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1 Introduction

11

1.2

13

Purpose
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Scope

1.2.1 7{erAtgt

1.2.2 HstArg

123 HEQ =2

Lol §=2E = HH XSHE, HA SW(THHIZNE WEot7| 2l Z2EEYeR

124 7fstz

IDE : Visual Studio C++
Compiler : GCC
Definition, acronyms, and abbreviations
SW : Software
HW : Hardware
PTS : Public Transportation System

CID : Card ID
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Structured Analysis
3.1 Public Transportation System
3.1.1 System Context Diagram

3.1.1.1 Basic System Context Diagram

PTS

Ver. 1.1

Card
—

)

[ Sensor

Monitor

Control
: Card Reader
E -~
3.1.1.2 The System Context Diagram
)
Card
 S—
' ™\
Sensor Card info in PTs Monitor
Control
4 J
e N & )
> Card Read
Company ‘?‘6\ ard Reader
\_ J
Digital Clock
3.1.2 Event List
Input / Output Event Description
Card info input CardQ| information& PTS A|AHIOZ
2AZLL
adjust stat CompanyZ2 2 E 0Of 320t ™dAto] 2t
FE|JA=X0f TSt EE ZOor=C
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Y0 2IRE[X| RUS EF PTS A2
22 SHEX B0

Update PTS A|&HIOIM ME|el §EE 7IE0
updatedj{ =L}

Display PTS  Al2”OIM N2l HEE
Monitor0j| Displaydsl|Z=LCt.

Recording 2 o oo Ne|E HERE 7|5t
C}.

3.1.3 Data Flow Diagram

3.1.3.1 DFD level 0

3.1.3.1.1 DFD
- ~ Card info
Sensor pu Control Monitor
L. >y
' ™~
Card Reader
Company
\_ _J

Digital Clock

3.1.3.1.2 Process Specification

3.1.3.1.21 Process 0

Reference No. 0

Name Public Transportation System Control

Input Card info input, adjust stat, Digital Clock

Output Update, Display, Recording

Process CompanyZ2£2E| adjust stat Zf2 7t 2 T, At

Description 0| QbZ &l AEJO|H Z XA+
Card Reader Sensor25E EjIE|0X|= CardQ|
InformationS Ot} ZIEQ| AEHG| [E AHArtS
2 JlHe =M, AMSECL ZAT ZAnte
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Monitor0f| =&dgjz=1, 2t Card Reader0f X Ztst
Ct. EESE HHR ZHE9| Information2 updated=
Ct.
3.1.3.1.3 Data Dictionary
Data Name | Explanation Format
CID Card Identity: 7= 1SS | int
CRID Card Reader Identity: & CH2 | Int
Update Card0f AN HE Thl, gs TE
S/5HAL EfL AlZE
s 4 e
Display Monitor0f £ ME ST AlZE AW A,
zhoy
Recording | & 2|0 7|52 ZXM = | 24 =Y
ol
ol
adjust stat | HAMO0| E|R}=X] OtE[}=X| | bool
of ciet &
3.1.3.2 DFD Level 1
3.1.3.2.1 DFD
$§?
Info load Gard Jnfo Control
fp(‘
‘ K
: %

Company

Adjust stat

3.1.3.2.2 Process Specification

313221

Process 1

Card

Monitor

Card

Beadar

Reference No.

1

Name

Card Info Load

Team 3
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Input CID, CRID
Output Card Info
Process CIDE indexingd}t0] ol Cardo| Fhol, &5 ChRf
Description 7|, S/5HAL B AlZE eSS Bl §EE =820
3.1.3.22.2 Process 2
Reference No. 2
Name PTS Control
Input Card Info, adjust stat, Digital Clock
Output Update, Display, Recording
Process Card info& E XM &/31K 715 B2, 7148
Description =85t ZME ¢ 5l 2u UE 7IF © =5t
C}.
3.1.3.2.3 Data Dictionary
Data Name | Explanation Format
Card Info Xiok, ErE CH2ET| &/8HAL | Int,  String_int,  bool,
EN A|Zt, SHEALEY string, bool

3.1.3.3 DFD level 2

3.1.3.3.1 DFD

Sensor

Card
Info load
1.1

Card
Info load
1.2

—
Card Info

Team 3 14



Ver. 1.1

Display
interface

aEEE——
Card Info

Payment
Control

Interface

Card Reader
recording

W Digital

Clock Interface
24
3.1.3.3.2 Process Specification
3.1.33.21 Process 1.1
Reference No. 11
Name Card Reading Interface
Input Signal
Output CID, CRID
Process 7IEE Tage= M MEE= MIZE AFHIL of
Description M & Qe 742 HHO) BUECE
3.1.3.3.2.2 Process 1.2
Reference No. 1.2
Name Card info load
Input CID, CRID
Output Card Info
Process CIDE indexingslO] ojE Cardo| Ztof Ets Crgk
Description 7|, S/5tAL Ef A7t SHSHE] SEE =320
3.1.3.3.2.3 Process 2.1
Reference No. 21
Name Payment Control
Input Card Info, HAt 0§ &, Digital Clock
Output Display data, card data, card Reader data
Process S/SHKA| Card InfoE E3t 4X S =3 st

Team 3 15
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Description 5, Card dataE ELU| 7IE0 AAMSIEE T4,
Display datag& EL| £, Card Reader datagE H
L of etjol 7|28 & A=S ik
3.1.3.3.24 Process 2.2
Reference No. 2.2
Name Display interface
Input Display data
Output Display
Process AFE FW =2 A0 OAIX], AR AlZrof 2t
Description HEE Display datag Edff gtoten, Me|=l HE
g EYELL
3.1.3.3.25 Process 2.3
Reference No. 2.3
Name Card interface
Input Card data
Output Update
Process AN =, AAlS|oF & Card dataE BHOF2 F|, Card
Description o @H=C|
3.1.3.3.26 Process 24

31333

Reference No.

24

Name Card Reader Recording interface

Input Card Readaer data

Output Record

Process 4 =, 4AX 292 2o F|, Z Card Reader
Description of 7|£3t7| ¢t MEE HL|F=C|

Data Dictionary

Team 3 16
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Data Name | Explanation Format

Signal FtE7} TagE [ e Al Analog

Display | =2{0) ZQ3t data AIMAIX] | ZH 2,

data zHoh, Sy A2t

Card data | Card update0f Q3% data o EBrs G| &/
SHAL BN AlZE Ed
Ef

Card Card Reader0| 7|28}7| Qo | 24X 2N

Reader data

data

3.1.3.4 DFD level 3

3.1.34.1 DFD
Display
dat
a &5\ ata
98 ’ &
Updated P RS !
Card Info
EE—— Catch Qo ¢ Payment
error
Card Info | Controller Card data
contro < 213
211 ST
w

Card Reader
data

Card Reader
Record
216

Clock

3.1.3.4.2 Process Specification

3.1.34.21 Process 2.1.1

Reference No. 211

Name Catch Error Control

Input Card Info, adjust stat

Output Card Info, Display data

Process 2Hot2 Card InfoE ELCHZE HMXAQI 1tHO| Tag7t

Description ot &% ZAHAXIE EHotn, Ot &E#
Money Check Control0f| Zt& 4dHZ&=C}

Team 3 17
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3.1.34.22 Process 2.1.2
Reference No. 212
Name Money Check Control
Input Card Info
Output Updated Card Info, Display data
Process tHE FEotn, HFETH 7t4nt THA4E dHluwst
Description 5, dX 7tsg 42 Card InfoE ZAlstn YA
Lt =27tse 4% d1 HAIXE ELfFECL
3.1.34.23 Process 2.1.3
Reference No. 213
Name Payment Controller
Input Updated Card Info, Digital Clock
Output Display data, trigger, enable, disable
Process Card ZHN7I O|20 T =, H2|=l HEQ} HHA| Al
Description 2tS BIOIQIA A4S ==, Card0o| ZAI,
of chty|of 7|23k,
3.1.34.24 Process 214
Reference No. 214
Name Result
Input Enable, Disable
Output Display data
Process Card AHN|7} O|F0{X|1 H F o 44X =, T,
Description SiX| A|ZH( Display data)g HELjZ=Ct
3.1.34.25 Process 2.1.5
Reference No. 215
Name Card update
Input Trigger
Output Card data
Process Card ZHN 7l O|R0{X|2 Lt | HI® Card InfoZ
Description ZAlSICE

Team 3 18
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313426 Process 2.1.6
Reference No. 2.1.6
Name Card Reader Record
Input Trigger
Output Card Reader data
Process Card ZH7t O|ROX|2 H %, ZH =% Card
Description Reader0| 7|Z3lC}.

3.1.3.4.3 Data Dictionary

Data Name | Explanation Format
Updated X7t O|FOX[ H F © | Tl ES SR, &/
Card Info A& Card Info SHAL Ef AZE EEA
Ef
3.1.3.44 State Transition Diagram
3.1.3441 STD for Controller 2.1.3
O /Enable "Result”
[ Result ]
/Enable "Result”
// \\/Enable "Result”
Card ] [ Card Reader ]
Update Record
Tick[print == true] Tick[update == true]
/ disable “disable” /disable "Result”
3.1.3.5 DFD level 4
3.1.3.5.1 DFD
Team 3 19
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Display
data

&,
. -y ':\0:‘?"'
EE— ¢ Catch T\
Card Info error
[
controller @
O\SQ

” ~
g™, gl it YE T
| check T \\ 213
-
3.1.3.5.2 Process Specification
313521 Process 2111
Reference No. 2111
Name Catch Error Controller
Input Card Info, adjust stat
Output Trigger, Enable, Disable
Process A Ol 20 ot HEE Oor= F, Lol OfF
Description oKX %UAS E2 FLAMHAXE EFHSEE ot
ul
KAO| O|R0|XE ZLR Card InfoZ2 ZOItM H
Amel e Tag7h O|ZO{HEX| BEst, oty
e FANAXE FYREE 0L HUHY
2 J}7AS AZNSITE BiCt
313522 Process 2112
Reference No. 2112
Name Error
Input Trigger
Output Display data
Process YHHO|X| @b Taglt G4H0| O|RO{X|X| QIUS
Description 42 410 HAIX|E =L

Team 3
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3.1.3.523 Process 2.1.2.1
Reference No. 2112
Name Fix price
Input Enable, Disable
Output Price, Card Info
Process Card InfoE 8ot &, 8y =70 U= 71AHE
Description =HM™lIC}.
3.1.3.5.24 Process 2.1.2.2
Reference No. 2122
Name Money Check Controller
Input Price, Card Info
Output Trigger, Enable Disable
Process E™ME J1A4g 2ot F|, Card Infoo| ZRteln} H|I
Description ot 5| EX5™H Short, 23l Calculationg A
et
3.1.3.5.25 Process 2.1.2.3
Reference No. 2123
Name Short
Input Trigger
Output Display data
Process 7t2{0] £EY AL AAMAXE ZCH
Description
3.1.3.5.26 Process 2.1.2.4
Reference No. 2124
Name Calculation
Input Enable, Disable
Output Updated data
Process o] F2T FP MA-ZHIY 2 3 5, 5/
Description SHXt AEN % B ME, o ©LY| FE, TS
AWAMSH 5| Updated dataZ2 EL{=Ct
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3.1.3.5.3 Data Dictionary

Data Name | Explanation Format

price Card Info]| M2 =X 7t4 | Int

(ZH™ 7t4)

3.1.3.5.4 State Transition Diagram

3.1.354.1 STD for Controller 2.1.1.1

/Enable “Fix price”
Q —_— [ Fix price ]

Tick[EndError == 1]
Tick[Error == 1] l T
/Enable “Fix price”

/Nisahle "Fix price”
Error

3.1.3.54.2 STD for Controller 2.1.2.2

/Enable “Calculation”

Calculatio
O — 0

TickiINoMoney == 1] l T Tick[EnoughMoney == 1]

/Disahle “Calculation” [ Short ] /Enable “Calculation”

3.2 Recharger System

3.2.1 System Context Diagram

Team 3
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recharge
Sensor

Card

Recharger
System

Monitor

3.2.2 Event List

Input / Output Event Description

recharge ST CHR7| AAMO| FIEE M HXE 2, WY oEol A
o= FYY W, RE7tER} dige

updated ST ALH-HMAME B ETIX| DB MAZIIEFHE

display CHEZ|A| 2 JI QO M Al AHEI 2 DHE 7HK| D Monitorgt HO| S e 2

3.2.3 Data Flow Diagram

3.2.3.1 DFD level 0

3.23.1.1 DFD
Money Sensor L"_EEX update, Card
Recharger
Control
0 :
Recharger CiD display
Sensor - I Monitor
3.2.3.1.2 Process Specification
Reference No. 0
Name Recharger Control
Input Money, CID
Output update, display
Process money, CIDE 2ot FH AHLtZ o F, HES
Description update?} displaysf=LC}.

Team 3
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3.2.3.1.3 Data Dictionary

Data Name | Explanation Format / Type

money Card0] =HM& HZFES INT | INT
YE2 TEC}

CID ZX| =l Carde| IDE INT & | INT
Ef2 T EoHT).

updated =™ A|AHOH| M A AEIZA DL | Updated Data
SR DU LN EFIESHE

display ST A|AEIOLO| M A AEIZA T | Displayed Data
E7IX| MonitorstHO| =
dEHE

3.2.3.2 DFD level 1
3.23.2.1 DFD
Recharger Card Recharger \ UPdate|  Card
ver |—— Cardinfo —— ger \ = a
Sensor | Recilver Control
o
\’SQ/&{
money
Money Sensor Monitor

3.2.3.2.2 Process Specification

3.23.221 Process 1
Reference No. 1
Name Card Receiver
Input CID
Output Card Info
Process CIDE At2djAMCard InfoE E2{2tRecharger
Description Control Of ™ EtstLt.
Team 3 24
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3.23.22.2 Process 2

Reference No. 2

Name Recharger Control

Input Card Info, money

Output update, display

Process Card Info, moneyE HtOtA 7 AHALZ o F|, X

Description A3t update?} displaysi=LCt.

3.2.3.2.3 Data Dictionary

Data Name Explanation Format / Type

Card Info WEIIEY E0JU= Card Info Data
Y E Zrecent_(tag_time,tp,
state, cash, transfer, CRID)
Of si &Lt

recent_tag_time | nEJIE0 SO U= STRING
HE2 OpX|Q EjAlZ

recent_tp WEIFIEY S0%= HE | STRING
2 OX|9 BSAESF

recent_state WEIIEY =0JUq= H™E | STRING
2 OFX|9 SR £

recent_cash WEIIEY =0Uq= H™E | STRING
2 OpX|9f T

recent_transfer | WE7I=0]| =0{e ™E | STRING
2 OpX|5f 25018

recent_CRID WEIFIEY S0%= HE | STRING
2 OpX|3 Chity|o] 1RID

3.2.3.3 DFD level 2
3.23.3.1 DFD

Team 3 25
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Update
Recharger Interface
Sensor

Input

Card ID
Receive
Interface
11

CID

Interface
23

3.2.3.3.2 Process Specification

3.2.33.21 Process 1.1

Reference No. 11
Name Card ID Receive Interface
Input Recharger Sensor Input
Output CID
Process Recharger Sensor2 82K &2 Otd2Z1 Mz E [
Description X8 M2 H3ISHC}
3.23322 Process 1.2
Reference No. 1.2
Name Card Info Loader
Input CID
Output Card Info
Process CIDE Ar83lA Card InfoE E2{2} Recharger
Description Control o ™EZtsiCt
3.233.23 Process 2.1
Reference No. 21
Name Recharger Control
Input Card Info, money
Output update card data, display data
Process Card Info, moneyE BHOtM =™ AAS oF F, A

Team 3 26
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Description Aol update card data®} display dataE HL|ZCt
3.23.3.24 Process 2.2
Reference No. 2.2
Name Update Interface
Input update card data
Output update
Process update card dataE 2OtAM Card HEE Update
Description ANZ|EXHEE HLfFEC}
3.23.3.25 Process 2.3
Reference No. 2.3
Name Dispaly Interface
Input display data
Output display
Process display dataZ g2rOfA| Monitor0f| =2&t
Description display§ 2 & HLj=Ct
3.23.3.2.6 Process 2.4

3.2333

Reference No.

24

Name Money Sensor Interface

Input Money Sensor Input

Output money

Process Money Sensor2 2 E H2 OlLd21 MSE
Description CIX g MS 2 BEHaISHC}

Data Dictionary
Data Name Explanation Format / Type
Recharger 7|0 7tEE M2,

Sensor Input

Recharger SensorZ £H

B2 JlCo| opgE Al

Money Sensor

700

for um =)
°._4|:|E

Team 3 27
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Input FUEM, A2 HF2
ofgza Al

update  card | & A|AHE QLA A ALEIA

data WEIIR| DA MM ZFLES
Hqe

display data SHAA-QHO| MA LR A
IE7HX|D MonitorgtHO|
ZHLHEPIE YL F
ME 29| FAH]

3.2.3.4 DFD level 3

3.234.1 DFD

update
e, oD Uggaz:fe card data

’ by
/ \ -
/ Recharger Y\ ~disab'®
i Controller }
' [

Card Info ——

\ 211 J
neY \\\ ’1' _q_trf
YEB”J' =" "-gg_e_:: )
Display display data
213
3.2.3.4.2 Process Specification
3.234.21 Process 2.1.1
Reference No. 211
Name Recharger Controller
Input Card Info, money
Output enable, disable, trigger
Process Qladdte Data EETSIO{ =H0
Description St= Process EAIGHA|ZICE.

3.234.2.2 Process 2.1.2
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Reference No. 212

Name Update

Input enable, disable

Output update card data

Process SHE MEZNSIIEEAMBICE
Description

3.2.34.23 Process 2.1.3

Reference No. 213

Name Display

Input trigger

Output display data

Process WEFIEY =M= MEE Monitord] £ 0 =L}
Description

3.2.3.4.3 State Transition Diagram

3.2.34.3.1 STD for Controller 2.1.1

/ enable

"update”
O update

Tick [display == true ] / enable
/ Disable “update”
"update”

display

3.3  Fee Calculation System

3.3.1 System Context Diagram

Team 3
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. Monitor
fee data, CE__-P"EL
CRID —
input
Card Reader | —— ( Calculation )_send Company
N System
.
¢ Card Reader

3.3.2 Event List

Input / Output Event | Description

fee data input 7IE G2V |22 H K& @3 HEE 2820t
display ZLHO HiE 23S SHot0
send A0 HAUE 252 2O
reset ZAo| HE BR FtE HRHV|Q a5 BEE X739t Al
ZICt.
Tick 3Z0tCt AlSHA otk

3.3.3 Data Flow Diagram

3.3.3.1 DFD level 0

33311 DFD

Team 3

Ver. 1.1
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Monitor
ta
display 42
fee data Fee
CRID Calculation dd
=\ send data
Card Reader Control 2enc daid|  Company
reset
oo com
Tick —Mand
Card Reader
3.3.3.1.2 Process Specification
333121 ProcessO
Reference No. 0
Name Fee Calculation Control
Input fee data, CRID, Tick
Output display data, send data, reset command
Process 7tE HRYVIZRH MYE /5 HEE =S2A
Description Guatg ot Aol & EHYAS E2 ZUH =
ga JiE 255 EUL, A0 HutE 255
B 7te H2Y|of MEE d2E 7|8t 2
Fd= =Lt

3.3.3.1.3 Data Dictionary

Data Name | Explanation Format
fee data 0 MEE 23 HE Int
CRID TH7lel  DREE(H L X[S | String_int
HAYAMES ), EHEI|Tt
S/5HAE QIK])
display DLEO =g HEELMtE
data =)
send data | ALY EHYE MEFME &
=)
reset 7tE SO0 MEEY U=
command palRel
7|28 AlZICH

Team 3
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3.3.3.2 DFD level 1

3.33.21 DFD

Ver. 1.1

Display .
oo Interface display data Mornitor
adijusted = 2
fee data, Fee
CRID adjusted
- Calculation data Send d dat
Cﬂntl'ﬂl — Irterfxe S5EN dala
reser 3 - Company
e omm,
Tick ‘*x-..__if_?_q
Card Reader

3.3.3.2.2 Process Specification

333221 Processl
Reference No. 1
Name Fee Calculation Control
Input fee data, CRID, Tick
Output display data, send data, reset command
Process 7IE CHVIZEH XEE 23 FEE 20{2AM
Description g ot Aol & EYAS E2 ZUH =
HE iE 252 EUL, A0 HuE 252
Eua, 7t M MYE YEE Z7|oh A
dds =L
333222 Process 2
Reference No. 2
Name Display Interface
Input adjusted data
Output display data
Process ARl @F MEE 20 Monitor7h 3 4= 9
Description A MSE HSS|A F=C}
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3.3.3.2.2.3 Process 3
Reference No. 3
Name Send Interface
Input adjusted data
Output send data
Process iEl a5 EEE Y0 A0 ZAE 28R
Description = BEUzE = A U= FE Bttt
3.3.3.2.3 Data Dictionary
Data Name | Explanation Format
adjusted MAEl @& Int
data
3.3.3.3 DFD level 2
3.3.3.3.1 DFD
adjusted .
: Display i
Display \ __data display data .
enatlS Illﬁ!l'zfﬂ —_— Monitor
fee data, /"—‘;;-—““\‘ ’at-;i;'&‘g
CRID . / \ .
———/ Calculation } trigger adjusted Send dd
Y Controller ;""" " _data , ( Interface ) SnC a2 Company
N 11 S 3
Tige™™ T ~{09ger
Reset t dat
14 reset data | Card Reader
3.3.3.3.2 Process Specification
3.3.3.3.21 Process 1.1
Reference No. 1.1
Name Fee Calculation Controller
Input fee data, CRID, Tick
Output enable, disable, trigger
Process FIE IV |IZEEH XNEE 9F FEE 22{2A
Description Yag stk Aol B E|AS AL, Display,
Send, Reset T EM|AE trigger BtC}

Team 3
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333322 Process 1.2
Reference No. 1.2
Name Display
Input enable, disable
Output adjusted data
Process HAME 9 F HEE Eoict
Description

333323 Process 1.3
Reference No. 13
Name Send
Input Trigger
Output adjusted data
Process ARl @3 HMEE 3|AHY| EHCH
Description

333324 Process 14
Reference No. 14
Name Reset
Input Trigger
Output reset data
Process IO MEE 23 dEE X7|3t ot
Description

3.3.3.3.3 Data Dictionary
Data Name | Explanation Format
resetdata CHTo MEE 23 EE
7|8t AlZICH
3.3.3.3.4 State Transition Diagram

Team 3
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3.3.3.34.1 STD for Controller 1.1

O
|

Adjust
) o [adjust_well==1]
E:?:::‘,Y;:l:‘afll [adjust_well==1] trigger “Reset”
trigger “Display”
Send Display Reset

34  Overall

3.4.1 Public Transportation System

Display data

-~

£ Catch S
error
controller  J

Display
interface
2.2

display  EEEEE—

‘ﬁ Monitor

Display
data

Interface

/  Money
[ check \_ &
v controller  JT--lF

\ 2122 /7 ) pe Updsted £
SN —_— o Dy, data Payment  §
T Calculation controller "

2124

Card Reader
data

Card Reader

recording
Interface
24

Card Reader
Record
216

Clock

3.4.2 Recharger System
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Recharger QU .
Sensor ‘,-’* ‘\‘
Recharger Input Card Info ¢/ Recharger
Sensor - i Controller |
\o211
Money S -
Sensor
Input
Money Sensor
update Upd
Update paate
s . _99_‘9‘19» g 12 card data (1 erface Card
; N e - 22
Card Info ——/ Recharger Y'dis?
i Controller |
\ 211 [/
wosSh N igger
Monitor
3.4.3 Fee Calculation System
, adjusted Display
Display data displa ;
endde. \ 12 integece ) S| Meonjior
fee data, 7 T, ~gisanie
CRID _ / Fee N adjusted Send
Card Reader Calculation ' trigger ! send
| Controller | —datz | Interface Company
AN 3
Tk T Migger
Rl!li!i reset data | card Reader
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