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BLOCKCHAIN AND SMART CONTRACT

APPLICATION FOR ELECTRIC VEHICLE CHARGING

Mr. Thitiwat ~ Ruangsakorn 57010358
Mr. Natthanan Chanthong 57010430
Mr. Sorayut Glomglome Advisor
Academic Year 2017

ABSTRACT

This thesis is made up for study, design and build the electronic payment system for
electric vehicle using Blockehain Smart Contract technology to control and manage payment
instead of the present payment system such as credit card for the purpose to reducing central
system limitation such as, transaction fee in a large amount of micro transactions, In addition, this
system will reduce the problem of number of charging stations that is-inadequate for clectric
vehicle when travel in the long distance, so we build the clectronic payment system in the
personal charging station by setting up the Blockchain node in the charging station and build the
application that can access to Blockchain for electric vehicle’s owner to access the charging
station. The application can show the charging information and order for payment and charging
process. In the electric vehicle part, we will simulate the data transmission between charging

station and electric vehicle.
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2.2.3 Smart Contract
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Transactions
Sending value to the contract

“Smart Contract”

Events
Sending infarmation
to the contract

Value State

Replicated, Shared Ledger

519 2.6 Smart Contract Diagram"'

2.2.4 Solidity
2’, = =|'. 9 [ = = 1 S é =
Ethereum WU IN 1T 1T V00U Smart Contract (38031 Solidity %43 Syntax

& . w { 2 4 o 1
NUFMUI9INNIHY Java Scrip 613319 2.7 Fudludaoaalisnnsuues Smart Contract

1. pragma solidity "0.4.0;

2

3~ contract MyFirstContract

event print (string(stning str),

- function Hellolorld(){
print_string("Hello world");
¥

. -

5uf 2.7 2w Solidity”

W H @ = 1 e 40 2
#12 IDE N 9g 19 d 11 $u 18 81 Smart Contract Tu 1 vy 19 Solidity Browser % 4

\ - ¢ 1 3 T
@150 Compile Code 1188321 Address Yo ULADY Contract NATVUNINITUN 2.8

" https://goo.gl/'V8Pm2u
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|2 & pallotsol x ‘o 4 © O R v O 7 [
|17 pragma solidivy *0.4.0;
| 2+ contract Baller { Sonddy version: ¢ 4 T+commé 822822¢! Emscripien dang
1 3 Crange o 9.4, 8-nightly. 2016.12, 16+comnit afBbc1cs ¥
struct Voter {
5 Int walght; Text Vitap - Enabile Cptimization ¥ Auto Compile | Compile
{ 1) ool votad;
7 T8 vote; arssct B Transact (Payatie
i 8 sddress delegate; e
e } v Balkct 2088 tytes
{ 16:  struct Proposal {
fon sint voteCount; - AvAgdres Croste
12 3
8 i BOS0604052 345 100005 T60.40516020006 108268
$ine sddross chairperson;
15 ing{addres Voter) voters; e [Cconstant” false “inguts™ [ name’ “To" “typs" "
11s roposals;
147 1 propo vieb3 dalay

it AT b th ${_neProposals) different proposals.
19+ function Ballot{uintd _nusProgosals) {
20 chairperson « msg.sender;

{2 voters[chairperson].weight = 1;
=22 proposals.length = _nusProposals;
[z }
|-
{oas
126 sy only be called by ${chalrpe
{io2zs function giveRightToVote(addr oter) {
F1 if (msg.sender !- chairperson voters[voter].voted) return;
|29 voters{voter].weight - 1;

voters{msg.sender];
oted) return;
s[to].delegate (9) &% voters[to].delegate mig. sandar)
to - voters[to].delegate;
if (o == msg.sender) return;
sender.voted » true;
sender.delegate ~ to;

baor Xab 1o TebeldbitSdiS8ebid Mdadcisdd

517 2.8 Solidity Browser
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2.4 Electronic Vehicle Charging
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Grid,
oC solar
fast-charging it
station
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i
7oA J
% Y
AC charging DCcharging
* Every vehicle has anon-board * Infrastructure investment is shared
charger. ameng hundreds of users.
* Limited power, slow charging. * Large power rating, fast charging.

» Capable of integration with renewable
resources.

3 11 2.9 Electronic Vehicle Charging13
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Connector pin-layout and assignment
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2.5.1 An ToT Electric Business Model Based on the Protocol of Bitcoin

ATETEna 1989351 T2 gnATH4N Internet of Things f1I Electric Business
Model §26m131% Protocol 4194 Bitcoin F114#3%111/4849 Blockchain
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Token NHWUFIMLININ Bitcoin
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gﬂﬁ 2.16 Ethereum Model Diagram
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contract ACPolicy{

int acLimit;

bytes publicKey;

bytes signature;

update(int_acLimit, bytes publicKey, bytes signature){
acLimit=_acLimit;
publicKey=_publicKey;
signature =_signature;

J

§ﬂﬁ 2.18 Policy Contract Script
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Appliances - "things”
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gﬂﬁ 2.19 The proof-of-concept smart cable and socket
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Smart socket
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2.5.4 Transactive Grid
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FIG. 3
SMART GRID CONTACTS: COMPONENTS AND MECHANISM
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Each block contains

- Time slamp

- State: ownership slatus

- Reference (o the
previous block

- A list pf transactions
taken place since the 406
last block
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o

Public Ledger, aka the Blockchain
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911314 2.24 Smart Grid Contract 18§11 Network 51 Input 910 Element A 0
{ A  ade 3 o : 1 A
fludursuag Element B fidludyosiniundaiuleitezs Transaction 081315 ie

andulaldfdana Output 114 1T uAnaY Blockchain H&uanildoua Token AU

521114 TAGe U84 Element A tag B a3 suaiiounisuanilasu lvihduEy

5602

g

Receive settlement information

5604

Validate a current state of a public ledger

, -

Generate fulfillment infromation

\[ =

{

Contibute to an update of the public
ledger

Ui 2:25 Flowchart M319THUBY Smart Grid Contract
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MINATIZH 00NULY HAZWAIKITZUL

Tuunieresinedsnisdmsies sonuuunazianszuy Fevzuiseaniii 2 daumu
nthiuea Blockchain node 1117 'I4UA Station node AiAAAIA1T Raspberry Pi ¥mihiisans
faaanilnsa 'l uaz Application node iaRaA 1Y Computer smihfiuaasdeyarniu web
application o das eiuuardar1$a’ln Taowa 2 Node 9219 Platform 494 go-ethereum 1oz 14

API ¥04 web3 js Wudnarlunmsdearsiu Jaead 105y Private Blockchain network

3.1 AINABINTVDITZUY

3.1.1 Specification
3.1.1.1 Station node

Sx { -, e &
D - thamuaaeInes I ansosud Idin$1a939 1910 Raspberry

A w d

Pi 1uvh Transaction [ e ¥9LA VA Y Blockchain A28 153 on 14au
ﬁﬂf{ ‘IQ;J‘u 1 Smart Contract
7). anngunIsms o lilausdely Smar Contract Tngagdiaoa ¥
mMsns e liAae 1 kilowatt
3y Budumsania Wdaewssuly Smart Contract
3.1.1.2 Application node
Dl a9 oyan 159150 11318 14910 Smart Contract 1 Web
application
2) 4918 ETH Token n1u$112ufis2y 137 Smart Contract Tngas
Peausanmmie lWiiag 1 kilowatt
3) Budunsiietudlewaduly Smart Contract
)] ﬁﬂﬁﬁgﬂﬂﬁmgﬂﬂﬁi‘m Smart Contract
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CAN(simulation)
& Electric

.
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EV(Pi)

EV charging station (Pi)

Blockchain
Smart Contract

Go-Ethereum &
Sofidity

HTML,
Javascript

Server Web App

g‘ﬂﬁ 3.1 System Diagram
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Blockchain 571'11/84811A1910 Blockehain

¥ ' Ed
uBNMANAILT Server NAAAY Go-Ethereum Blockehain 1358071 Application node 11

MR8 1uA1n153159 19910 Blockehain udada Tuananauu Web Application agn19/a

Web Application 40159159 JlH114M14 Server a1 uRnA1d9a4 Blockchain 18

11 @71 v9 9 Blockchain Smart Contract ﬁ Y 61‘]?' Platform 983 Go-Ethereum Ua¥ Gl‘i”ﬂ 141

Solidity 1un15:3&1 Smart Contract
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3.3 Activity Diagram

Blockchain

Application node

Station node

@ user order to
charge

opr
user token - price rate

station token + price rate
status = "validation"

validate payment
status = "charging”

[ﬂjlgaﬁgn_slaxg

automatic L N,

EV connected

to station

(@) |

Prepare for charging
status = "wait for order"

power = amount of power to charge
balance =power " price rate

Charging state
confirm charging

power = power - 1
balance = power * price rate
status = "payment”

payment

Fully charged ]
status = "fully charged”

ﬁ' stop ¢charging

Y

EV disconnected
from station

status = "available”

<

3‘1Jﬁ 3.2 Activity Diagram
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@® status = “wait for order”
o 4 d
® power = 911U IvlihAde e

® balance = 112U T NdBI5 9 x SasiA1an T 1n

4 s 2

Tx #1 : owner = station node
power = 12.3
balance = 12.3 * price rate
status = “wait for order”

31 333 Block 1 Tx 1

3) Application node 811903 AN5959 199 1A Smart Contract HATINMAAILY Web

application 11 1 User Faseiutazansa lv

A & = o 9 £ \ 4 s A =
4) 149 User @ Wielunaz 3159 1vuda Application node 9% @514 Transaction W o loulRu

T F
11a% Update A3l Ty Smart Contract #9317 3.4 Aall
9
o Touluunindin@ues User lidainfuosaaiinga lvhiueg

® status = “validation”

f gy, Block #1 : \

Tx #1 : owner = station'node
power = 12.3
balance = 12.3 * price rate
status = “wait for order”

Tx #2 : owner = application node
transfer ETH from: user account,
to: station account, value: price rate
status = “validation”

A 4

517 3.4 Block 1 Tx 2
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5) 1o status 151 “validation” 187 Application node 928U dun15 TouRuIaonisvin
. A o & o o = 4
Transaction i3 on ldnufasrudmSuiudums TouiSuly Smart Contract aziie
o [ Y] ' = _ o { 1
m3 Toudu185umsduduud9z Update A1 status Gy “charging” da31lfl 3.5 uad

m3 Toudu luldsumstuduay Update A status 134 “payment error”

/ Block #1 \

Tx #1 : owner = station node
power = 12.3
balance = 12.3 ™ price rate
status = “wait for order”

Tx #2 : owner.=application.node
transfer ETH from: user accotnt;
to: station account, value: price rate
status.= “validation”

- Tx #3 : owner = application node
~ /status'= “charging”

517 3.5 Block 1 Tx 3

A 2 ¥ . o < A 2
6) 1319 status 111 “charging” 1183 Station node 12 3100984135159 1 e s uaToee
o [ " v A o ¢ W
tudunisyasa 1l Taen1syin Transaction 10 Block do 11l aG onld1udan sy
o O @ A w @
dwmsutudunisad o 1ulu Smart Contract ttazdionisms o W ldSumssuduudang
] 3
Update fndaudseiagalin 3.6 ALl
o = Y o .
® power = Suau Iiaeanivanas 1 kilowatt
® balance = 3137 1T AdBIM IS0 x 8510 19

® status = “payment”

/ Block #2 \

Tx#1 : owner = station node
power = 11.3
balance = 11.3 * price rate
status = “payment”

\ 4

311 3.6 Block 2 Tx 1
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uad s Il 1dsumstuduae update a1 status (Hu “charging process error”
A o 1 1 . . o °
7) 0 status 11U “payment” U8 E A1 power ¥11N 1 0 Application node azaundy i
1 = P 4 1 [ way
AFZUIUMINETUN MY IWde Tason Tuala

p& L 1 [ . . o .
8) UD status du “payment” @ E A1 power (N1AU O Application node 9£ 1 Transaction

e

o

A s o {
111 Block gavetiNe Update #2115 11 Smart Contract 931/#1 3.7 fail

® status = “fully charged”

/ Block #11 \

Tx #1 : owner = station‘node
power = 0- :
‘balance = 0 * price rate
status = ‘payment’

Tx #2 ~owner = application riode
status = “fully charge”

GRS B GHEY

519 3.7 Block 11 Tx 2

4 [~ o 1
9) 119 status 134 “fully charged” u@7 Station node 9¢$1a0321MgAM TV Iluda
¥ = L] A 1 ’ > ] 1 L] 1
10) doaativise L' 1d@Fe uaenusasua I fle Station node 811A1 GPIO NéIlAN
= a B 3 o/ o
il *0° fieg 11 Transaction 14 Block §A%18 19® Update #2u11}5 11 Smart Contract 14
4 AN
1 3.8 Aald

® status = “available”

/ Block #11 \

Tx #1 : owner = station node
power = 0
balance = 0 * price rate
status = “payment”

Tx #2 : owner = application node
status = “fully charge”

Tx #3 : owner = station node
status = "available”

\ 4

311 3.8 Block 11 Tx 3
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¥ ]

wenwnil lusgnihnszuaunmsnis Ieg User dmisodangamsse i lddqe
o : o . - " o R A 3 =
#UDIHNTY Web application Tay Application node 3¢ %1 Transaction IW® Update 11 status (1lu

o £/ . A = & s pall ' P v
“stopping” 91N Station node 1oAY status (114 “stopping” N9z T1M0IIIMYANTHT Irluda
c 4 A ' o
1 Transaction (W8 Update A1 status (3 “stopped”
P LA 1 '
Tu31# 3.9 154 Blockehain Auaasnszuiun1smsa ldffiaduluudag block a1
sy ¥ a ¥ g

ﬂizﬁ?uﬂ’liﬂ"lﬂ?]ﬁ‘ﬂ'lﬁiiﬂ‘ii"ﬁﬁu

g oL aiualg e G

Tx #1: owner = station node Tx#1: owner = siation nede Tx#1: owner = station node
power=123 power=113 power=103
balance = 12.3 " price rate balance = 11.3 balance = 10.3 * price rate
stalus = “walt for order” g status = “payment’

Tx #2: owner = application node Tx'! oaner = apphcation nods : Tx 82 . owner = appiication node
transfer ETH from: uger account 3 transfer ETH from: user aci “ay transfer ETH from: user account,
10: station account. value: price rate o Lo s;#pnacpoum,vame pnc.eme fo; station account, value: price rate
status = "validation® > “ N\ Walbn status = “validation”

Tx#3 : owner = application node ¢

\ slatus = “charging” y

. owner = application node

s = “charging” /

V

51U 3.9 EV Charging Blockchain
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3.4 Behavior Diagram

Station GETH Application
node Blockchain node

set_power
set_status

v

:l calculate balance

get_power
get_status
get_balance

v

pay ETH
set_status

A

confirm payment

] validation
> get_status set_status
:Icharging process
confirm charging
confirmation
set status

g‘l]ﬁ 3.10 Behavior Diagram

4 g . - i o =
911314 3.10 114 Behavior Diagram Nuaad state 1137119149893z 0Y Taaisuduain
. = Yo & @ 4 A Y
Station node (380 197184 set_power LQE set_status “J_i'u‘ﬂﬂﬂumﬂsﬁﬂiﬂ81u1ﬂLLﬁ$ﬁﬂ1u¥ﬁJﬂ<1

4 T
M3%15984 Blockchain 111U Blockchain 92f 11T 1M IURUNGDI918Ud 7 Application node
= o/ 4 v o W ' ..
WLTHNAUBYANITVIT AR TGRGR get power, get status Q& get_balance ABH1 Application
) i ¥
node 9L F99 18R UUALIUTUNITIIDEUAIBATN 9 pay ETH #21¢ confirm payment 910U U

Blockchain 9¢8uduANNYNABIMAIB AR @D 1UEN159159 Iluag Station node 9zi5BngaA1

Y

2 3’; = Y] §
gauzudsumIn i Idomiunssiudumsaie 1n'1U# Blockehain



3.5 Use Case Diagram

34

—_—

User

L—

Application
node

Electronic Payment System

Define price
rate

Order charging

Register

i

Stop charging

Pay token Set power

Read Smart
Contract value

b

Confirm
Charging

Validation

Control
Charging

Read EV
battery

station
owner

Station node

/

3UM 3.1 Use Case Diagram

91317 3.11 131 Use Case Diagram ¥0352 01152001 11J§70 actor fiv User, station

o
node, Application node L8 Station node u@ﬂmnﬁﬁ%ﬁ Use Case 1182 A195U18 Use Case

A9 A9AT 19N 3.1

=2 A
DRI N 3.12



3.6 Use Case Detail

A513% 3.1 Order Charging Use Case

Use Case Name

Order Charging

Actors

User

Use Case Purpose

User @4 1oUISUATU Web application

Pre-conditions

. & = z
Station node ﬁamm status 1314 “wait for order”

Post-conditions

User 74 ToURUATY Application i

Limitations

Primary Scenario

1) Web application ammﬁ’@:‘gamﬁ‘m%’ﬁ)“lwﬁém 910 Smart Contract
2) User NT01 stationlD wanhe nﬂu Charge U1 Web application

: o 3 w
3) User N300 userID 11ag Password thotuduanududvenind

Alternative Scenario

M50 3.2 Register Use Case

Use Case Name

Register

Actors

User

Use Case Purpose

User @305 ﬁfﬁ‘ﬂﬂd Go-ethereum H1H Web application

Pre-conditions

Post-conditions

User o ﬁﬂ‘iﬁﬂg%ﬁﬂﬁ Go-ethereun W11 Web application &

Limitations

Primary Scenario

User Lﬁﬂﬂﬂn Register 118320300 userlD 11ag Password

Alternative Scenario

A15197 3.3 Stop Charging Use Case

Use Case Name Stop charging
Actors User
Use Case Purpose User darigan15a13 9 1Wk11 Web application

Pre-conditions

szuveglunszuaumsmioly

Post-conditions

User @9114An15915 9 19H U Web application 161
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Limitations

Primary Scenario

: I3
User (aantju Stop tedangam el

Alternative Scenario

mﬂaﬁ 3.4 Define Price Rate Use Case

Use Case Name

Define price rate

Actors

Station owner

Use Case Purpose

5 [ o ' a = = o
Station owner AMUUADATIAS Y IWNa01TiT o 1

Pre-conditions

) ' o .
Station node ﬁ’mﬁm status 43/ “available”

Post-conditions

Station owner ﬁ”muﬂ‘eﬁ‘ﬂ'ﬁlﬁﬂﬂﬁ‘ﬂﬂﬁﬁmﬁm{ﬂﬂ"lﬁ'

Limitations

Primary Secenario

= [ o 1 o P = o
Station owner AHUABAI 1A 8 N aa iians v v

Alternative Scenario

5139 3.5 Pay Token Use Case

Use Case Name

Pay token

Actors

Application node

Use Case Purpose

o

o 2 a &
Application node Tou ETH Token 91n1igydmils lldadnifaydvils

Pre-conditions

w Eg ¥ Y
UYFAUNNADIPN Unlock A28 Password

Post-conditions

@n
=
e
=
20
=~
=
£o

v A X o’
Application node 10U ETH Token 91n1iayantia 11)da
a

Limitations

Primary Scenario

. o R A
1) Application node 911 Transaction 1o 1o ETH Token 910 Wﬂﬁ
é @ = @ = é
il lildadnigawile

A qy 1
2) ife TouaFaiuse Update A status 15]4 “validation”

Alternative Scenario

M1519% 3.6 Validation Use Case

Use Case Name

Validation

Actors

Application node
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Use Case Purpose

Application node #udun1s Tou ETH Token

Pre-conditions

o =

v a4 v o &
Application node Tou ETH Token %Tﬂ‘ufg‘]muﬂﬂtlmﬂ WU

)
a7

Post-conditions

Application node #uduni1sTow ETH Token 1@

Limitations

Primary Scenario

1) Application node Fonlaledu confirmPayment 910 Smart
Contract

A v g 4 ' & .
2) WetuduaToduce Update 71 status 13lu “charging”

Alternative Scenario

ms nﬁ 3.7 Read Smart Contract Value Use Case

Use Case Name

Read Smart Contract value

Actors

Application node, Station node

Use Case Purpose

Application node tag Station node 8TUAAMATA194910 Smart

Contract

Pre-conditions

A r L
Application node L4@1& Station node Ao uFouAnnu 1Y Network

Post-conditions

Application node H@ag Station node 911A1ALT919991A Smart

Contract "lﬁ’

Limitations

Primary Scenario

. M ; = v L a o
Application node oY Station node 17 oA ldWenyulumsi gNPA7

lsuaazaaly Smart Contract

Alternative Scenario

M1 3.8 Set Status Use Case

Use Case Name

Set status

Actors

Application node, Station node

Use Case Purpose

Application node LL@1¥ Station node MruaaIls status 14 Smart

Contract

Pre-conditions

_— . A P w
Application node L% Station node Apudeuanny U Network

Post-conditions

Application node I Station node fmuaas status T4 Smart
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14
Contract "lﬂ

Limitations

Primary Scenario

Application node 11a2 Station node S ldansu lumsimuadd

11l3 status 14 Smart Contract

Alternative Scenario

M15191 3.9 Set Power Use Case

Use Case Name

Set power

Actors

Station node

Use Case Purpose

i o o =
Station node A UAAMIUS power 11 Smart Contractd 1139

Pre-conditions

’ L] ¥ d' o ‘g
Station node B1UAY Battery No1889494

Post-conditions

Station node AMuAAls power 11 Smart Contract 1

Limitations

Primary Scenario

= vy 4 -5 2
1) Station node 81UA1 Battery 1918049
a L) ° o
2) Station node Fanleensutumsdiuaaails power 114 Smart

Y o 1A g
Contract &!ﬁ')ﬂ’l‘i’iuﬂﬂ'l‘i’l'ﬂ”!l!ulﬂ'ﬂ’m Battery

Alternative Scenario

M15130 3.10 Confirm Charging Use Case

Use Case Name

Confirm charging

Actors

Station Node

Use Case Purpose

" : o
Station node #UEUMTII5D N

Pre-conditions

Station node 3139 11109 1 kilowatt

Post-conditions

Station node BudUMIIT0 1918

Limitations

Primary Scenario

1) Station node Fonldiandu confirmCharging 919 Smart Contract

A A o = 2 1 o)
2) IBPUSUITIVTUIY Update A1 status 19 “payment”

Alternative Scenario

1l 1asun1sdudusy Update AN status 134 “charging process

error”




M13199 3.11 Control Charging Use Case
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Use Case Name

Control charging

Actors

Station Node

Use Case Purpose

Station node $1889AUAUATLVIUMIITY W

Pre-conditions

Post-conditions

Station node $1894AUAVATZUIUMSTIT0 1 18

Limitations

Primary Scenario

1) Station node 739159 1o Timstudums Touduy
. P A s d & A &
2) Station node ngAN13%715 9 1Mo naTadu W30 User davign

M35 1N

Alternative Scenario

A1519% 3.12 Read EV Battery Use Case

Use Case Name

Read EV battery

Actors

Station Node

Use Case Purpose

Station node 1188 9115914A1 Battery 910 EV

Pre-conditions

Post-conditions

Station node 9108401981UA1 battery 310 EV- 14

Limitations

Primary Scenario

Station node 81N Raspberry Pi Aot EV @28 UART

protocol

Alternative Scenario

3.7 Smart Contract Code

: % o
TuTsunsud 3.1 81U Pseudo Code U84 Smart Contract 3992152nou'lUd20d 01l

o 1 A = 4 @ = « CY - Y w 1 [ 4 o =)
AL Foan1tlnse, Tybusaan1tinss, Uydved 1, onsiaiense I, Suauluuay

o -y P 5 = sl W -
uu lindoenis uenanilazlWlanaua1en fanisen 3.13
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Tﬂ‘iuﬂiu’ﬁ 3.1 Smart Contract Pseudo Code

string stationName;

string stationAccount;

string accountAddress;

uint priceRate;

uint pirce;

uint watt;

uint checkToken;

string status:

function confirmPayment (stationlID, amount of paid)

{
if payment was confirmed; status = “charging”
else status = “payment error”

}

Function confirmCharge (stationID,—amount of paid)

{
if charging was confirmed; status = “payment”
else status = “charging process error”

3.8 Smart Contract Function

A15199 3.13 Smart Contract Function

Function Description

confirmPayment tugudTou eth gadoanse L Taminiuiu
eth o hlu e 1n g0 U IR IS VA Price
rate Y59 14 S UN1AUL Update @21115 status
)1 “charging” A1 1IN 1A UL Update A7

W1y status 151 “payment error”

confirmCharge guduiivifelvgndeaniely Tavsiisn
ci t:!' | Y = /=1 o/ U
wuameIhe 1w lduiSeyiiouduan
B ¢ A w =2 Y Y 1 r.v
nuamesAouIs T uiin g dradiedu 1
kilowatt 9 ¢ Update @ 210 1 5 status 13 U
“payment” AR 114 9% Update #1115 status

5 .
11/ “charging process error”

get LAY set Awlsinaza mruamaulsunazal uoz Songmidauls

HAATA?
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NINAasd

2 a y A o ' a ¥

msnaansluunilazilumsnaasslfaieilouazgilnieinie q 1w mIdansInuaves
Blockchain 8413 Raspberry Pi, 013 1991uf1d 9130 APL A199, A1s¥eudoudas Inuaid
¥ v - v
A0 118 171U Smart Contract Iaglinmsnaasd Al

) MINAaBIRUABLABY Node Y94 Blockchain 191A281 U

2) A15NAABIT0U Ether 910 Account Y84 Application node 13J&'9 Account ¥®4 Station

node
3) M3Naaed Update itag ungalnai)sa1991u Smart Contract

‘g o Uy 1
4) ﬂTi‘t"lﬂﬂ‘i’NﬂTi"ifﬂﬂﬂEl‘lﬂlmUBﬂiuﬂﬁﬁﬂu Smart Contract

4.1 NAaRINITNARDITONGBIIARY Node UD3 Blockehain 1413

41.1 Tngilszasd

A a g $ . & 1 A
NONATDIN1IAAAL Go-Ethercum Blockchain @411 Raspberry Pi LLag 6 A UND
1¥ouan Node 1918297

4.1.2 35M5naaed

9 i
1) AAAALAIAT Go-Ethereum 411 Application node 11a1% Station node A1l
4.1

'
Qs Qo

° i . A A 1 o ..
2) lFd17aasgaiia2 lu Station node 1NosFONADAY Application node Tas 1%
A1 enode WupusZYAIAL

o & . A g i A 1 1
3) 1d#ds admin.peers tiatdin Node NiTourosy

Welcome to the Geth JavaScript console!

instance: Geth/nodel/v1.7.1-stable-05101641/1linux-arm/gol1.9
coinbase: 0x5b0cd8030e52416b4eaeat395a0d9495d10ecO7f
at block: 13222 (Mon, 20 Nov 2017 17:24:11 +07)
datadir: /home/pi/nodel
modules: admin:1.0 debug:1.0 eth:1.0 miner:1.0 net:1.0 personal:1.0 rpc:1.0 txp
001:1.0 web3:1.0

g‘l.l‘ﬁ 4.1 iﬁﬂﬁl‘i’l”ﬂu Go-ethereum node
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admin.addPeer ("enode://881ab6d62d5ea7afa41882df21225cd7e45a65c3977402de381538856dc436a0510
ef53f6ec488h84723c9fh514bb03c86ec8a3f17383¢c089de11f4bbe7bae1a@192.168.1.3:30303");

gﬂ‘ﬁ 4.2 'FT'I’E\:”Q addPeer

413 HAN1INADDA
{ { 4 o ¢ s ;
Tuz1# 4.3 waz31i 4.4 flunsiyeude Node 1u Application node ag Station

é 1 ' { A ¥
node m%uﬁmﬂ?ﬂyamaq (¥ IP address A5 NYOUAD

> admin.peers
({
caps: ["eth/62", "eth/63"],
id: "881ab6d62d5ea7afad41882df21225cd7e45a65c39f7402d0387538856dc436a0510ef53
f6ec488b84723c9fb514bb03c86ec8a3f17383c089del 1 f4bbe7haela”,
name: "Geth/minerl/vl.7.8-unstable/windows-amd64/g90l1.8.3",
network: {
localAddress: "1924168.1.4749462"",
remoteAddress:  "192.168-1.3:30343"

protocols: {
eth: {
difficulty: B092192750,
head: "@xc096cic5e75ab32f2e6d91d2a9r9b1598322866d8b81fa7ba%6e6e013ae0e04
7n’
version: 63
}
}
H

gﬂﬁ 43 @01ULYB4 Peer 14 Station node

> admin.peers
[{
caps: ["eth/62", "eth/63"7],
id: "88labBd62dSeaiafad41882dF21225cdTe45a65¢39f 7402d0381538856dc436a0510ef53
féec488b84723c9fbS14bba3c86ecBa3f173283c089delYfdbhezbaela",
name: "Geth/mineri/vis7.0-unstable/wifdows-amd64/gol.g.3",
network: {
localAddress: %192.168:1.5:56654",
remoteAddress: "192.168.1.3:30303"

protocols: {
eth: {
difficulty: 8092192750,
head: "Oxc096c7c5e75ab32f2e6d91d2a9f9b15983a2866d8b81fa7ba96e6ef13aebeld
7n'
version: 63
}
}
H

g‘ﬂﬁ 4.4 A01ULUDI Peer 11 Application node
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4.2 nAaealoy Ether 910 Account Y94 Application node 14&9 Account e 9

Station node

42.1 Tagilszaan
A o ) .
[NONAADINITH Transaction 11 Blockchain 198015 191 Ether 910 Account

983 Application node 11/63 Account ¥®4 Station node

4.2.2 IEMInaavd

1) 1% Application node #1115 Mining A28F1d4 miner.start()

2) Idardenagalii 4.5 e Transaction Tow Ether Tao from: AvtiyFnazih
113 1o, tor Aoty TNz Tou 1y uaz vale: Aos1udu Ether N9z Toulu
113y Wei

3) 501 Transaction §nBLELAY Blockchain

> eth.sendTransaction{{from: eth.accounts[@], to: ®xc88cdl76cefadbec3bd4fcObbob7
7403344b2428, value: web3.toWei(0.01, "ether")}):B

U 4.5 M Transaction Tuns Tou Ether

4.2.3 Haminnasy
D ifiod 910 u Etherved Transaction M50 n 158U Fueglu
eth.pendingTransactions §33 U 4.6 Tawazssydoyanizirliuiinas
Blockchain t% ¥ Address 0.9 Ei’ﬁ 1 Transaction (from:), 18 ¥ hash U ® 4§
Transaction 15;"14 (hash:), f11 gas 1119 A2 11 775917 Transaction (gasPrice:),

Address @181 (to:). 9114791 Ether N1 Juniu18 Wei (value:) Gludu

> eth.pendingTransactions

blockHash: null,
blockNumber: null,
from: "Ox5b0cd8030e52416b4eacatl395a0d9495d10ecO7f",
gas: 90000,
gasPrice: 10000,
hash: "oxf9d0B8a6off7db5f47e0e780e96956c3458c09a493228ble3dcScc9ad1b3715f7h",
input: "Ox",
nonce: 298,
r: "0x41c2bdc56c062a9594982e8366d6a8db3d650f4a0f9a5cabdc0474ebc3fdcecae”,
s: "Ox4072e40348a5f0b6cOel59adcaf3057f757a34958dbb86datel418ef4e15d044",
to: "Oxc08cdl76cefadbec3bd4fcobb9b77403344b2428",
transactionindex: @,
v: "ox78",
5 value: 10000000000000000

3 U 4.6 Pending Transactions



A g o 3 = A w =
2) WDwA91UIU Ether 1’“ Station Node 95 WU Ether iWuN1 0.01 ‘?NETJ"H 4.7

> web3.fromwWei(eth.getBalance(eth.accounts[@8]), "ether")
10.920391520924810001
> web3.fromWei(eth.getBalance(eth.accounts[0]), "ether’)
10.930391520924810001

gﬂﬁ 4.7 31U Ether 14 Car Node

4.3 M3NAR Update uaz 3anga1eiannsenaglyu Smart Contract

43.1 Jagilszaan

: : 2
ienanaoan1sadianaz 19919 Smart Contract d1m5un1swov1e I Wy

o Tuala

43.2 I5MINAR0I
1) @519 Smart Contract A48 Solidity Browser IDE ﬁ\igﬂ‘ﬁ 4.8 wazes 1y Go-
Ethereum Network Lﬁﬂ‘iﬂﬂﬁ @16 Transaction #821U TN Blockchain
2) ‘Application Node K@% Station Node Fonl4a11 Smart Contract
3) -Sonldruntanaunielu Smart Contract o BRGUAY Update daulsa1an

'11‘! Smart Contract

L Ll el

31’ﬁ 4.8 Solidity Browser IDE
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43.3 HanInaaes
naavaFon1F91u Smart Contract uaz l4Wedu lunisSunguas Update A8

wilsanes g 4.9

> contractInstant.getStatus()

“"available"

> contractInstant.setStatus("test")
"Oxd59cafd10596b7a24fb8b7e0a791dcac4f7baaf8c5feabeleSededld90addcco”
> eth.pendingTransactions

> contractInstant.getStatus()

"test"

> contractInstant.getAddr()
"@xcoBcdl76cebadbec3bd4fcObbob77403344b2428"

gﬂﬁ 49 i3 Elﬂﬁl"ff’ﬂu Smart Contract

4.4 Mmanaasam vt INuuUSAIUNAMNIY Smart Contract

44.1 Togilszasn

A o o tg o s 1
ienaaonnzdiasamsdevis IWuven TuTR Ay Smart Contract

4.4.2 FEn1anaaey

1) - Station node i¥3A DAY GPIO #4) Raspberry Pi 180351 BV iiios1ans
mseumtuanes 1019 UART protocol Tumsdtoans

2). Station node 1R 17181114 Update 11 Smart Contract oA 1m17uA195a
IWltiees Transaction Lﬁ'ﬂ Update AN status 1314 “Wait for order”

3) Application node 811%03aR 159159 1997n Smart Contract ud 11U mHAS
U Web application

4) User N300 stationlD v8adaimnsa i ldam nniudalouunazni
Tuu web application Tas Application node 9¢111 Transaction ToulEuen
YyFue User Ty Fuousrvosaniriinss uag Update A status 134
“validation”

5) Application node 11 Transaction Lﬁi 98UEUN1TIIUHIY Smart Contract
Taedududis a9z Update AN status 1314 “charging”

6) Station node $1989M39159 W 91U Transaction IeEUEUMIM T2 1N

F1U Smart Contract Tasd8ududuTe9e Update M status 154 “payment”
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7) &1A1 power H3as1mau Irlfideensads iy 0 sxyhinszuauns ety
uazyialdde Tasdn Tulad uddy power A 150 0 ud192910 Transaction

1o Update A1 status (11 “Fully Charged” Ll@® Station node 9 HgANTT SRR

o

4.4.3 HanmIanaany

P ¥ . . { o ' A 1
1) 31/ 4.10 Slumihia1e Web application aeudids b ldireunears GPIO

stationl

Power to Price Rate

change Price (eth/kilo-watt) Status

0 a 0.000¢2 Available

(e Lo

gﬂﬁ 410 nrhag Application

2) 31 4.11 Ghinitre1s Web Application dioidevd1s GPIO ndr50Mda91n

user

stationl m

Power to Price Rate

change Price (eth/kilo-watt)  Status

12.3 0.00246 0.0002 Wait for
order

51 4.11 wiha1a Application
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A ' 4 Y
3) (i@ User @Ay Charge A0I050N userID 1A Password HBTUIUA WY

FhudweainFududentlu Confirm Charge As31f 4.12

Confirm transactions

earth

o I g, e,

e -~ T e v i e e 2 b i

| Confirm Charge m

gﬂﬁ 4.12 AN Application

4) 317 4.13 i)y Application node MvMstudums Torly

stationl

Price Rate
{eth/kilo-
watt)

12.3 0.00246 0.0002 validation

Charge Stop

gﬂﬁ 4.13 vihena Application
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5) 3U# 4.14 lund1e1e Application @B UT Station node 318890153159 19l

uaztusumIns e I

stationl

Price Rate
(eth/kilo-

watt)

12.3 0.00246. .\ 0.0002 €harging

Charge | Step

gﬂﬁ 4.14 wihAne Application

! < S 5 . i o 1 e
6) gt 4151 Humiang Application ApUR HNszUIUNITIWRULAZ50 |9

Ao lagoa 1ula

stationt

Price Rate
Power to (eth/kilo-
change Price watt) Status

.3 0.00226 0.0002 Payment

gﬂﬁ 4.15 Pending Transaction
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4 ' ! ¢ g &
7) 314 4.16 v Application peufinszUIUMIMNIY InlaTa Ty

stationi m

Price Rate

Price (eth/kilo-watf) Status

0 0 0.0002 Fully "

Charged
Charge | Stop

gﬂﬁ 4.16 Pending Transaction

namsnaaedaInanaasliifiud g a1m1721101991 Transaction 484 Blockchain 311
Flunsaunugdnsaitazaduiiuszusesuuuutidonseindld FusaflFlumsih
Transaction Tﬂﬂaﬂ%ﬂiunnqiﬂumaaﬂizmumﬁiwﬁmf’u@gﬁ 33.46 IWAf s amarlums
$159' 1 Tagauilnve s Hatdware 119 A8 intel core i7 471 0HQ CPU, GTX850M VGA uag
RAM 16 GB #415101015012879 8401511 Transaction a¢ 18 Tavarsmutszdnsnmves

v - A
Mining hardware Wse Usu Mining thread Iu GETH winay TaeluTdsnatild 2 Mining thread
AegUi 4.17

Transaction Time

80

—— Line1

45

30

Time(second)

3 5 9 12 15

Power Block{block no.)

31N 417 nsluaauranlun1sdi Transaction Tuusag Power block
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4
unagluazveaueuus

5.1 unaglvedlasany

4 g L s -}
Tassnmuidlumsadaszuudgonies o TuiadremaluTad Blockchain 1ag Smart

Contract Taan1ss1anam e Ilvessosud lfduaniiisns 14 42801519 Raspberry Pi

a 3 . 3 . . . & 3 1 o Qs ¥
ARAY Blockchain 1311/ Application node 11a¢ Station node FaudAazdrufinmsiauaail

5.1.1 Application node

1y
2)

3)
4)
5)

LaAdpYan139159 1NN Smart Contract 1t Web application

#3910 ETH token a1 $112uUN 521 1313 Smart Contract Tasagaroausns
A5 IWia 1 kilowatt

A w 1 a 9 dw

dudumsieRuaeanauly Smart Contract

dangan15an3e T Smart Contract

o 2¢, A w . A
NN Mining (NDUUNN Transaction 84 Blockchain

5.1.2 Station node

1§

2)

3)

o r d‘ { 1 Iu 3 s ]
WA UaaoINe 1 lavingasud Wi 11918099110 Raspberry Pi 11411

A v g

Transaction (8 $aLfi1189 Blockchain #28n1350n 151 W 9f 411 Smart
Contract

AU s NI Tl Smart Contract Tngsgsasliinsansv v
fia 1 kilowatt

Budunmsnsa Iidreweasuly Smart Contract

5.2 flynwazglassa

1) 11591 Transaction o1 Blockchain f‘vaiﬁﬂu‘ﬁJ”lx‘l‘lstT

g I& T { o
2) lusuinavuIAYD4 Blockchain 9z T vu1alvgjiuuazernline oz dafulu

Raspberry Pi



5.3 uuamalumsunifam
= A
1) waenlU1¥ Blockchain platform B11%U IOTA

2) aANNINN Transaction YNAIUAT

5.4 ummamiﬁmmdﬂ
v o A &
1) NAADINUITUIU Blockchain node NuUNUU

2)  war I enusai¥eunany Public Blockchain 18
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