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Ex 1

 Additional function
- BatteryS 7|50 HHE{Z| ZIEFO| A S Al led2 A0

-DFD Level O

Front Sensor Front Sensor Input

Alarm LED

Cleaner
! Tick

Low Battery ow Battery Inp :
Digital Clock

- Sensor terminal?| HA S H=S| H7| -

= "low battery"2} 11 _-I:I-_'C'>.'_45,_| terminal S "Battery level sensor" = -2 "Battery low level
sensor"&2 =M.
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Ex 1

-Data Dictionary

Input/Output
Event

Description

Format / Type

Front Sensor Input

Detects obstacles in front of the RVC

True/False , Interrupt

Left Sensor Input

Detects obstacles in the left side of the RVC periodically

Trug/False , Periodic

Right Sensor Input

Detects obstacles in the right side of the RVC periodically

True/False, Periodic

Dust Sensor Input

Detects dust on the floor periodically

True/False, Periodic

Direction Direction commands to the motor Forward/Left/Right/Stop
(go forward/turn left with an angle/turn right with an angle
m Toarr o~ Tarn nMr 1 I""\H."l'""l#.l'l =%
Low Battery Input | Detects low battery status of the RVC periodically True/False, Periodic
Alarm LED Turn on / Turn off On / Off
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Ex 1

* DFD level numbering =&

- Numbering& Input process 522 S} 10 control process Sf+= Zd0| DFD
Ij ZCf 2Bt
» Low battery detection 1 - Low battery detection 2
= Cleaner & Motor Control 2 > Cleaner & Motor Control 3
= Alarm LED control 2 = Alarm LED control 4

-DFD Level 1

Front Sensor Input

Obstacle

Cleaner &
& Dust Obstacle & Dust Motor
Detection __location Control
1

Dust Sensor Input
! Tick
'

Low Battery — Alarm LED
Control

Detection Location
1

Lights
LED

Battery 2

Input

I Tick
|
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Ex 1

e DataStoreZ7} =@ QICHH K| A
- Data processOf| A| 2F2 Z}+O| control process = data & T
HF 2 ALE5t £ HEHH data store7) 10 = & LIt

-DFD Level 1

Front Sensor Input

Cleaner &
& Dust Obstacle & Dust Motor
Detection ___location Control
1

Obstacle

Dust Sensor Input
! Tick
!

Low Battery Alarm LED
Control

2

Detection
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Ex 1

e DFD level 2

Front
Sensor
Interface
11

Right
Sensor
Interface
13

Battery Status

DEPENDABLE SOFTWARE K h\(.l\,hhl_g\\
LABORATORY > =

Determine
Obstacle
Location

15

Main
Control
21

Determine
Dust
Existence
16

Alarm LED

Determine

battery Control
Status
1.8 2.4

Tick!
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Motor
Interface
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Cleaner
Interface
23

Alarm LED
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Ex 1

-DFD Level 3

Move
Forward
212

LED Command
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Ex 1

 |Initial state OJ| A{ state X O|7} ™ oHI|I|
- “Move Forward” state =2 Z state O}C} S| &

-DFD Level 4

oro

/ Disable ["Battery Status”,
LED Compnand (On),
Trigger "‘ight Alarm LED”

RE Tick [F && 1]
LED

Cleaner Command (Off),
Trigger “Turn Left”

Tick [F &8 L]
/ Disable “Move Forward"”,
Cleaner Command (Off),
Trigger “Turn Left”
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/ Disable “Move Forward”,
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/ Enable “Battery Status”
Battery i
Status
Tick ['Row]

&r Command (On)

/ Enable “Move Forward", Cleaner Command (On)

Tck [F Bl& 'R]

Cleaner Cnmmand (OH)
Trigger “Turn Right”

Cleaner Commn d

Tick [F && L && R]
/ Disable “Move Forward”,
Cleaner Command (Off)

Tick [F && 'R]

/ Disable “Move Forward",
Cleaner Command (Off),
Trigger “Turn Right”

Tick ['F && L && R]
/ Enable “Move Forward”,

Rotate
Cleaner Command (On),
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EX 2

« Control Flow = Control Process 0| A] 3F 2r 4S5t 2= QI & L| T}

e Tick Event = vacuumO| O} &l digital clockOf| A E L= control flow ¢!
L|C}.
- DFDPF QU0 AHO| GlOJ A O|SHE A|7F ZSHAM h= D EH-Z X

DFD Level 3 -Motor interface (£=8)

Tn:k

Obstacle Controller
Locatnon 211

\ Disable

Tr\gger
Enable Move Dlsab\e . —
B Forward DFD Level 3 — Cleaner interface (2H%)
Tr\gger
y D\sab\e Tick
7 \
\

Trigger Tick

Dust Controller
Existence 221 - -
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Ex 3

« Data store= process’} AF&S}7| 20 inputld} outputO| Z 2

DFD Level 1

Left Sensor

Cleaner &
Motor Control

Obstacle &

Dust Direction
Right Sensor /
Dust Sensor

Obstacle & Dust
Direction
1
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Ex 3

* Move ForwardQ| A stop@ 2 HIZ 7} A =l.
C

- OAl=
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DFD Level 4

/Enable miove forward

) Not_Exist dust
/Exist dust

Move Forward

/Enable move forward
On Clean

/Disable move forward

/enable move forward

/ Pisable “Move Forward”, Tick [F && !
Cleaner Command (Off),
Trigger “Turn Left”

Trigger *

Turn Right
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« HA|SHS|ZEH: controller® £ 2 THE XA}
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« DFDO| controller =7} 0| CHSt ES10| §l 2.
 State Transition Diagram Q| A{ AF& &| = notation O8] Z Q.

Event [Condition]
Acti
m o h o
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Ex 5

ALt

- Ex 19| “Rotate” state (p. 8) 15} =+

/Enable "Move Forward”

Tick[F && L]

/Disable "Move Forwsa
Trigger "Turn Left®

Turn Left
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b Tick[D]

—

Disa

Tick[F &8t L &8 R]
Disable "Move Forward’,
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/Cleaner Command(COn)

7 Tick|'D]
- /Cleaner Command(Off)

Tick[F && IR]

gger “Turn Right”

-1 O

ble "Move Forward", 1)

Turn Right

2)
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X| A2t SolutionH| A L2 move backward 31 =2 state transitO|

‘ts

H| A| &t Solution

Tick 2 40| DustE =7

Cleaner CommandE Qto 2 Z+ [Ij
clean O|HIE E Ot

DustE 112{5}l(

F__(,’E
o

2 F oottt 22 ™ S 10| HA0HA Elot.
Move BackwardE ZF=7|StHC}
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Ex 6

Event List - RVC

Front Sensor Input Detects obstacles in front of the RVC

Left Sensor Input Detects obstacles in the left side of the RVC periodically
Right Sensor Input Detects obstacles in the right side of the RVC periodically
Dust Front Sensor Input RVC periodically detects dusts on the front floor

Dust Left Sensor Input RVC periodically detects dusts on the left floor

Dust Right Sensor Input RVC periodically detects dusts on the right floor

Dust Back Sensor Input RVC periodically detects dusts on the back floor
Direction Direction commands to the motor

(go forward / turn left with an angle / turn right with an angle)
Clean Turn off / Turn on / Power-Up

DFD Level 0 - RVC

Front Sensor Front Sensor

Input

e Left Sensor

Iheut Direction

. Motor
Right Sensor R'ht Sengo
Inpu
RVC
DIVSHEChIM Dust Fran - Control
Sensor Sensor Inpu 0
Clean
DISANE TN DSt Lef Cleaner

Sensor Sensor’Input

VAN Pust Right

Sensor Sens6r Input Tick

Digital Clock

BIER:EE SN Dust Back
Sensor Sensor Input
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EX 6
DFD Level4 - RVC

Tick[( F && IL) || ( 'DF && R
&& DL) || ( 'DF && DR
&& DL) || ( DB && 'DF
&& DR && DL )] / Disable
"Move Forward”, Cleaner

Move Forward

Enable "Move Forward”, Cleaner Command (On)

Tick[ (F &8 IR) || (F && R
&& L) | ('DF && L &&
DR) || ( 'DF && DL &&
DR ) ]/ Disable "Move
Forward"”, Cleaner

Command (Off), Trigger
“Turn Left”

Turn Left

Tick[ DF || DL|| DR || DB ]/

Dust Front : DF Enable "Move Forward[,
Dust Right : DR Cleaner Command (On)
Dust Left : DL

Dust Back : DB

Tick / Enable "Move
Forward”, Cleane
Command (On)

Tick[ DF && DL && DR &&
DB ] / Disable "Move
Forward”, Cleaner
Command (Off)

Command (Off), Trigger
"Twen Right”

Turn Right

ALK ==

CHRMME AT L

* StopSt= 4= YFESR HX|7F S Al BE=AH| SHALCE

* Stopdt YSM AFIER HX|7} LHSH SXO|A SHAHCE

LQIZoz £ AQL YO R @2Z0| WD AZ
O BIX|7} Qlofl IO S EE o0 Rt 9=
T RSN AZ0| HX|7F QoM AZxoz £ Lk QHELR
7FHXZL G0 FHEY A2ER dECR AL = SHFCH

«QEFOZ L= FdR s ¥EO| MRSt &EFO| Bo|1 22
Z0| HX| 7 QeH @EF oz 511 = AF0| RSt &
Z R o EZ0f HA|7} Yo o202 £ w3
ARV U QU H QEZ o 2 A& £ IFULCE
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Ex /

. OHH|Z ZR|BHM OISt EX|Z FBH= RVC

DED Level 0 — RVC Example

Front Sensor Input

Left Sensor Input

Right Sensor Input

RVC
Control
0]

Right Sensor

Liquid Sensor
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Ex /

DFD — RVC Example

Front
Sensor
Interface
1k

Front Sensor Input

Left
Sensor
Interface

1.2

Left Sensor Input

Tick
. Right
Right Sensor Input Srer
ce
13
Tick

Dust Sensor Input

Tick

Liquid
Sensor
Interface
1.6

Liquid Senser Input

Tick
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" Front Obstacle

Determine
Obstacle

Left Obstacle q
Location

1.4

Right Obstacle )

Determine
Dust or

Dust Existence

Liquid
Existence
1.7

Liquid Existence —
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" Dust & Liquid

. Obstacle
Location

Existence
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Digable

»

Tick

Enable Trigger

Cl

Pow

Cleaner Command

Enable .-~

-Trigger

Tick

ean
er Up

Disable
Trigger

Tick

Tick -~

Maotor Command
>

Motor Command

»

Metor Command
>

18



Front Sensor

\

Fron\S\ensor input
Back Sensor "
N
Determine '
Left Sensor L . . Motor
/T'/ Direction /

Direction
Obstacle Vs

Detection
Right Sensor a &

Move e

Controller \
cleaning
Dust sensor input .
Dust Sensor —————F Dust Detection

<Dust Sensor& ZF=7t¢+t DFD LEVEL 0>

Right sensor input

BDEPENDABLE SOFTWARE K h\(?ﬂ'\,lt}%‘ Konkuk University

LABORATORY

19



Ex &

Enable

Obstacle
Location

Controller
214

v

Existence
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Move
Forward
2.1.2

Motor Command

>

Motor Commarld

Motor Command

L

Motor Command

»

>
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Ex &

Power Up

. Tick [D]

/Enable "Power Up"

/Enable "Move Forward’

. Tick D]
Tick|F R8B! i "
/g.:,bal:& hﬁ &ﬁﬂm-' /Disable "Power Up
Trigger Turn Left” (D)
Move [Enable "Cleaner On"
Turn Left . d °
ik orwar (D]
/Enable “Move Forward” / \ \ fdisable "Cleaner On’
/’//-
Y 4 Tick] FRIR|| T ]
/‘ Disable "“Move Forward”
/ gger “Turn Right’
L Tick

Tick{F&&L&&R &&'T]
/Dusable "Move Forward™

/Enable "Move %sqar&\

Tick
/Trnigger “Tum Right”
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Ex 9

B+ AH

« Control flow-= control process Of A{ EfAH

* Notation &2 X|FAFTA| 2.

DFD Level 4 — RVC

Dust
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0z
ofot
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Rl

AN

Tick [Dust]
.\ /Disable “Move Forward”
o Cleaner cor}'umand (om)

| Tk Dust
| .-’CIeanéf“mmmand [on) /

/ Enable *Move Fon.".mrdI

- S
~.
| / S
_,I‘.. S

o+
Tick ['F] Move o Power up
/ Enable “Move Forward” " Forward \\
Cleaner Command[?ﬂ{ | ™ Tick [1Dust]
AN : :
e . /Enable "Move Forward
ik [ & 1) ‘ Tick [F &8 IR Cleaner command (off)

/ésable “Move Forward"‘ / Disable "Move Forwar #.Tick [IF]

Cleaner Command(Off), Cleaner Command(Off), N ‘}-Enable "Move Forward”

/
e
- e n
- Trigger “Turn Left" Trigger “Turn Right
‘ k [IF]
v / Enable "Move Forward”

“ Tick [F & L &L’.‘ R
Tick [F] S mes

\Qle}ner Command(On)

\ / Disable "Move Forward” . u .
- " oft” ~ / Trigger “Tum Right"
/ Tnigger “Tum L \\\ Cleaner Commiand(oﬁ) / ——
.,
Tick [F] \\ v Tick [F]
™,
Trigger “Turn L&ft" " Trigger “Turn Right"
/ Trigger “Turn Lelt\ Stop igg g
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Ex 11

AU K.

(o
=

« SASD Process2| 1}
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Ex 11

. 2QIA|ZHO) H OISR A% EFOH R SIFA 2.
n

« State Transition Diagram2| notatio

/ Enable “Move Forward”,
If Dust Sensor Input ==true” Cleaner Command (On)
Else Cleaner Command(Off)

Tick [F && L]
/ Disable "Move Forward”,
Cleaner Command (Off),
Trigger “Turn Left”

Tick [F && IR]
/ Disable "Move Forward”,
eaner Command (Off),

ar ' Turn Right”

Tick
/ Enable "Move Forward”, Turn Right
If Dust Sensor Input ==true’
Cleaner Command (On)

Else Cleaner Command(Off)

T L Enable "Move Forward”,

If Dust Sensor Input ==true”
Cleaner Command (On)

Else Cleaner Command(Off)

Tidf [F && L && R] Tick / Enable "Move Forward”,
/ Disable "Move Forward”, If Dust Sensor Input ==true” Cleaner Command (On)
Cleaner Command (Off) Else Cleaner Command(Off

LABORATORY
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M AlSHYE
- 1. Stop
= Turn Right
- 2. Dust
» HX| 20|M™ cleaner off
- 7} 7|&. Timer, battery

= Timer 7|5 HE4.
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Ex 12

« DFD7I HAHE|RICHE £
o

e “Timer” State 2 X QSIX| &

Tick[D && IF]

/Enable “Move
Forward"”

Cleaner Command(Off)

-_

Tick
/Enable "Move Forward”,
Cleaner Command(On)

Tick[F]
/Disable "Move Forward”
Cleaner Command(Off)
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Tick
/Enable "Move Forward”,
Cleaner Command(On)

Tick[!D && IF]
/Enable "Move Forward”
Cleaner Command(On)

& "Move Forward”,
Command(On)

Tick[F &&-IR]
/Disable "Move Forward”
Cleaner Command(Off),

Trigger “Turn Right’

Tick[F&&L&&R]
/Disable "Mpve Forward” Tick
Cleaner Command(Off) /Trigger
"Turn Right”
A 4
27
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Ex 13

Uh.. Notation!

RVC example DFD 4 level

Consider dust
existence first

Obstacle does not eX|st
Turn R|ght twice
Obstacle exists
(both forward&left)
« Q. Py

o

Cleaned up everywhere

4 HEERM 2 s 285H7| O[T dust?t EXot=XE B XSO},

OFOF dust7t EXBHCHH, move forwardE disable(stop) st —?—).\_ HMAE st & O 0|AF dust7} detectEIII
O™ move forwardE enable®tCt. O| [ obstacleO| —.-_—J(HEF 42 @M HE S AZ oz HA twundt S0,
obstacle®| X S70]| 2t EXYTHCHH turn rightE F H A3 7[E T 0| 2E0 2 turndto] &
o= 0|50H31 CHAl 9| process(dust detection & clean up) S HtEstn, EXYSIX| A B0 = %EEE

turn®t & ENO| M CHA| Q| processE BHE3HCE.
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Ex 13

e Overall DFDO{| B¢ X]
State2 EHO|=

U= level A

B H

- Controld} data flow 1 2 & Q.

RVC example DFD

Fro

Left Sensor Input

tick

tick =7
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Front
sensor
Interface
1.1

Left
sensor

Interface

- 12

Right

Sensor
Interface

1t
gensof InPY
M 13

Dust
Sensor
Interface
14
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Obstacle

O,
et

Left Determine
Obstacle
Location

T Obstacle

15 Lacation
|k
QoY e Controller
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Determine Dust l
pust E .DtUSt ———% Existence
(xenc® ERIEE Cleaner
o 1.6
Command
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Obstac

(both forw.

3

le exists
ard&left)

-—-

Consider dust

existence first
SN T

cle does ot exist

Obsta

Move
Forward

Cleaned up
everywhere 4
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