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1 Introduction

1.1

1.2

13

14

Purpose

Digital Watch System O|A A& = U= Sw & FH5H7| &
= A{0|LC}.

Scope
121 JHEE
DS Lab Team 1
122 HetArg
HW@ESAIA)Q HES DfstX| ¥ sw 28 185E 5= JEE oict
123 M3 2E
NUO| 22 E & HH &FAAS SW E S| flot ZREERC 2 oS o UL,
124 ety
IDE: Eclipse, Text Editor (Vi)
Complier: GCC (MinGW, Cygwin)
Definition, acronyms, and abbreviations
SW: Software
HW: Hardware
Reference

IEEE Std. 830-1998
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1.5 Overview

2 Overall Description

2.1 Product Perspective
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2.2 Product functions
2.2.1 Date-Time
2 HO| LRt A|7HS EA|BHCE

R AN HEAE24ME H

rer

st

—

2.2.2 Stopwatch
AlZtel ZitE €8x, £ =29 A4S L=
1/100 = EHe|2 F380| 7Hs 3ttt
Lap time 7|&0| 7}s3tCt.

2.2.3 Backlight

Seote 20 MZE LEOE BA

rot

Ct.

2.24 Alarm

Alarm O] ™M E|™ Alarm Indicator 7} 7 ZIC}.
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2.3 User characteristics

24  Constraints

=

el #2712 E-2olLt,
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2|7 7 &L

x7| AZH2 2019 H 01 € 01 € 00 A| 00 & 00 X=O|LC},

2019-01-01
2.5 Assumptions and dependencies

BE Y32 J|EE Yoz o
g

A7he 43 o MeE 20]

o=

Backlight = &X| A|A2| B2 LED & A= A=

MES = A2 2 CiMSHCL

HE 2099-12-31 7HX| B7|7t 7t58

2A2S2 PC Q| BEEP 22 CHA|SHCL.
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3 Structured Analysis

3.1 System Context Diagram

3.1.1 Basic System Context Diagram

Basic System Context Diagram

- Display

==

|

Alarm

[
/
[
I

3.1.2 Event List

Event List

[Event | Description ________|Format /Type

Button A Input Detect Button A Press T/F, Periodic
Button B Input Detect Button B Press T/F, Periodic
Button C Input Detect Button C Press T/F, Periodic
Button D Input Detect Button D Press T/F, Interrupt
Display Display Mode, Time, etc. Display

Lighting Background Light Emitting T/F, Interrupt
Alarming Alarm T/F, Interrupt
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3.1.3 The System Context Diagram

System Context Diagram

Displa _— Displa
Button A Input PY play
Button B Input =

Button C Input
Wﬂ i IHPUt

Lighting

Alarn:i;g—“ Ala rm
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3.2 Data Flow Diagram

3.2.1 DFD level 0

3.2.1.1 DFD

DFD Level 0

Button A S __ Button A Input By it

El{atelal 5l | Button Blnput i

Sitel @ | Button Clnput
e 77»“’\-—,,,_7\
— Alarmin =
" Button D Input 9 Alarm
Button D
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3.2.1.2 Process Specification

3.2.1.2.1 Process 0

_

Name DWS Control
Input Button A, B, C, D
Output Display, Light, Alarm

Process Description HE9| Yo [atM Display, Light, AlarmS ZH3tC}

3.22 DFD Level 1

3.2.2.1 DFD

DFD Level 1

_ Button A Input Disglg‘){;,.w
.EEEtTLEln‘p”t BUttO_n T— Main Lighting
== Detection > Button Data Control =1

2

“Button C Input
*__Alarming

_—

JWB»ut‘ton D Input

Sy
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3.2.2.2 Process Specification

3.2.2.2.1 Process 1

_

Name Button Detection

Input Button A,B,C,.D

Output Button Data

Process Description HEQS| HEES 2ot EAFLE

3.2.2.2.2 Process 2

_

Name Main Control
Input Button Data
Output Display, Light, Alarm

Process Description HALES HE YEE 0|83t J&0|| 5= Display & Lighting
& Alarming &S X|A[gHCt

3.2.3 DFD Level 2

3.2.3.1 DFD
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DFD Level 2

Button A Input

Button A
__________________ Interface
11

Button B
Interface

12 Button
Detection Button Data
1.5
Button C

Interface
13

Button D Input Button D
Interface
14

3.2.3.2 Process Specification

3.2.3.2.1 Process 1.1

_

Name Button A Interface

Input Button A Input, Tick

Output Button A

Process Description Button A7} S HRUA=X| LX| LA=X| WME SIHM

HMEE A7 1 MEZ Button Detection (1.5)2 T E$tCt,

3.2.3.2.2 Process 1.2

Reference No.

Name Button B Interface

Input Button B Input, Tick

Output Button B

Process Description Button B7} ¥ S A=K LA EA=X WME SSHM

HEE 91 71 HHEE Button Detection (1.5)2 M=ot
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3.2.3.2.3 Process 1.3

_

Name Button C Interface

Input Button C Input, Tick

Output Button C

Process Description Button C7} Y2 HA=X| EX| RUA=X HME SHAM

HEZE ¢ 1 HEE Button Detection (1.5)2 M EotCt,

3.2.3.2.4 Process 1.4

_

Name Button D Interface

Input Button D Input, Tick

Output Button D

Process Description Button D7t Y H S A=K EX| ©UA=X] WME SHA

MEZ o7 7 MHEZ Button Detection (1.5)2 FEstrt

3.2.3.2.5 Process 1.5

_

Name Button Detection

Input Button A, B, C, D input

Output Button Data

Process Description 2} QIE|TIO| A2 8 H H B, C,

EA D
HAZCL T of #i0f 012 Jio| HESO| AHERYS I 2
?IE UX otLte] BEMHE)US AECL

Team 1 DWS.SRA 2.0 Team 1



Ver.DS-2019.Team1.DWS.SRA

3.24 DFD Level 2

3.2.4.1 DFD

DFD Level 2

Tick

-

» Record Time Data ~

Button Data

Tick ,  Current Time

Data x, )
Mode Data .

Alarm Time Data %

Main

" Display i

Display C d Displa

isplay Comman Interface play
24

Control
2.1

Light Light Command Light Lighting
Control Interface
2 ) 2.5

Alarming Alarm Command Alarm Alarming
Control — Interface —

2 2.6

3.2.4.2 Process Specification

3.2.4.2.1 Process 2.1

Reference No.

Name

Input
Output

Process Description

Team 1 DWS.SRA 2.0

Main Control

Record Time Data, Button Data, Current Time Data
, Mode Data, Alarm Time Data, Tick

Record Time Data, Current Time Data, Mode Data, Alarm Time D
ata

Button® €3 Bt O|Ho| Datas= & YOt H
CHSta ST 220 [2kM Button U E 0| £/ QS {2
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3.2.4.2.2 Process 2.2

Reference No.

Name
Input

Qutput
Process Description

Light Control
Button Data

Light Commands

Button 20| W2} Light CommandE Light Interface (2.5)01 7|
= lc

3.2.4.2.3 Process 2.3

Reference No.

Name
Input
Output

Process Description

Alarming Control

Button Data, Current Time Data, Alarm Time Data, Tick

Mode Data

AlarmE2 7{ EQE 8% 222 EEE
I

Qtof el 2 I HEZQ
2 AL

3.2.4.2.4 Process 2.4

Reference No.

2.4

Name
Input
Output

Process Description

Team 1 DWS.SRA 2.0

Display Interface
Display Commands
Display

Main Control(2.1)0]| A Display Command& 7420} DisplayOf| |
EAS F2E MYsCh

Team 1
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3.2.4.2.5 Process 2.5

Reference No.

Name
Input
Output

Process Description

Light Interface

Light Command

Lighting

Main Control(2.1)0 A Light Command

fufru
il
X
ne
rr
n

3.2.4.2.6 Process 2.6

Reference No.

Name
Input
Output

Process Description

Team 1 DWS.SRA 2.0

Alarm |nterface
Alarm Commands

Alarming

Main Control(2.1)IA1 Alarm Command& H 7 E0FA AlarmO| &
i0F & &20|H Alarming H1Z & Alarm 22|= X0 HESHCL

Team 1
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3.2.5 DFD Level 3

3.2.5.1 DFD for Mode Controller 2.1.1

Display Command
- —— >
—

T Record TimeData ——

\ Display Command
Enable - \ -
. Disable L
e - Trigger Display Command
I
Trigger . Trigger T T /

Trigger

. ) _Eftal_ﬂe ] DisplayCommand
e T hieable A
Button Data — e
~ ButtonData - e Enable Display Command
) Disabe
Tnggev i g f o - V - N o -777-\\7\ \ E'"ab"r':
Trigger - . N [, >
) Trigger j R— N \\\ pisbe @ Display Command
- AN h
B \
o N
T \
@ @ o Er‘ab‘e \\
- \
. ™
. Disable Display Command
~ _ﬂ.i
/
\\\ 4;‘;
S
— Alarm Time Data
. Current Time —
Tick ——»
Data

3.2.5.2 DFD for Light Controller 2.2.1

Light Comemand
‘ Light
Button Data Controller
2.2.1
Light Comemand
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3.2.5.3 DFD for Alarming Controller 2.3.1

Button Data 7

Current Time o 7
v Data Alarm Time Data

Alarming Command

o Mode Data

Alarming

Sound Data
Controller

231

P

3.2.5.4 Process Specification

3.2.5.4.1

Reference No.

Process 2.1.1

Name

Input
Output

Process Description

Team 1 DWS.SRA 2.0

Mode Controller

Mode Data, Button Data, Tick

None
Button DataE 2f11 Mode DataE 2O0}A],
AT ModeOf| A 1 ModeOl|A] £78 ButtonO| 2|3 3l{Of

o B2 A EC

Team 1
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3.2.5.4.2 Process 2.1.2

Reference No.

Name Current Time Shift
Input Trigger, Tick
Output Current Time Data, Display Commands (2tH0| &%)

Process Description Time Keeping Mode (2.1.10)0f| A x| AlZtE THEEE M, CH
E8 =2iM & B3Rt |"_ AMZIO| ZEEE X > A2 > B
>H > > Y X =02 HRAB S|FELCL

3.2.5.4.3 Process 2.1.3

Reference No.

Name Increase Current Time
Input Trigger, Tick
Output Current Time Data, Display Commands (2tH0f| &)

Process Description Time Setting Mode0l| M BZ{E =2{ M B} "'|'E AlZtel 2k
2 StLt¥ SUHAIZICE 1 gtel 2|tiX|ojM BE o 8 O +2H
X =2 Hooh

3.2.5.4.4 Process 2.1.4

Reference No. 2.1.4

Name Increase Alarm Time

Input Trigger, Tick

Output Alarm Time Data, Display Commands (2tH0f| &%)

Process Description Alarm SettingOi| A 20| 28 Al[Z& 28 O AlZte] 2tE 1

W S7tAIZLy Z oA of E*’S‘“Ef”‘ EHH o= Hoict

Team 1 DWS.SRA 2.0 Team 1
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3.2.5.4.5 Process 2.1.5

Reference No.

Name
Input

Output

Process Description

Alarm Time Shift
Trigger, Tick

Alarm Time Data, Display Commands (2tH0| £&)

Alarm SettingO| M 20| 22 A4S 28 M €8 S Al
-> & -> Al .. =MU|2 "L

3.2.5.4.6 Process 2.1.6

Reference No.

Name
Input

Qutput

Process Description

Team 1 DWS.SRA 2.0

Alarm On / Off
Trigger, Tick

Alarm Time Data, Display Commands (2tH0l| £3)

&M Alarm Mode(2.1.12) O™ FollE2 LE0| O A0 S
R E ZTSH=Ct O|FAH LS H7LE 11 Display2| Alarm |
ndicator0| | EA|E S{ELL.

Team 1
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Reference No.

Ver.DS-2019.Team1.DWS.SRA

Process 2.1.7

2.1.7

Name
Input

Output

Process Description

3.2.5.4.8

Reference No.

Start Record

Trigger, Tick

Record Time Data, Display Commands (2}2H0| £3)
Stopwatch Mode(2.1.16)0| A A|Zt ZSEE A| &R 7H)SHCE
*0|0f Idle®EZ} OFL| 22 Mode Switching2 7HsSHX| Q4Ct,
CE U8 2ol OfR AL ofX| =Lt

Mode Switching2 Stopwatch Mode (2.1.16)0[ A A[Zt FF EX|
L AZE S8 & AIEGH] EtE Wo2 7Hs ST}

Process 2.1.8

Name
Input

Qutput

Process Description

3.2.5.4.9

Reference No.

Stop Record
Trigger, Tick

Record Time Data, Display Commands (220 £3)

Stopwatch Mode(2.1.16)0| A A|Zt HE & SX|BHCL

Process 2.1.9

Name
Input

Qutput

Process Description

Team 1 DWS.SRA 2.0

Clear Record
Trigger, Tick

Record Time Data, Display Commands (3}20| £8)
&)

Stopwatch Mode(2.1.16)0 A AHES =2 ZEI}E LU=
Z7|perc) B x7(3= AlZE 578 88X 2002 7rS SO

Team 1
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3.2.5.4.10 Process 2.1.10

Reference No.

Name
Input

Output

Process Description

Time Keeping Mode
Enable / Disable, Current Time Data, Button Data

Mode Data, Display Commands (2tH0| &)
HEQ| U Wt S| A4S ME 238 5= UA SAL
X AlZE BAIBICE @27 £ A|ZFS 24A|2 BY[THCL

Time Keeping Mode?2| 7|2 ¢Ej0|E 2 CHEE =2 Mode
Switching©| 7H&3tCt.

3.2.5.4.11 Process 2.1.11

Reference No.

Name
Input

Output

Process Description

Team 1 DWS.SRA 2.0

Time Setting
Current Time Data, Enable / Disable

Mode Data, Display Command

Time Keeping Mode(2.1.10) &E{0O] A AR &2 'Time Setting'2
2 90 & = AUCL

cet BHESE oM A|ZtE2 THEE T += U2 CHA| AE £
M Time Keeping ModeZ E0tZ =X QIC|

Team 1
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3.2.5.4.12 Process 2.1.12

Reference No.

Name
Input

Qutput

Process Description

Alarm Mode
Button Data

Display Commands (20| &%)

HEQ| Yol matM LEo| 23 AlZE E7FTICE ot BHE
= =c] €89 &3 oF =3t 288 + AUCL

O|EA EliT 2F HEE Alarm IndicatorE S3lf Display0il =
Al ElCE.

Alarm Mode2| 7|2 JE}f0|2 2 CHESE =2 Mode Switching
O 7hSdo}Lt.

3.2.5.4.13 Process 2.1.13

Reference No.

Name
Input

Qutput

Process Description

Team 1 DWS.SRA 2.0

Alarm Setting
Alarm Time Data, Enable / Disable

Mode Data, Display Command

Alarm Mode(2.1.12)0| Mo &t AlZt B 2= AE =2{A 0|
oo Y = Qol Lo 22 AlLd2 FE + UL

Team 1
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3.2.5.4.14 Process 2.1.14

Reference No.

Name
Input

Qutput

Process Description

Lap time Mode
Enable / Disable

Mode Data & Display Commands (2}20| &%)

Stopwatch Mode(2.1. 16)01|k| AZHE 58 SEM AHEO| 521 A
24 BEABICE Ol Eg 5£E jf OCF AHEQ| OiX[He = &
,d':" AZte=z 2|"1|0| A ECE

3.2.5.4.15 Process 2.1.15

Reference No.

Name
Input

Output

Process Description

Team 1 DWS.SRA 2.0

Update Lap time
Trigger, Tick
Display Commands (2}3H0| &)

Lap time Mode(2.1.14)0{| M AHEE =& U OCt AHESE FE Al
7+2 SIHO| AAIBIC}

Team 1
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3.2.5.4.16 Process 2.1.16

Reference No.

Name
Input

Output

Process Description

Stopwatch Mode
Record Time Data, Enable / Disable

Mode Data, Display Commands (2t2H0| &)

AlZtE SE5ALE EFe A& T
Stopwatch Mode2| 7|2 &Ef0|E2
Switching©| 7+&3tCt.

=
C

3.2.5.4.17 Process 2.2.1

Reference No.

Name
Input
Qutput

Process Description

Light Controller
Button Data

None
H{EOo| Q0| Wl 2K AMZ

mjo
o
M
Ral

1=
A
fufru
!
ox
=°.=|'
M
n

3.2.5.4.18 Process 2.2.2

Reference No.

Name
Input
Output

Process Description

Team 1 DWS.SRA 2.0

Idle
Enable / Disable

Light Command
SiT) 2W A0| B e AEfolH,

Team 1
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3.2.5.4.19 Process 2.2.3

Reference No.

Name Light
Input Trigger
Output Light Command

Process Description  Light Controller(2.2.1)2] B&& 20N HE YO

28 2% B9 HHEL

3.2.5.4.20 Process 2.3.1

Reference No.

| a2 A

Name Alarming Controller

Input Button Data, Current Time Data, Alarm Time Data

Qutput None

Process Description ~ YEO| 2|1 JA=X| E2|10 UX| E= X & LHF= Controller
O|CH HES 23 211 Mode Controller(2.1.1)0lM 21X ModeE
g5y Hofl RUH2 2 AlarmO| HXM JU=X|, d2|10 X Al
o eto=2 2FE AlZHE HluoiM S B0l 22|= SEjC
x| OtHIX| & EEHSiECE.

3.2.5.4.21 Process 2.3.2

Reference No.

Name Idle

Input Enable / Disable

Output Alarming Command (PC ¥ &S BEEP)

Process Description ~ Y& 0| 2|1 UX| B= HE{O[CH

Team 1 DWS.SRA 2.0 Team 1
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3.2.5.4.22 Process 2.3.3

Reference No.

Name Alarming
Input Enable / Disable

Output Mode Data, Alarm Command (PC & &S BEEP)
Process Description YEo| 22|20 /U= HENO|CH 2 5% SO 22|, O S A,
B,C,D 5 OfF H{EQ| YH0| ENH LEHZS

3.2.5.5 State Transition Diagram for Mode Controller 2.1.1

Tick [C]
. JTrigger "Current Time Shift"
s .
e e o

/
v S Tick [C]
Tick [A] Py o ) /[Trigger "Current Time Shlft i

/Disable T\rpe)(éepmg Mode"
Enable "Time Setting”

Tick [A] P
- /Trigger "Update Lap time Mode” /Enable pys .
"Display Command (On) “Time Keeping Made” e Tick [A] Tick [8] . . :
. /Disable "Time Setting” /Trigger "Increase Current Time'
Enable "Time Keeping Mode"
Tick [B]
P /Trigger “Increase Current Time"
E .
-
Tick [A] Tick [C] P
/Trigger "Update Lap time Mode" /Dizable " Stopwatd(Mode .
Display Command (On) Enable "Time Keéping Mode" Tick [C] -
e /Disable "Time Kaep[ng Mode"

/
Tick [8 && Start Record = Trugf Enable "Alarm Mode""

~/Disable "Lap time Mode" / .
. Enable "Stopwatch Mude/ . Tiek [€] . .
~ ~ /Trigger "Alarm Time Shift"

Tick [C] Tick [C]
Tick [A && Start Record == True] /D\sab\e”"A\arm Made" : . !Tr!gger “Alarm Time Shift"
/Disable "Stopwatch Mode” Enable "Stopwatch Mode’ R — o
Enable "Lap time Mode"
Tick [A] ! N
IE::SE".:;?;:;:E" [/ Tick [B &8 Alarm Time] Tick [B]
R . 9/ /Trigger "Increase Time" /Trigger "Increase A\arm Time"
Tick [A 8& Start Record != True] Tick [A] N . )
/Trigger "Start Record” Tick [B && Start Record == True] Tlck [A && start Record != True] [Disable "Alarm Setting" Tick [B] :
/Trigger "Stop Record" /Trigger “Stop Record" Emable "Alarm Mode” . ,’Trlgger Increase Alarm Time" ;
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3.2.5.6 Data Dictionary for Mode Controller 2.1.1

Description Format / Type

Start Record

Stop Record

Alarm Time

HE A7l sR=4A| O 82 E 22Tt True / False, Periodic
HE B/l sRl=A| 1 OB E LTt True / False, Periodic
HE C7t sReXl O &8 YeEnh True / False, Periodic

Stopwatch Mode(2.1.16)01lA SHX| A|7F2 =& True / False, Periodic
SoA O R E 2 ELCL

Stopwatch Mode(2.1.16)0ilA &HX| A|7F Z&S  True / False, Periodic
SAMER] O O8RS LEECL

Alarm Controller (2.1.5.1)2] Alarm On/Off On / Off Periodic
(21540 2HE= 220 22 & (On/Off)E

Zettf

3.2.5.7 State Transition Diagram for Light Controller 2.2.1

JEnable "Idle”

Tick [
JTrigger "Light"
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3.2.5.8 Data Dictionary for Light Controller 2.2.2

Description

Format / Type

True / False, Periodic

3.2.5.9 State Transition Diagram for Alarming Controller 2.3.1

JEnable "Idle"

Tick [Current Time==aAlarm Time
&8 (Alarm Time) Indicator == True]
/Disable "ldle”

Enable "Alarming"

Tick [D]|C]|B]|a]
/Disable "Alarming”
Enable "Idle”

3.2.5.10Data Dictionary for Alarming Controller 2.3.1

Description

Format / Type

Current Time

= o|ojstet

Alarm Time
ojtct

Alarm Time.Indicato
r EE ATt

Team 1 DWS.SRA 2.0

Alarm Mode(2.1.12)0lM &3t L2 A|ZHS 9

Time Keeping Mode(2.1.1)0| A &%t 7|2 A|ZF  struct tm, Periodic

struct tm, Periodic

Alarm On/Off (2.1.6)0A Y &2 Z=AI0| Tt True / False, Periodic
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3.2.6Overall DFD
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