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Partl SRS

: Software Requirements Specification

System Scope and Boundary

|

[ Power control ] [ Mode control ] [ Movement control ]

Q) &

"PowerButton™ &/210]| "StandbyMode ", "NormalMode ", Forward, Left, Right,
[([t2 on/off T2t '‘BoostMode ", ‘LowBatteryMode ™ F&t Backward, Stop S H&H
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Partl SRS

: Software Requirements Specification

System Scope and Boundary

|

[ Obstacle handling ] [ Dust handling ] [ Battery handling ]
O
o0
oo 0
front/left/right obstacle dust signal0f| (tHE boost mode Zet 5 charging, stop charging,

AFEHO|| H2 S|m| Bk AE timer expiry A2 low battery event, recovery 2|
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Partl SRS

: System Boundary & Actors

[User] F&, AE/EX] ST AX/SKE YL

[ PowerButton ]
user2| power input2 systemo]| Mot

[ ObstacleSensorDriver ]
obstacle signal2 X|ZgtC}.

[ DigitalClockTick ]
periodic behavior2l boost timer expiryE
LIEFH= @& event ZHEO|LCY,

[ StartButton ]

systemO]| TSI},

[ MotorDriver ]

system?| movement @H}

output command& A&t

[ BatteryDriver ]
battery level, charging 7ts (&,
low-battery eventE X|S It

[ DustSensorDriver ]
‘ dust detection signal2 X3%tC

[ CleanerDriver ]
system@| cleaner output commandZE Al&SiCt,

user?| cleaning start/standby input=
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: System Sequence Diagrams

SRS

OOAD TEAM 01

SSD UserControl - True 5SSD: User/Button Events

i
I

.-.--. H\"-.
User

PowerButton ‘ ‘ StartButton ‘

press

‘ :RVCSystem

rgss

powerButtonPressed() &l

. :
| StEIFtEUttDHFFESSEd{]I}:

chargeBattery() g

}_I

stopCharging() ;

S5D SensorEvents - True S5D: Sensor/Battery/Timer Events

DustSensorDriver | | ObstacleSensorDriver | | BatteryDriver DigitalCIockTickH:HVCSystem

dustDetected() >
obstacleDetected(direction) >
lowBatteryDetected() }'
lowBatteryCleared() .

timerExpired()

Y

charqing"ﬁck{:h

OutputCommandOverview - Outbound Actuator Commands Only

:RVCSystem ‘ ‘ Motoan'ver‘ | CleanerDriver

This is not a true 55D. It shows only outbound actuator commands generated by :RVCSystem after incoming system operations. Il‘]

. moveForward()

startCleaningl)

stopMoving()

=

stopCleaning()

L,

turnLeft()

Y Y

turnRight()

| moueBackward{}‘:

S5, [



Partl SDD

: Class Diagram

ClagsDiagram RVCDesign - RVC Control SW Design Classes

simdlater

@ RS imusiaborCh

currentMad e, ran-omning singletoe

+pomerCommandd|): vaid
+startCommanail: void
+ehargeC omenand(]: wid
+ehargaTickComemandil: void
+atepChargeCommand( woid
+iowBatteryCommand|l: veid

+dustCommand]): veid
+limerExpiredCammand||: void
+oirstacleCammandi]: v
+expectCommand): void

+olearLowBatteryCommandll: woid

scrpt and iteractve commands

rvescantrol
() contrater
power: bool

Mo Charging: beol
<currentMode: OperatimgModet
“nattmryDrver: BatteryDriver
~cleanerDriver: CleanerDriver
~dustSensorDriver: DustSensorDrivers
“mebrDeiver; MoinrDriver®

abstadefrocessor: Dbstaclefrocessort
“dusiProcessor: DustProcessort

-abstadeSenaorDriver: ObatacleSersorDnier

le -canStartChargingd): boal
+powerButtonPressed(]: wold
|5 +atanButtonPressed)): viid
+chargeBatteryl); woid
+ehargingTick(]: veid
+itapChanging]l: void
+lowBatteryDete cled| vond
+iowBatteryCleared]): void
+dustDetected(k woid

+abstarieDetecteddiraction: baol[3]: waid
+timerExpiredhow|): void

Riceives, true incoming System Operations.
Output commands are delegabed to modes snd drivens
except drect power anoff initiakization and shutdawn path

(ram pointer ownership

(L] %
| )
egabes dust deciion |

.

.dinction_: amay<cbool, 3=

(©) ObsmckePmcesor

+iecideliractionidin: amay<hool, 3=, cumentHode: DperatingMode. motor: MatorDrier); void
i —

|
1 i
O DusPmoessor

|
+decideisDusted (cleaner: CleanerDriver, cumentMode: OperatingMode): Operatingkoded:

|rvesdriver
| ¥

! — i
Jalls checkisMzvingl) ~Zails duRDaeCh] A%
rvezimode
o ¥
T (®) OperatingMode
#CheckisMorving|drection: Derection, moterDever: MotorDriver): vosd
#5tart Button Pres sed| chean erDiriv er: CeaneiDriver, motoiDriver: MotorDriver): OperatingModet
+lewBatteryDetectedicieanerOriver: CeanerOnver, motorDreer: MotarDrivers QperatrgModed
#lowBatteryCleared): Operalingodes reads farward sate
+dustDetectedicleanarDriver: CpanerQnvery: OperatngMocel
#canCharga(l: bosl
#LirmerEx pared (cleanerDriver: CleanerDriver): OperatingHodes
#kinad}; ModeKind hY
#namell: canst chart i )
= \\‘ T—
iy ————___ Output commands .
Ve T, !
i, |
N |
v W i
{E) MotorDiriver
i «status: bool
i ! Y -moveDirection: Direction
| \ . forward: boal
; £ Standl : P SR g b | | #iniviaizel); void
¥ nite Paitenn basis, #mave: i) vaid
@a‘m“"m @Whuewm Mormal @sunowume @Nwm‘alm’e Concrete mades are Statel ess TUnctan-1ocal Snghetsns in Modes cpp ‘ﬂﬂﬁ":‘:':.;l'l:!ﬂv:
Boost
Lovwl attery

turnLefi ) wd
#turnRightl): weid
+moveBackward]): void
+checkisForward|): bool
+isMovingl | Baal
#currestDirection(): Direction

{B) nirection
FRONT
LEFT

RIGHT

BACK

%!

Ny |
@ CleanerDriver
-mude: string

+indtialize(]: woad
+startCieaning(): woid
+sbopCheaningl): void
+decideSelting bost: Baod): void
+isCieaningll: bool

+ourent Mode|): sting

(€) BatteryDriver
+MinLevel: int
+Maxlevel. int
+LowBatteryThreshold: int

+ChargeStep: int
LN it

stakus: bool

iritiakze(): void
+turnOitBatteny | woid
+stanChargingl): bool
+stepChamgirgd): void
Hinclinel i) ool
ileglirel V() woid
+isLaw(]: bocl

+isFulie bool

+leuel|- mnt

+antlovel (el inth: vaid

|
|
]
@ DustSensorDriver
-dust: bool
-active; ool
+ingialize(]- voud
+deactivateDustSensor - void
+hasDust(): beal
+isActhoel) bool
+lsDusiDetected - bool

(@) oostaciesersormriver
-girection: boo 3|
-active: bool
+initialize|): woid

+deativale0bslacleSensar|): void
+isActivei|: bool

OOAD TEAM 01




Partl SDD

: Mode Transition

OOAD TEAM 01

ChargingFlag

4
NotCharging

A

——

chargeBattery()
allowed by mode

chargingTick()

stopCharging() full or cannot increase

a0 ; :
Charging chargingTick()

level increases

i

lowBatteryCleared()
or chargingTick() over threshold

StateModeTransitionDesign - Mode and Charging State

Charging is implemented as Controller::isMowCharging,
not as an OperatingMode subclass. .
MormalMode and BoostMode reject charging.

StandbyMode, LowBatteryMode, and Off can charge if battery is not full.

powerButtonPressed() powerButtonPressed()

Standbyl'-lode'
pd

powerButtonPressed()

startButtonPressed() startButtonPressed()

e
J

startButtonPressed() |N0rma|M0d

timerExpired()
repo: timerExpired Mow()

lowBatteryDetected() dustDetected()

lowBatteryDetected() |BoostMode

lowBatteryDetected()

LowBatteryMode
. -

startButtonPressed()

chargeBattery()
ed if battery not full

powerButtonPressed()

powerButtonPressed()



Partl SDD

: Sequence Diagram

OOAD TEAM 01

SD_PowerButton_ObjectSequence - UCL1/UC1l1l Power Button

Button Cases

SD_StartButton_ModeSequence - UC2/UC7 and Output Commands UC3/UC4/UC8/UC9

N

A
StartButton | :Controller

startButtonPressed()

currentMode:
OperatingMode

‘ :CleanerDriver‘ ‘ :MotorDriver

alt / [currentMode == nullp

! no state change

[
-

Er|

or isNowCharging]

[currentMode = StandbyMode]
1

startButtonPressed(Cleaner, Motor) '

Modes.cpp
PowerButton :Controller :BatteryDriver :DustSensorDrwer| ‘ :ObstacleSensorDriver :CleanerDrwer‘ | ‘MotorDriver | | standbyMode()
powerButtonPressed() -
alt J [power == false]
initialize()
standbyMaode()
________________________________________________________________________________________ SARODYMEdeR:, . oo i ussmsne pseshis satare
initialize() % -
initialize() e |
initialize() o i
gPoweron, currentMode = StandbyMade |
turn OffBattery()_ |
3
deactivateObstacleSensor() %
deactivateDustSensor() i
stopCleaning() o
>
ff, curentMode = nullptr
PDWE',B.UNOH :Controller :BatteryDriver :DustSensorDriver| ‘ :0ObstacleSensorDriver :CleanerDr'wer‘ [:MotﬂrDriver Modes.cpp
| standbyMode()

E moveForward() }_E

E startCIean'rng{}}E E

E ” NormalModeé E E

E_' mode = MormalMode i E E
[currenil::lode = NormalMode or BopstMode] : : :
: startButtonPressed(Cleaner, Motork : E E

E stopMoving() }:

E 5t0pC|eaning{}}E E

E - StandbyMode& E E
E_,mode = StandbyMode i E E
[curr\enil::;ode = LowBattery Mode] : : I

startButtonPressed(Cleaner, I«'h::ntu::nr}:= | !
stopMéving{) -

mode unchanged

LowBatteryMode&

stopCleaning()

-
=

A

F o

StartButton

L

OperatingMode

| :Controller ‘ currentMode:

l :CleanerDriver ‘ ‘ :MotorDriver




Partl SDD

: Sequence Diagram

OOAD TEAM 01

SD LowBattery ObjectSequence - UC15 Low Battery Mode

BatteryDriver

or simulator ‘ :Controller
]

currentMode:

Battery

OperatingMode :CIeanerDriuer| | :MotorDriver

SD_Charging_ObjectSequence - UC10/UC16 Charging, chargingTick, and Recovery

i lowBatteryDetected() I : : :

F - ] ] ]

alt )I [currentMode == nullptr] : : i
. ignored : ! :
[curmnth‘iode exists] . | |
| lowBatteryDetected({Cleaner, Motor) | : |

| stopMgving() o

! stopCleaning()_ :

: - LowBatteryModef | :

| _mode = LowBatteryMode : : :

i
-

DigitalClockTick currentMode:
User or simulator :Controller :BatteryDOriver | OperatingMode
i chargeBattery() i
' canStartCharging()
L} [power == false or currentMode.canCharge() == true]
: 1 startCharging()
| ; . Chargeable? |
alt / [charging started]
] [ chargingTick()

inclinel\V[}
increased?

isFull()

alt

[LowBatteryMode and level > LowBatteryThreshold]
lowBatteryCleared()

_itandbyhod

[battery full] [}

PR tharging =off

: lowBatteryClearedi) i |
alt )I [currentMode == nullptr] !
fi ignored :
[curmnth‘iode exists] .
: lowBatteryCleared() i :
: _ implementation policy next mode
. current mode updated |
: | Current LowBatteryMode::lowBatteryCleared() returns StandbyMc:de.B]
BatteryDriver

or simulator

chiarging rejected
.‘ .......... I gg | ...........

‘ :Controller currentMode: | :CIeanerDri'-.rer| | :MotorDriver

OperatingMode

chargingTick()

| alt ) ilanwtharglngl

inclinel V()

isFull() >

alt  / . [full ar cannot increase]

:_‘ls'«_l_vwcharging = false
[still charglinal

P ot Mk

| "o state change
stopCharging() i)
1 stopChargin
; pCharging() >
4""””;“‘:"'“"9'”9:&"5‘!_
u;__glr DigitalClockTick | :Controller :BatteryDriver | currentMode:
9 or simulator OperatingMode



OOAD TEAM 01 Q

Partl SDD

: Sequence Diagram

Dust Timer Obstacle Avoidance

SD_DustAndTimer_ObjectSequence - UC6 Boost Mode and Timer

currentMode:

DustSensorDriver | | DigitalClockTick I N T
or simulator or simulator :Controller :DustProcessor OperatingMode CleanerDriver SD_ObstacleAvoidance ObjectSequence - UC5 and Output Commands UC12/UC13/UC14
| dustDetected() i ObstacleSensorDriver i - . currentMode: - :
| - or simulator | :Controller :ObstacleProcessor OperatingMode :MotorDriver
alt / [currentMode == null;iltr or ENowCharging] — T 4
e | ignored obstacleDetected(direction[ 3])
[currentMode exists] T | - -
| ; | alt [currentMode == nullptr or direction == nullptr]
1 decidelsDusted(Cleaner, currentMode)} _/J )
! dustDetected(Cleaner)_ | T R e S e St B e e e e e s o e R i S o e T s st ooy
i decideDirection(dir, currentMode, Motor)
i alt [currentMode = NormalMgde]
! decideSetting (true) checklsForward() .
| forward?
! [currentMolde = StandbyMode, BoostMade, or LowBatteryMode] checklsMoving(selectedDirection, Motar]
: same/allowed mode& =
| [ - alt [selectadDirection = FRONT]
| Lapososson o INUREMRHRRE oo | moveForward()
| alt / [nextMode = BoostMode] [selectedbirection = LEFT]
H . turnlLeft() !
! startTimer() —
| moveForward() _ '
| =
e curentMode updated - R

| ! turnRight()

timerExpired() requirement moveForward() _ '
[

! Controller:timerExpiredNow() inrepe ' L e
>

[selectedDirection = BACK] 1

alt | [power == true and currentMode != nullgtr] moveBackward[E |
| timerExpired(Cleaner) -
i alt J [currentMode = BoostMode]
i decideSetting{false) ! -
i o motor state changed
' NormalModeé:
! Tathar i . . = : N,
| Current implementation keeps cleaner state during cbstacle avoidance.
: .- __same mode& | The artifact-level cleaner stop requirement is documented as a risk.
T s in i . i . -
| i ObstacleSensarDriver :Controller :ObstacleProcessor currentMode: :MotorDriver
no state change ! i | i
e or simulator — e OperatingMode |
DustSensorDriver | | DigitalClockTick :Controller :‘DustProcessor currentMode: :CleanerDriver

or simulator or simulator OperatingMode



Part2 Program(Code)

. class .hI}¥ (Prompt)

OOAD TEAM 01

Only create NEW files inside vibe/include/rvc/ directory.

Do NOT touch any files outside of vibe/.

Generate header files for all RVC Control SW classes.

Use C++17, include guards.

Constraints:

- Direction: enum class { Forward, Left, Right, Backward ;}

- OperatingMode: abstract base class, virtual methods:
startButtonPressed, powerButtonPressed, dustDetected,
lowBatteryDetected, timerExpired, obstacleDetected

- StandbyMode / NormalMcde / BoostMode / LowBatteryMode: concrete subclasses

- Controller: owns all drivers and processors as value members,
holds OperatingMode* currentMode as raw pointer
System operations: powerButtonPressed, startButtonPressed,
chargeBattery, stopCharging, lowBatteryDetected, dustDetected,
obstacleDetected, timerExpired

- BatteryDriver: bool isCharging, bool isLowBattery

- CleanerDriver: bool isRunning, bool isBoosting

- MotorDriver: bool isRunning, Direction direction

- ObstacleSensorDriver: bool front, left, right




Part2

Program(Code)

OOAD TEAM 01

: Controller(Prompt)

Only create NEW files inside vibe/src/ directory.

Do NOT touch any files outside of vibe/.

Implement vibe/src/Controller.cpp based on vibe/include/rvc/Controller. hpp.

Rules:
- No mode-specific logic in Controller; always delegate to currentMode
- powerButtonPressed( ):

off =» initialize drivers, set currentMode = new StandbyMode, power = true

on - stop motor, stop cleaner, delete currentMode, power = false
- startButtonPressed(): delegate to currentMode, update currentMode with return value
- dustDetected(): delegate to currentMode, update currentMode with return value
- lowBatteryDetected(): delete currentMode, set new LowBatteryMode, stop motor and cleaner
- obstacleDetected(): use ObstacleProcessor to pick direction,

stop cleaner, move accordingly, resume if still in cleaning mode

- chargeBattery(): reject if NormalMode or BoostMode; else batteryDriver.isCharging = true
- timerExpired(): delegate to currentMode, update currentMode with return value

- Mode transition: if returned pointer != currentMode, delete old and assign new



Part2 Program(Code)

: Modes(Prompt)

OOAD TEAM 01

Only create NEW files inside vibe/src/ directory.
Do NOT touch any files outside of vibe/.

Implement vibe/src/OperatingMode.cpp based on vibe/include/rvc/OperatingMode. hpp.
Each method returns OperatingMode* (next state) or this if no transition.

StandbyMode:
startButtonPressed() =» return new NormalMode

others = return this

NormalMode:
startButtonPressed() - return new StandbyMode
dustDetected() = return new BoostMode
lowBatteryDetected() -+ return new LowBatteryMode
others = return this

BoostMode:
startButtonPressed() = return new StandbyMode
timerExpired() = return new NormalMode
lowBatteryDetected() = return new LowBatteryMode

others = return this

LowBatteryMode:
startButtonPressed() = no-op, return this
others = return this
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Part2 Program(Code)

: Processor(Prompt)

Only create NEW files inside vibe/src/ directory.

Do NOT touch any files outside of vibe/.

Implement vibe/src/ObstacleProcessor.cpp and vibe/src/DustProcessor.cpp.

ObstacleProcessor:
Direction decide(bool frontBlocked, bool leftBlocked, bool rightBlocked)
if !frontBlocked =+ Forward
if !leftBlocked = Left
if !rightBlocked » Right

else -+ Backward

DustProcessor:
bool shouldBoost(bool dustDetected, OperatingMode* currentMode)

return true only if dustDetected == true and currentMode is NormalMode
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Part2 Program(Code)

: Code Composition

FRUES g4

- root 712 FX| - RVC control code - Codex T =7 AMZ

- vibefinclude, vibe/src 7| =22 - GoogleTest unit tests - QTAR-HA-TH-HIA E FEhY Y
-HEMHAE BRZ MES E

M core 714 - .rvc script system tests
- 7|& FERt target 0|15 £= WX - script/map simulator

: SRS/SDDOI|A H2|ot system operationZt mode behaviorE ZE, HIAE, simulator?t 22 202 XH{#




Part2 Program(Code)

: Code Architecture

OOAD TEAM 01

Controller Operating
Mode
- powerButtonPressed() - StandbyMode
- startButtonPressed() N
- NormalMode
- dustDetected() - BoostMode
- obstacleDetected(direction) _ LowBatteryMode

- chargeBattery(), chargingTick() _ State Pattern 7 |BF &2t

Drivers

- MotorDriver
- CleanerDriver
- BatteryDriver

- DustSensorDriver
- ObstacleSensorDriver

Processors

- DustProcessor
- ObstacleProcessor
- boost Tzt
- 3ju| et 2
- driver AE{Qt 22|




Part 3

: Unit Test(Prompt)

OOAD TEAM 01 Q

You are Codex working on the RVC Control SW OOl assignment.

Scope:

- Treat "docs/” and “vibe/" as the current vibe-coding project artifacts.

- First inspect "docs/ai-input/*.md", "docs/ai-output/srs.md", "docs/ai-output/sdd.md", and all current files under
“vibe/".

- Do NOT edit files outside "vibe/".

- Create unit test files under "vibe/tests/".

- Use C++17 and Google Test.

- Do not use simulator scripts for unit tests.

- Tests must follow the actual current "vibe/include/rvc/*.hpp ™ APlIs.

Task:
Implement comprehensive Google Test unit tests for the current “vibe/" RVC Control SW implementation.

Testing rules:

- One test suite per system operation or major internal operation.

- Cover normal flow, negative/no-op flow, and edge cases.

- Use fixtures and helper functions.

- Tests must be independent and deterministic.

- Verify mode transition, motor state, cleaner state, battery state, sensor state, charging state, and direction where
relevant.

- Respect OOAD responsibility separation:

- "Controller’ receives system operations.

- "OperatingMode " subclasses handle mode transitions.

- "ObstacleProcessor’ and "DustProcessor’ handle decision logic.
- Drivers own simulated hardware state.

- If the code differs from the original implementation prompt, follow the actual current “vibe/" headers and sources.

Required unit test count:

- "ControllerPowerButtonPressedTest : 8 tests
- "ControllerStartButtonPressedTest ': 8 tests
- "ControllerDustDetectedTest : 8 tests

- "ControllerTimerExpiredTest ": 6 tests

- "ControllerLowBatteryDetectedTest ": 7 tests
- "ControllerLowBatteryClearedTest : 4 tests
- "ControllerChargeBatteryTest : 9 tests

- "ControllerStopChargingTest ': 4 tests

- "ControllerObstacleDetectedTest : 12 tests
- "ControllerClockTickTest : 8 tests

- "OperatingModeTransitionTest ": 8 tests

- "ObstacleProcessorTest ': 8 tests

- "DustProcessorTest ': 4 tests

- "DriverStateTest : 10 tests

Total: 104 Google Test unit tests.

Also add "vibe/tests/TEST_TRACEABILITY.md ™ mapping each suite to:
- related use case

- system/internal operation

- class/method

- expected mode or driver state.

If build integration is missing, add only files inside "vibe/", such as "vibe/CMakeLists.txt", so unit tests

answer result in Korean.



Part 3

- Unit Test

OOAD TEAM 01

[ Unit Tests ]

104

[ 25 2]

- Controller incoming operations: power/start/charge/dust/
obstacle/low battery/timer/clock tick

- OperatingMode transition: Standby, Normal, Boost, LowBattery

- Driver state: motor, cleaner, battery, sensor

- Processor decision: dust boost, obstacle avoidance direction

!

12
10

[ Test Suites ] [ Vibe Test Pass |

14 100%

[ Traceability ]

root/vibe/tests/unit_tests/TEST_TRACEABILITY.md




Part 3

: System Test(Prompt)

OOAD TEAM 01

You are Codex working on simulator-based black-box system tests for the RVC Control SW OOl assignment.

Scope:
- Treat "docs/" and "vibe/" as the current vibe-coding project artifacts.

- Firstinspect "docs/ai-output/srs.md", "docs/ai-output/sdd.md", and "vibe/simulator/main.cpp”.

- Do NOT edit files outside "vibe/ .

- Create scenario scripts under “vibe/system_tests/tc/".
- Do NOT use Google Test for system tests.

- Use only the simulator CLIand ".rvc" scripts.

Task:

Implement broad but manageable simulator-based black-box system tests for the current “vibe/"

RVC Control SW implementation.

Required system test count:
- Positive scenarios: 12

- Negative scenarios: 30

- Total: 42

- Positive : Negative =1:2.5

Required positive scenarios:

1. Power on enters " StandbyMode"

2. Power off from “StandbyMode" returns to ~Off’

3. Start from “StandbyMode ™ enters *NormalMode*

4. Start from "NormalMode" returns to *StandbyMode”

5.Dustin "NormalMode" enters "BoostMode”

6. Timer in "BoostMode " returns to “NormalMode"

7. Low battery in "NormalMode " enters “LowBatteryMode " and stops motor
8. Low battery in "BoostMode ™ enters “LowBatteryMode ™ and stops motor
9. Charging is accepted in “StandbyMode"

10. Stop charging keeps system in a safe non-cleaning state

11. Obstacle front blocked and left clear keeps cleaning active

12. Obstacle all blocked keeps the system active while avoiding

Required negative scenarios:

1. Start while "Off " does not enter “NormalMode"

2. Dust while "Off" does not enter "BoostMode”

3. Dust while “StandbyMode ™ does not enter “BoostMode”

4. Dust while "LowBatteryMode ™ does not enter *BoostMode"

5. Timer while "Off " does not change mode

6. Timer while “StandbyMode ™ does not change mode

7. Timer while "NormalMode ™ does not change mode

8. Charge while "NormalMode" is rejected

9. Charge while "BoostMode " is rejected

10. Obstacle while "Off* does not start motor

11. Obstacle while *StandbyMode "™ does not start motor

12. Obstacle while "LowBatteryMode " does not start motor

13. Start while “LowBatteryMode "™ does not enter “NormalMode”

14. Repeated “start” in “StandbyMode/NormalMode ™ follows only valid toggle behavior
15. Repeated “power’ operations only toggle onfoff safely

16. Stop charging when not charging keeps charging off

17. Repeated stop charging remains safe

18. Low battery while "Off" is ignored

19. Repeated low battery in "LowBatteryMode ™ remains *LowBatteryMode"
20. Low battery cleared outside “LowBatteryMode ™ does not create invalid transition
21. Charge tick when not charging does not change mode

22. Clock tick while "Off" does not change mode

23. Clock tick in *StandbyMode™ with no sensor event does not change mode
24. Clock tick in “NormalMode ™ with no sensor event does not change mode
25. Dust event while charging is ignored if current implementation blocks it
26. Obstacle with front clear in *StandbyMode " does not start motor

27. Obstacle all blocked in *StandbyMode ™ does not start motor

28. Timer after returning from “BoostMode ™ does not leave "NormalMode’
29. Charge after entering cleaning mode remains rejected

30. Unknown simulator command reports failure or unknown command without crashing, if supported

Each script must contain:

- input commands

- expectation commands

- observable PASS/FAIL output

Use existing simulator commands:

- “power’

- “start’

- “dust’

- “obstacle_front”

- "obstacle_left”

- “obstacle_right”

- "obstacle_all’

- “low_battery"

- ‘charge’

- “stop_charge”

- “timer”

- “charge_tick®

- “clock_tick®

- “low_battery_cleared”

- “expect_mode <name>"
- “expect_motor <onloff>"

If needed for stronger black-box coverage, add small expectation commands inside "vibe/simulator/main.cpp "

- “expect_cleaner <on|off>"
- ‘expect_boost <onloff>"
- “expect_charging <on|off>"

- “expect_direction <Forward|Left|Right|Backward>"

Also add "vibe/system_tests/SYSTEM_TEST_TRACEABILITY.md" mapping each scenario to:

- SRS use case

- system operation

- positive/negative classification
- expected result.

answer result in Korean.
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Part 3

: System Tests

[ System Scenarios ] [ Positive ] [ Negative ] [ Ctest Passed ]

49 12 30 154/154

[ Positive examples ] [ Negative examples ]
- PO1 power on enters standby - start while off ignored
- PO3 start enters normal - charge while cleaning rejected
- PO5 dust enters boost - dust while charging ignored

- P11/P12 obstacle avoidance - unknown command no crash
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Part 4

: Static Analysis

[ Compiler warnings ] [ Clang-tidy checks ]

B

e vibe_rvc_core, simulator targetst| & M & e performance-*, portability-*

e GCC/Clang: -Wall -Wextra -Wpedantic e readability-*, modernize-*

e MSVC: /W4 e clang-diagnostic-*
e clang-analyzer-*

® pugprone-*

SA= compiler warning} clang-tidy rule set2 7|ZQ & HMz|3HC}.
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Script Simulator

e vibe/simulator/main.cpp

e script <file.rve>

e system test Aol QIEH|O|A

expect_mode, expect_motor s 4& command

Map Simulator

® vibe/sim/app/main.cpp
® map <path>
e map/env/renderer 7|8t interactive loop

e cleaned cell count, battery drain A

2 oAl

build-vibe\rvc_vibe_script_simulator.exe --script vibe/tests/system_tests/tc/P0O3_start_from_standby_enters_normal.rvc

build-vibe\rvc_vibe_map_simulator.exe --map vibe/sim/maps/default.map
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Part 4

- Simulator - Preview

PS C:\Users\user\dev\cpp\OOAD\ooad\OOAD TEAM1> .\vibe\build\rvc_simulator.exe

tick 24 | mode BoostMode | battery 43% | motor moving BACK forward | cleaner on boost | cleaned 3/3
[p] power [s] start [c] charge [g] quit
Cleaned 3/3 cells in 24 ticks
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Part 3

: Simulator(Prompt) - simulator

You are a C++ simulator developer for the RVC (Robot Vacuum Cleaner)
Control SW team project. The repository OOAD_TEAM1 is the source of truth.
| am responsible for the simulator module.

# Constraints

# Context - C++17 (or whatever standard the existing CMakeLists uses — check first)
- The repo already contains: - No external dependencies beyond what's already in the project,
- docs/ : SRS, SSD, sequence diagrams, domain model except Google Test if used in simulator unit tests
- include/, src/ : RVC core implementation (State pattern for .
. . ) - Prefer smart pointers over raw new/delete
operating modes, multi-file CMake project) . .
- tests/ : unit tests (Google Test) - Keep environment and RVC decoupled — the simulator owns the
- system_tests/tc/ : 43 system test cases environment and the RVC; the RVC must not know it's being simulated
- Your work goes ONLY inside simulator/ . - Build must pass on the existing toolchain
- Do NOT modify files outside simulator/ unless explicitly asked.
- You MUST follow the existing code style, naming conventions, and 4P foll hi d
State pattern usage already established in include/ and src/. r.ocess — Tollow this Olj er Approved. Proceed to implementation.
1. First, read and summarize:
# Task - docs/ (especially SRS and SSD) to confirm RVC behaviors . .
) . . Reminders:
Build a full-system simulator that models BOTH the RVC and its and sensor/actuator interfaces

- Implement one module at a time. After each new file's first
version, show me the diff (or full content if it's the first
creation) and pause briefly so | can scan it.

environment, so the RVC core code can be exercised end-to-end without

- include/ and src/ to identify the public API of the RVC core
real hardware.

(which methods to call as sensor inputs, which to query for

The simulator must: actuator outputs) . i o )
1. Model the environment: - top-level CMakelLists.txt to understand how to add a new target - Order Slfggestlon. CMakeLl.sts.txt - Pose/CeII/D.lrectlo.nUtll >
- 2D grid room with configurable size 2. Propose a simulator file/class layout (Environment, Room, Sensor Room - Environment - Scenario - RvcAdapter - SimulationLoop -
- Dust distribution (cleanable cells . . r ' . . .
_ Static obstacles ((Wa”S fumiture)) adapters, Actuator adapters, SimulationLoop, Scenario, main) and main.cpp - SimulationLoopTest.cpp
- Charging station location wait for my confirmation before writing code. - Stick to docking-free minimal implementation as agreed.
- Battery drain / recharge dynamics 3. After | approve the layout, implement files one module at a time. - If you discover the real Controller APl needs something you
2. Drive the existing RVC core (from include/ and src/) as the Show diffs, not full file dumps, after the first version of each file. didn't expect, stop and ask before working around it.

System Under Test — instantiate real RVC classes, do NOT
re-implement RVC logic inside the simulator.
3. Provide a time-step loop (e.g., tick()) that:
- Feeds sensor input to the RVC (dust detected, obstacle ahead,
battery level, docking signal) # Output rules
- Receives RVC commands (move, rotate, suction on/off, return-to-dock) - Do not modify files yet in step 1 and step 2 — only summarize and propose.

- Updates environment state accordingly . . s .
4. Expose a CLI entry point (simulator/main.cpp) that loads a - Do not invent RVC methods that don't exist in include/ . If something

scenario file (or hard-coded scenario for now) and prints you need is missing, list it as a required-extension and ask me.
per-tick state to stdout in a readable format. - Keep responses focused. No marketing language.
5. Be runnable as its own CMake target (e.g., rvc_simulator), wired
into the top-level CMakelLists.txt without breaking existing targets
or tests.

4. Finally, add a minimal Google Test that runs a 50-tick scenario
and asserts the RVC cleaned at least one cell.
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Add terminal animation visualization to the simulator. Both
real-time mode and replay-from-recording mode must be supported.

# Design constraints

- Visualization MUST be a separable concern. Introduce a Renderer
abstraction so the simulator core (Environment, SimulationLoop,
RvcAdapter) does NOT know whether it is rendering or not.

- Provide at least: NullRenderer (no output, for tests),
AnsiRenderer (terminal animation), and a recording mechanism.

- Tests under vibe/sim/tests/ MUST use NullRenderer. No sleeps,
no ANSI escapes, no terminal manipulation in tests.

- All new code stays under vibe/sim/ . Isolation rule still applies.

# Real-time animation (AnsiRenderer)

- Each tick: clear the previous frame and redraw the room, robot,
dust, obstacles, charging station, and a HUD line.

- Use ANSI escape sequences only (no ncurses, no extra deps).
Hide cursor on start, restore on exit. Use cursor-home + redraw
rather than full screen clear if possible (less flicker).

- Glyphs (suggestion, adjust if you have better ideas):

. empty floor
* dust
# obstacle
C charging station
~ > v < robot (facing N/E/S/W)

- Color via ANSI:
dust = yellow, obstacle = gray, charging station = green,
robot = bright cyan, robot in BoostMode = bright magenta,
robot in LowBatteryMode = red.

- HUD shows: tick number, current mode name, battery level,
motor state, cleaner state, cells cleaned / total dust.

- Configurable tick delay via CLI flag --speed <ms> (default 100ms).

# Windows compatibility

- On Windows, enable virtual terminal processing at program start
(SetConsoleMode with ENABLE_VIRTUAL_TERMINAL_PROCESSING on the
stdout handle) so ANSI escapes work in Windows Terminal /
PowerShell / cmd on Windows 10+. Wrap this in #ifdef _WIN32.

- On non-Windows, skip that and just emit ANSI.

- On program exit (and on Ctrl+C if feasible), restore cursor
visibility and reset colors.

# Recording + Replay

- Add a Frame struct capturing everything needed to redraw one tick:
room dimensions, dust cells, obstacle cells, charging station,
robot pose, mode name, battery, motor/cleaner state, tick index.

- A FrameRecorder collects Frames during a run.

- After the run, optionally serialize frames to a file
(vibe/sim/include/sim/FrameLog.hpp). Use a simple line-based
text format — one frame per block, easy to diff and inspect.

Do NOT use JSON unless trivially hand-rolled; no new deps.

- A Replayer reads the file and feeds frames back into AnsiRenderer
at the configured speed. This path does NOT touch the real
Controller — it just renders prerecorded frames.

# CLI

vibe/sim/app/main.cpp should accept:
--animate run live with AnsiRenderer (default on TTY)
--quiet run with NullRenderer (no output)
--speed <ms> per-tick delay for animation/replay
--record <path> write a FrameLog while running live
--replay <path> replay a FramelLog instead of running sim
--ticks <n> cap tick count

# Implementation order

1. Frame struct + NullRenderer + Renderer interface
2. Wire SimulationLoop to call renderer.render(frame) each tick
3. AnsiRenderer (live drawing only, no recording yet)
4. FrameRecorder + Framelog file format
5. Replayer + CLI wiring
6. Update existing GTest to use NullRenderer and assert correctness
7. Add one new GTest that records a 50-tick run to an in-memory
log and asserts frame count and final cleaned-cell count

# Output rules

- Same as before: show diffs/new files one module at a time, pause
for me to review. Do not implement everything in one shot.
- If terminal capabilities or any cross-platform concern blocks you,
stop and ask. Don't pull in a dependency to "solve" it.
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Replace the previous visualization spec with this simpler one.
Drop everything not listed here.

# What to keep
- Terminal animation only.
- Map loaded from a text file. Swap the file = simulator runs on
a different map. Path passed via CLI: --map <path>
- All new code stays under vibe/sim/ . Isolation rule still applies.

# What to remove from the earlier plan
- No recording, no replay, no FrameLog, no Replayer.
- No --quiet, --record, --replay flags.

- No charging station. Remove it from Room, Environment, Scenario,

the renderer, and the map format. The simulator never models
a charge point.
- Battery still drains per existing core rules; LowBatteryMode just
ends activity. That stays. No recharge behavior.

# Map file format
Plain text, one line per row, header line for size:

WH
<row 0>
<row 1>

Glyphs in the map file:
. empty floor
* dust
# obstacle / wall
R robot start position (exactly one required)

Rules:
- W and H are positive integers, space-separated, first line.
- Exactly H rows follow, each exactly W characters wide.
- Exactly one R. Robot starts facing North by default; an optional
trailing char after R is not required for v1.
- Anything else is a parse error. On error: print a clear message
with line number and exit non-zero. Do not crash.

Provide a default sample at vibe/sim/maps/default.map so it runs
out of the box if --map is omitted.

# Renderer

- Keep the Renderer interface so tests can use NullRenderer.
(Justification: it's good OO design and required for clean tests;
itis NOT user-facing complexity.)

- Only two implementations needed: NullRenderer (for tests),
AnsiRenderer (the only one main.cpp uses).

- AnsiRenderer behavior:

- Each tick: cursor-home + redraw room + HUD line below.
- Hide cursor on start, restore on exit. Reset colors on exit.
- Colors:
dust = yellow, obstacle = gray, robot = bright cyan,
robot in BoostMode = bright magenta,
robot in LowBatteryMode = red.

- Robot glyph reflects facing direction: » > v
- HUD: tick, mode, battery, motor state, cleaner state,
cleaned / total dust.

# Windows compatibility

On Windows, enable virtual terminal processing at startup
(SetConsoleMode + ENABLE_VIRTUAL_TERMINAL_PROCESSING on the stdout
handle) inside #ifdef _WIN32. Otherwise emit ANSI directly.

Restore terminal state on normal exit.

# CLI

vibe/sim/app/main.cpp accepts only:
--map <path> path to map file (default: vibe/sim/maps/default.map)
--speed <ms> per-tick delay (default: 100)
--ticks <n> max tick count (default: 500)

No other flags. If an unknown flag appears, print usage and exit.
# Tests

- The existing 50-tick GTest uses NullRenderer and a small
hard-coded or fixture-file map. It asserts at least one dust
cell was cleaned.
- Add one map-parser test: feed a malformed map string and assert
the parser reports an error rather than crashing.

# Implementation order

1. Map file format + MapLoader + parser test
2. Renderer interface + NullRenderer
3. Wire SimulationLoop to call renderer each tick
4. AnsiRenderer (with Windows VT enablement)
5. main.cpp with the three CLI flags
6. Update existing 50-tick test to use NullRenderer

Same review rules as before: one module at a time, show diffs,
pause for me to review. No new dependencies.
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: Simulator(Prompt) - buttons, battery

Update the simulator CLI and add interactive key controls. Apply
these changes on top of the previous spec.

# CLI simplification

Remove --speed and --ticks flags entirely. Hardcode the defaults:
tick delay = 200 ms (half of the previous 100 ms default)
tick cap = none (run until user quits or until all dust
is cleaned, whichever comes first)

The only remaining flag is:
--map <path> default: vibe/sim/maps/default.map

# Interactive key input during simulation

While the animation is running, the user can press keys to inject
Controller events immediately (next tick at the latest). Treat this
as polled non-blocking input checked once per tick, not as real OS
signals. Key bindings:

p = controller.powerButtonPressed()
s - controller.startButtonPressed()
¢ - toggle charging:
- first press: controller.chargeBattery()
and set an internal "charging active" flag
- while flag is set: call controller.chargingTick()
every tick automatically
- second press: controller.stopCharging()
and clear the flag
g - quit cleanly (restore terminal state, exit 0)

If the Controller rejects an event (e.g., charge in NormalMode), do
NOT crash. Just ignore and continue — the HUD already reflects
state, so the user will see nothing happened.

# Non-blocking input implementation

Wrap platform-specific code behind a small Keylnput class under

vibe/sim/include/sim/Keylnput.hpp and vibe/sim/src/Keylnput.cpp.

- Windows (#ifdef _WIN32): use _kbhit() + _getch() from <conio.h>.
- POSIX: put stdin in raw, non-canonical, non-echo mode via termios

on construction, restore original termios on destruction (RAII).
Use select() with zero timeout, or read() with O_NONBLOCK, to
poll a single byte.
- Return std::optional<char> from Keylnput::poll(). Empty = no key
this tick.

Keylnput must restore terminal state on every exit path, including
exceptions and quit. AnsiRenderer's cursor restore + Keylnput's
termios restore should both run via RAIll so Ctrl+C doesn't leave

the terminal broken — best effort.

# HUD update

Add a second line under the existing HUD listing the hotkeys:
[p] power [s] start [c] charge [q] quit

Also reflect charging state in the HUD: when the internal "charging
active" flag is set, append " CHARGING" to the mode field.

# SimulationLoop changes

Per tick, in this order:
1. Poll Keylnput, dispatch any pressed key to the Controller (or
set/clear the charging flag).
2. If charging flag is set, call controller.chargingTick().
3. Compute sensor inputs from environment, fire Controller events
(dust, obstacle, low battery as before).
4. Read actuator state, update environment.
5. Build Frame, hand to Renderer.
6. Sleep 200 ms.

Exit conditions: Keylnput returned 'q’, or all dust cells cleaned.
Print a final summary line after the loop ends ("Cleaned N/M cells
in T ticks").

# Tests

Keylnput must be injectable. Make SimulationLoop take a Keylnput
interface (or std::function<std::optional<char>()>), so tests can
feed a scripted key sequence and run with NullRenderer + zero sleep.

Add one new test: script the sequence [p, s] at ticks 0 and 1,
run 50 ticks on a small map, assert at least one dust cell cleaned
and the final mode is not Standby.

The existing 50-tick test continues to use an empty key source
(always returns nullopt).

Same review rules: implement one module at a time, show diffs,
pause for review. No new third-party dependencies.
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