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Abstract

This project tackles the problem of illuminating an area in an efficient
way during the dark hours of the day. At sunset, the light is turned
on until people go to sleep. During the night, the light is turned off
to preserve power. However, if something were to move in the area
during night, the light should come on for a couple of minutes. In the
morning, before sunrise, the light turns on in case someone wakes up
early. The proposed solution is a prototype that uses an ATmega16
together with a real-time clock, a motion sensor, and a light sensor to
turn on an LED at the correct time of the day.
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1 Introduction

A farm or a smaller village can sometimes be experienced as a dark and
unfriendly environment. Without public streetlights, ones property will not
be illuminated after sunset. With our product we eliminate the need to
venture out into the dark in the morning as well as coming home to a dark
house in the evening. It will also provide the feeling of security in the middle
of the night with a motion sensor that turn on the light when someone
approaches your home.

1.1 Report Outline

Section 2 lists the specifications for the project.

Section 3 contains a description of the major components along with the
software used to program the microcontroller.

Section 4 describes how the implementation was done.

Section 5 describes the finished product.

Section 6 contains the discussion of the project and the problems that were
encountered.

Appendix A gives a step-by-step user guide on how to operate and set up
the clock and timers.

Appendix B contains the source code and header file for the AVR micro-
controller.
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2 Specification

The following characteristics and features was needed:

• Turn on LED when sun sets

• Turn off LED when clock reach midnight ± chosen offset

• Turn on LED when clock reach dawn minus chosen offset

• Turn off LED when the sun has risen

• Activate motion sensor during the night

• Deactivate motion sensor during day

• Activate light sensor during day

• Deactivate light sensor during night

• Settings should be possible to access via a user interface

After doing settings once, the system should be fully automatic as long as
power is delivered to the circuit.

3 Components and Software

3.1 ATmega16

The ATmega16 is an 8-bit AVR RISC-based microcontroller with 16KB of
programmable flash memory, 1KB SRAM, 512B EEPROM, an 8-channel
10-bit A/D converter, and a JTAG interface for on-chip debugging. The
device supports a throughput up to 16MIPS at 16MHz1 and operates with a
supply voltage between 4.5V – 5.5V. Using the internal crystal, 8MHz is the
maximum clock-frequency. However, since the design is not time-critical, the
frequency is set to just 2MHz, resulting in lower power consumption. The
lower clock-rate also makes the internal timers/counters increment slower,
allowing for more convenient usage [1].

116MHz with an external crystal
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3.2 Real-Time Clock/Calender

The Real-Time Clock/Calender (RTCC) tracks the time and date using an
external 32.768kHz crystal [2]. It tracks time using several internal registers
and automatically adjusts for months with fewer than 31 days, including cor-
rections for leap years. The RTCC has two settable alarms, both connected
to one I/O pin, triggering on second, minute, hour, day of the week, date, or
month. For communication, the RTCC uses the I2C bus. Together with a
backup battery or low-leakage capacitance, the RTCC can keep track of the
time and date even during a power outage. To communicate with the RTCC
over the I2C protocol, a reference design from [3] was used.

3.3 Motion Sensor

To detect motion, a Passive Infrared (PIR) sensor was used. When connected
to a supply voltage and ground, the PIR sensor notifies that a motion has
been detected by setting the output pin high. When no motion is detected,
the output pin is set low [4].

3.4 Light Sensor

The light sensor used in this project operates in the visible light spectrum
and has a linear sensitivity. It consists of a phototransistor with a light-
sensitive base where the photons in the light generate the base–collector
current of an NPN-transistor. When light shines on the prototransistor, the
channel between the collector and emitter will conduct. With no light, the
collector-emitter channel is cut-off [5].

3.5 Liquid Crystal Display

To display information to the user, a Liquid Crystal Display (LCD) is used.
It consists of two rows with sixteen characters each. The characters has a
resolution of 7 × 5 pixels. To interface the LCD, a reference design found
at [6] was used.
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3.6 Atmel Studio

To program the AVR microcontroller, Atmel Studio 6.2 was used. The com-
puter and AVR was connected using a JTAG interface. All software is written
in C.

4 Implementation

Implementation was done in several steps, implementing the different com-
ponents one at a time. This resulted in having a skeleton of code for each
component that later could be combined into a complete design. This de-
creased the design time and increased the possibility of debugging.

To start with, supply voltage and ground was routed to the AVR. As this was
done, testing of the in -and output pins could be tested simply by connecting
an LED to one of the pins. Because of the various use of interrupts in the
design, the next thing to implement would be interrupt handling routines.
By routing a push button to one of the external interrupt pins, together with
an internal pull-up resistor, the interrupt could easily be tested. This was
done by blinking the LED whilst the corresponding interrupt routine was
executed on the AVR.

By having a working interrupt routine when pushing a button, a settings
menu for the LCD could be constructed. When pushing the button, the
menu change state. When the menu had transversed through all states it
returned to the default state. A watchdog timer was also implemented so
that the user would be sent back to the default state after 10 seconds of idle
usage. This was implemented using the AVR’s internal 16-bit counter. When
the counter overflows, it generates an interrupt which was used to reset the
state of the menu. With the LCD menu implemented, the LCD could be
used to print values of registers or state of counters, etc. which proved useful
during development of the rest of the design.

Next step in the design was to include the light sensor (phototransistor).
To create a convenient way to adjust the threshold on the fly, the AVR’s
internal analog comparator was used. The comparator takes two input pins,
one connected to an adjustable reference voltage and one connected to the
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input from the phototransistor. The comparator generates a logic ‘1’ when
the input voltage from the phototransistor is larger than the reference voltage,
otherwise it generates a logic ‘0’. This can be interpret as light or dark. This
was also tested using the LED, switching the LED on when it is dark.

The motion sensor should turn on the LED during nighttime and the LED
should stay lit for a short period of time after no motion has been detected.
To accomplish this, the motion sensor was connected to an external interrupt
pin. When the interrupt was triggered, the controller cleared one of the inter-
nal 8-bit counters and turned on the LED. When the interrupt pin goes low,
the controller waits for 76 counter overflows, correlating to approximately
10 seconds, as shown in (1), before tuning off the LED. If a new interrupt
occurred during this delay time, the counter resets its value.

OVFcounter =
tdelay · fCPU

2bits ·Nprescaler

=
10 s · 2MHz

28 · 1024
≈ 76, (1)

where:

tdelay = the length of the wanted delay,
fCPU = clock frequency of AVR,
bits = number of bits for counter,
Nprescaler = size of counter prescaler.

The I2C communication protocol [3] uses a two-wire-interface (TWI) to con-
nect the AVR, as a master, to one or more slave devices. This communication
is done using a shared communication line for both receiving and transmit-
ting data. The RTCC was connected to the two TWI pins on the AVR.
These consist of one serial clock (SCL) -and one serial data line (SDA). SCL
is used to synchronize the data transfers whilst all data is sent over the SDA.
When implemented, the first test was to write data to the RTCC’s internal
registers and then validate completion using read-back values. When the
connection was working properly, the alarms were programmed and tested
by connecting the alarm output pin on the RTCC to an external interrupt
pin on the AVR.
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5 Results

The design is working as expected and a picture of it is shown in Figure 1.
To be able to adapt to the seasons, one need to know when the sun rises.
This is done by sampling the clock each morning at dawn. The sampled time
is then used the next day, together with the chosen offset, to determine when
to turn on the LED. The first day one cannot know when the sun rises, so
to relieve the user of the discomfort of looking this up, the controller needs
one day of calibration. The first day, sunrise is set to 6 AM as default.

The design has proven resilient to power outage, keeping its settings during a
whole weekend, without a power supply plugged in. At this time the backup
capacitor had dropped from 4.6V to 3.0V.

Figure 1: Final product

The AVR’s Flash -and SRAM storage was not fully utilized, as shown in
Table 1. The number of pins used on the AVR sums up to 24 out of 40
possible2, as shown in Figure 2. Something that is worth noticing is that all
external interrupt pins are used, further discussed in Section 6.1.

224 pins including 4 pins for the JTAG interface. Figure 2 shows 20 connected pins.

6



Figure 2: Final schematic

Table 1: Memory usage

Memory bytes %

Program memory 5604/16K 34

Data memory 205/1K 20
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6 Discussion

This design is very versatile. It could be used for almost anything that relies
on performing cyclic behavior. In this implementation we use a motion sensor
and a phototransistor to determine when to light up an LED, but it could
also be used to run a pump at a given time, or make a cup of coffee in the
morning. With that said, we believe that the content of this report is good
knowledge for people interested in home automation and technical solutions
in general.

6.1 Problems

The goal was to use interrupts, both internal and external, for as many things
as possible in the design. Interrupts allows for a very effective execution of
the code, since no time is wasted checking if a bit is set in a register or
not, i.e. polling. Unfortunately, there are only three external interrupt pins
on the ATmega16 and one of these pins doubles as one of the inputs to the
analog comparator. This meant we had to prioritize which peripherals should
be connected to the external interrupts. In the end, we opted for polling
the two buttons whilst connecting the alarm-pin, from the RTCC, and the
output from the motion sensor to the the two remaining external interrupt
pins. If the microcontroller had more external interrupt pins, the execution
of the program would have more effective, with a lower power dissipation as
a bonus.

The RTCC has several alarm-trigger-setting. However, there is no option for
triggering on a match on hour, minute, and second without regarding the
date. To avoid unnecessary complex settings, we chose to trigger only on
hour-matches. Otherwise, the AVR would need to keep track of the date as
well, and reprogram the date of the alarm every single day. This resulted
in less flexibility for the alarm-time. On the other hand, the design is less
error-prompt.
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A User Guide

By preforming the following steps, you will setup the starting conditions of
your very own All Year Automatic Illuminator. First, after plugging in the
power, you will be able to adjust the time of the day if not correct.

Note: Idle usage will return to default menu after approximately 10 seconds.

Start-up

This should be done each time the circuit has been out of power more then
a few days.

1. Press A to enter the setup menu.

2. Press B to enter clock setup menu.

3. Press B to increment time (seconds, minutes, hours).
Press A to set targeted value.

4. After setting hours, confirm time setting by pressing A once more.

5. Press RST button to initialize the circuit in right state of the day.
After one day, calibration of the morning alarm is automatically done.

Setup morning timer

This can be used to set the offset. Alarm will set to tsunrise − toffset. For
example, if the offset is 1 hour and the sun rises at 7 AM, the LED will turn
on at 6 AM and turn off when the light sensor detects the sunrise (7 AM).

1. Press A to enter setup menu.

2. Press A to skip clock setup.

3. Press B to enter morning timer setup.

4. Press B to set offset (0 – 4 hours)
Press A to confirm.
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Setup midnight timer

The LED turns off at midnight, plus or minus an offset, 12 PM ± toffset.

1. Press A to enter setup menu.

2. Press A to skip clock setup.

3. Press A to skip morning timer setup.

4. Press B to enter midnight timer setup.

5. Press B to set offset (00 :00 ± 2 hours)
Press A to confirm.

View current timer settings

Pressing A four times, skipping the setup menus, will display the current
times for the morning -and midnight timer.
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{
/
/

m
o
r
n
i
n
g

a
l
a
r
m

<
t
i
m
e

<
1
2

P
O
R
T
D

|
=

(
1

<
<

P
D
0
)
;

/
/

T
u
r
n

o
n

L
E
D

G
I
C
R

&
=

~
(
1

<
<

I
N
T
0
)
;

/
/

d
i
s
a
b
l
e

I
N
T
0

(
P
I
R
)

}
e
l
s
e

i
f

(
A
C
S
R

&
(
1

<
<

A
C
O
)
)

{
/
/

1
2

<
t
i
m
e

<

e
v
e
n
i
n
g

P
O
R
T
D

&
=

~
(
1

<
<

P
D
0
)
;

/
/

T
u
r
n

o
f
f

L
E
D

G
I
C
R

&
=

~
(
1

<
<

I
N
T
0
)
;

/
/

d
i
s
a
b
l
e

I
N
T
0

(
P
I
R
)

}
e
l
s
e

{
/
/

e
v
e
n
i
n
g

<

t
i
m
e

<
m
i
d
n
i
g
h
t

a
l
a
r
m

A
C
S
R

|
=
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<
<

A
C
D
;

/
/

t
u
r
n

o
f
f

a
n
a
l
o
g

c
o
m
p
a
r
a
t
o
r

P
O
R
T
D

|
=

(
1

<
<

P
D
0
)
;

/
/

T
u
r
n

o
n

L
E
D

G
I
C
R

&
=

~
(
1

<
<

I
N
T
0
)
;

/
/

d
i
s
a
b
l
e

I
N
T
0

(
P
I
R
)

} /
/

L
E
D

D
D
R
D

|
=

(
1

<
<

P
D
0
)
;

/
/

P
D
0

(
L
E
D
)

a
s

o
u
t
p
u
t

/
/

L
i
g
h
t

s
e
n
s
o
r

D
D
R
B

&
=

~
(
(
1

<
<

P
B
2
)

|
(
1

<
<

P
B
3
)
)
;

/
/

A
I
N
0
,

A
I
N
1

a
s

i
n
p
u
t
s

P
O
R
T
B

|
=

(
(
1

<
<

P
B
2
)

|
(
1

<
<

P
B
3
)
)
;

/
/

e
n
a
b
l
e

p
u
l
l

u
p

r
e
s
i
s
t
o
r
s

/
/

P
I
R

i
n
t
e
r
r
u
p
t

p
i
n

D
D
R
D

&
=

~
(
1

<
<

P
D
2
)
;

/
/

P
D
2

a
s

i
n
p
u
t
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/
/

R
T
C

i
n
t
e
r
r
u
p
t

p
i
n

D
D
R
D

&
=

~
(
1

<
<

P
D
3
)
;

/
/

P
D
3

a
s

i
n
p
u
t

P
O
R
T
D

|
=

1
<
<

P
D
3
;

/
/

e
n
a
b
l
e

p
u
l
l

u
p

r
e
s
i
s
t
o
r

/
/

B
u
t
t
o
n

A

D
D
R
D

&
=

~
(
1

<
<

P
D
1
)
;

/
/

P
D
1

a
s

i
n
p
u
t

P
O
R
T
D

|
=

1
<
<

P
D
1
;

/
/

e
n
a
b
l
e

p
u
l
l

u
p

r
e
s
i
s
t
o
r

/
/

B
u
t
t
o
n

B

D
D
R
A

&
=

~
(
1

<
<

P
A
2
)
;

/
/

P
A
2

a
s

i
n
p
u
t

P
O
R
T
A

|
=

1
<
<

P
A
2
;

/
/

e
n
a
b
l
e

p
u
l
l

u
p

r
e
s
i
s
t
o
r

/
/

I
n
t
e
r
r
u
p
t
s

G
I
C
R

|
=

1
<
<

I
N
T
1
;

/
/

e
n
a
b
l
e

I
N
T
1

(
R
T
C
)

a
l
w
a
y
s

M
C
U
C
R

|
=

(
(
1

<
<

I
S
C
0
0
)

|
(
1

<
<

I
S
C
0
1
)

|
(
1

<
<

I
S
C
1
0
)

|
(
1

<
<

I
S
C
1
1
)
)
;

/
/

t
r
i
g
g
e
r

I
N
T
0

a
n
d

I
N
T
1

o
n

r
i
s
i
n
g

e
d
g
e

s
e
i
(
)
;

/
/

S
e
t

E
x
t
e
r
n
a
l

I
n
t
e
r
r
u
p
t

/
/

T
i
m
e
r

/
C
o
u
n
t
e
r

T
I
M
S
K

|
=

(
(
1

<
<

T
O
I
E
0
)

|
(
1

<
<

T
O
I
E
2
)
)
;

/
/

E
n
a
b
l
e

o
v
e
r
f
l
o
w

i
n
t
e
r
r
u
p
t

f
o
r

c
o
u
n
t
e
r

0

a
n
d

2

T
C
C
R
1
B

|
=

(
1

<
<

C
S
1
2
)
;

/
/

S
t
a
r
t

a
n
d

s
e
t

p
r
e
s
c
a
l
e
r

f
o
r

i
n
t
e
r
n
a
l

1
6

b
i
t

c
o
u
n
t
e
r

1

} v
o
i
d

r
s
t
(
)

{

/
/

b
l
i
n
k

5
t
i
m
e
s

t
o

n
o
t
i
f
y

r
e
s
e
t

f
o
r

(
i
n
t

i
=

0
;

i
<

1
0
;

+
+
i
)

{

P
O
R
T
D

^
=

1
<
<

P
D
0
;
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_
d
e
l
a
y
_
m
s
(
4
2
)
;

}

} v
o
i
d

l
c
d
(
)

{

l
c
d
_
i
n
i
t
(
L
C
D
_
D
I
S
P
_
O
N
)
;

/
/
d
i
s
p
l
a
y

(
c
u
r
s
o
r
)

s
t
y
l
e

} i
n
t

B
C
D
2
i
n
t
(
u
i
n
t
8
_
t

b
c
d
)

{

i
n
t

i
=

(
b
c
d

&
0
x
7
0
)

>
>

4
;

r
e
t
u
r
n

i
*

1
0

+
(
i
n
t
)
(
b
c
d

&
0
x
0
F
)
;

} u
i
n
t
8
_
t

i
n
t
2
B
C
D
(
i
n
t

i
)

{

r
e
t
u
r
n

(
(
i

/
1
0
)

<
<

4
)

|
(
i

%
1
0
)
;

} v
o
i
d

p
r
i
n
t
_
t
i
m
e
(
t
i
m
e

t
)

{

c
h
a
r

s
t
r
[
1
7
]

=
{
0
}
;

/
/

c
l
e
a
r

s
t
r
i
n
g

f
o
r

L
C
D
-
r
o
w

c
h
a
r

b
u
f
[
5
]

=
{
0
}
;

/
/

c
l
e
a
r

s
t
r
i
n
g

f
o
r

t
i
m
e

i
f

(
!
(
t
.
h
o
u
r

&
0
x
7
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)
)
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t
r
c
a
t
(
s
t
r
,
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"
)
;

/
/

a
d
d

l
e
a
d
i
n
g

0
i
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<
1
0
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p
r
i
n
t
f
(
b
u
f
,
"
%
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:
"
,

B
C
D
2
i
n
t
(
t
.
h
o
u
r
)
)
;

s
t
r
c
a
t
(
s
t
r
,
b
u
f
)
;

i
f

(
!
(
t
.
m
i
n

&
0
x
7
0
)
)

s
t
r
c
a
t
(
s
t
r
,
"
0
"
)
;

/
/

a
d
d

l
e
a
d
i
n
g

0
i
f

<
1
0

s
p
r
i
n
t
f
(
b
u
f
,
"
%
d
:
"
,

B
C
D
2
i
n
t
(
t
.
m
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n
)
)
;

s
t
r
c
a
t
(
s
t
r
,
b
u
f
)
;

i
f

(
!
(
t
.
s
e
c

&
0
x
7
0
)
)

s
t
r
c
a
t
(
s
t
r
,
"
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"
)
;

/
/

a
d
d

l
e
a
d
i
n
g

0
i
f

<
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p
r
i
n
t
f
(
b
u
f
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2
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t
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)
;
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s
t
r
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a
t
(
s
t
r
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b
u
f
)
;

l
c
d
_
p
u
t
s
(
s
t
r
)
;

} v
o
i
d

s
e
t
_
c
l
o
c
k
(
t
i
m
e

t
)
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i
2
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_
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r
t
(
R
T
C
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W
R
I
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)
;

i
2
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_
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r
i
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e
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)
;

i
2
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r
i
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e
(
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c
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;

i
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_
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r
i
t
e
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)
;

i
2
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_
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r
i
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e
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u
r
)
;

i
2
c
_
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;
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e
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e

c
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i
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;

i
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;
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i
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;
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c
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c
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c
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;
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e
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u
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n

c
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r
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e
;
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d
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i
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{
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=
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i
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=
i
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;
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i
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i
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i
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e
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;
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i
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i
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i
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i
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;
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i
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;
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e
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;
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e

g
e
t
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l
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m
(
u
i
n
t
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e

c
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;

i
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r
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(
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E
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;
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r
i
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e
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d
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;

i
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(
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;
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.
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c
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;

c
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.
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2
c
_
r
e
a
d
_
a
c
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;
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l
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r
m
.
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o
u
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=
i
2
c
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r
e
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d
_
n
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c
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)
;

i
2
c
_
s
t
o
p
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)
;

r
e
t
u
r
n

c
u
r
r
_
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l
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r
m
;

} v
o
i
d

d
i
s
p
_
m
e
n
u
(
t
i
m
e

n
e
w
_
t
i
m
e
)

{

t
i
m
e

c
u
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r
_
t
i
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e
;

l
c
d
_
c
l
r
s
c
r
(
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;

/
/

c
l
e
a
r

s
c
r
e
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n

o
f
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d
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c
d
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e
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;
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/

b
r
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g

c
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o
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0
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;

/
/

c
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r
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g
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r
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-
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w
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c
h
a
r

b
u
f
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;

/
/

c
l
e
a
r

s
t
r
i
n
g
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r

t
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e
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w
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e
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e
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c
u
r
r
_
t
i
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;

l
c
d
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;

l
c
d
_
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y
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;

p
r
i
n
t
_
t
i
m
e
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c
u
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t
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m
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;

_
d
e
l
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y
_
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s
(
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)
;

b
r
e
a
k
;

c
a
s
e

1
:

s
w
i
t
c
h

(
s
u
b
s
t
a
t
e
)

{

c
a
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e
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:

c
u
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r
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;

l
c
d
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c
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;
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c
d
_
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;

p
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e
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c
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r
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;
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c
d
_
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o
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(
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;

l
c
d
_
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u
t
s
(
"
B

=
Y
"
)
;

_
d
e
l
a
y
_
m
s
(
5
0
)
;

b
r
e
a
k
;

c
a
s
e

1
:

p
r
i
n
t
_
t
i
m
e
(
n
e
w
_
t
i
m
e
)
;

l
c
d
_
g
o
t
o
x
y
(
0
,
1
)
;

l
c
d
_
p
u
t
s
(
"
s
e
c
:

"
)
;

i
f

(
!
(
n
e
w
_
t
i
m
e
.
s
e
c

&
0
x
7
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)
)

s
t
r
c
a
t
(
s
t
r
,
"
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"
)
;

/
/

a
d
d

l
e
a
d
i
n
g

0
i
f

<
1
0

s
p
r
i
n
t
f
(
b
u
f
,
"
%
d
"
,
B
C
D
2
i
n
t
(
n
e
w
_
t
i
m
e
.
s
e
c
)
)
;

/
/

i
n
t
-
t
o
-
s
t
r
i
n
g

s
t
r
c
a
t
(
s
t
r
,
b
u
f
)
;

/
/

c
o
n
c
a
t
e
n
a
t
e

t
i
m
e

l
c
d
_
p
u
t
s
(
s
t
r
)
;

b
r
e
a
k
;
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c
a
s
e
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:

p
r
i
n
t
_
t
i
m
e
(
n
e
w
_
t
i
m
e
)
;

l
c
d
_
g
o
t
o
x
y
(
0
,
1
)
;

l
c
d
_
p
u
t
s
(
"
m
i
n
:

"
)
;

i
f

(
!
(
n
e
w
_
t
i
m
e
.
m
i
n

&
0
x
7
0
)
)

s
t
r
c
a
t
(
s
t
r
,
"
0
"
)
;

/
/

a
d
d

l
e
a
d
i
n
g

0
i
f

<
1
0

s
p
r
i
n
t
f
(
b
u
f
,
"
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d
"
,
B
C
D
2
i
n
t
(
n
e
w
_
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i
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;

/
/
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n
t
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o
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t
r
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n
g
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r
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a
t
(
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u
f
)
;

/
/
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o
n
c
a
t
e
n
a
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e

t
i
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e

l
c
d
_
p
u
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s
(
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t
r
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;
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r
e
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k
;
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e
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:

p
r
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(
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t
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)
;

l
c
d
_
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o
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o
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)
;

l
c
d
_
p
u
t
s
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;

i
f

(
!
(
n
e
w
_
t
i
m
e
.
h
o
u
r

&
0
x
7
0
)
)

s
t
r
c
a
t
(
s
t
r
,
"
0
"
)
;

/
/

a
d
d

l
e
a
d
i
n
g

0
i
f

<
1
0

s
p
r
i
n
t
f
(
b
u
f
,
"
%
d
"
,
B
C
D
2
i
n
t
(
n
e
w
_
t
i
m
e
.
h
o
u
r
)
)
;

/
/

i
n
t
-
t
o
-
s
t
r
i
n
g

s
t
r
c
a
t
(
s
t
r
,
b
u
f
)
;

/
/

c
o
n
c
a
t
e
n
a
t
e

t
i
m
e

l
c
d
_
p
u
t
s
(
s
t
r
)
;

b
r
e
a
k
;

d
e
f
a
u
l
t
:

l
c
d
_
p
u
t
s
(
"
e
r
r
o
r

1
"
)
;

b
r
e
a
k
;
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;
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;
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;
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p
t

f
r
o
m

R
T
C

a
l
a
r
m

I
S
R
(
I
N
T
1
_
v
e
c
t
)

{
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p
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p
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r
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r
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;

}

24



i
2
c
_
s
t
a
r
t
(
R
T
C
_
W
R
I
T
E
)
;

i
2
c
_
w
r
i
t
e
(
0
x
0
D
)
;

/
/

A
l
a
r
m

0

i
2
c
_
w
r
i
t
e
(
0
x
A
0
)
;

/
/

S
e
t

a
l
a
r
m

t
o

t
r
i
g
g
e
r

o
n

h
o
u
r

i
2
c
_
s
t
o
p
(
)
;

i
2
c
_
s
t
a
r
t
(
R
T
C
_
W
R
I
T
E
)
;

i
2
c
_
w
r
i
t
e
(
0
x
1
4
)
;

/
/

A
l
a
r
m

1

i
2
c
_
w
r
i
t
e
(
0
x
A
0
)
;

/
/

S
e
t

a
l
a
r
m

t
o

t
r
i
g
g
e
r

o
n

h
o
u
r

i
2
c
_
s
t
o
p
(
)
;

} I
S
R
(
T
I
M
E
R
2
_
O
V
F
_
v
e
c
t
)

{

+
+
t
i
m
e
r
2
_
o
v
f
_
c
n
t
;

i
f

(
t
i
m
e
r
2
_
o
v
f
_
c
n
t

>
=

L
I
G
H
T
_
D
E
L
A
Y
)

{

i
f

(
!
(
P
O
R
T
D

&
(
1

<
<

P
D
0
)
)
)

{
/
/

L
E
D

i
s

o
f
f

b
e
f
o
r
e

t
i
m
e
r

o
v
e
r
f
l
o
w
s

/
/

u
p
d
a
t
e

d
a
w
n

a
l
a
r
m

a
l
a
r
m
_
d
a
w
n
_
t
i
m
e

=
g
e
t
_
t
i
m
e
(
)
;

s
e
t
_
a
l
a
r
m
(
a
l
a
r
m
_
d
a
w
n
_
t
i
m
e
,

A
L
A
R
M
_
D
A
W
N
_
A
D
R
)
;

l
i
g
h
t
_
c
t
r
l
_
r
e
g

=
1
;

} t
i
m
e
r
2
_
o
v
f
_
c
n
t

=
0
;

T
C
C
R
2

&
=

~
(
(
1

<
<

C
S
2
2
)

|
(
1

<
<

C
S
2
1
)

|
(
1

<
<

C
S
2
0
)
)
;

/
/

t
u
r
n

o
f
f

c
o
u
n
t
e
r

2

}

} /
/

M
a
i
n

f
u
n
c
t
i
o
n

i
n
t

m
a
i
n
(
v
o
i
d
)

{

25



i
n
i
t
(
)
;

r
s
t
(
)
;

l
c
d
(
)
;

i
2
c
_
i
n
i
t
(
)
;

t
i
m
e

n
e
w
_
t
i
m
e

=
{
0
}
;

w
h
i
l
e

(
1
)

{

d
i
s
p
_
m
e
n
u
(
n
e
w
_
t
i
m
e
)
;

/
/
a
p
p
l
y

c
h
a
n
g
e
s

m
e
n
u

/
/

B
u
t
t
o
n

A
p
r
e
s
s
e
d
?

i
f
(
(
~
P
I
N
D

&
(
1

<
<

P
D
1
)
)
)
{

_
d
e
l
a
y
_
m
s
(
2
0
)
;

/
/

d
e
b
o
u
n
c
e
r

w
h
i
l
e

(
(
~
P
I
N
D

&
(
1

<
<

P
D
1
)
)
)
;

/
/

w
a
i
t

f
o
r

b
u
t
t
o
n

t
o

b
e

r
e
l
e
a
s
e

_
d
e
l
a
y
_
m
s
(
5
0
)
;

/
/

d
e
b
o
u
n
c
e
r

T
C
N
T
1
H

=
0
x
0
0
;

/
/

c
l
e
a
r

c
o
u
n
t
e
r

T
C
N
T
1
L

=
0
x
0
0
;

s
w
i
t
c
h

(
s
t
a
t
e
)

{

c
a
s
e

0
:

/
/

j
u
s
t

d
i
s
p
l
a
y

c
u
r
r
e
n
t

t
i
m
e

s
t
a
t
e

=
1
;

s
u
b
s
t
a
t
e

=
0
;

b
r
e
a
k
;

c
a
s
e

1
:

/
/

s
e
t

n
e
w

c
l
o
c
k

t
i
m
e
?

s
w
i
t
c
h

(
s
u
b
s
t
a
t
e
)

{

c
a
s
e

0
:

s
t
a
t
e

=
2
;

s
u
b
s
t
a
t
e

=
0
;

b
r
e
a
k
;

26



c
a
s
e

1
:

/
/

s
e
t

s
e
c
o
n
d
s

s
t
a
t
e

=
1
;

s
u
b
s
t
a
t
e

=
2
;

b
r
e
a
k
;

c
a
s
e

2
:

/
/

s
e
t

m
i
n
u
t
e
s

s
t
a
t
e

=
1
;

s
u
b
s
t
a
t
e

=
3
;

b
r
e
a
k
;

c
a
s
e

3
:

/
/

s
e
t

h
o
u
r
s

s
t
a
t
e

=
2
;

s
u
b
s
t
a
t
e

=
0
;

s
e
t
_
c
l
o
c
k
(
n
e
w
_
t
i
m
e
)
;

b
r
e
a
k
;

d
e
f
a
u
l
t
:

b
r
e
a
k
;

} b
r
e
a
k
;

c
a
s
e

2
:

/
/

s
e
t

d
a
w
n

o
f
f
s
e
t
?

s
w
i
t
c
h

(
s
u
b
s
t
a
t
e
)

{

c
a
s
e

0
:

s
t
a
t
e

=
3
;

s
u
b
s
t
a
t
e

=
0
;

b
r
e
a
k
;

c
a
s
e

1
:

/
/

s
e
t

d
a
w
n

o
f
f
s
e
t

s
t
a
t
e

=
3
;

s
u
b
s
t
a
t
e

=
0
;

s
e
t
_
a
l
a
r
m
(
a
l
a
r
m
_
d
a
w
n
_
t
i
m
e
,

A
L
A
R
M
_
D
A
W
N
_
A
D
R
)
;

27



b
r
e
a
k
;

d
e
f
a
u
l
t
:

b
r
e
a
k
;

} b
r
e
a
k
;

c
a
s
e

3
:

/
/

s
e
t

m
i
d
n
i
g
h
t

o
f
f
s
e
t
?

s
w
i
t
c
h

(
s
u
b
s
t
a
t
e
)

{

c
a
s
e

0
:

s
t
a
t
e

=
4
;

s
u
b
s
t
a
t
e

=
0
;

b
r
e
a
k
;

c
a
s
e

1
:

/
/

s
e
t

m
i
d
n
i
g
h
t

o
f
f
s
e
t

s
t
a
t
e

=
4
;

s
u
b
s
t
a
t
e

=
0
;

s
e
t
_
a
l
a
r
m
(
a
l
a
r
m
_
m
i
d
n
i
g
h
t
_
t
i
m
e
,

A
L
A
R
M
_
M
I
D
N
I
G
H
T
_
A
D
R
)
;

b
r
e
a
k
;

d
e
f
a
u
l
t
:

b
r
e
a
k
;

} b
r
e
a
k
;

c
a
s
e

4
:

/
/

d
i
s
p
l
a
y

a
l
a
r
m
s

s
t
a
t
e

=
0
;

s
u
b
s
t
a
t
e

=
0
;

b
r
e
a
k
;

d
e
f
a
u
l
t
:

b
r
e
a
k
;

28



} i
f

(
s
t
a
t
e

=
=

0
)

{

T
I
M
S
K

&
=

~
(
1

<
<

T
O
I
E
1
)
;

/
/

d
i
s
a
b
l
e

o
v
e
r
f
l
o
w

i
n
t
e
r
r
u
p
t

}
e
l
s
e

{

T
I
M
S
K

|
=

(
1

<
<

T
O
I
E
1
)
;

/
/

e
n
a
b
l
e

o
v
e
r
f
l
o
w

i
n
t
e
r
r
u
p
t

}

} /
/

B
u
t
t
o
n

B
p
r
e
s
s
e
d
?

i
f

(
(
~
P
I
N
A

&
(
1

<
<

P
A
2
)
)
)

{

_
d
e
l
a
y
_
m
s
(
2
0
)
;

/
/

d
e
b
o
u
n
c
e
r

w
h
i
l
e

(
(
~
P
I
N
A

&
(
1

<
<

P
A
2
)
)
)
;

/
/

w
a
i
t

f
o
r

b
u
t
t
o
n

t
o

b
e

r
e
l
e
a
s
e

_
d
e
l
a
y
_
m
s
(
5
0
)
;

/
/

d
e
b
o
u
n
c
e
r

T
C
N
T
1
H

=
0
x
0
0
;

/
/

c
l
e
a
r

C
o
u
n
t
e
r

T
C
N
T
1
L

=
0
x
0
0
;

s
w
i
t
c
h

(
s
t
a
t
e
)

{

c
a
s
e

0
:

/
/

j
u
s
t

d
i
s
p
l
a
y

c
u
r
r
e
n
t

t
i
m
e

/
/

B
u
t
t
o
n

B
,

n
o

e
f
f
e
c
t

b
r
e
a
k
;

c
a
s
e

1
:

/
/

s
e
t

n
e
w

c
l
o
c
k

t
i
m
e
?

s
w
i
t
c
h

(
s
u
b
s
t
a
t
e
)

{

c
a
s
e

0
:

s
t
a
t
e

=
1
;

s
u
b
s
t
a
t
e

=
1
;

n
e
w
_
t
i
m
e

=
g
e
t
_
t
i
m
e
(
)
;

b
r
e
a
k
;

c
a
s
e

1
:

/
/

s
e
t

s
e
c
o
n
d
s

n
e
w
_
t
i
m
e
.
s
e
c

=
i
n
t
2
B
C
D
(
B
C
D
2
i
n
t
(
n
e
w
_
t
i
m
e
.
s
e
c
)

+
1
)
;

29



i
f
(
B
C
D
2
i
n
t
(
n
e
w
_
t
i
m
e
.
s
e
c
)

>
5
9
)

n
e
w
_
t
i
m
e
.
s
e
c

=
0
;

b
r
e
a
k
;

c
a
s
e

2
:

/
/

s
e
t

m
i
n
u
t
e
s

n
e
w
_
t
i
m
e
.
m
i
n

=
i
n
t
2
B
C
D
(
B
C
D
2
i
n
t
(
n
e
w
_
t
i
m
e
.
m
i
n
)

+
1
)
;

i
f
(
B
C
D
2
i
n
t
(
n
e
w
_
t
i
m
e
.
m
i
n
)

>
5
9
)

n
e
w
_
t
i
m
e
.
m
i
n

=
0
;

b
r
e
a
k
;

c
a
s
e

3
:

/
/

s
e
t

h
o
u
r
s

n
e
w
_
t
i
m
e
.
h
o
u
r

=
i
n
t
2
B
C
D
(
B
C
D
2
i
n
t
(
n
e
w
_
t
i
m
e
.
h
o
u
r
)

+
1
)
;

i
f
(
B
C
D
2
i
n
t
(
n
e
w
_
t
i
m
e
.
h
o
u
r
)

>
2
3
)

n
e
w
_
t
i
m
e
.
h
o
u
r

=
0
;

b
r
e
a
k
;

d
e
f
a
u
l
t
:

b
r
e
a
k
;

} b
r
e
a
k
;

c
a
s
e

2
:

/
/

s
e
t

d
a
w
n

o
f
f
s
e
t
?

s
w
i
t
c
h

(
s
u
b
s
t
a
t
e
)

{

c
a
s
e

0
:

s
t
a
t
e

=
2
;

s
u
b
s
t
a
t
e

=
1
;

b
r
e
a
k
;

c
a
s
e

1
:

/
/

s
e
t

d
a
w
n

o
f
f
s
e
t

d
a
w
n
_
o
f
f
s
e
t

=
(
d
a
w
n
_
o
f
f
s
e
t

>
3
)

?
0

:
d
a
w
n
_
o
f
f
s
e
t

+
1
;

b
r
e
a
k
;

d
e
f
a
u
l
t
:

b
r
e
a
k
;

}

30



b
r
e
a
k
;

c
a
s
e

3
:

/
/

s
e
t

m
i
d
n
i
g
h
t

o
f
f
s
e
t
?

s
w
i
t
c
h

(
s
u
b
s
t
a
t
e
)

{

c
a
s
e

0
:

s
t
a
t
e

=
3
;

s
u
b
s
t
a
t
e

=
1
;

b
r
e
a
k
;

c
a
s
e

1
:

/
/

s
e
t

m
i
d
n
i
g
h
t

o
f
f
s
e
t

m
i
d
n
i
g
h
t
_
o
f
f
s
e
t

=
(
m
i
d
n
i
g
h
t
_
o
f
f
s
e
t

>
1
)

?
-
2

:

m
i
d
n
i
g
h
t
_
o
f
f
s
e
t

+
1
;

b
r
e
a
k
;

d
e
f
a
u
l
t
:

b
r
e
a
k
;

} b
r
e
a
k
;

c
a
s
e

4
:

/
/

B
u
t
t
o
n

B
,

n
o

e
f
f
e
c
t

b
r
e
a
k
;

d
e
f
a
u
l
t
:

b
r
e
a
k
;

}

} /
/

M
a
s
k

o
u
t

a
n
a
l
o
g

c
o
m
p
a
r
e

b
i
t

i
f

(
A
C
S
R

&
(
1

<
<

A
C
O
)

&
&

!
(
A
C
S
R

&
(
1

<
<

A
C
D
)
)
)

{

31



i
f

(
P
I
N
D

&
(
1

<
<

P
D
0
)

&
&

!
l
i
g
h
t
_
c
t
r
l
_
r
e
g
)

{

T
C
C
R
2

|
=

(
(
1

<
<

C
S
2
2
)

|
(
1

<
<

C
S
2
1
)

|
(
1

<
<

C
S
2
0
)
)
;

/
/

s
t
a
r
t

c
o
u
n
t
e
r

2

w
i
t
h

p
r
e
s
c
a
l
e
r

1
0
2
4

} P
O
R
T
D

&
=

~
(
1

<
<

P
D
0
)
;

}
e
l
s
e

i
f

(
!
(
A
C
S
R

&
(
1

<
<

A
C
D
)
)
)

{

P
O
R
T
D

|
=

1
<
<

P
D
0
;

} /
/

T
u
r
n

o
f
f

L
E
D

i
f

n
o

m
o
t
i
o
n

h
a
s

b
e
e
n

d
e
t
e
c
t
e
d

f
o
r

a
w
h
i
l
e

a
n
d

p
i
n

i
s

l
o
w

i
f

(
(
t
i
m
e
r
0
_
o
v
f
_
c
n
t

>
=

M
O
T
I
O
N
_
D
E
L
A
Y
)

&
&

(
~
P
I
N
D

&
(
1

<
<

P
D
2
)
)
)

{

T
C
C
R
0

&
=

~
(
(
1

<
<

C
S
0
2
)

|
(
1

<
<

C
S
0
0
)
)
;

/
/

S
t
o
p

i
n
t
e
r
n
a
l

8
b
i
t

c
o
u
n
t
e
r

0

P
O
R
T
D

&
=

~
(
1

<
<

P
D
0
)
;

t
i
m
e
r
0
_
o
v
f
_
c
n
t

=
0
;

}

}

}

32


	Introduction
	Report Outline

	Specification
	Components and Software
	ATmega16
	Real-Time Clock/Calender
	Motion Sensor
	Light Sensor
	Liquid Crystal Display
	Atmel Studio

	Implementation
	Results
	Discussion
	Problems

	References
	User Guide
	Source Code

