shell:Stainless Steel{t=0.15mm).

Spring:SWP.

O 3= T4
— MSDC-M61408 Micro SDHC Slote] W AA/AZe $3t 329 742 v

3 o),

g

B3N

0k a
10k
10k
ok
Ok
Ok

+
c20
0. 1uF
u4-B8

CON9

0o R o b e
I
R2g
R29
R64,
RE5,
R6
R6

g VoD
1q | GND 117
10 G SDIO_DO0 T |PCORISDIO_DOO)
1 aio SDIO_DO1 T35 |PCOSiEDIo_ Do)
12 cap SDIO_ D02 3o [Po10(sDIc Do)
13 cwp SDIO_DO3 T |PC11sDIo_Dos)
14 G SDIO_CLK T |Poi2Ebio oLk
GND SDIO_CMD PDO2(SDIC_CMD}
GND

‘\}
-

[1ISD_DETECT

219 57. Micro SDHC Slot W& AA/A 2 93t 32 +4
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eh A 4 A USB £ E

O 3% : USB Port for Charging and Communication, USB—103, HLW il

— Wi—Fi && Bluetooth 34l =% Alo ~ntEY]7]¢} USB to Serial &A1& 317
U, AntEV|IZE AT § 9l USB XES U AA/AZS] $lste] HLWIL
°] USB-103< USB Connector® || &3}l th

O 3= 74

— Wi—Fi & Bluetooth 4l &% Alol ~vtEZ]7]8} USB to Serial 41 1A
U, AntEZ7]E 243 £ Qe USB TEZ Ui AA/ARE7] 938 3z +
e tS3 #t} Power Distribution Analog Switch?! TLit2] TPS2105_DBV
= USB ¥EQ d¥ Netoll YAAALE weld USB to Serial A4S & Ao
TPS2105_DBVE 4% Output Pin®® OTG_VBUSS 4157} USB-103¢ A
Ao Q7tEo] Wired &4lo] 7Fsstes &tlal, 9F AnEVIZ|E FAE Al
o= TPS2105_DBVE 4¥M Output Pin©C.& +5V7} Q17}E o] ZHo] 7158 E=
Akl o

+B5V

TPSZ2106_ DBV
Uil
4 1IN 3

ouT

. oTa_vRBUS [1]
OTGEN [1][>———EN [ e I

'}
= L
= u4-c

R
T K s PATOOTG D]

TEZ
103 |PAT WOTG D)

PA12(0TG_D+)
[B=—=
s

CONZ
WCC

(DMID—
(DPID+

L
Q=do (W s | =

a9 58. USB XE U AA/AZ 32 4
@ A3 438 OLED

O 3 : 1.3inch OLED Module, Wavesharejil:
— dAFEL7])9 StatusE YERNZ] 9% Display F¥2 2= SH1106 Driver
Chipset®] ©A1¥ Wavesharejit 1.3inch OLED ModuleE j&1s}th. tf2k4 <l

Specification®} A& A& tp23 7o)

_48_




O

@b

O

Driver Chip

Interface

Resolution

Display Size 131

Colors Bl

Visible Angle 180

Dimension 40 5037 S0mm
Operating Temp, () AT

Storage Temp, ('0) 40840

19 59. OLED Module

3= 4
AdA P 7] G279 StatusE LER 7] 9% Display =29 7L v &
o}, T3t Camera Module®} Main PCBZFY] Interface 9o = MOLEXiY

FPC Connector?l 52893—2495% zj&l&}<ic).

CON7
1—wﬂvmmhmmc-—memmhmmd-—mimiw u"}tﬂf“ﬂ-ﬂ:'fmil:';
o et ot L S g P et o |V ¥ (V] o Y o aE ¥ ]
- oT: | =it |
e 3 9 =<
Q| & Q0 |
. A |
B3V 55 EE
- = | BT
ol T eee
.' .' - T !
[ap) |
= |
l:i'-‘\'|: .U. —1 1 L1}
L] LEm] addni )
= 2 £
35 eE8 g

19 60. 52893-2495 FPC Connector
Zigbee Module

F-% 1 Zigbee Module, RP—=M2470BWR, Radiopulsejil

AAHFGL7| oA FE Z=71E= 2L Aokl AAld] ol AtEE= RE
Solution?! Zigbee EA1S 23to] Radiopulseiit®] RP—M2470BWRZ A|E5+9)
o, thkA4 el Specifications tH23 2t}
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RF Transceiver
W Single-chip 2.4 ~ 2 4835GHz RF Transceiver
MW Low Power Consumption
W High Sensitivity of -94dBm at 250Kbps
B No Extenal T/R Switch or Filter Meeded
W On-chip VCO, LNA, and PA
W Programmable Qutput Power up to +9 6dBm
W Direct Sequence Spread Spectrum
W O-QPSK Modulation

B Scalable Data Rate Including 250Kbps Specified in IEEER02.15.4: 31.25Kbps ~
TMbps
MW RSS! Measurement

B Comphant to IEEE 802 15.4
Hardwired MAC
W Two 256-byte Circular FIFOs
H FIFO Management
W AES Encryption/Decryption engine(128bit)

W CRC-16 computation and check
8051-Compatible MCU
W 5051 compaliblel Sinale Cycle Execution)

6dKB embedded flash memory

6KB data memory

128-byte CPU Dedicated memory

1KB Boeet ROM

Dual DPTR support

I2S/PCM interface with two 256-byte FIFOs
p-law/a-law/ADPCM voice Encoder/ Decoder
Two high-speed UARTSs with two 16-byte FIFOs{up to 1Mbps)
Four timer/counters

5 PWM Channels

Watchdog timer

4-Channel 12-bit ADC(ENOB = 10-bit)
SP1 Master/Slave Interface with two 16-byte FIFO
12C Master/Slave with 168-byte FIFO
Programmabile IR(Infra-Red) modulator
15P({Iln System Programming)
External clock output funcion{500KHz, 1/2/4/8M6/32MHz Selactable)
Cleck Inputs
B 32MHz crystal for system clock
Power
W 1.8V (Core)2 0-3 6V{I/O) oparation
H Power management scheme with desp sleep mode
W Separate on-chip regulators for analog and digital circuitry
B Power supply range for intemal regulator(2 av(Min) - 3.6Vvi(Max))
Package
H SMD Type-48Pin(15.0x18.0x2. 0{mm))

O 3= 74
— dAFEET]oA T FrlE = S Ad|eke] AAle] glofA
Solution?! Zigbee FA1S& fet =9 F4H2 v 2o mdt

Gd71e] Adeg AAE fste] A 3|25 F7) st o
2 NPN Type BJT2 P Channel MOSFETZY9]
Enable/Disable A&+ Main AP% PGO7(111lpin)°lA &8 ¥H =5
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19 61. Zigbee BAIS 93+ 3|7 A

(2) AFDL7Ig £AvtE 779 A% AL

OdAlgEEY] Te7]l= Ul Wi-Fi SAEE

S UFselor, Wi-Fi %
FH AvE 77171 o 3
[e)

Accesspoint 7 J a0 W 4
A MEAAS HAselt dAZEE7I= 54 TES F8 AvtEZ|ZY i
FAlshe, dAFgawre] R (Device ID, WCDMA W&, FARE H&HHR
MAC AR5) 9 dAgardr|e] Aggr(deoly dFF7], GPS A%, bt
2YF71, Hol” AR 7] §) T8 FRE n@dy JdAFEE|e AP n=
= 2
=

ofr 1
o
e
ofo
%

N

An

=
5
=

o
gEel s 4™, = 2 ¢ Uk °

S8t 2

8 o
iR

UM|E ST

% 62, dAgEETIe AvkE 717 Wi-Fi 9%
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USB cable

p——— -

1% 63, dAgREr|er AvtE 7)7] USB &
B) FF F7H2 + A= VA Bk AAE AT A Ho|x AT

D RS—232 Interface
O &% FAbAg AA dF F8 Al F7F AFE e AAsH

1o
ok
[N
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% Qg Hlo] oAl RS—232 §4ls 13 Interface 3|29 742 U3t 2T
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% 64. RS—232 BAIS 93 Interface 3] & T4
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@ RS—485 Interface
O BF FWAY AA ¥ A A F7h AFe gl AAS) 9% 29 TA I

A olEH o] Ao A RS—485 & £ %t Interface 329 TS v @)
CD“:n —11] RESETEEEE S
EHD JI " FEER
?—s_’i F Il ¢ ;3[ Ve
= == E %EE
TH et e
' ; "'
“;ITT“Itr;E%—H-\JD i 1
19 65. RS—485 B41& 9%t Interface 32 T4
@@ TTL-Level Interface
O BF FAAF AA QY A A 27 Awg Aulg AA] 9% 28 74
2 Qg H o] ~oA] TTL-Level TAS $3 Interface 329 +42 tha3 2t}
AW
i b
D:Ml.
W7
;Er E
4 !
Cong
it H— B T4
GND | i Ti44
'Eg*: i?sv ’V
.Gggt — - +——2 eyl /e
] r e — — . palil/mon
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rrH"-C
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718 66. TTL-Level B4 I3t Interface 3= T4




D-05

@ Bluetooth Interface

O &% FAAF AAl 5 A8 Al F7F A Aulsp AAe] fe &% FA
} QlElF o] Aol & b33 Lt} Bluetooth= AFE3HA ¢F& 7% Bluetooth
| Ao 325 F7F dto], Bluetooth® AREsHA o= &k xgo] Q7Y
T2 &3t o] Alojs 2] $42 NPN Type BJIT® P Channel MOSFET
o7 F443t31 © ™, Enable/Disable A%+ Main AP(RP—M2470BWR) 9]
P3(27pin) o4 2 EH =5 &3l

o
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H
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DEBLUG MO SLP 00T —n— <
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19 67. Bluetooth A& 93t Interface 3|2 T4

(2) H4 wAR AFe] AAFRDY] TY WL AT

O FAWANE EWAF 145 F93% M4 T4 AF F 24 53 24 7 2
Fol distol YAFLL/) (G THE AL BAES ANFROM A4
o ol¥AR AXNYRY FF WIYR, ANEY YRE LA S v 280}
o AWz dsekel DBel FEskel 44 HUER T Data® vla - B4 S
 bEEL SN W G ATAY 1Y (13E o) Bam A4
- el A U (1E E)

(3) dAFDL7Y FA FAVE AT

O A A3t Ay LTE/WCDMA F4 2eS A Fddd7|o] Jgste] Hxe] 9
5 AClEdo]ld =g o] A3 GPS YAFE, AER ouA], AL, VR
FEl 59 HolEHE AHAIARSR HE Vhestes dAFELr)e FA FAlVE
= /Ndsialh =3, TEAA 9 dAG L] F 7] 7] 9= Bluetooth, Zigbee &
o] FAFAE Sl dAFEDLY] A A9 BRS AolE HAE Fola, 4 A
& Adke] ost T4l EFE AL 7 UA=F NEHS
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(4) 4AFSL7|Y 74 T AL

O Step Down DC/DC Buck Converter?! TIilte] LM2576S—5.0/NOPB9] Simulation
A= vy 2k

12v 23.5v

0.30 0.89 1.50 210 269
Qutput Current (A}

19 68. LM2576S—5.0/NOPB2] Simulation 2 %}

O Step Down DC/DC Buck Converter?! TILike] LM2576S—5.0/NOPB9] Simulation
AZ v o2 g AA Efficiency 574 A= ths3 2},

—

- .

4

1. Condition

1-a Board 1 20160217 a Integrated system v1.0 Final
1-b Source D empty
1-c Test Condition el el 12V, 24V ZE2F /A= Fis ool Wout @ 5V, RL : 270mA
2. Vin - 12V 213 4|
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Therefore, the magnitudes of the acceleration vectors are calculated as follows:

acc_x = 1g-sind - cosg
acc_y = —-1g-sind-sing
acc_z = 1g-cosb

- acc_yfacc_x = —tang
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2L 2.5 A N REA 23

C =7t iE 24

(1) 24 H2E 3

DMWY ESY

=2
X
£




1 2
ssdn | =7 s =7 s =37 as | & usw
A - 0.6 aV - 0.6 al - 0.6 aV - 0.6 al - 0.6 aV - 0.6 mV 0.0 aV
B - 1.2 ¥ -12 ¥ 01 a¥f
c - .9 aV -39 m - 3.9 a 0.9 nV - .9 aV 0.9 aV 0.0 av
D - 1.6 nV - 1.6 nV - 1.6 nV - 1.6 nV - 1.6 nV - 16 nV 0.0 oV
E - 1.6V - 1.6 aV - 1.6V - 1.6 aV - 1.6V - 1.6 oV 00 sV
F - 0.2 ¥ - 0.2 a¥ - 0.2 ¥ - 0.2 a¥ - 0.2 ¥ - 032 m¥ 0.0 af
G - 2.2 aV - 2.2 oV - 2.2 aV - 2.2 oV - 2.2 aV - 22 af .0 aVf

H| 3 A B c 8] E F

=== 36D kg X 220 kg 340 kg X 220 kg

EEFEEZ1 340 kg X 220 kg X 220 kg
200 kg

EEFZE T 2 340 kg X 200 kg - X 220 kg
400 kg

S E T3 26D kg X 200 kg X 200 kg

25 = 720 kg X E X 180 kg
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3) 02 2E 35

1) ZEEY 0t2H EE25 0|20t 1000 kg ZHEY M
=» 290 : £ 10 kg
= Op2E =Y
" 1005 kg "1002kg" 1002 kg

= | o2g | ¥ | @Iz | o2H | =Y

0 ko 0 kg 0 kg 0 kg O kg 'I'_'I-H4

233 kg | 255 ky | 219 kg | -22 kg 0 kgl -36 k4

405 kg | 418 ko | 383 kg | -13 ch| 0 kg| -35 h4

595 kg | 823 kg | 587 kg -28 Rg| L |='.5| -36 Rd

780 kn | 805 ko | 777 w | -25 kg 0 kgl =28 k

1247 kg| 1200 kg| 1229 kg A7 kg 0 kgl 29 k
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3, Test JIG 2EA % HAE

HAE2 ZES MY gAE 2o
H~E 2=Z 59
PiZ2 =4 | =~E 05| |[H=E 15| |g|=E 25| |f|~E 35| |H|=E 45| |H|=E 55| [=|=-=|C}

0 kg 0 kg 0 kg 0 kg O kg 0 kg 0 kg 0 kg
200 kg 169 kg 159 kg 158 kg 158 kg 157 kg 152 kg 7 ka
400 kg 369 ko 358 ko 359 kg 361 kg 356 kg 357 kq 5 kg
6040 kg 576 kg 563 kg 556 kg 564 kg 561 kg 560 kg S kg
B0 kg 789 kg Tl kg 7D kg 777 kg 773 kg T69 kg B kg
10040 kg 1001 kg 528 ko 525 kg S22 kg 591 kg 59259 ko 12 kg

Hj=<E § a4

Loz kg

200 kg

3-7) EP=E HAE

- 2801000 kg SIEE FHE = A7

:- i ;_lﬂ !

= 2y =3 =9

ME |7 EEY| HAEL| HAE2 | 1WA | 2 WA
1>32 1008 kg 1018 kg 1016 kg 13 kg 2 kg
1:32 450 kg 741 ko 672 ko 251 kg 182 kg
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STAELE

ZERO

- Athgt S

- 0.12820 mv/v

H3h gt

0.03082

0.1541

0.15 mv BHg} gk

H3l=0| &2

2Eczc AND Xto| =2
2240t 16.75 t 5.65 t
21.20t 15.60 t 5.60 t
20.00t 14.60 t 5.40 t
18.00 t 12,50 t 5.50 t
17.00 t 10.75 t 6.25 t
16.00 t 7.68 t 832t
15.20 t 7.44 t 7.76 t
15.00 t 7.36 7.64 t
15.10 t 7.42 t 7.68 t
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O AR A} (AFREY AEE HE F5AE)
— ol8 et : DC 7.5V~12V / 1A o)A

O A/DH AtF (AFEH)

— 4= S ¢ -35mV ~ 35mV

- ¥ E L 0.24/d

- 224 17FAS 1 DC 5V

- FHd 2=4 75 270 (350Q)

— A/DWH3F W] ¢ Delta Sigma 24Bit
— XAESls 0 1/40,000

O RS-232C &AIF (HMEZE ®E)

— ZAluka] 1 RS-232C

— Baud Rate : 9600bps

— Data Bit : 8Bit

— Parity Bit : None

— Stop Bit : 1Bit

O RS—485 BAIF (AZFRETN AEE BHE F5AH)
— 21" 1 RS—-485 Modbus

— Baud Rate : 2400bps

— Data Bit @ 7Bit

— Parity Bit : Even

— Stop Bit : 1Bit

Q=7|7]

HAR
Hos 8.8.8.8.8.8
kg
|
=13 =
AZ=aE RS-232C
HEZHLC
]
AREE
RS-485 Modbus
' A28
7:||F—c',kE-§ IN : DC 24V
OUT : DC 12V
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w

508 kg | 499 kg

494 ke | 521 ke | 534 ke | 524 ke | 492 ke | 478 ke | 481 ke | 90

493 kg | 503 kg

500 kg | 493 kg | 497 kg | 508 kg | 504 kg | 488 kg | 488 kg + 10

Sol A BASE 24 ) FoEA 2 A By ex WUt A
. (AFo]= 20kg)
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RO
2SS =3 LA, e =8 QXL
O kg 0 kg O kg O kg 0 kg 0 kg
300 kg 280 kg —20 kg 300 kg 292 kg -8 kg
500 kg 508 kg 8 kg 8 = 500 kg 503 kg 3 ke
800 kg 859 kg 59 kg 800 kg 799 kg -1 kg
1000 kg 1023 kg 23 kg 1000 kg 1001 kg 1 kg
0 ke 0 ke O kg 0 ke 0 ke 0 kg

1395 S8 AA 52 0014 300kg, 500kg, 800kg, 1,000kgelA] thA] 0C2
A
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TZF 54 HoleE 7|Este =24 d, =4 & vluste] BE A A
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o, A SAe tid oA g =9 7 Uk

(3) FFAAL A W3 HAE
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| D-05

4. A% FAY ST ol BYRE B AR A
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(1) "oy +3

O HlolH 2 fFAMAIFE GPSeF 7124<) A3 e Fa 2xke} 7FAA a4
QA AFTS gkt Anl= I3 1799 AHlE &&ste] dHolHE TS
d. ¥ ¥l USB GPS9 Data Logger 71%5S 3 °]'5% GPS Receivero]™
70x44x20 Size® FuU& AX A7]Z2 30A7F AEHANEC] 7hs35tT).

O 3 250,000 EJEQ YXAHR AFo] 74sshH, USB A7 AR Aol
7}s3Fa Hand Held PC, Note Book Computer, Industrial PC, Equipment®} &

HS’L'

S

%O] 7Ve skt

, BIGAAY, S1A AR, B

HIDIEd 23 H=a)

a9 179, 2 52 GPSALA

, dl°elH

o K

o ¥ NE Al fuk owa £5Y glol 2ol 29L& WYY
91 Aste] Tz AA}Y

gste] dolel T Sxshalr

4 thIEﬁMA BeIE 919 GPSE WA A BE Aol BUA 44

A
gty 22 A A9S 713 HolHE s Ah

(2) "Holg 3 A%

0 1A A4 ABARL AL £ A= 2vfe] GPSE Aol Hlo]
H 29 HAEZ 4GSt FHHoR Ak Adea dME SHoA i Aago)
% el Azt dEhbeA Selstand stgow eow dukd 3o
GPSE AAste] ekt HAX g} FUAE Agste] A ol EIAS Aol
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(3) ©lolE 4
@h GPSH|°o|H 21

O GPSA|ZA A A F8t= GPSEE Bl7 X2 I3WS dolg] &7 &8319a, =
238 dolE ZA4E PCO USBXEEce| d43la dolg 2742 A9xE =
HEZ AgstA HW AEo = d4ste] GPSEHS =el oA Hrh

O th5o® % 1813 #o] EY ZAE e =1 ¥ do]H7F A= map?l
xdstuAsts EYS AP HW o] s 1 AR

U-\I;'“AI:"r —-—E J\Ij" | FH Hel
/| Track2008/09/30_14:44 2008-09-30 2= 2:44:57 2008-09-30 2= 2:48:1° 23m
| Track=008/09/30_20:50 2008-09-30 2= 2:50:4: 2008-09-30 2= 10:03:( 8.0 km
Track2008/10/01_08:20 2008-10-01 27 §:20:2¢ 2008-10-01 27 9:34:3¢ 31.1 km
[/ Track2008/10/29_17:19 2003-10-20 = 5:10:1f 2008-10-20 2= 625148 3.2 km
VI Track2008/11/04_1%:26 2008-11-04 2= 1:26:47 2008-11-04 2= 14720 2.9 km
| Track=008/11/05_10:28  2008-11-05 27 10:28:: 2008-11-05 27 10:28:- 11m

Trackz008/11/13_15:49 2008-11-13 2= 314908 20028-11-13 2= 8:00;3 5.5 km

2= =
2 HMES FEA HHY EEH S o] A olgsle Ao] AlZAAow AT

LS O A
SR

Trk200 11113 194 ] B

Track STOE R,
SO0 2

20050950 2/ 24811
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O 1% 207 Spatial statistics tool®llA] Measuring geographic distribution™*
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O Step 1.2 Excels & #xx%e dHolHE €& FE35k9 GISel 43 =
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O Step 2.°14 CSVEAAE Export dataz WA 2H9S 133t

O Step 3.+ A7 WAE FYS Spatial statistics tooleA] Measuring
geographic distribution® #-83}9] Directional distribution® F&3h= ¥4 o|t}.

O Step 4.9} %] Directional distribution®] mapell %7 = A2 &l & 4 gt}

O Step 5+ 3" Hlo]E 9] Tables ¥o] FLAHE I3}

O &&= : Center X, Center Y, XstdDist, YstdDist, Rotation [ 571 &5 ]

O 9 2079 Directional distributioni= H°]E 9] A& & Yed= A 22 &8
7}&3stth. Directional distribution | HolE 2] A3 HEFS Yehdl= AL

2 olzids YetdE AxE &8stz st

O 9] Spatial statistics tool2 th=9] 4243 &g uwErc),

O The Directional Distributional Trend tool creates a new feature class
containing an elliptical polygon centered on the mean center for all
features (or for all cases when a case field is provided). The attribute
values for these output ellipse polygons include two standard distances
(long and short axes), the orientation of the ellipse, and the case field, if
specified. You can also specify the number of standard deviations to
represent (1, 2, or 3). With features normally distributed around the mean
center, one standard deviation (the default value) will cover approximately

68 percent of all input feature centroids.

Calculations

The Standard Deviational Ellipse is given as;

_ 2 (a: — X))z
SDFE, — e=21 (1)
N e
_ L g (.!_b - ?}3
SDE, = =
! N 2
where a; and o are the coordinates for feature ¢, { X, ¥ } represents the
Mean Center for the features. and a2 is eqgual to the total mamber of featuares.
The angle of rotation is ealculated as
A+ B
tan & — — (2)
L &y
I "o
A = > wxEy — > 1 ,)
i— i—1
" z =
B = |(E®2— 3 92) +a (3 =9:)
N \i=1 i—1 i—1
e
= 2 3 &k

where o, and @ are the deviations of the sg-coordinates from the MNMean

19 205. Semi circle formula
O The mean center is the average x— and y-—coordinate of all the features
in the study area. It's useful for tracking changes in the distribution or for

comparing the distributions of different types of features.

- 182 -




The Mean Center is given as:

1 1L

E L; 3 i

iy

Ly )
n n

where 2; and y; are the coordinates for feature 1, and n is equal to the total number of features,

The Weighted Mean Center extends to the following:
£ H

T w;xr; Y Wy,
\/ :—1

where w; is the weight at feature 2

I3 206. Mean center formula
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ke

8. At S 97-9788 A deoly A

Car number month Long. Lat. Rotation XStdDist Y StdDist
Janually 126.3393 33.38499 62.955451 2.3121164 14.5198
February 126.3402 33.38883 64.623305 2.7812188 13.59907
March 126.2971 33.33899 62.862444 2.660548 11.26302
April 126.384 33.30036 65.375637 0.3379675 0.774008
May 126.2646 33.33184 63.978477 1.4136526 5.829828
June 126.2456 33.32328 67.017855 1.7482806 6.163232
July 126.2201 33.31245 70.062843 2.3698914 9.459862
e August 126.2356 33.3183 82.278277 1.8771891 7.566977
September 126.2484 33.32594 69.144815 2.0157825 8.783148
October 126.2389 33.31556 62.345952 1.619706 8.639211
November N/A N/A N/A N/A N/A
December N/A N/A N/A N/A N/A
Mean 126.3393 33.3341 67.0645 1.91364 8.65982
SD. 0.05568 0.02981 5.96211 0.70991 3.99708
E 9. AFHE 97-9002 A3 doly Az
Car number month Long. Lat. Rotation XStdDist Y StdDist
Janually 126.3223 33.385279 74.845661 2.326588 7.8393770
February 126.3104 33.382531 75.594869 2.1375666 6.2861290
March 126.316 33.383439 74.948538 2.2348603 6.534484
April 126.3109 33.382392 73.314481 2.2752694 5.5208040
May 126.3041 33.380328 72.490401 1.9537773 5.6896765
June 126.3158 33.38362 71.864321 2.0799028 7.2078586
July 126.3041 33.379686 71.01508 2.1189762 5.5043287
974 9002
August 126.3058 33.377923 83.907715 2.1855455 4.9913661
September N/A N/A N/A N/A N/A
October N/A N/A N/A N/A N/A
November N/A N/A N/A N/A N/A
December N/A N/A N/A N/A N/A
Mean 126.311 33.3819 747476 2.16406 6.16406
S.D. 0.00653 0.00241 4.03678 0.1185 0.96281
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¥ 10. AFHE 97-9158 Addloly Ay}
Car . . .
number month Long. Lat. Rotation | XStdDist | YStdDist
Janually 126.857 33.50023 129.0007 0.7669948 0.48914
February 126.8563 33.4999 32.9564477 0.5437982 0.827664
March 126.8559 33.50089 99.899576 0.44528 0.362458
April 126.8539 33.50048 59.114041 0.3324015 1.644419
May 126.8547 33.49865 34.090368 0.4969324 1.637962
June 126.8505 33.50532 142.54832 2.7570624 0.767106
977 9158 July 126.7293 33.45607 69.427836 5.2933773 34.84483
August 126.7565 33.40197 46.306184 29077897 20.56515
September 126.8276 33.49635 108.77506 3.0700320 3.522053
October 126.8452 33.48359 30.487104 0.3328468 3.059519
November N/A N/A N/A N/A N/A
December N/A N/A N/A N/A N/A
Mean 126.829 33.4843 75.2606 2.19465 6.77203
S.D. 0.04649 0.03232 41.8573 2.63707 11.582
¥ 11, A S 97-9121 A dolg A}
Car . . .
number month Long. Lat. Rotation | XStdDist | YStdDist
Janually 126.4459 33.292398 83.34789%4 2.5093754 4.0291160
February 126.4374 33.280384 50.885695 2.4069610 4.5430805
March 126.4439 33.293852 65.060757 2.0807934 3.0282379
April 126.4478 33.298368 90.177901 3.2120272 1.3790321
May 126.4423 33.295618 66.226119 1.1971352 3.0467170
June 126.4529 33.297542 92.303027 2.7924622 1.2631480
97 9121 July 126.4573 33.294342 91.209346 3.4725160 1.5199632
August 126.4539 33.290474 78.250209 2.3813574 3.6815750
September 126.4547 33.298752 30.747367 2.958329 5.2003138
October 126.4494 33.297595 67.556317 1.8054990 1.4767711
November N/A N/A N/A N/A N/A
December N/A N/A N/A N/A N/A
Mean 126.449 33.2939 71.5765 2.48165 2.9168
S.D. 0.00628 0.00548 19.7948 0.67687 1.44664
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® 12, AFH s 97-9159 Addely A

Car month Long. Lat. Rotation | XStdDist | YStdDist
number
Janually 126.8279 33.49095 48.149056 3.1834180 5.622217
February 126.8336 33.50807 99.586128 45466427 3.696715
March 126.8236 33.48895 65.182744 2.9374008 6.504762
April 126.8358 33.49032 73.256318 3.0383680 5.421061
May 126.8219 33.50057 88.932662 3.0014098 9.611703
June 126.8441 33.49861 81.731276 2.6815874 3.087015
975 9159 July 126.8311 33.48872 71.497453 3.2344026 6.817014
August 126.8431 33.49429 92.253833 5.2056571 2.908903
September 126.8366 33.49685 91.163614 5.8284925 1.683826
October 126.8294 33.48836 59.919254 0.8808751 5.655724
November N/A N/A N/A N/A N/A
December N/A N/A N/A N/A N/A
Mean 126.833 33.4946 77.1672 3.45383 5.10089
S.D. 0.00745 0.00646 16.3842 1.40964 2.3203
¥ 13, APAE 97-9157 A¥uoly A7
Car . . .
month Long. Lat. Rotation | XStdDist | YStdDist
number
Janually 126.8442 33.493297 73.040976 0.9249578 5.622217
February 126.838 33.486676 | 54.978074 | 0.8747525 3.696715
March 126.785 33.476365 80.006635 2.3907083 6.504762
April 126.7746 33.476128 | 83.915584 | 2.9926155 5.421061
May 126.7905 33.477994 76.287503 2.7804396 9.611703
June 126.8043 33.471266 | 62.121359 | 0.7950474 3.087015
.- July 126.7947 33.471574 71.682507 3.0984808 6.817014
I 9T August 126.8332 33.489969 | 73.050204 | 2.0663218 2.908903
September 126.7973 33.468877 64.971682 2.3478501 1.683826
October 126.8081 33471154 | 58.667552 | 0.8049549 5.655724
November N/A N/A N/A N/A N/A
December N/A N/A N/A N/A N/A
Mean 126.807 33.4783 69.8722 1.90761 5.10089
S.D. 0.02378 0.00866 9.4043 0.96007 2.3203
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3 14, 2AFH 3 97-9098 AFdlolE A

Car month Long. Lat. Rotation | XStdDist | YStdDist
number
Janually 126.3197 33.35449 57.493102 2.9183651 6.053025
February 126.3736 33.39055 59.443761 | 2.1264346 15.0557
March 126.3211 33.35853 76.011501 2.8545787 5.358945
April 126.3446 33.3719 63.070903 | 1.9300661 9.012022
May 126.3307 33.36158 64.514084 2.049401 6.505875
June 126.3532 33.37253 59.783913 | 2.1645060 9.451959
July 126.3764 33.38653 64.247131 2.3701141 14.23215
97+ 9098
August 126.3396 33.37238 63.747369 | 2.1458043 9.740723
September 126.3267 33.36161 74.566456 2.1534854 3.909002
October 126.3218 33.35737 98.693768 | 3.0718754 1.680041
November | 126.3093 33.36291 128.04853 | 2.5171678 1.379032
December | 126.3149 33.35862 60.225538 0.776457 2.11508
Mean 126.336 33.3674 72.4872 2.25652 7.04113
S.D. 0.02214 0.01161 20.8758 0.5977 459147
E 15, A=A F 97-9008 A HolE Ay
Car . . )
month Long. Lat. Rotation | XStdDist | YStdDist
number
Janually 126.3371 33.358413 57.592173 2.6760214 7.1585439
February 126.3492 33.37481 62.330124 | 2.2639148 | 9.3303971
March 126.3383 33.364795 63.453283 2.7854490 7.7342909
April 126.3342 33.35726 58.565966 | 2.2878486 | 6.5540763
May 126.3277 33.357426 70.129214 2.5608052 4.6650872
June 126.338 33.370931 | 64.746376 | 2.4334552 | 8.2259914
.- July 126.3492 33.370865 64.46591 2.0911462 8.8826680
v 9008 August 126.317 33.364279 | 74.497718 | 2.4344570 | 4.9260213
September N/A N/A N/A N/A N/A
October 126.3369 33.356477 | 46.505129 | 2.2799449 | 2.2799449
November | 126.3292 33.361499 | 71.100688 1.622489 7.0545710
December | 126.3293 33.34878 142.26422 4.3199952 2.9092368
Mean 126.335 33.3623 70.5137 2.52323 6.33826
S.D. 0.00935 0.00772 24.9746 0.67214 2.34934
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® 16, AFHE 97-9926 AP deoly A

Car month Long. Lat. Rotation | XStdDist | YStdDist
number
Janually 126.6185 33.52298 87.144475 0.2161834 3.577268
February 126.5937 33.52188 164.24368 | 0.0134697 0.0059
March 126.6296 33.52389 86.871155 0.1312462 3.044602
April 126.6404 33.52441 99.487958 | 0.2272041 0.103194
May 126.6392 33.52423 85.826361 0.1157728 0.95379
June 126.6407 33.52451 87.06462 0.0232658 0.357337
- July 126.6516 33.52077 104.90811 4.461149 0.364684
TR0 August 126.6405 33.52433 93.593348 | 0.1763308 0.068573
September 126.6405 33.52433 93.593348 0.1763308 0.068573
October 126.5827 33.49895 65.277892 | 1.3092345 17.21775
November N/A N/A N/A N/A N/A
December N/A N/A N/A N/A N/A
Mean 126.628 33.521 96.8011 0.68502 257617
S.D. 0.02268 0.00768 259119 1.37902 5.30557
¥ 17. 2AH S 97-9819 A dolg A}
Car . . .
month Long. Lat. Rotation | XStdDist | YStdDist
number
Janually 126.2978 33.319247 70.923971 5.8952845 6.8856986
February 126.2996 33.326825 | 90.493502 | 6.6492549 | 5.4665912
March 126.3075 33.326293 57.783536 6.0186271 10.358771
April 126.3008 33.314235 | 66.812404 | 5.7435554 | 6.7322996
May 126.3113 33.315233 45.819651 5.0454676 9.2535863
June 126.3052 33.314453 | 49.934509 | 5.7661533 7.169008
- July 126.3029 33.314279 45.137562 5.6562805 9.0146936
ITTI8LY August 126.2989 33.301802 | 44.977063 | 5.0978994 | 7.5500563
September 126.299 33.30913 30.890149 6.0880908 | 6.5271368
October 126.3064 33.309575 | 57.825835 | 5.4958684 | 6.9635112
November N/A N/A N/A N/A N/A
December N/A N/A N/A N/A N/A
Mean 126.303 33.3151 56.0598 5.74565 7.59214
S.D. 0.00449 0.00764 16.8204 0.47274 1.48716
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# 18, AFH S 97-9809 A dely A

Car month Long. Lat. Rotation | XStdDist | YStdDist
number
Janually 126.3145 33.34252 98.178783 0.275517 0.12568
February 126.3151 33.34261 97.628711 | 0.2568152 0.168872
March 126.3134 33.3553 151.98889 3.7863271 1.582525
April 126.3144 33.3425 99.584127 | 0.2705076 0.11722
May 126.3191 33.35336 15.081879 0.8110775 2.255232
June 126.3201 33.35141 59.985815 | 0.9095957 2.396052
- July 126.3153 33.34278 128.76197 0.2398946 0.196925
JTTIR09 August 126.3153 33.34198 109.97962 | 0.2464624 0.136701
September N/A N/A N/A N/A N/A
October N/A N/A N/A N/A N/A
November | 126.3194 33.34355 81.461649 | 0.0943993 0.835902
December N/A N/A N/A N/A N/A
Mean 126.316 33.3462 93.6279 0.76562 0.86835
S.D. 0.00251 0.00545 39.4165 1.16663 0.95914
319, AFHE 97-9804 A¥doly Ay
Car . . .
month Long. Lat. Rotation | XStdDist | YStdDist
number
Janually N/A N/A N/A N/A N/A
February 126.332 33.389873 | 68942118 | 2.4269986 | 12.334812
March 126.3212 33.385065 69.880665 2.2434319 10.837447
April 126.3406 33.39508 65.186631 | 2.4787624 | 12.113397
May 126.3059 33.376995 65.278624 2.7029609 10.064663
June 126.3165 33.381787 | 64.438061 | 2.9843778 | 11.995509
- July 126.3266 33.38362 68.453066 3.0784432 12.521273
JTToR0d August 126.3123 33.37984 65.273915 | 3.0960318 | 11.165062
September | 126.2936 33.373 63.837427 | 25984314 | 9.0171426
October 126.3022 33.376953 | 69.396391 | 2.3430633 | 8.4916009
November N/A N/A N/A N/A N/A
December N/A N/A N/A N/A N/A
Mean 126.317 33.3825 66.743 2.66139 10.949
S.D. 0.01501 0.00689 2.372502 0.32349 1.47714
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# 20, AFH S 97-9798 A dely A

Car month Long. Lat. Rotation | XStdDist | YStdDist
number
Janually 126.3601 33.36485 48.974072 2.3121164 14.5198
February 126.3748 33.37367 55.022861 | 2.7812188 13.59907
March 126.3766 33.37797 59.624985 2.660548 11.26302
April 126.3378 33.35759 62.046885 | 0.3379675 0.774008
May 126.3548 33.36944 48.483086 1.4136526 5.829828
June 126.3625 33.37113 49.721995 | 1.7482806 6.163232
9759798 July 126.3958 33.38994 57.702028 2.3698914 9.459862
August 126.3749 33.37477 61.090955 | 1.8771891 7.566977
September | 126.3945 33.38648 65.247424 2.0157825 8.783148
October 126.3911 33.39329 57.855292 1.619706 8.639211
November | 126.3827 33.37945 52.910529 1.9876186 11.32046
December N/A N/A N/A N/A N/A
Mean 126.373 33.3762 56.2441 1.92036 8.90169
S.D. 0.01808 0.01075 5.67915 0.67385 3.87589
¥ 21. AH S 97-9486 A dolE A
Car . . .
month Long. Lat. Rotation | XStdDist | YStdDist
number
Janually 126.3342 33.36457 58.610119 2.198347 9.350323
February 126.3269 33.36609 65.950067 1.879861 7.700004
March 126.3479 33.36722 63.861002 2521175 8.805412
April 126.311 33.35818 | 108.020417 | 2.376125 0.960692
May 126.3528 33.3695 60.163367 2.096712 9.137034
June 126.3154 33.36054 72.552163 1.571838 4.975225
July 126.3464 33.37147 61.671518 1.759969 8.940666
9759486
August N/A N/A N/A N/A N/A
September N/A N/A N/A N/A N/A
October N/A N/A N/A N/A N/A
November N/A N/A N/A N/A N/A
December N/A N/A N/A N/A N/A
Mean 126.334 33.3654 70.1184 2.05772 7.12419
S.D. 0.01645 0.00472 17.3297 0.34006 3.11105
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® 22, AFFH S 97-9428 A dely A

Car month Long. Lat. Rotation | XStdDist | YStdDist
number
Janually 126.7384 33.36256 76.830704 6.994904 12.31544
February 126.7091 33.33751 61.352999 3.815716 11.13167
March 126.7736 33.3993 59.860956 7.206078 12.32045
April 126.7819 33.39811 87.191524 7.608611 7.608611
May 126.7357 33.39513 71.3495 8.420356 11.95555
June 126.7154 33.36054 72.552163 1.571838 4.975225
97 9498 July 126.7299 33.35101 65.617955 5.345309 11.89554
August 126.7465 33.35266 56.706953 3.498231 14.53049
September | 126.7826 33.37048 61.076408 3.048332 12.68981
October 126.7461 33.35169 70.671512 2.998849 13.26489
November N/A N/A N/A N/A N/A
December N/A N/A N/A N/A N/A
Mean 126.746 66.6379 68.3211 5.05092 11.2688
S.D. 0.02606 0.02219 9.28507 2.37266 2.84279
¥ 23, AW F 97-9771 Agdolg A
Car . . .
month Long. Lat. Rotation | XStdDist | YStdDist
number
Janually 126.8353 33.48685 87.201872 3.681798 6.406911
February 126.8395 3350642 | 123.361428 | 4.079321 2.693053
March 126.8353 33.49616 60.235842 2.72311 4.599408
April 126.8437 33.49454 62.094846 2.113744 3.468286
May N/A N/A N/A N/A N/A
June N/A N/A N/A N/A N/A
9759771 July N/A N/A N/A N/A N/A
August N/A N/A N/A N/A N/A
September N/A N/A N/A N/A N/A
October N/A N/A N/A N/A N/A
November N/A N/A N/A N/A N/A
December N/A N/A N/A N/A N/A
Mean 126.838 33.496 83.2235 3.14949 4.29191
S.D. 0.00402 0.00805 29.449 0.89489 1.61271
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® 24, AFHE 97-9012 Addely 23

Car month Long. Lat. Rotation | XStdDist | YStdDist
number
Janually 126.2871 33.35855 70.442113 3.619013 5.509561
February 126.2859 33.35528 71.279325 3.123973 5.433307
March 126.3789 33.71879 13.869011 9.351548 16.26864
April 126.3658 33.77647 1.512471 0.087275 0.810744
May N/A N/A N/A N/A N/A
June N/A N/A N/A N/A N/A
July N/A N/A N/A N/A N/A
979012 ™8 ust N/A N/A N/A N/A N/A
September N/A N/A N/A N/A N/A
October N/A N/A N/A N/A N/A
November N/A N/A N/A N/A N/A
December N/A N/A N/A N/A N/A
Mean 126.329 33.5523 39.2757 4.04545 7.00556
S.D. 0.04986 0.22681 36.82 3.86664 6.55465
¥ 25, AW F 97-9115 Agdolg A}
Car . . .
month Long. Lat. Rotation | XStdDist | YStdDist
number
Janually 126.527 33.30042 84.764983 1.993185 13.15524
February 126.4722 33.29311 75.453472 5.311968 8.315938
March 126.4731 33.29103 61.169463 5.506444 9.046865
April 126.4657 33.28746 83.416239 2.920258 10.98951
May 126.4922 33.2928 88.918209 2.570156 12.31756
June 126.4949 33.29792 83.002512 2.659546 13.33246
9799115 July 126.5016 33.30713 83.415117 1.014459 15.44276
August 126.4986 33.29554 98.689384 9.946887 1.683826
September | 126.4791 33.29846 99.670318 6.835159 0.812747
October 126.4546 33.30345 102.27486 5.673535 1.523303
November N/A N/A N/A N/A N/A
December N/A N/A N/A N/A N/A
Mean 126.486 33.2967 86.0775 4.44316 8.66202
S.D. 0.02109 0.00596 12.3508 2.71168 5.45992
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® 26 AFHE 97-9105 A dely A

Car month Long. Lat. Rotation | XStdDist | YStdDist
number
Janually 126.6481 33.32844 73.21833 5.915433 22.05138
February 126.6568 33.32665 72.425092 2.877845 22.55933
March 126.6873 33.35168 67.762568 5.346811 20.57717
April 126.6884 33.35292 67.047121 6.225014 21.36587
May N/A N/A N/A N/A N/A
June 126.6614 33.33303 73.18276 4.341703 22.03023
9799105 July 126.6453 33.33709 74.241174 7.204408 22.65763
August 126.6273 33.32233 79.959929 7.421482 31.19754
September | 126.5956 33.31444 84.254584 8.314713 42.90707
October 126.6406 33.31967 84.419056 5.797323 37.98628
November | 126.7129 33.35196 93.813536 18.58309 10.47889
December 126.5907 33.31446 88.767148 7.317732 73.04395
Mean 126.65 33.3321 78.0992 7.21323 29.7141
S.D. 0.03755 0.01467 8.75275 4.07102 16.9236
¥ 27. AFH S 97-9125 A dolE A
Car . . )
month Long. Lat. Rotation | XStdDist | YStdDist
number
Janually 126.5226 33.29988 84.034947 | 0.020699 0.120531
February 126.4736 33.29548 92.622712 | 0.076446 0.02076
March 126.4464 33.29417 74.545348 | 0.021175 0.036579
April 126.4607 33.29624 84.522611 | 0.021019 0.082691
May 126.4657 33.29976 81.698506 | 0.031908 0.076408
June 126.4633 33.29609 83.805069 | 0.019025 0.074568
July 126.4851 33.29906 88.519066 | 0.014317 0.082375
979-9125
August N/A N/A N/A N/A N/A
September | 126.4757 33.29559 89.678615 | 0.0151 0.073735
October 126.4703 33.3008 94.492505 | 0.066936 0.009396
November N/A N/A N/A N/A N/A
December N/A N/A N/A N/A N/A
Mean 126.474 33.2975 85.991 0.03185 0.06412
S.D. 0.02128 0.00241 6.08722 0.02326 0.03508
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® 28 AFHE 97-9192 Addely A3

Car month Long. Lat. Rotation | XStdDist | YStdDist
number
Janually 126.307 33.37262 62.057827 1.880083 458772
February 126.3151 33.37887 63.603438 2.436683 7.064701
March 126.3111 33.37364 73.003276 1.187784 2.707525
April 126.3049 33.37559 52.971483 2.428446 3.796123
May 126.3681 33.40383 61.695506 1.181662 15.67297
June 126.3243 33.38564 59.340561 2.479653 5.359167
97229038 July 126.3392 33.3854 68.785625 2.185212 7.562079
August 126.3256 33.38467 73.583785 3.301306 8.407554
September 126.37 33.39525 67.923084 2.754391 9.460642
October 126.3937 33.39379 66.19001 2.639842 11.5834
November N/A N/A N/A N/A N/A
December N/A N/A N/A N/A N/A
Mean 126.336 33.3849 64.9155 2.24751 7.62019
S.D. 0.03098 0.01025 6.32627 0.67013 3.91492
¥ 29. AFH S 97-9038 A dolE A}
Car . .
month Long. Lat. Rotation | XStdDist | YStdDist
number
Janually 126.2514 33.26417 57.180514 1.166411 6.862099
February 126.2463 33.2613 52.954253 1.102847 6.851189
March 126.2606 33.27309 51.723651 1.801269 13.29383
April 126.2444 33.26004 59.064396 0.879985 4.118061
May 126.2467 33.26216 52.100352 1.698743 4.815258
June 126.2432 33.25999 36.978811 1.575512 3.370324
9759192 July 126.2444 33.25966 54.317953 1.027706 3.647734
August 126.2439 33.26198 21.278431 1.210828 4.080323
September | 126.2433 33.26112 37.432125 1.267823 3.706065
October 126.2478 33.26307 50.214046 1.598889 5.147993
November | 126.2422 33.25928 45.051749 1.637406 3.0377
December 126.2414 33.25902 24.054615 1.171754 2.601103
Mean 126.246 33.2621 45.1959 1.34493 5.12764
S.D. 0.00527 0.00381 12.583 0.30118 2.90658
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# 30. AFH s 87-1129 Addely A

Car month Long. Lat. Rotation | XStdDist | YStdDist
number
Janually 126.5872 33.45804 153.85849 2.639509 0.881766
February 126.5873 33.45356 128.01236 1.199696 0.430029
March 126.5872 33.4545 120.88839 1.138581 0.487359
April 126.5716 33.464 123.74609 2.946974 0.443388
May 126.5824 33.46142 164.38552 2.864152 0.575524
June 126.5825 33.45658 146.91450 0.193038 0.089613
87491129 July 126.5827 33.45605 155.17644 0.300564 0.100745
August 126.5823 33.4568 119.96631 0.133695 0.042524
September 126.5824 33.4562 148.18921 0.219746 0.057218
October 126.5807 33.4614 143.8536 2.652756 1.147041
November | 126.5875 33.45513 109.97388 1.535103 0.157184
December 126.5875 33.45535 109.41912 1.447828 0.232993
Mean 126.583 33.4574 135.365 1.43972 0.38712
S.D. 0.00456 0.0032 18.83 1.10382 0.34999
¥ 31. A E 90-9432 A dloly Ay
Car . . .
month Long. Lat. Rotation | XStdDist | YStdDist
number

Janually 126.6401 33.47874 135.99998 1.297769 0.143158

February N/A N/A N/A N/A N/A
March 126.6309 33.27356 158.99093 47.42121 8.055338
April 126.6374 33.48101 119.75546 3.019666 0.363237
May 126.6389 33.47977 117.16722 3.156256 0.48658
June 126.634 33.47602 130.58008 2.2441 1.35187
90719432 July 126.6317 33.48098 119.70164 5.427518 1.329495
August 126.6462 33.4687 145.08195 2.989721 0.682169
September 126.6391 33.47435 129.04111 4722194 1.368234
October 126.6444 33.46868 105.20587 3.861579 2.696504

November N/A N/A N/A N/A N/A

December N/A N/A N/A N/A N/A
Mean 126.638 33.4535 129.058 3.23778 1.83073
S.D. 0.00526 0.06766 16.1541 14.7455 245757
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3 32, AW S 93-3557 A¥ oy A

Car month Long. Lat. Rotation | XStdDist | YStdDist
number
Janually 126.2411 33.26024 | 126.463112 | 0.049203 0.015807
February 126.2411 33.26038 101.56048 0.015251 0.003674
March 126.2415 33.26096 42.563097 0.064343 0.064343
April 126.2406 33.25952 67.914318 0.32049 1.661117
May 126.2386 33.25753 47.374836 0.326613 0.822432
June N/A N/A N/A N/A N/A
93713557 July 126.237 33.25802 60.928364 1.276506 1.276506
August 126.241 33.26053 21.17423 0.012579 0.045753
September N/A N/A N/A N/A N/A
October 126.2578 33.26451 71.872429 0.437154 3.810038
November N/A N/A N/A N/A N/A
December 126.2408 33.26162 10.679313 0.186127 0.457859
Mean 126.242 33.2604 61.17 0.2987 0.90639
S.D. 0.00604 0.00204 36.6404 0.39821 1.24518
F 33. AFW3F 93-8373 Aoy Ay
Car . . .
month Long. Lat. Rotation | XStdDist | YStdDist
number
Janually 126.7186 33.33671 38.968308 2.146138 3.07477
February 126.7203 33.33437 19.872131 2.010551 3.011429
March 126.7197 33.33895 152.45730 4.079767 2.841443
April 126.7161 33.34662 174.49484 5.397684 3.793563
May 126.728 33.35786 0.064566 4.19476 6.078072
June 126.7188 33.3384 62.614783 2.773093 4.708947
93718373 July 126.7223 33.35227 149.03225 6.631221 3.054287
August N/A N/A N/A N/A N/A
September | 126.7255 33.34049 135.72961 5.011849 4.392353
October 126.7169 33.33619 112.50053 5.97076 3.457154
November N/A N/A N/A N/A N/A
December N/A N/A N/A N/A N/A
Mean 126.721 33.3424 93.9705 4.2462 3.82356
S.D. 0.00393 0.00807 64.5573 1.6652 1.06665
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® 34, AFH s 97-9105 Addely A

Car month Long. Lat. Rotation | XStdDist | YStdDist
number
Janually 126.6582 33.51734 109.48706 6.91453 0.615266
February 126.6408 33.51835 164.78975 2.206474 1.148154
March 126.6714 33.4894 107.84639 7.928878 3.818165
April 126.6514 33.50314 131.73573 5.767155 3.204458
May 126.6757 33.50934 100.91388 8.301021 3.348617
June 126.6033 33.50868 90.032505 2.399741 3.523501
97529779 July 126.6843 33.49034 108.44450 7.874332 2.985268
August 126.6809 33.49359 85.011236 3.998169 10.15283
September | 126.6813 33.49267 90.008324 3.098972 4581263
October 126.6561 33.48991 95.322106 6.976313 3.329915
November | 126.6366 33.47612 47.13967 9.580311 11.06098
December 126.6449 33.49377 172.37699 8.389075 1.743494
Mean 126.657 33.4986 108.592 6.119581 4.12599
S.D. 0.02375 0.01278 34.4054 2.567327 3.23812
¥ 35. AW F 97-9626 AP dolE A}
Car . . .
month Long. Lat. Rotation | XStdDist | YStdDist
number
Janually 126.3601 33.36484 48.974072 2.312116 14.5198
February 126.3748 33.37367 55.022861 2.781219 13.59907
March 126.3766 33.37797 59.624985 2.660548 11.26302
April 126.3378 33.35758 62.046885 1.337968 7.774008
May 126.3548 33.36943 48.488086 1.413653 5.829828
June 126.3625 33.37113 49.721995 1.748281 6.163232
July 126.3958 33.38994 57.702016 2.369891 9.459862
975-9626
August 126.3749 33.37476 61.090955 1.877189 7.566977
September N/A N/A N/A N/A N/A
October 126.3947 33.38993 62.131107 1.958898 8.658581
November | 126.3911 33.39328 57.855292 1.619706 8.639211
December 126.3827 33.37944 52.910529 1.987619 11.32046
Mean 126.373 33.3765 55.9608 2.006099 9.52676
S.D. 0.01811 0.01112 5.24634 0.478273 2.84931
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| \ D-05

# 36. 2014/20159 FAARE Al FUAA Axp (=i eEAbg 3))

Sample sample of foot-and-mouth disease

Region Name date collection positive sample

date (some cases)
Cheonan Kim 12.18 12.18 - Truck foot mat
Icheon Park 12.29 01.01 - Vehicle front wheels
Uiseong Kim 01.03 01.06 - Vehicle rear wheels
Sejong Lee 01.07 01.10 - Driver’s footrest
Icheon Kim 01.30 02.02 - Inside the vehicle

- Internal and external

Hongseong Lee 02.28 03.02 :
environmental samples

©» Road Map 24
O 715 8l FAhEmAEe] 45 AFE ddl 9l s7tE VIHeR o R 9
gt olgstuA - shak AdE FAS AL olsdRE
:L% 2083 Zo] AT el e5He] = =2 HolHE HEA 2 E A
A1 3H=ENODE LINKE o] &3ato] dlo]g Aol ARg-aFqich. e, FAkatgo] 7}

Foluh BaE A G ok FAbe 914, AERi AEAS D Sl A ol
T A ARE AFe F2S GPSHAAE o] &ste] Ao =438 st 18ar
7y Aol |§As 9 2099 o] def AFElste] LERAT
- "’.:Tu....u..l ST T
\ _,..:-ll-'v‘-ﬂ__?‘!l‘.\x}s g :
. ‘ e :
VO x (e 8 H i
Ak i = ;
1% 208. A% Road Map I3 209. Road Map Data A g

O 0125 201319 7t&Ewat® o] w42 dolE #4& F3 20169 o]z AR
= 958 RuA AFE ol 55H A+ VERReNAE T 3gE A7)
St}

O AFHs

975 9121, 97F 9772, 97% 91152 AFE del &Fsta Q&
Aotk AFe 4% @Az ATAE AP F oy B4

2 Fol FUE B4 2 D A% AP

- 201 -




O A A4 7IE 3 WA tsEaAe] A AW A ARve 29
o BAAE AT o) EEE AE IAEE dolH B4 B4 g 5 9
. celetel 3u) BE BAAIL fAabe Apgow Mg,

O AA 7FE T WAL 7 A% A ePee A5 wFE 2] g HCS
oA ATHAE A% T ALYE olEHd AF, AR o]%F A} HolHE
Hlwsto] st FASE 2= 3dlE A skl

O oyt A& FH S5 ArcGISE &3t HolH 245 AAIE A HojF= W
== A3 A7 AAegith

W doly ¥ &Y

O ¥ 2102 7IS5EA3de] 23AA, AEFHE, A%, A5 HAxE A4 HolHE
&3l g g Amolrh

O A=F 97F9121, 97F 9772, 97% 91159 A E3AA7F 2% tp=7] ujio
O EAE AZE EA A% 3 INZ A AAk ®rki wwEe] AE
49 B 3o A% BE £ ANE wHFE 49e ANEAn

O FYshA 3o x=Fe] 20124, 20134, 2016 THLAE = FYs A
Astlon, 1958 1297142 98 238 BTN 7 Ao nE 93 o
Al YA o EH Holy 4 A4S gRslh

O dlolE HEH éﬂr, 395E 7€ F 5/1€EY | et go] FEHo Holy &
Als & ol & 57199 HolEE AREste] A4S W Eit

chkDate Bl vehiMNo BlLOC X BElLOoC Y B ==r=) B
SA0/200 6 QF=99311%5 23.3020852 126.451902 o
IS A02001 06 9729115 33.3020852 126.451902 o
SISA02016 97 ol1ls Z33.3020852 126.451902 o
SI/10/2016 979115 33.3020852 126451902 O
210,201 6 9729115 323.23020852 126.451902 o
3ISA0/200 6 97 ==9115% 33.3020574 126.451 902 o
IS AA0201 6 9FL2a9115 33.3020852 126.49451 902 o
SIA0/2016 979l l1ls 33.3020574 12645193 O
S/10/2006 9729115 33.3020297 126451958 o
|3/1C}/2C}16 979115 33.3020297 126.451935 0]
3 AA0201 6 IS99 1S 33.3020297F 126.451985 o
ISAA0201 6 97y S al115 33.3020297 126451985 0]
SISA0200 6 979 l1l1s 33.3020019 126.451985 0]
2102016 979115 33.3019741 126452013 0]
/102016 9729115 222019741 126452013 o
302006 97 ==9115% 33.3019741 126.451985 (0]
IS0 2006 9F L9115 33.3019741 126451985 o
/102016 979115 33.3019741 126.451958 0]
3I/10/2016 OF7o9115 232.3020019 126.451958 o
/710,201 6 979115 333020019 126451958 O
I A0200 6 QF 9115 33.3020297 126.451958 o
ISAA0201 6 97 29115 33.3020297 126451958 o
I/10/2016 9729115 232.3020019 12645193 o
I/10/2016 979115 333020019 12645193 O
SAA0/200 6 QF=911%5 23.3020019 126.4519302 o
a9 210. 7SR 979 9115 HHHE &Y A4
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D-05

O 1% 211, 119 212+ A% 9759121, 9759772, 97991159 &4 #E $X,
AT A & =243) sfo] YEh ]l

0 AFEY £z delHE 71¥ delHm A4S S, BE HEAL 9 HE
(Korea_ 2000_korea_Central_Belt) & AF&-3}% .

O A% W< Road® 7

3% Primary, Secondary, tertiary2 37}4 E}9]o] 2%

rold 9 Hi gtk oz e UE Alzidel ojd Aol Aget: v 43
S AA B & F A dFE HEEA HolE AL gate] xR ZHol:
AArtet= Ads @A
¢“ bl I:‘ 1:500 D00
i - T ﬂ,,." ! o — B
i L - - g S P et : - ‘r;
S B i e - -“'#' - ® - - .“
v e = . » Bl
g i o e - ‘ G
203 A8 S | |eTEes e
- 5, e - b e Ve o ¥
R T - A = 2 e e o -
'#-r #Fg" w #" #ﬂ_ J o
& &lim T Wmaria H .-_”.l., ‘nm z
a9 211, 20129% §% 9 B Ay 78 212, 20129 % ¥4 9 By Agol
€ Flow chartdA @ 71E=E8 5215 o)|F 3= £4

) =]

2] o

O 1zd%x dloly F7} Q&) 30t =} Long1tude Latitude, Rotation,

‘"l_'—]E

XstdDist, YstdDist#tS Table 31. ¢ o] €¥H=E 7} &9 HA4S F31 T
HAE etk 97-9798x9] A, 11¥€ 12€2 23S 34 4ud oz
webE o)
3 37. Vehicle data result value 97—9798
Car Num. Month Long. Lat. Rotation XstdDist YstdDist
January 126.3393 33.3849 62.9554 2.3121164 14.5198
February 126.3402 33.3888 64.6233 2.7812188 13.59907
March 126.2971 33.3389 62.8624 2.660548 11.26302
April 126.3840 33.3003 65.3756 0.3379675 0.774008
May 126.2646 33.3318 63.9784 1.4136526 5.829828
June 126.2456 33.3232 67.0178 1.7482806 6.163232
97-9798 July 126.2201 33.3124 70.0628 2.3698914  9.459862
August 126.2356 33.3183 82.2782 1.8771891 7.566977
September  126.2484 33.3259 69.144815 2.0157825 8.783148
October 126.2389 33.3155 62.34595 1.619706 8.639211
November N/A N/A N/A N/A N/A
December N/A N/A N/A N/A N/A
Mean 126.3393 33.3341 67.0645 1.91364 8.65982
S.D. 0.05568 0.02981 5.96211 0.70991 3.99708
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Vehicle { EA)

Vehicle

19 2139 9%, A% ¥XFHAF(Standard Deviation) #k= A# R o2 =}
ol 0.02 °]3t9] gh= YERAH

48 FFHAE 22 A, AR " A BHolw. S5 dRRY JEA
F 9 FA Buabgo]l HAAE olFstuA AR IRlS Wols B gun
2 9tk 9% 0.01° & km @92 #Atshd 1.1km, 35 0.01° & tstdd
0.88km#t o= ghato] Hth Fig.339 dlo|BE ¥R km @9= #Atesls
of, el 2] 9 sEdAE AR AES Bl

Bl ong SD

Vehicle ( EA)

10)

.03 004 005 008

. Stanard Deviation Value(°) C e e

Standard Dewatlon Value( |

19 213. Standard deviation of latitude and longitude

9 2149 XstdDist, YstdDiste] E+HaF 32 AHEHE 9= km=E W3 E o]
AAbE o A FZ] oA 10kmol/de] HA7F YEl= S A 9stale g
At Mol AgFe] o]Fo] o]Fo FHh= S & & 4 Ql}

Bl XsidDist SD

B Ystdist SD

(EA)

Vehicle ( EA)

0 2 4 & 8 1 2 14 16 0o 2 4 6 8 10 12 1 16 18
Standard Deviation Value( km ) Standard Deviation Value( km )

1% 214. Standard deviation of XstdDist and YstdDist
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1 9] point density A%9F 571¥

4% 2AL 9 FHH0R B4

= X3

Roads Ciatput Calculate
(vector) | Roads length
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with roads
bypes Point Monthly
Density density
Monthly GPS Dissalve _— {Jl.llp_ﬂ.ll_mmllhl}'
data GPS data Monthly
o Euhden
Drissolve distance dltaes
with tme —il
(Dates)
Audd Moathly Final pattem o
Monthly : i = L Length of pattem, statistical
Jeusity _" P desipmsier M| Mapfom [ ccentandarea M analysis
Aot density of final maps
Map algebra
Monthily Add Monthly Final patem Map Length of patter,
Euclidean —l  Raster Calculator Euvclidean —#  from Enclidean |- extent and arca 4 statistical
distance maps raster data distance of final maps anlysis
Map algebra
1% 216. ArcGIS10.3& o] &3t 7ISHit At o] 4= &4 Flow Chart
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19 221, 97% 9115 (20124 o]F &) 19 222, 97% 9115 (20139 o] FE)

O ¥ 223& 2012d%st 2013d%e] A% olwsjEls wvlwetr] 9@l High
density X929 =& ZolE AAtste] EAA B E X33

O zk=F 1921, 9772, 91159 2012d %] ©]53 High density =22 Zol 7}
7} 22km, 31km, 52km®E AL 9ok,

O % 1921, 9772, 91159 2013 %l ©]&3% High densityd E=& Zol:= 7t
7} 18km, 41km, 46km=Z AAFE Aok

O Predicted pattern¥} Actual pattern® Zol]& A4 f1dlA Eq.19 +2]9]
AR5 AT

|measured, — measured |
percent difference =

x 100%%
[mmsurea’] + mreasured

o L qu

¥ measuredl= predicted (predicted pattern length for 2013 is taken from 2012
year data)

¥ measured2= Actual (actual pattern is 2013 year data)

O == 1921, 9772, 91159¢ Predicted pattern®} actual common pattern<
point density ¢ Zo]e] wE -G Zjol= Z+ZF 20%, —27%, —12% = FEFSTH

O W& Apolo] kel F2 Predicted pattern®] Zo| F7H& WeRY 52 &
Predicted pattern®] o] ZAE YERILH o]A2 FA4F 54 = H|RAYE X4
o A4 WACE s YEe= ZoE Helt

O ShA AFPY AAMH AFEY B2 F primarye AFE Wl AR WIETF =

2%
< ERolu o] o] XYo] FQ FHF LA F syt A on|si
& Lot =

O Z2|al FAkab Bl 7S WkAbe & ARES aPRE
715 AW %48 Al primary Roadell $4+9E 7oA WY des AN F 3
= ARE 88 F Ue 72 AEE AT FoE dddn
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O 2012 == 1921, 9772, 9115914 AFE%¥ primary Road+ 22} 11km,
15km, 33km=z YEFGT 2013de] 2= 1921, 9772, 911594 A&+
pirmary Road+ Fig. 13914 Ho A= AAH 212 9km, 22km, 28km=E YEF
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e
e — f semermemer ] B )
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[ =—r | 2L ES
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Lenglh (kin
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¥
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T 223 AR WERAS T olERd R Ho] Art

@ Euclidean distance 42 £3F 7[EE 5% 5
O 1% 224~7% 229= 201293 2 20134 7}%5‘—5‘}%@ olx4d = IHS Arc

_ﬁ
ot
o,

i
)
R
M
%

O Euclidean distance®] Algebra tool*o— AR&eto] 3EFE TE7EA ] A Aol
mo] o]% F TRE Z=Z3Fe] = 5719 HlolgE &
= FTHAA 49 Bt o THE ”}01 AREE E2E
9 HolHE &3 Fejrl 19 224~192299 Fejolu).
O ©HlolHE FHe A7, A Zoneo] el olw WIETL 7
o°

= Els
Wtk 7k SR3ko] Low density 7-3Fel™ 3sb4 Zone
HIE7F =4 Yepdo s 2SS ou s}
O =}=F 1921, 9772, 91159 thdt Euclidean distance® ZAo] ¥4 A} predicted

9} actual Common pattern® H|&2}oli= 242 36%, —29%, 22% = F=% At}

il e 2 I
;.I. ] i e :I:-'-!:md.rhdl Ill. - i L P ] B2 jectuad)
- -
I3 224. 1921 (2012, predicted pattern) % 225. 1921 (2013, actual pattern)
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-:LEQ. 226. 9772 (2012, predicted pattern)

9 227. 9772 (2013, actual pattern)
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29 228. 9115 (2012, predicted pattern)

O 2012¥% =} 1921, 9772, 9115 AFE¥ primary Road&

20km= FeERSETE
O 2013dxe°

L —

L.

common pattern®]
-9.5%% =39k

19 229, 9115 (2013, actual pattern)

2 1921, 9772, 91159 AF2¥ primary Road: “139.209] H.o]
A3} o] 747k 9km, 15km, 22km=E YEFRTE
O == 1921, 9772, 9115 th3st Euclidean distance? Predicted %! Actual
A8 Primary Road?)

& Aol= 47} 61.5%,

718 230. Length of predicted and actual common pattern of Euclidean distance maps,
PR: primary roads.
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27y 17km, 25km,




@ Point density & Euclidean distance A3} #4

3% 38. Extents and area of predicted and actual common pattern maps

. Area Area
Predicted Pattern Extent 5 Actual Pattern Extent 5
(km?®) (km?)
Vehicle 126.39253W  126.48919E y 126.40854W  126.46478E y
1921 33.306275N  33.264188S 33.306282N  33.273571S
Vehicle 126.62021W  126.70923E . 126.57709W  126.77285E .
9772 33.534259N  33.442959S 33.531804N  33.433198S
Vehicle 126.43405W  126.58572F . 126.43404W  126.58957E o
9115 33.30986N 33.252282S 33.309795N  33.253647S

O Point density maps¥ Euclidean distance maps? WY+ 2k sfjelo] o
/2] 9o predicted®} actual common pattern A}ojol zfo]E H.GA| W Zuk
Ao R Akt A¥gS HIlth

O Predicted common patternsel ol&] Af¥ HAL 2= 1921, 9772, 9115 Z+
7t 41km” 81km”, 89km”C 2 L1}k

O Ak 1921, 9772, 9115 oigk Common patterns+
90km”% }EbRkTE,

O ==k 1921, 9772, 91159 thst Pattern© =
88km”o. 2 Ehde] webA o] AL &AW Ay Al A
< ANl o At dkEh

O Point density tool= AFE3}o] 3the] x}=o) th3st Predicted?} Actual common
pattern®] ¢ A MBS 80%0]1L Aol 20% = LFERRLTE

O HbHe| Euclidean distance tools AFg3ste] 3t x&Fe] Predicetd®t Actual
common pattern® H FAF HEHL 72%0]3 2ol = 22% % LEFS T

O o] A= F3o o] ¥l o= A] Point density toolS AFE3F= 7o)

=y =
A AA T o|Eat A o|EARE =T W ©§ afHolett RS

Z}7F 19km?, 195km?,

19km?, 79km?,
o= W g%

td
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AIE dolEl B AHgato] A4 AW AL o) T

o FAL = AT
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€ 2012, 2013, 2016 7I1=E w21 o) Sod B4
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