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1. Introduction

This document is a complete design of a green house manager system. This system is made of a PC and a
board. The design of a simulator is also include. This simulator is used to simulate the house. All the logic
in the hardware is implemented on the boards with VHDL. The software is written in Java and runs
under windows. The communication between the PC and the boards is done with a USB-to-COM cable.

The deployment diagram is first introduced. After that, a traceability matrix is produced in order to
relate the previous SRS with this SDD. The hardware design is then introduced for both the system and
the simulator. Once this is done, the software design is described for the system and the simulator.
Finally, the communication protocol and controllers used to communicate between the PC and the
boards are described.



2. Deployment

The overall system is shown in figure 2.0.0.0. The simulator is made of one computer and one board.
The system is also made of one computer and one board. The inputs and outputs of both boards are
connected with ribbon cables. This setup is the one used for simulating a house. In an actual
implementation, the simulator would be replaced by the house components. Each part is described in

the details in the following sections.
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Figure 2.0.0.0: Deployment diagram




3. Traceability matrix

The general overview of the traceability matrix is shown in table 3.0.0.0. The complete traceability

matrix is shown in table 3.0.0.1.

Functional requirements

Error cases

2 4 5 6 7 10 1 2
System hardware X X X X X X X X
1 RTCtimer X X X X X X X X
2 RTCdivider X X X X X X X X
3 Motion decoder X
4 Light controller X X X X
5 Heating controller X X X X X
6 Refrigerator controller X X X X X
7 Devices controller X X X
8 Power controller X X X X
9 PCBackup X
System software X X X X X X
1 DecisionControl class X X X X X X
2 Scheduler class X
3 Eventclass X
4  PowerMonitor class X X X
5 Bathroom class X X X X X
6 Bedrooml class X X X X X
7 Bedroom2 class X X X X X
8 Kitchen class X X X X X X
9 LivingRoom class X X X X X
10 Power class X X X X
11 Clock class X
12 UARTDriver class X X X X X X

Table 3.0.0.0: Overview of the traceability matrix for the system




Functional requirements SRS Section Design SDD section
Room Lights RTC timer Section 4.1
(Bedroom 1 et 2, Living-room, Section 4.1
Kitchen, Bathroom) Light controller Section 4.4
RTC timer Section 4.1
Room Lights . L .
(Living-room and Kitchen) Section 4.2 RTC divider Section 4.2
Light controller Section 4.4
RTC timer Section 4.1
Bed Lamps Section 4.3 RTC divider Section 4.2
Light controller Section 4.4
RTC timer Section 4.1
RTC divider Section 4.2
Motion decoder Section 4.3
Light controller Section 4.4
Devices controller Section 4.7
DecisionControl class Section 6.1
Motion detection Section 4.4
Bathroom class Section 6.1
Bedroom1 class Section 6.1
Bedroom? class Section 6.1
Kitchen class Section 6.1
Living room class Section 6.1
UARTDriver class Section 6.1
RTC timer Section 4.1
RTC divider Section 4.2
Refrigerator controller Section 4.6
Refrigerator Section 4.5
DecisionControl class Section 6.1
Kitchen class Section 6.1
UARTDriver class Section 6.1
RTC timer Section 4.1
RTC divider Section 4.2
Heating controller Section 4.5
Refrigerator controller Section 4.6
Power consumption - excess Section 4.6 Power controller Section 4.8
DecisionControl class Section 6.1
PowerMonitor class Section 6.1
Bathroom class Section 6.1
Bedroom1 class Section 6.1




Bedroom2 class Section 6.1
Kitchen class Section 6.1
LivingRoom class Section 6.1
Power class Section 6.1
UARTDriver class Section 6.1
RTC timer Section 4.1
RTC divider Section 4.2
Heating controller Section 4.5
Refrigerator controller Section 4.6
Power controller Section 4.8
DecisionControl class Section 6.1
PowerMonitor class Section 6.1
Power consumption - shortage Section 4.7
Bathroom class Section 6.1
Bedroom1 class Section 6.1
Bedroom? class Section 6.1
Kitchen class Section 6.1
LivingRoom class Section 6.1
Power class Section 6.1
UARTDriver class Section 6.1
RTC timer Section 4.1
RTC divider Section 4.2
Temperature Section 4.8 Heating controller Section 4.5
DecisionControl class Section 6.1
UART Driver class Section 6.1
RTC timer Section 4.1
RTC divider Section 4.2
Heating controller Section 4.5
DecisionControl class Section 6.1
Scheduler class Section 6.1
Scheduler Section 4.9 Even class section 6.1
Bathroom class Section 6.1
Bedroom1 class Section 6.1
Bedroom2 class Section 6.1
Kitchen class Section 6.1
LivingRoom class Section 6.1
Power class Section 6.1




Clock class Section 6.1
UARTDriver class Section 6.1
RTC timer Section 4.1
RTC divider Section 4.2
Heating controller Section 4.5
DecisionControl class Section 6.1
Scheduler class Section 6.1
Even class Section 6.1
Bathroom class Section 6.1

Night power saving mode Section 4.10
Bedroom1 class Section 6.1
Bedroom2 class Section 6.1
Kitchen class Section 6.1
LivingRoom class Section 6.1
Power class Section 6.1
Clock class Section 6.1
UARTDriver class Section 6.1
RTC timer Section 4.1
RTC divider Section 4.2
Light controller Section 4.4
Heating controller Section 4.5
Refrigerator controller Section 4.6
Devices controller Section 4.7
Power controller Section 4.8
DecisionControl class Section 6.1

Electricity failure Section 5.1
PowerMonitor class Section 6.1
Bathroom class Section 6.1
Bedroom1 class Section 6.1
Bedroom? class Section 6.1
Kitchen class Section 6.1
LivingRoom class Section 6.1
Power class Section 6.1
UARTDriver class Section 6.1
RTC timer Section 4.1
RTC divider Section 4.2

PC failure Section 5.2
Light controller Section 4.4
Heating controller Section 4.5




Refrigerator controller Section 4.6
Devices controller Section 4.7
Power controller Section 4.8
PC Backup Section 4.9

Table 3.0.0.1: Traceability matrix for the system




4. System hardware

A color coding scheme is used for the system hardware as shown in table 4.0.0.0.

Color Description
Red External input signal from the house or simulator
Blue External output signal to the house or simulator

Signal provided to the UART controller and that will be sent to the PC

Green Signal provided from the UART controller and previously received from the PC

Table 4.0.0.0: Color codes used for controllers
4.1. Real-time clock timer
There are 2 different kinds of clocks in this system: the real-time clock (RTC) and the system clock (clock)
Real-time clock
The real time clock is provided as an input and is produced by the simulator board. This clock is a low
frequency clock and is used for synchronization in real-time. It is used to calculate long period of times in
different controllers. Each clock pulse represents 1/10 of a second in real time. The clock can have a

period shorter than 1/10 of a second in order to speed up simulation.

System clock

The system clock is provided on the board and is a high frequency clock (25.175 MHz). This clock is used
for logic operation on the board. It is completely independent of the real-time clock.

Inputs and outputs
The Time module is responsible for keeping track of time on the system. It has the same internal

counter register set up as the RTC Generator (will be discussed later). The Generator and Receiver
should always be synchronized to the same time. The inputs and outputs of this timer are shown in

figure 4.1.0.0.
Time shift in ———gs
Timer i> Time
Communication clock g

20

RTC =i
Clock —+——gs|
Resel ——jm

Figure 4.1.0.0: Inputs and outputs of the real-time clock timer



Internal design

The timer is used in order to keep the absolute value of time in memory. There are two different ways
the time can be updated:

Normal mode
The timer is incremented on each pulse of the real-time clock. This is shown in figure 4.1.0.1.

Normal mode

Real-time clock shifting {no signal)

Real-Time Communication clock (no signal) Real-Time
clock clock
genarator receiver

Real-time clock (1Hz x speed factor)

NN Y e Y e ) e Y o 6

Figure 4.1.0.1: Normal mode timing

Update mode

When there is a need to jump to a specific time, the update mode is used. However, when jumping to a
given time, all operations that would occur between the initial and final times are not simulated. This is
only a jump in time, not a simulation at higher speed from the initial time to the final time. This mode is
only a tool for simulation purposes. This is shown in figure 4.1.0.2.

Time update mode

Real-time clock shifting

Real-Time Communication clock {1kHz) Real-Time
o I e I e e e e e e e e o O
generalor receiver

Real-time clock (no signal}

Figure 4.1.0.2: Update mode timing



The timer is implemented with a finite state machine. Figure 4.1.0.3 shows the finite state machine of

the timer.

Reset Clock Counters Signal on

comm. clock

No signal on
comm. clock

UPDATE MODE

MANUAL MODE .
No signal on comm. clock

- Shift in time from RTC
Generator

Update clock counters,
where 1 sec = RTC x 10

Figure 4.1.0.3: Finite-state machine for the real-time clock timer
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4.2. Real-time clock divider

Inputs and Outputs

The real-time clock divider is used in order to provide a signal for controllers that need updates on a
minute scale. This avoids using large counters for each controller. The real-time clock divider provides a
factor of 100 and thus the signal is named RTC100. Its inputs and output are shown in figure 4.2.0.0.

RTC divider — RTC100

RTC =g
Resal =g

Figure 4.2.0.0: Inputs and outputs of the real-time clock divider

Internal design

This divider is implemented with a counter and a T flip-flop as shown in figure 4.2.0.1.

set
Decrementing count
Counter
(set value = 49) 6 . RTC100
Flip-Flop
RTC
clr
| " aclr A
A
T
RST
|

Figure 4.2.0.1: Logic circuit of the real-time clock divider
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4.3. Motion decoder
Inputs and outputs

The motion decoder receives external inputs and produces outputs to the PC as shown in figure 4.3.0.0:

Motion detector in bedroom 1 — — Motion signal ir droom 1
Mation detectar in bedroom 2 —» Mation — Motior 1al in Iroom 2
Mation detector in bathroom —s decodar — Mation signal in batheoom
Motion detector in Iving-room —m — Maotion signal in living-room
Motion detector in kitchen — —p Motion signal in kitchen

11

25%
o R
[ ]
e o
o

Figure 4.3.0.0: Inputs and outputs of the motion decoder
Internal design

The motion decoder is made of 5 subcontrollers of the same type as shown in figure 4.3.0.1:

Subcontroller 1
bedroom 1

Subcontroller 2
bedroom 2

Subcontroller 3
bathroom

Subcontroller 4
living room

Subcontroller 5
kitchen

Figure 4.3.0.1: Subcontrollers of the motion decoder
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Subcontrollers

Each subcontroller is made of a controller and a counter as shown in figure 4.3.0.2.

r-—r———"f"™"""™"""™""™""""™""™"™""™"™"~"™"*™"*™"™~™"~""~/ T T~ I
| |
| |
| |
| |
| |
[ NoMotion I
| |
: Clear & Disable counter :
| Cutput =0 detactor =1 |
I (datector = Q) I
I AND |
| {count = 30) I
| |
| |
| N I
: Counting jitic_t_ciij_ Mation :
I —_——
I EHSELEJF:TEF Clear & Disable counter I
I P -— Cutput = 1 |
i detactor=1( |
| |
| |
| |
b R bt o ——— 24
ey A ; P
- -
. -
~o e KA _-
- A -
" -
T -
st — - _ - -
“-&h Contraoller ;,-'
4. _r
4 Input N
detector :D
- ~ Qutput
g Clocks I Counter 5-bit INl: motion signal
Controller: System clock :{> — Enable Data4.0] —
Counter: RTC100
— CIr
—{>chk
. vy

Figure 4.3.0.2: Structure of each subcontroller inside the motion decoder



4.4, Light controller

Inputs and outputs

The light controller receives external inputs and inputs from the PC. It produces outputs to the PC and
external outputs. This is shown in figure 4.4.0.0.

Bedroom1: Room light button
Bedroom1: Bed lamp 1 button
Bedroom 1: Bed lamp 2 button

Bedroom2: Room light button
Bedroom2: Bed lamp 1 button
Bedroom 2: Bed lamp 2 button
Bathroom: Room light button

Living-room: Room light button

Living-room: Light intensity

Kitchen: Room light butto

Kitchen: Light intensity

Figure 4.4.0.0: Inputs and outputs of the light controller

b by

Y

RIS,

Light

controller

iy bl

RTC —»

RTC100 —»

Clock —»|
Reset —»|

Bedroom1
Bedroom1
Bedroom1

Bedroom2:
Bedroom2:
Bedroom2:

Room light status
Bed lamp 1 status
Bed lamp 2 status

Room light status
Bed lamp 1 status
Bed lamp 2 status

Bathroom: Room light status

Living-room: Room light 1 status
Living-room: Room light 2 status
Living-room: Room light 3 status

Kitchen: Room light 1 status
Kitchen: Room light 2 status
Kitchen: Room light 3 status

Bedroom1: Room light output
Bedroom1: Bed lamp 1 output
Bedroom1: Bed lamp 2 output

Bedroom2: Room light output
Bedroom2: Bed lamp 1 output
Bedroom2: Bed lamp 2 output

Bathroom: Room light output
Living-room: Room light 1 output
Living-room: Room light 2 output
Living-room: Room light 3 output
Kitchen: Room light 1 output

Kitchen: Room light 2 output
Kitchen: Room light 3 output
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Internal design

The light controller is made of 12 sub-controllers of 4 different types as shown in figure 4.4.0.1.

SubcontrollerA 1
bedroom 1

SubcontrollerC 7
kitchen

Subcontrollerd 2
bedroom 2

SubcontrollerD 1
bedroom 1

SubcontrollerA 3
bathroom

SubcontrollerD 2
bedroom 2

SubcontrollerB 4

SubcontrollerD 3

living room bathroom
SubcontrollerB 5 SubcontrollerD 4
kitchen living room

SubcontrollerC 6
living room

SubcontrollerD 5
kitchen

Figure 4.4.0.1: Subcontrollers of the light controller
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Subcontrollers

4.4.1. Subcontroller A: Bedrooms and bathroom room lights

This subcontroller is used to control the room light in both bedrooms and in the bathroom. It is made of
a controller as shown in figure 4.4.1.0.

LightsOff

Status output =0

e -
\\ !
%
. . \
A A
~
\
~
™
. Inputs N
M
less2secs :{>
claseAll M
A vy s
4 Clock M
Controller: System clock ::>

less2secs = 1

lessZsecs =1

closedll = 1
N [/- ™,
Y !
b !
N !
i Contraller
™ #1
\ #
h A

LightsOn

Status output =0

Cutput

status

Figure 4.4.1.0: Structure of each room light subcontroller for bedrooms and bathroom
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4.4.2. Subcontroller B: Living room and kitchen room lights

This subcontroller is used to control the room light in the kitchen and the living room. The RL1Status,
RL2Status and RL3Status signals are multiplexed. When mux=0, these signals are controlled by
subcontroller B. When mux=1, these signals are controlled by subcontroller C. Subcontroller B is made of
a controller as shown in figure 4.4.2.0.

TN

2secs0OrMore = 1

All30On

RL15tatus = 1 RL1Status = 1

RL2Status = 1 RL2Status = 1
RL3Status =1 RL3Status =1
L33=0 L33=1

closeall =1
LSO =10
mux =10

Ls0=10
mux =1

lessdsecs = 1 anyPulse =1

closeAll = 1

lessdsecs = 1

3O

RL1Status =0

RLZStatus =0 E::; EIEIUS = g
= tatus =
RL3Status = 0 2secsOrMaore = 1 RL3Status = 0
L33=0
Lso=1

mux =1

anyPulse =1

b —— S —_—_——,————— J
* y | /
5 \ [ /
i 7
5 L ! y,
N ! ! ;
* 4 ! £
A \ ! s
'\-}\ \ | &
4 Inputs 'y g ™y i
% 1 / s
anyPulse i 1 / s
clozsadll :D ! | jf Outputs
lessZsacs N s RL1Status
2secsOrMare b s RL2Status
b r
l\- e i Controller s ::> RL3iStatus
A 4 L53
. Clock ™ LSO
(13T
Controller: System clock :{>
. vy

. Y,

Figure 4.4.2.0: Structure of each room light subcontroller for kitchen and living room
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4.4.3. Subcontroller C: Light intensity regulator for living room and kitchen

This subcontroller is used to control the light intensity in the kitchen and the living room. It is made of
two counters and one controller as shown in figures 4.4.3.0,4.4.3.1,4.4.3.2,4.4.3.3 and 4.4.3.4.

/ \
: Note: |
| ‘Whenever RST = 1 or anyPulse = 1 or :
| closeAll = 1 the FSM will go to Initial |
| |
I LsD=1 L53=1 |
| |
| |
: LightsOutputs = 0 :
| |
| |
| |
| |
| |
| |
! LightStatus1 LightStalus2 iohtS |
! Ligh 0 l
| tus! |
1 Clear/Disable timers 182 ClearDisable timears 182 ClearDisable timers 182 |
| Clear/Disable timers 182 RL15tatus = 1 RL15tatus = 1 RL15tatus = 1 |
| LightsOutputs = 0 RLZStatus =0 RLZ5tatus = 1 RLZ5iatus = 1 |
: RL3Status =0 RL3Status =0 RL3Status = 1 |
|
| |
| |
' & b & & |
| |
I |
I
| See extension block 1 See extension block 2 See extension block 3 See extension block 4 :
| |
| |
' & & & & |
| |
| |
| |
| TumL1 Tumnl2 Turnl3 |
! TurnAllOff |
: Clear'Disable imers 162 Clear/Disable timers 1852 Clear/Disable timers 142 |
| Clear/Disable timers 142 RL1Status = 1 RL1Status = 1 RL1Status = 1 |
| LightsOutputs = 0 RL2Status =0 RL2Status = 1 RL2Stats =1 |
| RL3Status =0 RL3Status =0 RL3S5iatus = 1 I
| |
| |
| |
| |
|
I count? = 30 count? = 30 count2 = 30 count? = 30 :
| |
| .
| WaitSming Waitsming, WaitSmin2 Wait5min3 :
! Clear/Disable timer 1 ; I
| ] ] : Clear/Disable timer 1 Clear/Disable timer 1 |
[ ozt e Eioinars | |
! LightsQutputs = 0 RL2Status = 0 RL1Status= 1 RL1Stats =1 I
| RL2Status = 0 RLZStatus = 1 RLZStatus = 1 |
| RL3Status =0 RL3Status = 1 |
| |
\ ]
e — T ————— e — = — =
~— - 3 ~ - -
““"‘-.._ Controller _.--—”f

Inputs :
LS0 :D Timer 1: Counter 4-bit

LSS —| Enable Data[3.0] |— Outputs

e RL1Status
Clock ’ RL2Status
locks _> Clk RL3S1as

Controller: System clock
Counters: RTC100

Timer 2: Counter 5-bit
—{ Enable Dataf4..0] —

— Cir

—>ck
- /

Figure 4.4.3.0: Structure of each room light intensity regulator for kitchen and living room



Note:
D Desired light intensity signal input
A (Actual) light intensity signal input

TumANOFf

Clear/Disable imers 182
LightsCutputs = 0

TumnLd

Clear'Disable timers 182
RL1Status = 1
RLZ5tatus = 0
RL3Status = 0

Turnl2

Clear/Disable timers 152
RL1Status = 1
RL25tatus = 1
FL3Status = 0

LightStatus0
Clear/Disable timers 182
LightsCutputs =0

Clear/Disable timer2
Enable timmar1
RL1Status =1
RL2Status = 0
RL3Status = 0

count! =10

Check01

ClearDisable timers 182
RL1Status =1
RL2Status = 0
RL3Status =0

Clear/Disable timerz
Enable timer1
RL15tatus = 1
RL2Status = 1
RL3Status =0

Clear/Disable timers 182
RL15tatus = 1
RL2Status =1
RL3Status = 0

Block extension 1

counti ->
Check02

TumlL3

Clear/Disable timers 182
RL1Status = 1
RLZStatus = 1
RL3Status = 1

Figure 4.4.3.1: Block extension 1 of the light intensity regulator
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o e,

Notae:
D: Desired light intensity signal input
A (Actual) light intensity signal input

it10

ClearDisable timer2
Enable timer1
RL15tatus =0
RL25tatus =0
RL3Status =0

countl =1

Checki0

CleariDisable timers 182
RLi1Status =0
RLZ2Status =0

TurnL1
TurnAlGT
Clear/Disable fimers 142
Clear/Disable timers 182 RLiStatus = 1
LightsOutputs = 0 RL2Status =0

RL3Status =0

LightStatus

Clear/Disable imers 142
RL15tatus =1
RL2Status =0
RL3Status =0

TumnlL1

Clear/Disable timers 182
RL15tatus = 1
RLZ2Status = 0
RL3Status =0

Block extension 2

else

Wait12

Clear/Disable timer2
Enable timer1
RL1Satus =1
RL2Status = 1
RL3Status =0

count? = 10/

Checki2

Clear/Disable timers 182
RL1Status =1
RLZ2Status = 1
RL3Status =0

TurnL2 TurnlL3
Clear/Disable timers 182
RL1Status = 1
RLZStatus = 1
RL3Status =0

RL1Status = 1
RL2Status = 1
RL3Staws = 1

Figure 4.4.3.2: Block extension 2 of the light intensity regulator

ClearDisable timers 182

e e e e e e e R e e e e e Em e
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Note:
[ Desired light intensity signal input
A (Actual) light intensity signal input

o o o o o s s e e et s e e et e e e et o

LightStatus2

Clear/Disable timers 1&2

D<A RL1Status = 1 else
RL25tatus = 1
RL35tatus =0
Wait21 TurnL3
Clear/Disable timer2 Clear/Disable timers 1&2 ClearDisable timers 182
Enabie timer1 RL15tatus = 1 RL15tatus =1
RL1Status = 1 RL2Status = 1 RL2Status = 1
RLZ2Status = 0 RL3Status = 0 RL3Status = 1
RL3Status =0
count! =10
heck2
Clear/Disable timers 1842 Py
RL1Status = 1 B
RL2Status = 0 D=A
RL3Stalus =0
D=A
Wait2p Turnl2
CleariDisable timer2 Clear/Disable timers 142 Clear/Disable timers 182
RL1Status = 0 RL1Status = 1 RL1StEtms = 1
RL2Status = 0 RLZS5tatus =0 RL2Stams =1
RL3Status = 0 RL3Status =0 RL3Stams =0
count? =10
Check20
Clear/Disable timers 142
RL1Status =0
RL2Status = 0 else
RL3Status = 0
alse
DsA
TumlLi
TumAlOff
Clear/Disable timears 182
Clear/Disable timers 182 RL15tatus = 1
LightsOutputs = 0 RL2ZStatus = 0
RL35tatus =0
i reTTTTTmTT T T T T EE

Figure 4.4.3.3: Block extension 3 of the light intensity regulator
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Nota:
D; Desired light intensity signal input
A (Actual) light intensity signal input

/,—* LightStatus3
D<A [ClearDisable timers 1&2
RL1Status =1
RLZS5tatus = 1
RL3Status = 1

else

Wait32 Turnl3

Clear/Disable timer2 Clear/Disable timers 142

Enable timer1 RL1Status = 1
RL1Stas =1 RL2Status = 1
RL2Stats =1 RL3Status = 1

RL3Staws =0

ceuntd = 10

Wait31

Clear/Disable timer2
Clear/Disable timers 182 Enable timer1
RL1Staws =1

RL1Statws =1
RL2Status =0
RLiStaws =0

RL2Status = 1

caunt! =10

Turnt3 Checkat
Clear/Disable timers 182
RL1Status =1
RL2Stas = 1
RL3Status =1

Clear/Disable timers 1&2
RL1Status =1
RL25tatus =0

RL15tatus =1

RL2S51ats = 1
RL3Status =0

alsa

Wait30

Clear/Disable timear2

Turnl2

Clear/Disable timers 1842 ClearDisable timers 182

EE?EEIL?Z’L RL1Status = 1 RL1Status = 1
RL2Status =0 RL25tatus = 0 RL2Status = 1

RL3Status =0 RL3Status =0

RL3Status =0

count! =10

Check30

ClearDisable timers 182
RL1Status =0
RL2Status =0
RL3Siatus =0

else

Tuml1
TurnANOF
Clear/Disable timers 1842
RL15tatus = 1
RLZStatus =0
RL3Status =0

ClearDisable imers 182

LightsOuiputs = 0

Figure 4.4.3.4: Block extension 4 of the light intensity regulator
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4.4.4. Subcontroller D: Debouncer

This subcontroller is used to debounce each button and calculate the time when the button is kept
pressed. It is made of one controller as shown in figures 4.4.4.0 and 4.4.4.1.

s ™
Controller
Input
button E
Outputs
c N :{> less?secs
ounter 5-bit anyPulse
Clocks ZgecsOrMore
— Enable Data[4.0] (—
Controller. System clock
Counter: RTC
— Cir
—{ > Clk

p vy

Figure 4.4.4.0: Debouncer architecture
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Lnitial

Outputs = 0

StartCounter

Enable couniar
Dutputs = 0

Checkinput

Enabls countar
Dutputs = 0

Waitl

Enable counter
Qutputs =0

StopTimer

Disable counber wio
daar
Qutputs = 0

lear & Disable counter
lesslsecs = 1

ZeacsOrMore =0

anyPulse = 1

Clear & Disable countar

IessZsecs = 0
2secsOrMore = 1
anyPulsa =1

FinalDebounce

Enabla couniar
Cutputs = 0

- Controller -

Figure 4.4.4.1: Debouncer controller finite-state machine
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4.5. Heating controller
Inputs and outputs

The heating controller receives external inputs and inputs from the PC. It produces outputs to the PC
and external outputs. This is shown in figure 4.5.0.0.

— Bedroom1: Heating unit status Badroom1: Heating unit cutput
— Bedoomz: Heating unit status Bedroomi: Healing unit cufput
— Bathroom: Heating unit status Bathroom: Heating unit cutput
— Living-room: Heating unit status Living-room: Heating unit output
= Kitchen: Heating unit status Kitchen: Heating unit output

Bedroom1: Temperature

Bedroom2: Temperature

Heating
controller

Bathroom: Tamperature

Living-room: Temperature

Kitcher: Temperaturs

N TN NN NN NN

STCI00D —
Clock ——p
Reset —»

Figure 4.5.0.0: Inputs and outputs of the heating controller
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Internal design

The lights controller is made of 5 subcontrollers of the same type as shown in figure 4.5.0.1.

Subcontroller 1
bedroom 1

Subcontroller 2
bedroom 2

Subcontroller 3
bathroom

Subcontroller 4
living room

Subcontroller 5
kitchen

Figure 4.5.0.1: Subcontrollers of the heating controller
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Subcontrollers

Each subcontroller is made of a counter and a controller as shown in figure 4.5.0.2.

Note:
0: Desired temperature signal input
A [Actual) temperature signal input

MoHeating

Clear & Disable counter
Status output =0

StartCounter

Enable counter
Status output =0

CompareTemp

Clear & Disable counter
Status output =0

TurnOff TurnOn

Clear & Disable counter Clear & Disable counter

Status output =0

Status cutput= 1

SS \ 1 P
-~ \ i -
~ . rJ'\ -

“
-
- rf\ ! -
- -
“-.‘_\ -~
- /"
“"\-\. -
~. Controller e
H‘-. f"
- -

Output
Clocks Counter 3-bit :D status
Controller: System clock — Enable Data[2.0] —
Counter: RTC100
— Cir
—>Clk

Fig 4.5.0.2: Structure of each subcontroller inside the heating controller



4.6. Refrigerator controller
Inputs and outputs

Initially, the refrigerator has to be turned ON for 30 minutes and waits for any special request (to be
turned ON or OFF). If it gets a request to be turned ON, it automatically turns ON, but if it is asked to be
turned OFF, it checks to see if the ratio time has been satisfied (If the refrigerator has stayed ON for at
least 30 minutes out of one hour). According to the result, the refrigerator is either turned OFF as
required or kept ON to satisfy the requirements. The inputs and outputs of the refrigerator controller
are shown in figure 4.6.0.0.

Refrigerator
controller

T

— Refrigerator signal Refrigerator output

RTC10
Cloc

Figure 4.6.0.0: Inputs and outputs of the refrigerator controller
Internal design

The refrigerator controller is using two different counters and a controller. The design of this control is
shown in figure 4.6.0.1.
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Refrigerator request = 0

Refrigerator request = 0 <
Refrigerator request = 1

Allow ON Turn OFF

Enable timer 1
Dizable timer 2
Output=0

Enable timer 1
Disable timer 2
Cutput =0

Turn ON

Enable timer 1
Enable fimer 2
Output = 1

Resat

Timer 1 = 360
Timer 2= 180

Output =1
. T T L T 255 -
e s & -
- s N -
- - - -
- -
T Controller e
- - - -
Inputs :
Refrigerator request ‘::> Timer 1: Counter 9-bit

— Enable Data[3..0] |— Outputs
— or '::> Refrigerator output

Clocks

— Ik
Controller: System dock |:> > C

Counters: RTC100

Timer 2: Counter 8-bit

— Enable Data[4_ 0] |—
— Cr
—>>Clk

p. vy

Figure 4.6.0.1: Structure of the refrigerator controller



4.7. Devices controller
Inputs and outputs

There is no logic in this controller. All inputs are connected directly to outputs. This is used only for
signal organizational purposes. Inputs and outputs are shown in figure 4.7.0.0.

Bathroom: Fan status Bathroom: Fan status
Bathroom: Hair blow dryer status Bathroom: Hair blow dryer status
Living-room: TV status Living-room: TV status
Kitchen: Oven status Kitchen: Oven status
Kitchen: Extra accessory status Kitchen: Extra accessory status
Kitchen: Microwave status . Kitchen: Microwave status

Devices
controller

Bathroom: Fan output

Bathroom: Hair blow dryer output
Living-room: TV output

Kitchen: Oven output

Kitchen: Extra accessory output
Kitchen: Microwave output

Lbadd bl
Wl Wl

Figure 4.7.0.0: Inputs and outputs of the devices controller
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4.8. Power controller
Inputs and Outputs

There is no logic in this controller. All inputs are connected directly to outputs. The “use battery” input is
connected to the “discharge battery” output. This is used only for signal organizational purposes. Inputs
and outputs are shown in figure 4.8.0.0.

Power produced by solar cell E g i> Power produced by solar cell

8 8
Energy stored in the batteries E p i> Energy stored in the batteries
Power
8 controller |8
Electricity failure signal —» —»  Electricity failure signal
—> —> Discharge battery

Figure 4.8.0.0: Inputs and outputs of the power controller
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4.9. PC Backup
Inputs and outputs

The PC Backup controller produces signals to be read by controllers in the case where the PCis no longer
responding. Its inputs and outputs are shown in figure 4.9.0.0.

7N rosasn L

43 43
—> — LED

Figure 4.9.0.0: Inputs and outputs of PC Backup
Internal design

The controller connects signals from the PC to controllers if the PC is responding. If it is not responding,
default values are sent to the controllers. It is made of one controller as shown in figure 4.9.0.1.

Buffer

PC Mot Responding =0 Qutputs = Inputs
LED=0

|
|
|
|
|
|
|
|
|
|
|
|
|
|
|
PC Mot Responding = 0 :
PC Mot Responding =1 |
|
|
|
|
|
|
|
|
|
|
|
|
|
|
|
|
|

PC Not Responding =1 Backup

Cutputs = Default
LED =1

PC Mot Responding

All signals provided by the Outputs
PC

LED
All signals usually
provided by the PC

Controller

N 4
Clock
Controller: System clock I;
J

Figure 4.9.0.1: Structure of the PC Backup
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5. Simulator hardware

The simulator hardware is made of two components: the real-time clock generator and the UART
controller. The UART controller is described in details in the communication section.

A color coding scheme is used for the system hardware as shown in table 5.0.0.0

Color Description
Red Input from the board
Blue External output signal to the system

Signal provided by the UART controller and that was received from the PC

5.1. RTC Generator

The RTC Generator is
system.

Inputs and outputs

Table 5.0.0.0: Color codes used for controllers

the part of the simulator responsible for controlling the current time of the

The inputs and outputs of the real-time clock generator are shown in figure 5.1.0.0.

—» —» Real-time clock

i} — Synchronization
Real-time | Reset time

i:) clock

2 generator

—>

1

clock

Figure 5.1.0.0: Inputs and outputs of real-time clock generator
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Internal design

The real-time clock generator contains four counters, one each for the seconds, minutes, hours, and day
of the week. Figure 5.1.0.1 shows the layout of the internal clocks.

Reset Reset Reset
Reset
A 4 4 A
6 bit seconds 6 bit minutes 5 bit hours 3 bit day of week
—> > > >
RTC x 10 counter Seconds = 59 counter Minutes = 59 counter Hours = 23 counter DOW = 6

Figure 5.1.0.1: Structure of the real-time clock generator

Figure 5.1.0.2 shows the finite state machine of the RTC generator. Manual mode simply outputs an RTC
signal of 10 Hz, times a speed factor set by the simulation software. If the simulation software wants to
update the time, the generator enters update mode to copy a new time into the counter registers. Once
copied, the generator sends the new time to the RTC receiver on the system.

Reset Clock Counters
RTC =0
Com.CLK=0
Time Shift=0

GotoTime =0 GotoTime =1

MANUAL MODE UPDATE MODE

GotoTime =1

RTC =10 Hz x Speed
Factor
Com. CLK=0
Time Shift=0

Copy Time Dest. To
Clock Counters

GotoTime =0

COM. MODE

Com. CLK =1 kHz
Shift 20 bits out of Time
Shift Line
RTC =0

Figure 5.1.0.2: Finite-state machine of the RTC generator
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6. System software

6.1. Classes diagram

The system software classes diagram is shown in figure 6.1.0.0.

Event

iy leave s int
~day_return ;int
-hour_leave : int
Fhour_returm - int
Fminute_|eawve ©int
-rminute_return ;int
Fsecond_leave ! int
Leecond_retum - int
-nightSavingMaode © bool
HoetDayleave() : int
+getDayofRetum() : int
+getHourLeawve() @ int

usubsysiams
GUI
1
I 1 1
! + T ] I L J
| Scheduler

DecisionControl Four_day i|_1L
cur_day ! int reur_hour : |r_|t_
-cur_hour @ int > Four_minute : int

Lcur_minute : int
Four_secand :int

-run Systemi() © void

Four_second - int

+runEvent() : void

+pollEvents() - void

FaddEvent(in event | Event) : void
HdelateEvent{in event : Event) : vold

L

T
| 1

+getHourofReturn() « int -runEvent(in event : Event) - void
+getMinuteleave() ; int +main() ; void ;
LgeiMinuteofReturn(} : int FoetTime|) - void

+getSecondLeave() : int !

+getSecondofReturn() @ int 4

+getNightSavingMode() : bool ' i 1

I

PowerMonitor

HmonitorPowen) @ void

+setMightMode(in mode ; bool) © void

— :

L 4

Bedroom

Bedroom2

Kitchen

+setHeatingMode(in mode : bool) © void
+eatTemperature(in emparature : Int) @ void
+setClosedlilights() © woid

+gethMotion() @ boal

+getRoomLight() : bool

+getBedlampi() ; bool

+getBedLamp2() : bool

+getHeating() - bool

+setHeatingMode({in mode : boel) : void
+sefTemperature(in temperature - int) @ void
HeetCloseAllLights() : bool

HgetMation() : boal

+petRoomLight) : bool

+getBedLampi() : bool

+oetBedlLamp2() - bool

HoetHeating() : bool

Bathroom

+satHeatingModelin made @ bool) @ vaid
+setTemperature(in temperature : int) : void
+setCloseAllilights() : void

+gethotion() - bool

+getRoomlight() : bool

+oatHeating() @ bool

+setFanidode(in mode : bool) : void

+getFan() : baol
+gatHairBlowDryer() : bool

+satHairBlowDryerMode(in mode : bool) ; void B

LivingRoom

+satHeatingMode(in mode : bool) : void
HsatTemperature(in temperature : int) : void
HsatTVIin mode : bool) @ void
rsetLightintensity(in intensity @ int) : void
HeatCloseAllLights() : void

Hgethation|) : kool

HgaetTvi) - bool

rgetRoomLight1() - bool
+getRoomlight2]) : bool
HgetRoomLight3() - bool

HgetHeating() : bool

+setHeatingMode(in mode ;: bool) : void

+setOvenhode(in mode : bool) @ woid
+setMicrowaveMode(in mode | bool) - void
+setLightintensity(in intensity - int) : void
+selExtraModelin mode : baol) © vold
+setRelrigerator(in mode @ bool) @ void
+satClosaAllLights) : void

+setTamperature(in lemperature @ int) @ void

Board

Figure 6.1.0.0: Software classes diagram for the decision-making software
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| reTreshiOs]) - bool
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6.2. Classes table

6.2.1 Decision making software

The different classes used in the decision making software have the different methods, attributes and

roles as shown in table 6.2.1.0.

Name of Class

Attributes

Methods

Role

DecisionControl

int cur_day;
Integer to store the
current day

int cur_hour;
Integer to store the
current hour

int cur_minute;
Integer to store the
current minute

int cur_second;
Integer to store the
current second

private void runSystem();

This method is used to run the whole system.
private void runEvent(Event event);

Uses the attributes of a given event to change
the system accordingly.

private void getTime();

This method is used to update the stored time
attributes.

public static void main();

The main method runs the whole system
process.

This class is the crux of the decision
making architecture. It has
knowledge of all the other classes
specified below. It is contains the
main() function which essentially
runs the whole system process using
the runSystem() method. This
method calls on functions of the
Scheduler and PowerMonitor classes
below in seperate threads to control
the whole system. Decisions are
made as specified in the SRS.

private
Arraylist<Event>
Events;

Arraylist used to
store all the
scheduled events.
int cur_day;
Integer to store the
current day

public void pollEvents();

Continuously polls events to check if it is time
for them to be run

addEvent(Event event);

Add an event to our Event list

This class is where all the scheduling
is done. It stores a list of events, of
the Event class and simply checks to
see when an event is to be run (using
pollEvents()).

Scheduler int cur_hour; deleteEvent(Event event);
Integer to store the Delete an event from our Event list
current hour private void getTime();
int cur_minute; This method is used to update the stored time
Integer to store the attributes.
current minute
int cur_second;
Integer to store the
current second
int day_leave, public int getDayLeaving(); This class is used to represent a
day_return; public int getDayofReturn(); scheduled event. Based on the SRS,
Integer to store the Returns the day of the event this is either an event where the user
day of departure and | public int getHourLeaving(); states when he is not away from
return public int getHourofReturn(); home, or wishes to start night saving
Event int hour_leave, Returns the hour of the event mode.

hour_return;
Integer to store the
hour of departure
and return

int minute_leave,

public int getMinuteLeaving();
public int getMinuteofReturn();
Returns the minute of the event
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Name of Class

Attributes

Methods

Role

minute_return;
Integer to store the
minute of departure
and return

int second_leave,
second_return;
Integer to store the
second of departure
and return

boolean
nightSavingMode;
Boolean to store if
night saving mode
has been set or not

public int getSecondLeaving();

public int getSecondofReturn();

Returns the second of the event

public boolean getNightSavingMode();
Returns if night saving mode has been set to
true or false

public void monitorPower();
This method is used to constantly monitor the
power consumption in the house, and set the

This class is used to monitor the
power consumption in the house.
The class uses the Power class to

PowerMonitor None battery usage as decribed in the SRS access the power usage information

public void setNightMode(boolean mode); on the board and make the

Used to set night saving mode, by modulating necessary decisions.

the power usage

The following Mutator methods are used to

change the room attributes:

static public void setHeatingMode(boolean

mode);

False: Heating unit is OFF / True: Heating unit is

set to maintain temperature to desired level

static public void setFanMode(boolean mode);

Desired temperature (any positive or negative

number)

static public void

setHairBlowDryerMode(boolean mode);

False: Turn off fan and force to stay off / True: This is a static class used to represent

AHO\_N fan t.o be.on . the Bathroom and its corresponding
Bathroom None static public void setTemperature(int attributes. It uses the RS232 driver to

temperature);

False: Turn off Hair blow dryer and force to stay
off / True: Allow hair

blow dryer to be on

The following Accessor methods are used to
access the room attributes:

static public Boolean getMotion();

False: No motion in the room (for more than 5
min) / True: Motion in the room

static public Boolean getRoomlight();

False: Room light is OFF / Room light is ON
Static Public Boolean getFan();

False: Fan is OFF / True: Fan is ON

communicate with the System
board.
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Name of Class

Attributes

Methods

Role

Static Public Boolean getHairBlowDryer();
False: Hair blow dryer is OFF / True: Hair blow
dryer is ON

Bedroom1

None

The following Mutator methods are used to
change the room attributes:

static public void setHeatingMode(boolean
mode);

False: Heating unit is OFF / True: Heating unit is
set to maintain temperature to desired level
static public void setTemperature(int
temperature);

Desired temperature (any positive or negative
number)

The following Accessor methods are used to
access the room attributes:

static public boolean getMotion();

False: No motion in the room (for more than 5
min) / True: Motion in the room

static public boolean getRoomlight();

False: Room light is OFF / Room light is ON
static public boolean getBedlamp1();

False: Bed Lamp 1 is OFF / True: Bed Lamp 1 is
ON

static public boolean getBedlamp2();

False: Bed Lamp 2 is OFF / True: Bed Lamp 2 is
ON

static public boolean getHeating();

False: Heating is OFF / True: Heating is ON

This is a static class used to represent
the first Bedroom and its
corresponding attributes. It uses the
RS232 driver to communicate with
the System board.

Bedroom?2

None

The following Mutator methods are used to
change the room attributes:

static public void setHeatingMode(boolean
mode);

False: Heating unit is OFF / True: Heating unit is
set to maintain temperature to desired level
static public void setTemperature(int
temperature);

Desired temperature (any positive or negative
number)

The following Accessor methods are used to
access the room attributes:

static public boolean getMotion();

False: No motion in the room (for more than 5
min) / True: Motion in the room

static public boolean getRoomlight();

False: Room light is OFF / Room light is ON
static public boolean getBedlamp1();

False: Bed Lamp 1 is OFF / True: Bed Lamp 1 s

This is a static class used to represent
the second Bathroom and its
corresponding attributes. It uses the
RS232 driver to communicate with
the System board.
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Name of Class

Attributes

Methods

Role

ON

static public boolean getBedlamp2();

False: Bed Lamp 2 is OFF / True: Bed Lamp 2 is
ON

static public boolean getHeating();

False: Heating is OFF / True: Heating is ON

Kitchen

None

The following Mutator methods are used to
change the room attributes:

static public void setHeatingMode(boolean
mode);

False: Heating unit is OFF / True: Heating unit is
set to maintain temperature to desired level
static public void setTemperature(int
temperature);

Desired temperature (any positive or negative
number)

static public void setLightIntensity(int
intensity);

Desired light intensity (any positive number
between 0 and 100)

static public void setOvenMode(boolean
mode);

False: Turn off oven and force to stay off / True:
Allow oven to be on

static public void setMicrowaveMode(boolean
mode);

False: Turn off microwave and force to stay off
/ True: Allow microwave to be on

static public void setExtraMode(boolean
mode);

False: Turn off extra accessory and force to stay
off / True: Allow extra accessory to be on

The following Accessor methods are used to
access the room attributes:

static public boolean getMotion();

False: No motion in the room (for more than 5
min) / True: Motion in the room

static public boolean getRoomlight1();

False: Room light 1 is OFF / True: Room light 1
is ON

static public boolean getRoomlight2();

False: Room light 2 is OFF / True: Room light 2
is ON

static public boolean getRoomlight3();

False: Room light 3 is OFF / True: Room light 3
is ON

static public boolean getOven();

False: Oven is OFF / True: Oven is ON

static public boolean getExtra();

This is a static class used to represent
the Kitchen and its corresponding
attributes. It uses the RS232 driver to
communicate with the System

board.
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Name of Class

Attributes

Methods

Role

False: Extra accessory is OFF / True: Extra
accessory is ON

static public boolean getMicrowave();

False: Microwave is OFF / True: Microwave is
ON

static public boolean getRefrigerator();

False: Refrigerator is OFF / True: Refrigerator is
ON

LivingRoom

None

The following Mutator methods are used to
change the room attributes:

static public void setHeatingMode(boolean
mode);

False: Heating unit is OFF / True: Heating unit is
set to maintain temperature to desired level
static public void setTemperature(int
temperature);

Desired temperature (any positive or negative
number)

static public void setLightintensity(int
intensity);

Desired light intensity (any positive number
between 0 and 100)

static public void setTV(boolean mode);
False: Turn off TV and force to stay off / True:
Allow TV to be on

The following Accessor methods are used to
access the room attributes:

static public boolean getMotion();

False: No motion in the room (for more than 5
min) / True: Motion in the room

static public boolean getRoomlight1();

False: Room light 1 is OFF / True: Room light 1
is ON

static public boolean getRoomlight2();

False: Room light 2 is OFF / True: Room light 2
is ON

static public boolean getRoomlight3();

False: Room light 3 is OFF / True: Room light 3
is ON

static public boolean getTV();

False: TV is OFF / True: TV is ON

This is a static class used to represent
the Living room and its
corresponding attributes. It uses the
RS232 driver to communicate with
the System board.

Power

None

The following Mutator methods are used to
change the power attributes:

static public void setUseBattery(boolean
mode);

True: battery is discharged / False: battery is
charged

This is a static class is used to
represent the attributes of the
power consumption in the house. It
uses the RS232 driver to
communicate with the System
board.
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Name of Class Attributes Methods Role
The following Accessor methods are used to
access the room attributes:
static public int getBatteryCharge();

Return the battery charge (in kWh)
static public int getPowerConsumption();
Return the power consumption (in Watts)
static public int getSolarCeli();
Return the power produced by solar cell (in
Watts)
static public boolean getElectricityFailure();
Return electricity failure signal (true: failure,
false: normal)

int cur_day;

int cur_hour;
int cur_minute;

The following Accessor methods are used to
access the current time:
static public int getDay();

This static class is used to represent
the Real time clock on the board. It

Clock int cur_second; static public it getHour(); uses the RS232 driver to
The above attributes . P - & A communicate with the System
static public int getMinute();
are used to represent static public int getSecond(); board.
the current time. P & !
refreshlOs();
Communicate with the board to apply
UARTDriver modifications and retrieve updated status

Returns true if the operation was done
normally, returns false if an error occured

Table 6.2.1.0: Classes table for the system decision-making software
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6.2.2 GUI

The different classes used in the GUI software have the different methods, attributes and roles as shown
in table 6.2.2.0.

Name of class Methods Role
-public static void main() This class is used to create a
This method runs the whole system panel for the system

simulator interface where the
* The following moethods set the color, size and title of | user can insert the required

the page: input, and in turn the system
-public void-setDefaultCloseOperation() simulator reads and displays
-public void getContentPane() outputs of the system.

-public void setSize()
-public void setVisible()

*The following methods are used to set ‘System
Manager’ as the title of the interface with the proper
alignments:

-public void setHorizontalTextPosition()
-public void setHorizontalAlignment()
-public void setForeground()

-public void setFont()

-public void getContentPane()

-public void setBounds()

* The following methods are used create a label for the
SS controls of Bedroom1, Bedroom2, Bathroom, Kitchen,
Living Room, Power display box, Power produced by
solar cell display box, Power from Hydro Quebec
display, Energy stored in battery display, Total power
consumption display, Set the text filed for the user to
enter the desired temperature in a certain location in
the appretment :

-public void setHorizontalTextPosition()
-public void setText()

-public void setForeground()

-public void setFont(new Font())
-public void getContentPane()

-public void setBounds()

*The following methods are used to set the progress
bars and set the checkbox, button and scroll bar :

-public void setMinimum()
-public void setMaximum()
-public void setValue()
-public void getValue()
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*The following were used to catch any movement of
the mouse:

-public void adjustmentValueChanged()

-public void getSource()

-public void setLabelFor()
-public void setDisabledTextColor()

MyComponent

* The following methods are used to create oval and
rectangular shapes seen in the system manager
interface:

-public void drawOval()

-public void drawRect()

* The following methods are used to fill the ovular and
rectangular shapes with color:

-public void setColor()

-public void fillOval()

This class is also used to set
the panel for the interface
where a design for the
interface the user will see is
created using different
methods

Table 6.2.2.0: Classes table for the system GUI
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6.3. Interface

systermn Manager

System Manager

The interface used to communicate with the user is shown in figure 6.3.0.0.

Bedroom 1

Bedroom 2

Bathroom

Room Light
Fan
Hair Blow Dry

Heating Unit

Motion

Desired Temperature

il Room Light il Room Light

. Bed Lamp 1 . Bed Lamp 1

. Bed Lamp 2 . Bed Lamp 2

. Heating Unit . Heating Unit

. Motion . Motion
Desired Temperature 4 Desired Temperature 4

Kitchen

i Room Light 1

i@ Room Light 2 @ Microwave

@  Room Light 3 il Extra Accessory

@ Oowen i Heating Unit

il Refrigerator @2} Motion

Desired Temperature

]

Fower produced by solar cell - | 0 Wars

Energy stored in battery | | 0 lkWh
Discharging...

Fower from Hydro-Quebec 0 Watts

Total power consumption 0 Watts

Living Room
Room Light 1
Room Light 2
Room Light 3
Television
Heating Unit

Motion

Desired Temperature

[] Night Power Saving Mo...

Scheduler...

Figure 6.3.0.0: Interface preview for the decision making system
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6.4. Program flow

The general program flow is shown in figure 6.4.0.0.

Timer < 1 sac?

Refresh I/0s

Update all the system
variahlas with those
on the board, using

the UART Driver

L
Motion Check

Verify if there has been
mation in the reoms, and
close any necassary lights (in
case thare was no motion)

¥
Event Chack

Fun theough the list of Scheduled
Events o sea if it is time 1o end’
initiate any of them; and run them
accordingly. Eg. Might Saving
Mode: Sets the healing mode of
each room accordingly af might

L
Power Check

Werify that the power
consumption is within the
specified limit, and wm ONS
OFF the different devices
accordingly.

Figure 6.4.0.0: Decision-making software program flow
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7. Simulator software

7.1. Classes diagram

The system software classes diagram is shown in figure 7.1.0.0.

+roomLight : bool
+roomLight2 - bool
+roomLight3 - bool
+ightintensity - int

HroomLight : bool
Hemperature ; int

Figure 7.1.0.0: Classes diagram for the environment simulation software

Temperaturellpdate
cutsideTemg : int [ ] Pawear
+update Temperature() LelectricityFailure ; bool
SimulationVectorParser SimulatorGUI FbatteryCharge : int
-hatteryStatus  bool
[ LsolarCell - int
HParse(in filename) |
- -End1
* | -Ends
* -Erd2
-Endé Clock
-Enda RS2320river
. MainController -End? Ceur day < it
. leur_haour ! int
StatusFileGenerator * FhantiSEventin Event) refreshlOs() - bool | | ey minute - int
£ E'I_ | ~cur_second | int
HtimeFactor : int
HappendLine(String eventDescription, Time t){) -Eniid * |_, .
-
]
Badroom2
Bathroom Bedroom1 +amperature | int
+Hemperature : int +lemperature : int +mation : bool
+imotian @ bool +miction | bool +roomlight @ bool
+fan : bool +roomLight - bool +hedLamp1 : bodl
+hairBlowDryer : bool +bedLamp! - bool +hedLamp? : bool
+roomlight : bool +bedLamp2 : bool Hightintensity : int
+lightlntensity : int
————— |
LivingRoom Kitchen
+temperature © int #+refrigerator @ beol
+TV : bool Hmicrowave © baool
+motion : boal +oven | bool
+rmation : bool
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7.2. Classes table

7.2.1 Environment simulation software

The different classes used in the environment simulation software have the different methods,
attributes and roles as shown in table 7.2.1.0.

Name of Class

Attributes

Methods

Role

MainController

public static
handleEvent()

sets the appropriate
attributes based on the
event

SimulationVectorParses

public static
parse(String filename)

Parses the simulation
vector and generates
events to be handled by
the controller

StatusFileGenerator

public static
appendLine(String
event, Time t)

creates the status file
based on the system

thread that periodically
updates the temperature

Temperature Update int outsideTemperature; public static in each room, based on
updateTemperature() \
Newton's Law of
Heating/Cooling

static bool motion;

Boolean used to store if there is

motion in the room

static bool roomLight;

Boolean used to store if the This is a static class used

room light is on or off to represent the Bathroom

static bool fan; and its corresponding
Bathroom Boolean used to store if the fan None attributes. It uses the

is on or off RS232 driver to

static bool hairBlowDryer communicate with the

Boolean used to store if the hair System board.

dryer is on or off

static int temperature;

Integer used to store the

temperature in the room

static bool motion;

Boolean used to store if there is

motion in the room

static bool roomLight;

Boolea.n usgd to store if the This is a static class used

room light is on or off to represent the
Bedroom1 static bool bedlamp1; None

Boolean used to store if the first
bed lamp is on or off

static bool bedlamp?2;

Boolean used to store if the
second bed lamp is on or off
static int temperature ;

first Bedroom and its
corresponding attributes.
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Name of Class

Attributes

Methods

Role

Integer used to store the
temperature in the room
static int lightIntensity;
Integer used to store the light
intensity in the room

Bedroom?2

static bool motion;

Boolean used to store if there is
motion in the room.

static bool roomLight;

Boolean used to store if the
room light is on or off

static bool bedlamp1;

Boolean used to store if the first
bedlamp is on or off

static bool bedlamp?2;

Boolean used to store if the
second bedlamp light is on or off
static int temperature ;

Integer used to store the
temperature in the room

static int lightintensity;

Integer used to store the light
intensity in the room

None

This is a static class used
to represent the second
Bedroom and its
corresponding attributes.

Kitchen

static bool refrigerator;
Boolean used to store if the
refrigerator is on or off

static bool oven;

Boolean used to store if the
oven is on or off

static bool microwave;

Boolean used to store if the
microwave is on or off

static bool motion ;

Boolean used to store if there is
motion in the room

static bool roomLight1;
Boolean used to store if the first
room light is on or off

static bool roomLight2

Boolean used to store if the
second room light is on or off
static bool roomLight3; Boolean
used to store if the third room
light is on or off

static int temperature;

Integer used to store the
temperature in the room

None

This is a static class used
to represent the Kitchen
and its corresponding
attributes.

LivingRoom

static bool TV;

Boolean used to store if the TV is
on or off

static bool motion;

None

This is a static class used
to represent the
Livingroom and its
corresponding attributes.
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Name of Class

Attributes

Methods

Role

Boolean used to store if there is
motion in the room

static bool roomlLight1;

Boolean used to store if the first
room light is on or off

static bool roomLight2

Boolean used to store if the
second room light is on or off
static bool roomLight3; Boolean
used to store if the third room
light is on or off

static int temperature ;

Integer used to store the
temperature in the room

static int lightintensity;

Integer used to store the light
intensity in the room

Power

static bool electricityFailure;
False if HydroQuebec is able to
provide power, true if there is an
electricity failure

static int batteryCharge;

Battery charge remaining (in
Wh)

static int solarCellPower;

Power produced by the SolarCell
(in Wats)

static bool batteryStatus;

The state of the battery, true if
charging, false if discharging

None

This is a static class used
to encapsulate the power
producing and consuming
units in the house.

Clock

static int cur_day;

The current day

static int cur_hour;

The current hour

static int cur_minute;
The current minute
static int cur_second;
The current second
static int timeFactor;
The time rate multiplier

None

This class represents the
time and the day, as well
as the rate of simulation.

Event (alternate)

Time start_time
Time end_time
String room

String eventAction

None

This class represents an
event.( For example, at
time 12:40:25, the light is
turned on in the kitchen.)

Table 7.2.1.0: Classes table for the environment simulation software
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7.2.2 GUI

The different classes used in the GUI software have the different methods, attributes and roles as shown

in table 7.2.2.0.

Name of class

Methods

Role

SM

public static void main();
This method runs the whole system

Set the color, size and title of the page:
-public void-setDefaultCloseOperation()
-public void getContentPane()

-public void setSize()

-public void setVisible()

Set ‘System Manager’ as the title of the interface with
the proper alignments:

-public void setHorizontalTextPosition()

-public void setHorizontalAlignment()

-public void setForeground()

-public void setFont()

-public void getContentPane()

-public void setBounds()

Create a label for the controls of Bedroom1, Bedroom?2,
Bathroom, Kitchen, Living Room, Power display box,
Power produced by solar cell display box, Power from
Hydro Quebec display, Energy stored in battery display,
Total power consumption display, Set the text filed for
the user to enter the desired temperature in a certain
location in the apartment:

-public void setHorizontalTextPosition()

-public void setText()

-public void setForeground()

-public void setFont(new Font())

-public void getContentPane()

-public void setBounds()

Create the buttons for Bedroom1, Bedroom2, Bathroom,
Kitchen, Living Room, Reset time, load simulation and
radio buttons:

-public void setText()

-public void setFont(new Font())

-public void getContentPane()

-public void setBounds()

This class is used to create a
panel for the system manager
interface where the room
desired temperature, night
power saving mode and
scheduler can be modified.
While all other values are
status values and are read-only
values.

It contains the main function
that runs the interface.
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Name of class

Methods

Role

Catch any movement of the mouse:
-public void adjustmentValueChanged()
-public void getSource()

-public void setLabelFor()

-public void setDisabledTextColor()

My Component

Create rectangular shapes seen in the system manager
interface:
public void drawRect()

Fill the rectangular shapes with color:
public void setColor()

This class is also used to set the
panel for the interface where a
design for the interface the
user will see is created using
different methods

Table 7.2.2.0: Classes table for the simulator GUI
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7.3. Interface

The interface used to communicate with the user is shown in figure 7.3.0.0.

System Simulator

System Simulator

Bedroom 1 Bedroom 2 Bathroom
Room Light | \Press button < 2sec | Foom Light | Press button < 2sec | Room Light | Press button < 2sec |
Bed Lamp 1 | Press button < 2sec | Bed Lamp 1 | Press button < 2sec | Fan | Turn ... | | Turmn ... |
Eed Lamp 2 | Press button < 2sec | Bed Lamp 2 | Press button < 2sec | Hair Blow Dry | Turn ... | | Turn ... |
Motion | Move in the room | Maotion | Move in the room | Mation | Maove in the room |
Actual Room Temperat... 0 Actual Room Temerature: 0 Actual Room Temerature: [¥]
Kitchen Living Room

Room Light | Press button < 2sec | | Press button > 2sec | Room Light| " ——— | | P C— |
aven | Lum.Oon | | JamoE | | | Tetevision | Turn On | Turn Off |
Microwave | Turn On | | Turn Off | :

Motion | Move in the room |

Turn On | | Turn Off | el
Bt | Luminosity: 0 Actual Room Temperat. .. 0
Motion | Move in the reom |
Luminesity, 0 Actual Room Temperal. . 0 . ; ;
Time Simulation Mode
<ol | —— ® Manual Mode
olar cell power produced:
2 & Speed: ) Automatic Mode
[ L] ¥ 0 Watts
| Load Simulation Ve...
Light intensity from outside
il

[4m] [»] 0 % Date
Hydro-Quebec is OK Sat Mar 08 16:24:48 EST 2008

Figure 7.3.0.0: Interface preview for the simulator
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7.4 Program flow

The general program flow is shown in figure 7.4.0.0.

WaitForinput

GUIl or Parser
generated
event

parseEvent

Figure 7.4.0.0: Environment simulation software program flow
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8. Communication

8.1. Communication protocol

The communication between the PC and the board is done using the UART protocol. There is one start
bit, two stop bits, no parity and 8 bits of data. At the end of each string there is a checksum byte. The
baud rate is 19200. When the line is idle, it is set to 1. The communication is always initiated by the PC
and the board replies according to the message received. There are 3 types of replies possible. The
protocol is the same for both the system and the simulator.

8.1.1 Write new values to the board

The PC sends a string with different values to be updated on the board. The board receives the string,
verifies the checksum and then updates its registers. When this is done, it sends a write acknowledge to
the PC to confirm that the update was performed correctly. This is shown in the following figure 8.1.1.0.

PC Board

e N e ™

Send a write command \:>

Update values

Verify the checksum

Send a write acknowledge

J @ J

Figure 8.1.1.0: Communication sequence when writing new values to the board

54



8.1.2 Read values from the board

The PC sends a read request to the board. The board receives the string, verifies the checksum and then
loads the values to be sent in its buffer. When this is done, it sends a string containing these values to
the PC. This is shown in figure 8.1.2.0.

PC Board

g ™ g ™

Send a read command |:>

Load values to buffer

Verify the checksum

Send a read acknowledge
and values

J @ J
Figure 8.1.2.0: Communication sequence when reading values from the board

8.1.3 Error during communication

If the PC sends a string to the board and the checksum does not match what was received, then an error
occurred during the transfer. The board then produces an error command and sends this back to the PC.
The software then has to handle this case. It can resend the command to the board. This error handling
is shown in figure 8.1.3.0.

PC Board

g ™ g ™
Send a readiwrite
command
Verify the checksum

Detect a checksum emor

Send a checksum error

J @ J
Figure 8.1.3.0: Communication sequence when there is an error during communication
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8.2. Message encoding for the system

All the signals from the PC that are updated on the board are encoded in 6 bytes. There is also 1 byte for
the command to be performed and 1 byte for the checksum. The total message length is therefore 8
bytes. All the signals from the board to the PC are encoded in 9 bytes. There is also 1 byte for the
command to be performed and 1 byte for the checksum. The total message length is therefore 11 bytes.

8.2.1 Write new values to the board

When the PC needs to update the board registers, it sends a message of 8 bytes as shown in figure
8.2.1.0.

Byte 1 Command {0xdA)

Byte 2 Light intensity (living room} Light imtensity (kitchen)

Byte 3 Desired temperature (bedroom 1) | Desired temperature (bedroom 2)

Byte 4 Desired temperature {living raom) Desired temperature (kitchan)

Heating mode Heating mode
{bedroom 1) {kitchan)
Byte 5 Desired temperature (bathroom) ‘ <
Heating mode Heating mode
{bedroom 2} {living room})

Fan contral TW control Extra accessory control  Refrigerator request
{bathroom) {bathroam) [kitchan) [kitchen)

Byte & < * v ¥

) \ A —
Heating mode  Hair blow dryer confrol  Owen comtrol Microwawve contral
{bathroom) {bathroom) {kitchan) {kitchan)
Closa all lights  Closa all lights Closa all lights

[bedroom 1) {bathroam) [kitchen)

Byte 7 \ & l

T \ X
Closa all lights Closa all lights
Lsa batiery (bedroom 2} {living room)
Byte 8 Checksum

Figure 8.2.1.0: String for writing new values to the board
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When this is done, the PC sends a write acknowledge. Since the usual format is 11 bytes, all the non
used bytes are padded with zeros as shown in figure 8.2.1.1.

Byte 1 Command {0x1E}

Byte 2

Byte 3

Byte 4

Byte 5

Byte 6

Byte 7

Byte 8

Byte 9

Byte 10

Byte 11 Checksum

Figure 8.2.1.1: String for a write acknowledge



8.2.2 Read values from the

board

When the PC needs to read the board registers, it sends a message of 8 bytes as shown in figure 8.2.2.0.

Byte 1

Byte 2

Byte 3

Byte 4

Byte 5

Byte &

Byte 7

Command (0x14)

Byte 8 Checksum

Figure 8.2.2.0: String for reading values from the board
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The board then sends 11 bytes to the PC to provide the information required, as shown in figure 8.2.2.1.

Byte 1 Command (0x28)

klation signal kation signal Room light status Bad lamp 2 status

{bedroom 2} {liwing room) {bedroom 1) {bedroom 1)
\ ‘L l Ff
Byte 2
yie 4 A Ir ¥
/ \ \
kation signal kation signal kation signal Bad lamp 1 status
{bedroom 1} {bathroom) {kitchan) {bedroom 1}

Bad lamp 1 status  Room light status  Room light 2 status  Room light 1 status

{bedroom 2} {bathroom) {living room) {kitchan)
\ ‘-:i l Ff’
Byte 3
) X N
Raoom light status Bed lamp 2 status Room light 1 status Room light 3 status
{bedroom 2} {bedroom 2} {liwing room) {liwing room)
Room light 3 status  Heating wnit status  Heating wnit stafus Fan atatus
{kitchan} {bedroom 2} {living room) {bathroom)
Byte 4 < ¥ v 4
) \ A u—
Room light 2 status ~ Heating unit status Heating wnit status Heating unit status
{kitchan) {bedroom 1) {bathroom) {kitchan)

TV status Exira accessory status  Refrigerator signal

{living room}) {kitchan) {kitchan)

\ \ l

Byte 5 f kﬁllll Y k\ ¥
Hair t-I:ItTu-.dr;f;; ;‘tﬂt”ﬂ D;m:ja‘a:;s ”i“rm’ti:z:;m”s Electricity failure signal

Byte 6 Power praduced by solar cell
Byte T Energy stored in the batteries
Byte 8 Time {saction A)
Byte 9 Time {zaction B)
Byte 10 Time {gection C)
Byte 11 Checksum

Figure 8.2.2.1: String for returning values to the board
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8.2.3 Error during communication

When the PC sends a message to the board and the checksum does not match, the board sends a
message of 11 bytes, as shown in figure 8.2.3.0.

Byte 1 Command {0x32)

Byte 2

Byte 3

Byte 4

Byte 5

Byte &

Byte 7

Byte 8

Byte 9

Byte 10

Byte 11 Checksum

Figure 8.2.3.0: String for flagging a communication error



8.3. Message encoding for the simulator

All the signals from the PC that are updated on the board are encoded in 12 bytes. There is also 1 byte
for the command to be performed and 1 byte for the checksum. The total message length is therefore
14 bytes. All the signals from the board to the PC are encoded in 4 bytes. There is also 1 byte for the
command to be performed a 1 byte for the checksum. The total message length is therefore 6 bytes.

8.3.1 Write new values to the board

When the PC needs to update the board registers, it sends a message of 14 bytes as shown in figure
8.3.1.0.

Byte 1 Command {fx3C)

Byta 2 Currant temparatura (badrsom 1) | Current temgerature (badroom 2)

Byte 3 Current lempearaiune (bathroom) | Gurrent lemperabone {iving room)
Byte 4 Current lemperaiune (kitchen) Light inensity {living ream}
Maotion detector Maotlon detector
[Biadpaan 2) [living raom)
- A v [
Byte 5 Light intensity (kitchen)
‘:\& ¥
Malion detecior Mation detecior
[bedroan 1) (Baliranm)
Room light button Bed lamp 2 button Bed lamp 1 button Raam light button
(bedraom 1) {badroom 1} [badroam 2} {Bathraom)
Byle & ] « ¥ [
vie . 3 L3
Motion detecton Bed Aamp 1 bultan  Rodm light butten Bed lamp 2 bultan
{kitehan} [bedresam 1) [Badream 2} (Badroan 2)
Resar light butbon  Hair Blow dryer stalus Oven slalus Microwase status
ikitchan} (Bathroom ) (kitchan) [kilchan}

\ | /
¥

o CIS IV L I
\ N

Room light buiton Fan status TV slatus Extra accessory stalus
{liwing room]) {bathroom) {living room) {kitchen)
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B:.rtea\_f"‘

Gialic lirme

\

_’. Tirez destination (saction O}

%,

Electricily Talune signal

Byte 9 |

Byte 10

Byte 11

Byte 12

Byte 13

Byte 14

!

Reset time

Power produced by solar call

Energy storad in the batleras

707

Spead faclor

Time destination (section A}

Time destination (section B}

Checksum

Figure 8.3.1.0: String for writing new values to the board

When this is done, the PC sends a write acknowledge. Since the usual format is 6 bytes, all the non used
bytes are padded with zeros as shown in figure 8.3.1.1.

Byte 1

Byte 2

Byte 3

Byte 4

Byte 5

Byte &

Command (0x50)

Checksum

Figure 8.3.1.1: String for a write acknowledge
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8.3.2 Read values from the board

When the PC needs to read the board registers, it sends a message of 14 bytes, as shown in figure
8.3.2.0.

Byte 1 Command (Bx54)

Byte 2

Byte 3

Byte 4

Byte 5

Byte &

Byte 7

Byte 8

Byte 9

Byte 10

Byte 11

Byte 12

Byte 13

Byte 14 Checksum

Figure 8.3.2.0: String for reading values from the board



The board then sends 6 bytes to the PC to provide the information required, as shown in figure 8.3.2.1.

Byte 1 Command [xdE)

Bed lamp 1 output Room light output  Bed lamp 2 output Room light 1 output

{bedroom 1) {bedroom 2) {bedroom 2) {living room)
. H* l Ff
Byte 2 4 » ¥

/ \ \
Room light output Bed lamp 2 output Bed lamp 1 output  Room light owtput
{bedroom 1) {bedroom 1) {bedroom 2} {bathroam)

Room light 3 output Room light 2 output  Healing unit output - Healing unit autput

{living room) {kitchen) {bedroom 1) {bathroam)
. H* l Ff’
Byte 3
B \ N
Room light 2 output  Room light 1 output Room light 3 output  Heating unit autput
{living room} {kitchan) {kitchan) {bedroom 2}
Heating unit outpui  Hair blow dryer oufput - Owen oufput Microwawe output
{kitchan) {bathroom) {kitchan) {kitchan)
Byte 4 A < A 4
B \ N
Heating unit output Fan autput TV autput Extra accessony output
{living room) {bathroom) {liwing room) {kitchan}
Discharge battery
Byte 5 4
/
Refrigerator output
{kitchan}
Byte 6 Checksum

Figure 8.3.2.1: String for returning values to the board
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8.3.3 Error during communication

When the PC sends a message to the board and the checksum does not match, the board sends a

message of 6 bytes as shown in figure 8.3.3.0.

Byte 1

Command [OxEd)

Byte 2

Byte 3

Byte 4

Byte 5

Byte &

Checksum

Figure 8.3.3.0: String for flagging a communication error
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8.4. Implementation on the board
Inputs and outputs

The implementation of this serial communication is done with a controller. The implementation is the
same for the system and the simulator except that the number of registers changes in the buffers. This is
because the lengths of the messages are different. Except for that, everything else stays the same.

The controller is shown in figure 8.4.0.0. Inputs are data from the board to be sent to the PC. Outputs
are data received from the PC. Each subcontroller is connected to an asynchronous reset pin (this is not
showed on the figures).

System
The system UART controller communicates with the PC by receiving and sending bytes. Each bit of each
byte is mapped to a specific signal. All these signals are sent to other controllers on the board and these

controllers then process the given signals. The produced signals by the controllers are then sent to the
UART controller and these are transmitted to the PC.
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11 DT ] —
n badroom 2=
fHiom signal in bashroam —
gigral in lving-foom =
fdorian signal in kitchan—

Bedmoom1: Raoom light status —
Badroam?: Bed 1M 1 SEa1LE mjs
Bagroami: Bed lamp 2 stalies —p

Badmomz Room lighl &
Badmam; Bed lamp 1 5
Badroom: Ged 18mMp 2 ALE11E i

Bashroam: Room 1igh SEaTLE e

Lisirag=roncmy: Room Bght 1 SEales e
Lisimg-roaim: Rodm Bghl 2 abalus —p
Lisirg=roam; Room Gght 3 St e—

Kitchiern: Rioom light 1 stats —s
Kitchan: Room Mgt 2 SEaTLE e
ght 3 SEAILIS c—

Baadroom: Healirg wnil g
Bedroom2: Heating unil stalues —s
Bathroom; Heating uni status ——g UART
Lisirg-room: Healing unil status—s  Controllar
Kitchen: Heating L stajles e—

Bathmoonm: Fan shatis —is

B
Erargy atorad in the babaras E E
B

Elacirichy faluna signal—s

2

TT T T TN EEEN NN

Chick —;
Rl ——

Figure 8.4.0.0: System UART controller inputs and outputs



Simulator

The simulator UART controller communicates with the PC by receiving and sending bytes. Each bit of
each byte is mapped to a specific signal. It is similar to the system UART controller except that the
number of bytes is not the same and the mapping is different. Most these signals are sent directly to
outputs. Similarly, inputs are directly mapped to bytes and sent to the PC. The overall picture of the
UART controller for the simulator is shown in figure 8.4.0.1.

Eadroom 1 Foom light output B am 1; Foom light
Badioam 1. Bed lamp 1 output Bedracm 1: Bed lamg 1
Bodroam 1- Bed lamp 2 output Bedraom 1: Bad lamgp 2
Bedroam 1 Healing unil oulput Badioom 1! Haating uril S1800e =

Bedrooml: Roam ight Busion
Bedraaim ! Bad lamg 1 bullon
Bedroomd ; Bed lamp 2 buiton
Bedroomd: Motion datactar

Bedroom 2; Room Ight auspus Badroom 2 Foom |ight Shai)s g Bedrooml: Current temgeramuns
Badmoom 2: Bed lamp 1 awipe? Bedroom 2: Bad lamp 1 shaius —s
Badroom 2 Bed lamp 2 ouwpus Bedroom 2: Bad lamp 2 sharies e
Beadroam 2: Heating unit autpun Bedranen 2: Heating unil steus =g DE”"'—'U""?: Reaam light butien
Bedroom: Bad lamg 1 buiton
Bedroom?: Dad lBrg 2 bulton

hirGam Ji
Bathroom: Foom light output Bedraom2: Motion detector

Bathroom: Fan output
Bathiosm: Hair b dived oulput
Bathiraam; Heating unit output

L vy 8 ]
Bathroam: Hestng urit Bedroom: Cusrent lemperaiure

Bathroam: Room light buten
Bathroom: Fan alaius

Bathroam; Hair blow dryar status
Bathroom: Molicn detecior

Livirag-rocm: Room bght 1 autput  Living-roome Rocm lighit 1
Livireg-room: Roam Bght 2 output  Living-raame Raoen light 2
Livirgsroom: Roam bght 3 output L ving-roome Raocm light 3 st

Lising-roam: TV autput Living-room: TV b
Living-room: Heatng unitowpw  Living-room: Heating uni sheiues —;

Bathroam: Current fermperabune

Kitchen: Raom light 1 autput Kitchen: Roam ight 1 status —]
Hitchan: Room light 2 cuiput Kitchen: Room bght 2 SEANS ) Liing rocrn: Room light butban
Kitchen: Raoom light 3 autput Kitchen: Roam light 3 status —] Living room: TV status
Krchen: Chean output Kitchan: Cian ShaE —— Living reom: Moticn detecar
Kilchan: Exlra accesaony cUlpul  Kitchen: Exira aconssory st s e
Krohen: Redngeratar autpont Kitchern: Refrigoraior stahs —i Living room: Current temperaiures
Kibchen: Microsave cwtpul Kichar: Microwsse st

Kitchere Refrigerator output Kitchen: Refrigeratar status .
Kitchen: Heatirg umit cutput Kitchan: Hesng undt 51508 — WART Living rocen: Currgnt light intensRy
Contrellar
Diachange batlery Batlery slaliis ——p
Kitchen: Raam light bution
Kitchen: Cvzn stahus
Time ﬁ Kitchen: ExlFa sccessary alals
0 Kitchen: Microwses siahs

Kitchan: Moticn datesior

Living rocm: Cumment lemperalure

Livirg recm: Current light ircensny

Energy siored in the batierias

Power produced by solar cell

Elesnicity falura signal

N N N 5 O N N R PR L N N R R SO RS SRR SO

Chick —p
FEsal —.

Figure 8.4.0.1: Simulator UART controller inputs and outputs
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Internal design

The UART controller is made of a main controller and many subcontrollers. The overall design is shown

in figure 8.4.0.2.

b
=3

Al outputs = 0

Latch

Latch data

Done =1

ﬁr Verify checksum

Reset counter

count = initial value

Load

_"""--_._________._--"’—'
RS

Wait during transfer
Send =10

Write: Dx0A
Fead: Deld

Commands frarm Board te PC

Acknowladge write: 0x1E
Acknowledge read: 0x28
Emaor in checksum: 32

Commands frem PC to Board

imitial value =d + 5 +p

d: number of data bits

s numbser of stop bits
p: O no parity, 1: parlty

( Inputs

RX
All inputs from external

controllers

Clock

Controller: System clock
All others: System clock

Load 11 = 0x1E

Resel checkaum
count = 10

Count

count = count - 1 count = count - 1

count# 0

Data 1 = Ox0A

Mot equal

Lead

Load 11 = Dx32
Load 10-2 = 0x00
Rasat chacksum
count =10

hoid

10-2 = 0x00

count # 0

Figure 8.4.0.2: Structure of the UART controller

Data 1 = 0x14

Load

Load 11 = Dx28
Load 10-2 = data from
controllers
Resat checksum
count = 10

Load sender

Sand =1
count = count - 1

Walt during transfer

Send =0

Shift next

Shift right in buffer

count = 0
__________ S
- T 7 ~ -
- -
- - -
H_"H_‘ Controller ,..*"F'
Baud rate counter Checksum generator Output
T
—1 Enable BaudSignal [— — Datal7.0] Sum[7..00 — Al outputs to
— DataSignal axtarnal
/\ controllers
Comparator { Buffer 1 )
/\ Serial receiver
. vy
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8.4.1. Baud rate counter

The baud rate counter produces a signal for each bit that is shifted in or out. The design is shown in
figure 8.4.1.0.

[ |
! - 1+d+s+p '
| initial value = | ————— | -1 |
| b |
| b: baud rate :
| Start f: clock frequency
I d: numbsar of data bits |
| count = initial value s: number of stop bits |
| baudSignal = 0 Enable = 1 e 0 no parity, 10 parity :
I |
I |
| |
I |
I |
I |
| Count |
|
|
| count = caunt-1 |
|
' |
| |
I |
: Count =0 |
' |
I |
I |
|
| Signal :
|
|
' baudSignal = 1 |
I |
| |
I |
I J
R P T T T,
A \ j
b s
& \ / s
b ! ! //
Y \ / p
\\ 1 f P
\. i i //
A
\ /"1._ -f\. 2
\.\ \ f e
\ / s
Inputs \ P
= | 4 y
| ’
Enable % ,
) & Output
b
\ Controller P :{> b oudSianal
\ P gnal
Clock
Controller: System clock ::>

Figure 8.4.1.0: Baud rate controller architecture

70



8.4.2. Checksum generator

The checksum generator produces a sum from many 8-bit words that have been loaded one after the
other. Its design is shown in figure 8.4.2.0.

|
|
I
T I
|
|
Add |
- r Sum = Sum + Dala |
DataSignal = 1 l
|
|
DatzSignal =1 |
I
|
|
|
|
I
|
|
|
|
———————————————————— =————————
J /
/ i
! &
/ s
s
~! ,
/
! s
Inputs S "-1' ,.-f P
IrIVI > s
Data signal 4 ) p 4
i y Cutput
Y N Controller , b :{>
- P Sum
Clock
Controller; System clock E
A /

Figure 8.4.2.0: Checksum generator architecture



8.4.3. Serial receiver

The serial receiver receives 1 byte at a time. It is synchronized with the baud rate generator in order to
shift in values at the appropriate time. Its design is shown in figures 8.4.3.0 and 8.4.3.1.

Serial receiver

— Data7..0] T% |—
— Send Done —
— BaudSignal BaudCounterEM —

A\

Figure 8.4.3.0: Inputs and outputs of the serial receiver

72



Eatch data Send Start Bit

termpDatall..7] =
Cratafl .. 7]

BaudCaounterEN = 1

All athar signals = 0 TE =D

BaudSignal = 1

BaudSignal = 1

stopCount = &

(d: number of data bits

s: number of stop bits

-

.

Inputs

DatalD..7]
Sand
BaudSignal
Parity

-

.

Clack
Controller: System clock

Baud rate counter: System

clock

Iy
~

vy

Count data bit

dataCount =
dataCount + 1

BaudSignal = 1

Send slop bit
stopCount =
- slopCount + 1
T® =1

.

Controller

Baud rate counter

Enabla BaudSignal

A

vy

dataCount = d

BaudSignal = 1

Output

IZ:> ™

Done

Figure 8.4.3.1: Serial sender architecture
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8.4.4. Serial sender

The serial sender sends 1 byte at a time. It is synchronized with the baud rate generator in order to shift
out values at the appropriate time. Its design is shown in figures 8.4.4.0 and 8.4.4.1.

Serial sender

— RX Data [7.0] —
— BaudSignal DataSignal —
BaudCounterEM —

A

Figure 8.4.4.0: Inputs and outputs of the serial sender
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Figure 8.4.4.1: Serial sender architecture
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8.4.5. Buffer

Two buffers are used in this design. One is used to shift in and out the values to RX and TX. The other is
used to maintain fixed values when shifting occurs and then latch the shifted values when reception is
over. The design of the buffer is showed in figure 8.4.5.0.

[ e m m e -
i Load1[7..0] Load2(7. 0] Loadd[7. 0] Load 1]7.0]
1
i
! B B-bit register 1 | ¢ 8-bit register 2 | 4 B 8-bit register 11
ismmnw.a] Load[7.0]  Datal7..0] Load[7.0]  Datsf7..0] Loadl7.0]  Oataf7. 0] SS:;T‘;[;;]W
! B * —Enatio ® pawir.ol ° — Enatis ¢ paayr)  ° 8 * 1 Enatie ¢
: — Sync Reset —1 Sync Reset — Sync Reset
1
i
i A A A
i
Buffer

—— shift In|7..0] Shift ul[T..0] fe

—— Enakbia

—t Sync Rassat

—t Moda

— Laadi]7..0] Datal[7..0] }—

— Load2[7.0] Data2[7..0] [—

—— Loadi|7..0] DAtAZ[T. 0] f——

—t Loadd|7.0] Datad[T. 0] j—

—— Loads]7.0] Datas[7..0] f—

=t Loadd]7..0] Datab[7..0] =

—t Load7[7.0] Dataf[7..0] —

—t Loadd]7.0] Dataf[7..0] f=—

—] Laadg(7.) Datal[7,.0] f—

— Load10)7..0] Ciatal O[T, 0] [e—

— Loadi1[7..0] Datal 1[7..0] f

/\

Figure 8.4.5.0: Buffer architecture
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8.4.6. PC Failure detector

The PC Failure detector flags a signal when no data has been received from the PC for a given amount of
time. When data is received, the flag is unset. The design is shown in figure 8.4.6.0.

count =10
PC Mot Responding

—

Silarl DataSignal = 1
— =
0
HTC =0

Count
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Da1a$.§nal N .
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== -
W \
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A L
\\ |
\ 4y
> A
4 Inputs 3 \ IL".
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p. 4 \\ Controller y
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Controller: Systermn clock ‘:D
A vy

Figure 8.4.6.0: PC Failure detector architecture
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