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11
111

(Positioning) (Monitoring/tracking)

GPS (Global positioning system)

WLAN (Wireless local area network) ( Itrawideband)
(Wireless Sensor Network: WSN) RFID

GPS
WLAN WSN RFID



1.1.2
(Visible Light Communications: VLC)
(Fluorescent Lamp)
?) (Light Emitting Diode: LED)
(Photo diode: PD) (Image Sensor)

( VLC) VLC

VLC

(Smart phone) |
(Tablet)

VLC



12
121
122
1.2.3

13
131
132 (identification: ID)

13.3

14

141 Hardware
(Oscilloscope)
(Pulse)
(Function Generator)

- PIC18F8722
- 1074121 PPM
- Spotlight LED 30

(Photo Diode)
ET-USB TO RS232

FriendlyArm9  2440SDK

- USB Wifi Dongle
DC- DC 3A
- DCto DC Step Down LM2596 Module (3A)
12V 5.4Ah
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1.4.2 Software

- PIC ¢ Compiler
- PICKit2

- AccessPort

- Visual c# 2012

- Visual c# 2008

- MS SQL Server 2008 R2

PIC

GUl

PIC



2.1

, (Bandwidth)
(Spectrum)
2.2

(Visible light communication; VLC)
375 - 780
10 kbit/s 500 Mbit/s
1 2
VLC
/ VLC
VLC

21
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2.3 (Light Emitting Diode; LED)
(light-emitting = diode; LED)

(LED
display) 2

2450

Nick Holonyak GE
2505



Shuji Nakamura Nichia Chemical

2536

Super Bright
Spotlight iy 3



2.3

24 (Photo Diode)
(Photodiode)

(Solar Cell)
P N
2 e
(IR Photo Diode)

24

Spotlight Led [11]

(9]

24



2.5 (Opto-Isolator)

2.5 (Opto-Isolator) [17]

(Opto-Isolator)

(Opto-Coupler)

(Opto-Coupler)
7 2.5
5V 1C

2.6 (Microcontroller)

(address bus)

(data bus)

Peripheral

Interface Controller PIC



2.6.1 PIC (Peripheral Interface Controller)
? PC '
(Harvard architecture)

13
14 8

PIC (pipeline)

( (fetch)
)
ET-PIC STAMP 1878722
LED

2.6.1.1 ET-PIC STAMP 18F8722
ET-PIC STAMP 18F8722
PIC18F8722 80-Pin TQFP Microchip

ICD2
ET-PGM PIC USB
ET-PIC STAMP 18F8722 21



2.1

Operating Frequency
Program Memory (Bytes)
Data Memory (Bytes)
Data EEPROM Memory (Bytes)
Interrupt Sources
/0 Ports

Timers
Capture/Compare/PWM Modules
Enhanced Capture/Compare/
PWM Modules
Enhanced USART
Serial Communications

Parallel Communications (PSP)
10-bit Analog-to-Digital Module
Resets (and Delays)

Programmable High/Low-Voltage Detect

Programmable Brown-out Reset
Instruction Set

Packages

PIC18F8722 [10]
PIC18F8722
DC - 40 MHz
128K
3936
1024
29
Ports A, B, C, D, E
F,GH]J
b
2
3

2
MSSP,
Enhanced USART
Yes
16 Input Channels
POR, BOR,RESET Instruction,
Stack Full, Stack
Underflow (PWRT, OST),
MCLR (optional), WDT
Yes
Yes
75 Instructions;
83 with Extended
Instruction Set enabled
80-pin TQFP



ET-PIC STAMP 18F8722
' 80 PN PIC18F8722

10 MHz x4 PLL 40 MHz
RS232 2
[ ICD2 (ET-PGMPIC USB)
+5V GND
ET-PIC STAMP 18F8722 2.6
63
3H

2.0 ET-PIC STAMP 18F8722 [10]

12



ET-PIC STAMP 18F8722

1 RS232 2 2.1
RS232-CH2
vee
RD
D

QND

TXD- RGL RXD- RQ2

2.7 RS232 2 [10]
2 VDC +5V 2 Pin 2.8
2.8 VDC +5V 2 Pin [10]
3 RS232 1 2.9
RS232-CH1

TXD-RC6 RXOmRC7

2.9 RS232 1[10]
4 I0 RCHITX
RCTIRX 3232 210 211
RCS
RC7

2.10 10 10]

13



211

5 PIC18F8722
6 RUN  PGM

PGM

RUN 119)
MOPE

2.12 RUN

7 (RESET Switch)

1 2
ET-PGM PIC USB

14

RS232 1 110 [10]

PGM [L0]

ICD2

2.12



L PWR
2. PGM
3. RUN

2.1

2.1.1

(Programming Mode)
RUN (Running Mode)

(Radiation Energy)

(Visible light)

2.13

15

(Spectrum)”



2.2

(complementary)

2.14

2.2

2.1.2

2.1.3

(

3.9-4.5407
4.5- 4.9X067
49- 5.8107
58 - 6.0x107
6.0- 6.2107
6.2 - 7./x107

)

[

(colors of visible light)

400

2.14

(Brightness)

(400-800

560

(color wheel) [8]

(Temperature)

16

(Hz)
6.7-7.7.X104
6.1 - 6.7X104
53- 6.1xl04
51-5.I04
4.8-5-Ixio4
3.9-4.8104

400-800
)



(llumination) S (Lux)
(Luminous Flux) S (Lumen)
(Luminous Intensity) S (Candela)
(Brilliance) (Amplitude)
(Color) (Frequency)
(Polarization) (Angle Of Vibration)
2.1.4
(Hluminance)
1
1 (lux)

2.8

(Analog Signal)

(Digital Signal)
(Discrete Data)

2.15

17

2.15

[20]



2.9

(Direct Detection)

(Coherent Detection)

Transmissions) “1" “0”

(Front End)
Local Oscillator

29.1

Power)

NRZ (Non Return to Zero)
B Phase (Manchester)
DC Symbol/Bit Synchronization

18

(Baseband
(Optical Source)

(Sensitivity)
(Direct Detection)
2.16

(Instantaneous

Pulse Code Modulation (PCM)
RZ (Return to Zero)

Self-Clocking Code



(Shot noise)

2.16 [9]
210
2.10.1 - (On-Off Keying, OOK)
(Morse Code)
1 (2.1) _ _ _
¢ o, If olStransmitted 1)
1 (1), ifaistransmitted
s(t) 1
2.2) — :
( ® If o istransmitted 22
ra (s + 7, If 1iStransmitted
71(t)

217 218

19
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flu il VY Vet
qjlftif» WM
WV IV TVVET IV EEVN T
1 1
2.18 - [9]
2.11
2

4-8

20
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2111

Cockir L rij~ W ja

Data
2.19
2.11.2
(Baud Rate)
4
(Start Bit)
567 8
(Parity Bit) 1
(Stop Bit) 1,15
2.20
DATA "1

DATA 0"

21

2.19

19

(Waiting State)
1



56,7
DATA
1 15 2
RS-232
1,200 2,400 4,800 9,600 19,200
8
1 10
960

1/ 3—455%
| /Y — 34

D1 D3 D4

WAIT STAGE STB’TTRT; DO 02

2.20

] 1”

Transmitter)

(Least Significant Bit, LSB)

Ill n

110 150 300 600

1
9,600

T/ Z=—3_10 1INR
Ep e T L t\N

il 1 1 1

D5 D6 D7 parity! stop ; STOP!
; BTL ; BIT2;
1,152
9]
(Odd) (Even)
i 1”
99H 10011001B

ART (Universal Asynchronous Receiver

|I1 "

NONE

22



2113 RS232(Recommended Standard 232)
RS232 Serial
Serial
05V 0-3.3y( T m:"  -15 15V (
Logic0  RS232 3 15V
Logic 1~ RS232 -3 -15V
221 TTL
RS232
V*
y & 4
TTL
221 TTL RS232 [7]
2.21 2 Data
T3k RS232
ICMAX232 1IC
TTL RS232 RS232 TTL
2.114 TTL(Transistor-Transistor Logic)
TTL Transistor
Transistor (10 TTL 0-5V
0-33V( LVTTL)
Datasheet
TTL LVTTL 2.22

23

RS232)



TTL 0-5V TTL 0-3.3V

2.22 TIL LVITL [7]
2.11.5 1CMAX 232
IC MAX 232 1C TTL RS232 RS232
TTL 2.23
2.23 RS232 TTL 1C MAX232 [7]
2.115.1 MAX232 TTL 0-5V RS232
MAX232 TTL 0-5V RS232
2.24
/(%
Veec =5V
Cl-C5= 10uF
2.24 C MAX232 TTL 05V RS232 [7]

24



2.115.2 MAX232
MAX232
2.25

LVTTL 0-3.3V  RS232
LVTTL 0-3.3V  RS232

VCC

Vee = 3.3V

C1-C5=0.luF

2.25 Ic MAX232

2.11.6 RS232

RS-232
DB-25 9

2.3

2.26 9

25

—| "3
LVITL 033V RS232 [7]
DB-25 DB
DB-9
2.26 227
DB-9 [9]



O OO ~J O O B~ W N -

2.3
DB-9

DSR

: I V il 13
% é} fli 8 15) 12
) <3)® d )®(L)( ()8 ® (® @/
e @0 ( )e()o@E)@()e
11 P15 g oy h 2 % 5
2.27 25 DB-25 [9]
[9]
DB-25
8 Data Carrier Detect : DCD
3 Received Data : RXD
2 Transmitted Data : TXD
20 Data Terminal Ready : DTR
7 Single Ground : GND
6 Data Set Ready : DSR
4 Request To Send : RTS
5 Clear To Send : CTS
22 Ring Indicator Rl

Data Carrier Detect (DCD)

Receive Data (RD) RXD

Transmitted Data (TD) TXD

Data Terminal Ready (DTR)

DSR

26

Carrier Detect (CD)

DTR
3 DTR
DCD '

DTR

DSR



Single Ground (GND)

Data Set Ready (DSR) DTR
DSR
Request To Send (RTS)
RTS CTS
3 RIS CTS
Clear To Send (CTS)
TXD

Ring Indicator (RI)

M

GND ------ GND

2.28 Null Modem [9]

229 3 [

21



2.28 Null Modem

2.29
3
2.11.7 (UART)
UART iversal Asynchronous Receiver Transmitter
UART
UART
UART
UART
, (
(Overrun))
2.12 CH PROGRAMMING Language
1 (c# Programming Language)
Microsoft Anders Hejlsberg
C, C++  JAVA NET Framework
C# el Java

28



2.13 NET Framework

(NET Framework) (Platform)
(Microsoft)

(Ch), (C+4), (Visual Basic),

(JAVA Script), (Delphi)
(NET Framework)
(VisualBasic.NET), (JAVASCript.NET), (CHNET),

(Delphi8)
2.14 SQL (Structured Query Language)

SQL Structured Query Language

(open system) SQL

SQL
SQL

SQL
4

L Select query
2. Update query
3. insert query

4. Delete query

2.14.1 SQL
L (Data Definition Language; DDL)

. CREATE, DROP, ALTER
2. (Data Manipulation Language; DML)
: SELECT, INSERT, UPDATE, DELETE

29



3 (Data Control Language; DCL)

: GRANT, REVOKE

2.15 SQL Server
SQL Server Microsoft SQL Server
(relational database management system RDBMS) Microsoft
Client/server Window T-SQL
Microsoft Windows
Operating System Microsoft SQL

Windows Based

2.16 Wi-Fi (Wireless Fidelity)

(Wi-Fi Wireless Local
Area Network)

Wi-Fi
Wi-Fi
Wi-Fi
Wi-Fi Public Elotspot [EEE 802.11
Wireless Local Area Network
100 ( ) 300 ( )
IEEE 802.11 IEEE (Institute of Electrical and
Electronics Engineers) 1-2 Mbps 24
ISM band
License IEEE 802.11
IEEE 802.11a Physical Layer
54 Mbps 5 , 802.11b, 802.11g
11 Mbps 54 Mbps 24
802.1 802.11le Quality
of Service (QoS) Multimedia Applications Wi-Fi Public Elotspot

0



IEEE 802.118

2.16.1 IEEE 802.11h
IEEE 802.11b .. 2542 CCK
(Complimentary Code Keying) DSSS (Direct Sequence Spread Spectrum)
11 Mbps
24 ISM (Industrial Scientific and Medical)
|EEE 802.11
100
2.16.2 IEEE 802.1g
|EEE 802.llg .. 2546 |EEE 802.119
OFDM ~ 802.1la 24
36-54 Mbps 802.11h ~ 802.118
2 Mbps
802.11b  (Backward
Compatible)
802.11g , b
g 11 Mbps b
54 Mbps
802.Ilg 802.11b

2.17

2.17.1 Peer-to-Peer (Adhoc Mode)
Peer to Peer
2
Wireless Adapter Cards

a



2.17.2 Client/server (Infrastructure Mode)
Client | Server Infrastructure Mode
Access Point (AP) Hot Spot
(Client)

AP AP 1
15-50

32

AP



2.18 Visual studio

(Visual Studio) Integrated Development Environment
(IDE)

(VB.NET)
(C+4) (C#) (J#) 2.30
Visual Studio 2005
Visual Studio 2008
Visual Studio 2010
Visual Studio 2012
2.30 Visual Studio
Visual Basic 2010 NET Framework

NET Framework 4.5
Visual Studio 2012

33



3.1
3.2
(Visible Light
Communication; VLC)
(Friendly Arm, Thin client, Rasberry Pi)
31
(Microcontroller)
()
(Photo Diode)
ID ID
- Fi ID
1
W\ 2 commamcation Graphical !

Interfa

31

34
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3.3

33
331 '
390
10
PC817
MOSFET N Channel IRF510
30 220V
3.3.2
33
IRF510
(Input = 0V)
Isolator) 2
34

36

I TN SEE SEE N SN

(Opto-



ik 5

, 3.5

&z A Y o @ £ d' =2 & 1 Y o v ¢ v v
nansiifuenansiianulidmsumsldouigasnusiniu lieugalihlulddsylesdamnism

lidnsallag visdu Bnvvnuilisauadiien wazdesdnededadveseonasynasaniinisunluly



3.6 - 37

U T~ TTTT

&z A Y o @ £ d' =2 & 1 Y o v ¢ v v
nansiluenansitanulidwiunislinuiigarsfinwini lieygalihlldusslonihumse

lidnsallag visdu Bnvvnuilisauadiien wazdesdnededadveseonasynasaniinisunluly



wo 08¢

&z A Y o @ £ d' =2 & 1 Y o v ¢ v v
nansikluenansiianulidmiunslinuiignisfinwviniu lisygnalihllgusylavdiunsm

lidnsallag visdu Bnvvnuilisauadiien wazdesdnededadveseonasynasaniinisunluly



3.4

Vee=5V
3.9 LED
34.1
1.2
MOSFET N Channel IRF510
I
34.2
3.9
ICMCT74HC14
TTL ( 0 5
3.10
3.10

40
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3.5

6 1 1

ASCII

(Baud rate)

313
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3.6

36.1

3.14

PIC 18F8722
ID) 1
6 4
checksum
(Flowchart) 3.14

43



3.6.2
RS232 int_RDA

0x8A,0x8B,0x8C,0x8D,0x01" ch'’ksum
(Flowchart) 3.15

3.15

44



3.7 (User interface)
2

371 (Client interface)

3.16

3.17-3.20

e P

® Blueberry cheese pie

Btekeriy chees* pi* 10 MkrfrSuin 15

3.17

45
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3.7.11

(Flow Chart)
32
.3 WaVMbl  /
|SMRtKSS £
IlJ..' ainuti -/ .y A b
M N A
TRUE r  sfe ** ( Promotion
X // P 1(%%/ = % ftrtib*«»»8»|
. /" !
lty| [ ITH / /
o & e
« |
| Wil /Pt
X X RE. | 5f5 f :
X| . . »a« Promoti
<N Dt4 g \] AT TAX A 71/ *gr%imd;} Y
\ X 4 d 7
fMSi
dShmm®
X* { W
( ENID )
321 (Client interface)
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3.7.2 (Database Management Interface)

Login
, 3-22

3.22 Login
Login

3.23

Menu  Log GW

English 1

tBMKMMMIfl 3

smTHiISim
wittfl * i1
T om( CP JBOTm aatithui 1
l C13
. o — ‘ A | igr . NN
Ughtjfc ef*wsert, K*SB — 0 rakkUKn Og(tartw<rt,"»Ta snsP*h ¢ ) Jer,Starp
I I o . 20 PUUS> 295571 MU |
A .
2 " W&, friv**(S«lsC £) % i | w2msT15413
) 3 | i : &1 C + 2>we JssTiU T ™
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3.7.2.2

3,25 (Database Manager Interface)
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#include "E:\Project\2556\16F REAL.h'

#define TX1 PIN_AL// Pin AL X1

#define RXL PIN.AO// Pin AO RX1

#use delay (clock = 10000000

#use rs232(baud = 1200, xmit =TX1, rev =RX1) // RS232

void SendDataO

{
unsigned int ID[]={0x8A,0x8B,0x8C,0x8D,0x01}; /I

unsigned char i=0 , chksum; /I ID
chksum = ID[0);, /I chksum
for(i=1;i<5;i++)
{
putc(ID[i]); Il
chksum = chksum AID[i]
}
putc(chksum);
}
void mainO
{

setup_timer_O(RTCC_INTERNALIRTCC_DIV_|);
setup_timer_I(TI_DISABLED),
setup_timer_2(T2_DISABLED,0,l);
setup_comparator(NC_NC_NC_NC);
setup_vref(FALSE);
/ISetup_Oscillator parameter not selected from Intr Oscillator Config tab
while(1)
{
SendData0; Il
delay ms(5);
}
}

12
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#include "E:\Project\2556\18F REAL.h'
#include "stdlib.h"

#defineTXI PIN_C6
#define RXL PIN~C7 Il TX1,RX1,TX2,RX2
#define TX2  PIN~GL
#define RX2 PIN_G2

#fuses  H4 NOLVP,NOWDT,NOPROTECT ,NOSTVREN

#use delay (clock = 40000000)

/1 RS232

#USE RS232 (BAUD = 1200, XMIT =TX1, RCV = RX1, STREAM = COM_A)
#USE RS232 (BAUD = 9600, XMIT =TX2, RCV = RX2, STREAM = COM _B)

#int RDA /I RDA RS232
void RDAJsr(void)

{

unsigned char ReadDataFromVLC;

ReadDataFromVLC =fgetc(COM_A); Il RS232 COM_A
fputc(ReadDataFromVLC,COM_B); Il ‘ RS232 COM B
}
void mainO

{

setup_adc_ports(NO_ANALOGS|VSS_VDD);
setupjadc(ADC_CLOCK _DIV_2|ADC_TAD_MUL_0);
setup_psp(PSP_DISABLED);
setup_spi(SPI_SS_DISABLED);
setup_wdt(WDT_OFF);
setup_timer_O(RTCC_INTERNAL);
setup_timer_|(TI_DISABLED);
setup_time(_2(T2_DISABLED,0,l);
setup_timer_4(T4 DISABLED,0,);

4



setup_comparator(NC_NC _NC NC);

setup_vref(FALSE);

enablejnterrupts(GLOBAL); //
enable_interrupts(INT_RDA); /I RDA

while()
{

}

5
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