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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 ATmegal6
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.



2 Specification

The following characteristics and features was needed:
e Turn on LED when sun sets
e Turn off LED when clock reach midnight + chosen offset
e Turn on LED when clock reach dawn minus chosen offset
e Turn off LED when the sun has risen
e Activate motion sensor during the night
e Deactivate motion sensor during day
e Activate light sensor during day
e Deactivate light sensor during night
e 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 ATmegal6

The ATmegal6 is an 8-bit AVR RISC-based microcontroller with 16KB of
programmable flash memory, 1IKB 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 16MHz! and operates with a
supply voltage between 4.5V — 5.5V. Using the internal crystal, SMHz 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



3.2 Real-Time Clock/Calender

The Real-Time Clock/Calender (RTCC) tracks the time and date using an
external 32.768kHz crystal [2]. Tt 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/0 pin, triggering on second, minute, hour, day of the week, date, or
month. For communication, the RTCC uses the 12C 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 I?C 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 x 5 pixels. To interface the LCD, a reference design found
at [6] was used.



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



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.

tdelay . fCPU . 10s - 2MHz

OVFcoun er — : ~ 76; 1
’ 2bits . Nprescaler 28.1024 ( )
where:

Ldelay = the length of the wanted delay,

Jeru = clock frequency of AVR,

bits = number of bits for counter,

Nprescaler = size of counter prescaler.

The I?’C 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.



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.

Push buttons
A&LB

ATmegalb

Motion sensor |

Reset button

]
|
|
®

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
possible?, 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.
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Figure 2: Final schematic

Table 1: Memory usage

Memory bytes %
Program memory 5604/16K 34
Data memory 205/1K 20




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 ATmegal6 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 tgunrise — foffset- FOT
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 = ¢ et
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.
D

. 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.

11



(T1%X0)
(V0x0)
(3axo0)
(4ax0)

(8¢€)
(92)

paads %2012 2ZHN 2 // (I0000000T)

Iosues qy8TT wnus

{inoy 1°¢Q
‘utuw 1°gQ
ioes 17g
} 21onIigs

An.pmdhhwan\H>mv
<y- Letep/TT30>
<y-ot/iae>
<y-8utiis>

<Y oIp3s>

YAV LHDINAIW WHVIV
HAY  NMVA WYVTIV
ILIY¥M DO1Y

avay o1y

AVIZQ LHDIT
AVTZQ NOILOKW
ndo™ 4

H™YNITE
H™YNITE

‘ewtTy {
quIn
quIn
quIn

ropodAa

OpPNTOUT#
OPNTOUT#
OpPNTOUT #
OpPNTOUT #
OPNTOUT #
OpPNTOUT#
OPNTOUT#

SUTJIoDP#
SUTJop#
SUTIODP#
SUTIOD#

SUTJISp#
SUTJop#
SUTIODP#

SUTIoD#
FoPUIT#

[ I0yeuIn[l 1T Sursry

opo) 92Inos ¢

12



JTpuUS#

¢ (ouwta)nusw~dsTp
f(37grutn)wmieTe 398
f(37g3uTn ‘eowWI3l)wWIRIR™ 18S
¢ ()omwra 303
{(PWT3)YO0TO 388
f(emta)owmry qutad

proa
ouwTa
proa
auwTa
pToa
proa

£(3UT)@DgzauT 1783uIn
£(3783uUTn)3uTzQogd 23uTl

fOpoT
f()asx
f(Oartur

proa
pToA
proa

$qUDTJAOT(QIOWI] 37 Q1UIN UIDIXO
f1987J07Snp € 2319SIJO UMBD JQUI UIDIXD
f{@3eqsqns ‘93®3S 37 83UIN UISJXD
sa1qovi4vn TYIO0TH //

JI1ep
‘3yuSTT

{

13



Qw410 U0 ULME //

1429 072 23%4m //

Twunqo [fo uuny

£(0TX0 : 0TX0 & (9 > (INOY 8WTI3I~IIND)3UTZADNE))e3TIATOZT

42351b2u
£(L0%X0)®3TIn"0TT
C(ILIYM DIY) 3Ie3S™OZT

{0 = 3UD JAOTZISWTI3 = 3UD JAO (QISWTIS

$(YAV LHOINAIW WHYYTIY €owTa 1ySTupTw wIefe)wIefe 9es
$(YQV NMYQ WYYV ‘euwWTa UMEp wIeTR)WIBTR 39S

‘0 = 881711307 3Y3TT

0 = 238syyo aySTUPTW = 38sSFFOoTUMED

‘0 = @3e3sSqns = 93e3S

W13 JuU4UND 22H J/ f()PwWT3 308 = QoWI3 IIND SUWI]
‘0 = De8s-ouWT1 1UYSTUPTU WIRTR

‘0 = UTW'9WT31 1yYSTUpPTW WIBT®

‘0 = Inoy-ouwWIZ 1YSTUPTW WIBT®

‘0 = D0OS°OWI3 UMBD WIBT®

‘0 = UTW'OWT3 UMRDP WIRTE

‘9 = INOY- oWI31 UMEBDp WIBTE

}

()3TUT prOA

8017 Tx2272y8TT 217g3uIn

fQuUOoTJAO T ZIOWI] € 3UDT JAO (QJISWTI3 3 Q3UTN
fqesy7y0 qy3TUPTW ‘38SIJO UMBD JUT
{93eqsqns ‘83e3s 37g3uUIN

foWT1 1USTUPTW WIBRTR OSWTI]

f9WT] UMRDP WIBTR OSWTI3

WU HUTTq,, epulout#

9" I0YRUIWN[[T g SUI)SI]

14



> buiuana //

> 2wy > 21 //

buruaow //

> 2wrg > 0 //

andur sv zad //

£(zad >> 1). =3 Qq¥aa
urd 2dnuudiur Y1d //

s4ogsisas dn 11nd 27qvua // f((gdd >> T) | (zdd >> 1)) =| 41¥0d
sgndur so NIV ‘ONIV // f((g€dd >> T) | (zdd >> T1)). =% d4dd

andyno sv (qq71) odd //

(YId) OINI 219vsip // :
gqd7 uo uuni //
4030uvdwod borvuv [fo wuuny //

(YId) OINI 219vsip // ‘
aa1 {fo wung // ¢

} ((odvy
(YId) OINI 219vsip // ¢
gq7 uo wudny //

40suas ybrT //

‘(oad >> 1) =| @y¥aa

aii //

{
(OLNI >> T). =B H¥DID
(oad >> 1) =| airyod
Aoy >> T =| 4SOV

wadov1o wﬁmvﬁﬁvs > 2wl

} este {

(OLNI >> T). =B H¥DID
(0ad »>> 1). =% alry¥od
buruana
>> T) ® ¥SOV) FT esTe {
(OLNI >> T). =B H¥DID
(oad >> 1) =| Qiry¥od
cr > 2wy > WJ4DvlD

} (21 > (Inoy-8wri IINnd)3utgadd B% ((0DV >> T) B USDV)i) FT °sTd® {

(49Id) O0INI 219Du2 //

aq1 ffo wang s/ :
4070uvdwod borouv [fo uuny //

POILNI >> T =| ¥OID
(oad >> T1). =% d1y¥0d
Taoyvy >> 1T =| Y¥SovV

wuvlo burusow

} (9 > (Inoy-ewra~IIno)autgadd) IT

¢ ()doas ozt

15



T 4272uUn02 21Q 97 10Pu423u? 4of 421D2saud 22S puv 4uvIS //

0 427uno2 uof gdnuauaqur molfudn0 27q9VUF //

42bb1uq //

S((TTOSTI >> 1) | (0TOSI >> 1)

} (44

‘0dd >> T =.
0T > T ‘0 =

alryod
T 3jutr) 107

22524 fifr30u 03 sawiy G Yjur1qQ //

$((TIIOL >> 1)

2dnaus3ur 10uUL23TT 1285 //

}

()2sx proa

(218D >> 1) =| 4d71Y¥00l
Z buv
| (0dIOL >> T)) =| ASWIL

423Unoy / 42wl //

¢

() Tos

abps bursiu uo [INI PuD OINT

| (TODSI >> 1)

shomiv (DIY) TINI 21qQ0u2 //

40252594 dn 71nd 27QDUD

407281894 dn 77nd

407282524 dn 71nd

//

indur sv gyd //
21qoua //

indur sv 1ad //
21qous //

indur sv gad //

| (00D2SI >> 1)) =|

STINI >> T =|

dONON

4oId

sqdnuaddrur //

fZvVd >> T =|
$(ZVd >> T).

v140d

=% vddd

g uoying //

f1dd >> 1 =|
$(1ad >> 1).

ary¥od

=% dHdd

y uwoiing //

‘ead >> 1 =|
f(ead >> 1).

ary¥od

=% @QHdad

urd 3dnuudiur 914 //

{

16



or > f* o buipvaq ppo //

or > fr* o buipvwaq ppv //

or > %N 0 mﬁvﬁsmm PPD \\
awry sof

modud->anNT LO_.\.

$((20s°2)3uTtzadd ‘.p%.‘Inq) Faurads
(.0, I38)380I3s ((QLX0 B 90S°3)j) It
$(¥nq‘I3s)3edI3s

£((uTw 3)3uTZ@dd ¢, 0%, Fnq) Frurads
£(.0,¢I18)2e019s ((0LX0Q0 ¥ UTW- 1)) IT
$(Fnqg°‘13s)3e0I198

f((anoy-1)3utgadd ¢.:p%.‘¥nq) Fautads
$(.0, I38)3e0a3s ((0LX0Q ¥ INOY-3)j) FI

bururs uva212 // ‘{0} = [Q]3Fnq IeYD
buruys uva212 // {0} = [.T]3x2s Ieyd
}
(3 swr3)ewri qutad proa
{
0T % T) | (¥ >> (0T / T)) uinzex
}
(T 3uT)(@Hdgg3ur 3-g3uln
{
$(J40%X0 ® P2Q) (3UT) + Q0T * T uIniax
‘Y << (0L%X0 % P2q) = T jurt
}
(P°q 23783UTIN)3UTZADE 3UT
{
21fi3s (uosuno) finpdsip// ¢ (NOTdSIA ADT)3ITUT POT
}
()POoT pToa
{

¢ (gh) su~Letep~

17



{(39s3Fo unmep

} este {
(Inoy - ewWI3 WIBTR)IUTZJDT) dDFZAUT = INOY oWTI] WIBT®
} (YAV NMVA WYYV == SSoIppe) T

}

(sseappe 17g31UIN ‘OoWI3 WIeT® wE._”PvE.H.m._“.NIu.wm PTIOA

foWT] " IIND UINISI

¢ ()doas~ogT

{()forUTPRSEITOZT = JINOY'SWIJ IIND
{()¥oeT PRSI TOZT = UTW SWTI~ IIND
{()¥YoeT PRSI OZTI = D88 8WIQ IIND

$(avd¥TOLY) 3I1e3sTogT
£(00%0)23TIMn"0TT
(HALIYMTOLY) 21387 OZT
fewT] IIND BWTY

{

}

()ewT3 "398 swTg]

¢ ()doas~ogT
$(INn0Y-3)e3TINTOZT

{(UTw- 3)®3TIMNTOQT

C (L >> T) | 29s°3)93TINTOZT
£ (00X0)®3TINT DT

(HALIYMTOLY) 21387 OZT

{

}

(1 PWTI1)¥D0TD 18S PIOA

f(x3s)sand poT
f£(Fnq ‘¢ I13s)31ed138

{

18



mou-qo7T 4o0f buirugs uva1o // ${0} = [LT]Ias Ieyod
0°0 072 4o0sund buiuq // f()suwoyTpot

po] fo wus24ds uw272 // () I0sITOo7POT
fawWT3 " IIND BWIY

}

(ewTa~mou osmwIg)nuom dsIp proA

fwIxeTe” IINndO uaInisx

¢ ()doas~ogT

¢(){oeU PRSI OZT = INOY WIBTE IIND
$()NoeTpeOI TOZI = UTW WIBTR IIND
$()MoeTpEOITOZTI = 00S WIBTR IIND

£(avd¥~DLY) 3Ie3sTOgT
{(SsSeIppe)®31TIMN~OZT
C(ILIYMTDOIY) 3xIRISTOTT
fmIieTe JIInd SWT]

{

3

(sseippe 3 gaurn)uwiele 398 oswra

¢()doas~ogT

4noy uo uo2bbiuz 03 wuviD 235 // $(0VX0)o3TINnTOZT
$(INOY - oWT3 WIBTER)O3ITINTOZT

{(UTW' oWT] WIBTR)SO3TIN OZT

{(o09s oWT] WIBTR)OITIN OZT

{(SsoIppe)o3TINTOZT

$(IIIYM™OIY) 1TSS OZT

{
f(39syFo aySTuUpTW)QDdzaIuUT

(10s77072YSTUPTU + $Z)ADEZIUT ¢ (0 > 239sFFo 1ySTuUpPTW) = INOY' SdWI3 wIeTe

{

19



{YeoauIaq
f(xas)sand poT
2W1] 23DU23D2U0D // {(¥nq‘Ix3s)3edIas
buruys-ogr-qur // f((oes owWTy " MOU)AUTZADT ., PY, ¢ InQ) JauTads
or >
{1 o0 buipval ppv // (.0, °I38)3e013s ((QLXQ B O9S LWI3 MBU)j) IT
(¢, :o@s,)sand poT
$(1°0)£x03037poT
‘(owTy Mou)owTy qurad
17 @seo
{fesaq
£(0g) su"KeTep”
f(uAh = d,)sand7pot
(1°71) £x02087poT
f(ewrTy xano)euwry qutad
$(1°0)£x02037poT
S(uN = ¥ o¥o0To 1299 ,)sandTpoT
{()owra 398 = ewWI3 IIND
10 eseo
} (@23®easqns) UYOITMS
1T @eseo

{yeoaq
¢ (0g) su"KAeTep”
‘(ewrTy xano)euwry qutad
$(1°0)£x02037poT
f(,idnges 101 sseid,)sandTport
{()owr3 398 = BwWI3~IIND
:Q0 eseo
} (°221®3s) UYoS3TMS

ow1y 4of buruzs uv212 // £{0} = [G] Fnq Ieyd

20



W17 22DUDIDOUOD
buruis-07-3ur

fr o buipvaq ppo

W] 232DUDIDOUOD
buru1s-07-3ur

fr o buipvaq ppo

/7
/7

/7

/7
/7

/7

{YeoauIaq
f(uh = g ‘N = v,)sandTpot
$(1°0)£x03037poT
$(,oromTy umMmep 99g,)sandTpoT
0 @seo
} (°3e2sqnS)YO3TMS
1g oseo
{YeoIq
{
‘yeoaaq
(.7 10oxze,)sand poT
:3Tnezep
{YeoIq
¢ (x3s)sand poT
f(Ing°‘aI13s)aeoigs
f((anoy-ewrd Mou)qurzadgd‘ ,p%., ¢ Fnq) Faurads

£(,0,¢“128)3e0128 ((QLXQ ¥ JINOY 8WI] MdBU){) IT
f(, anoty,)sand poT
$(1°0)£x02037poT
f(ewrTy Mou)owTa qurad
g osed
{YeoIq
f(x3s)sand poT
{(Fnq‘x3as)qeosias
f((utw-ewTy " MouU)AuUTZAOd ‘. P%, ¢ Inq) Jautads

(.0, I3s)3e013s ((QLX0Q ¥ UTW SWI3 MauU)j) IT
(¢, tutw,)sandTpoT
$(1°0)£x03037poT
‘(owTy Mou)owTa qutrad
1g osed

or

or

21



W13 23DU23D2uU0D //

{YeoIq
f(ne 10119 ,)sand poT

:qInezep

{yeoIq
f(xas)sand poT
{(Fnq‘Ix3s)3edoaas

buirugs-o03-qur // f(39s73073y8TUPTW(IUT) ‘U P%, ‘Fnq) Fautads

2W1] 21DUIDOUOD /)
burugs-og-qur //

(o -+ 2USTUpPTH,)s3ndTpoT
$(1°0)£x07037poT
£(,:09 9es zeuwtl,)sand poT

:7 oseo

{YeoIq

(k= d ‘N = v,)s3andTpot
$(1°0)£x02037poT

$(,iI2WTY 00:00 39S,)s3nd poT

0 oseo
} (°3e2SqnS)YO31TIMS

{fesaq
(.7 Toxze,)sand poT

1g oseo

{YeaIq

{

:aTnR ISP

{YeoIq

f(xas)sand poT

{(Fnq‘Ix3s)qedoaas
f(39sFFo umep (3uT)‘ ,U p%,‘Inq) Faurads
(., - umeq,)sand pot

$(1°0)£x03037poT

f(,:09 2es zeuwrl,)sand poT

:7 osed

22



0 427uno2 4of 423un0d moqfuan0 4D21) //

qdT uo uuni //
0 423uUn02 uD21) //

8 1Pu423u? 4of 421D2s24d 22S puv 24DLS //

paysiurf zou [1

sburgg9s 9sffo uvwa12 //

{0 = 3UOTFAOTQISWTIG

‘oad >> 1 =| alry¥od

‘0 = 0INDIL

0 423uUnod 21Q

$((008D >> 1) | (T0OSO >> 1)) =| 0¥0ODl
}
(228ATQLNI)HSI
L0SUas Yrd wouf 2dnasad3uT //

{

EEN

0 = 29SJJ0 3UYSTUPTW = 3O9SJJO UMED

nuaw g1nvfap o3 ob // ‘0 = @3eas

b
(3°8A7 N0 THANIL) USI

passaud adam uoggnq ou [ ‘udwry bopyozvyM //

{
¢ (0Gg)su~AeTep”
{

{YeaIq
$CuMom,)sandTpot
rqaTneyep

{YeoI1q

$((YQV LHODINAIW WYVTIV)wieTe 3e88)euwri qutid

(0 auftN,)sandTpoT
$(1°0)£x07037poT

$((¥QV NMVQ WY¥VTIV)wrere 3e3)ewrta qurad

(¢, ‘umeq,)sandTpot
iy oeseo

{fesaq

23



¢()doas ozt
1ybruprguwan)o ffo uang ‘umpqwivlD UO ULNY // $(0ZX0)°1TINTOZT
427252624 Q432 07 222um // $(L0X0)®2TIn" 07T

$(ILIYMTOIY) 3IRISTOQT
Twavo [ffo uunmz ‘QWaDID U0 ULNY //

aq71 uo uuny // ‘0ad >> T =| airyod
4osuds Yrd wouf pdnuudzur [fo wuny s/ S(OLNI >> T). =3 ¥DID
4090uvdwod bolvuv U0 ULNY // $(AoV >> T1). =% YSOV
umpp puv gybruprw uUsam3a2q = U0 St 3dNAL23UT YId // } eoste {
ow13 umop [fo buiridwvs 27qoua // ‘0 = 8ex"Tx3072yStT
£()doasTogT
UMDQUWAD D U0 ULng ‘rybruprjwuvio [fo uuny // $(0TX0)®2TINOZT
42752694 Q420 07 23%4m /) $(L0XQ)®aTINTOZT

/7

$(ILIYMTOIY) 3IBISTOZT
Twao1D %0 uLny ‘owdsviv [fo uuny //

ag1 ffo wuniz // f(oad >> 1). =% alyod
40SU2S YId wouf 2dnuud3uUt UO uULNY // COLNI >> T =| ¥0ID
4020uvdwod borvuv [fo uuny // tdov >> T =| H4S)V¥

1ybruprw a2uo0foq = [fo si 2dnuaudiur yrd // } ((COINI >> T) % ¥DID)i) 3T

}
(328ATTINI)HYSI
wav 1o DIy wouf 2dnaua3ur //

{

P21022322p uorjow ou ‘2°t ‘moq] sv urd [f1 juswaudur hAluo
£QUDTJAOTQIOWTIY : T + JUDTJAO QIoWTIY 4 ((ZAd >> T) B ANId.) = 2UD JAO QIeWT]

b
(3°8A7AN0"OYANIL) USI

{

24



2 423unoo [fo wuuny //

smolfaano uodwry a240faq [ffo si gaT //

}

(pToA)uTew qUT

uorgounf uivy //

©((0zsd >> 1) | (1TSd >> 1) | (TTSDH >> T)). =B TUDOL
{0 = 3UDTFAOTZISWT]

7 = 8817 TI3073YSTIT

$(¥AV T NMVATWYYIY ‘ewTi uUMBD WIBTR)WIBIR 18S
f()swWT3" 308 = oWT] UMEp WIEBT®E

wuv1D umvp a31vpdn //

} (((oad >> 1) B QI¥Od)i) IT
} (AVIIA LHHIT =< 3Ud JAO gIswTl) JT
fQUOT FAOTZIOWT Y ++

}

(32847 N0 CHEWIL) YSI

¢ ()doas~ogT

f()doas~ogT

4noy uo 42bbiug 073 wuvlv 235 // $(0VX0Q)®3TImn~ogT
[ waoly // (¥1X0)92TINTOQT

$(ALIYM™DOIY) 3IeaS™OZT

4noy uo 4dbbruy 03 wuvlD 228 // ¢ (0VX0)®3TIN T OZT
0 w4o1y // 1 (QoxQ)eatan ogT

C(ILTIYMTDOIY) 3xIRISTOZT

{

25



29SD2179d4

{Yeoxq
‘0 = @3easqns

‘7z = o3eas
0 oseo
} (®2®2sqns) UYOSITMS
oW1y %2010 mau 323s // :7 eseo
{YeoIq
‘0 = ®3easqns
{1 = @3e3s
w1y ua4und Avidsip 2snl // 0 oseo

} (°31eas) UYoO2TIMS

f00X0 = TTINDL

423UN0D UDB1D /) 00X0 = HTINDL
420Un0Qap // £(0g) su~LetTep~

2q 03 wozznq 4of 320m // $(((rad >> 1) B ANId.)) °TTyUnm
432Un0Qap // f(0g)su"Letep”

PCC(rad >> 1) ® ANId.)) ¥t
ipassaud y uoging //

nuaw sabuvyo frddv// ¢ (ewra meu)nuem dsTp

} (1) eTtum

{0} = ewTa " MOU oWT]

f()aturTogt
“(pot
f()asx
f(artut

26



C(4AY NMYA WHVIY

‘owTa UMEBpP WIBTER)WIBIR 3908

‘0

129sffo umvp jos

‘0

= o3®lsSqns
‘¢ = @13eas
// :7 os®eod

{YealIq

= ©93®elsSqns

‘¢ = @13eas
t0 os®eod

} (P3easqns) YOS3IMS

s12sffo umvp 3225 //

1z oseo

{YeoIq

‘jyesa1q
:aTnegep

{Yeoxq

{(PWT3 " MOU)YOOTO~ 308

‘0

S4NoY 13128

‘e

sa3nurw 29s

‘'z

Spu0o9as 29s

= o3eisqns
¢Z = ©3eas
// tg oseo

{YeoIq
= 913e9lsqns
{1 = @3eas
// :g ©sed

{Yeoxq
= 913®e9lsqns
{1 = @3eas
// T ©esed

{

27



{fesaq

:qTnejep
{feoaq
0 = ®3easqus
‘0 = ©@3elsS
swuav1o Avldsip // 5 esed
{esxq
{
{yeeaaq
:qTneJep
{esaq
$(YAY LHOINAIW WHYTIY €owrd 3yStuprtu wIe[e)wIiele 3os
0 = ®@3easqns
‘y = o3els
125ff0 ybaupruw 325 // :] esen
{esaq
0 = ®3easqus
‘y = o3elsS
10 eseo

} (eP3easqns) YOS1IMS
é19sffo ybruprw g2s //

1g osed
f{yeaaq

{

{fesaq
:qTnegep

{eeaq

28



£(T + (P9S oWIA~MOU)AUTZJDHG)dDGZIUT = DOS oWTIG MoU
spuo22s 3225 // :] oseo

{eoaIq
f()swTa" 308 = ewWTI3 MoU
‘T = @3ea3sqns
‘T = @13eas
:Q ©os®ed
} (®3e3sqns) UYOITMS
gaWry %2012 MmMadu 13s // T ose®ed

{yeoIq
202 ff2 ou ‘g uozng //
w3 jua4und Avidsip gsnl // 10 oeseo
} (@3ea1s) yYoS3TMS

£00%X0 = TIINDL

423Un0y 4v210 // £00X0 = HTINDL

420uUnoqQap // ¢ (0g)su"KAerep”

2spa124 29 03 wuog3nq 4of 210m // $(((2¥d >> T) B YNId.)) °TTum
420unoqQap // f(0g)su~LeTep”

} (((2¥d >> 1) B VNId.)) 7T
éspassoaud g uoggng //

{
{
2dnuudgur mopfuano 21qouUd // $(T4I0L >> T) =| MSWIL
} este {
2dnusaqur mopfuano 21qvsip // $(TII0L >> T). =3 YSHIL
} (0 == e1e31s) JT

{

29



{Yeoxq
3Tnejysp

{eaIaq
T + 29sFFyo umMep : Q 4 (€ < 219SJFOo UMBP) = 29SJJO UMEP
22sffo umvp 3225 // ] oseo

{YeoIq
T = 93e3sqns
‘¢ = @3eas

0 osed

} (°3easqns) YOATMS

s1osffo umvp 32925 //

1g ©oseo

{feoaq

{Yeoxq
3Tnejysp

‘yeaaq
0 = INOY-eWII MAU (gZ < (INOY dWII MOU)IUTZJDg) FT
$(T + (Inoy-ewr3 MeOU)3IUTZJDE)(dDEZIUT = INOY' SWII MBU

sunoy 325 // g oseo
fyeoaq
{0 = UTW ' 9WTI3 MOU (G < (UTW' OWTI MouU)uUIZJOg) JT
(T + (UTW' @WIA~MOU)AUTZADH) dDGZIUT = UTW  oWTJ MoU
saqnurw 328 // 1g oseo
feaaq

0 = D89S PWTI3 MAU (G < (290S °WII"MOU)IUTZEIFG) FT

{

30



} CCCady >> 1) ® ¥SOV)i B® (0DYV >> 1) B USDV) IT

21q 2u4vdwod bolvuv 3no ysoy //

{Yeoaq
3Tneisp

{fesaq
209ffa ou ‘g wuogng //

'y oseo

{eaaq
{
{YealI1q
:3Tnegyep

‘yeeaaq

tg- & (T < 3esyyo3yStupTuw) = 39syFyo 3ySTUPTW

1osffo 3ybruprw 3128 //

‘7 + 29s7jo 3ySTUpTW

:7 oseo

{YeoIq
T = 93e3sqns
‘e = @17®easS
0 os®ed
} (®3eisqns) yYoqaIMs

é1asffo aybauprw 325 // 1g osed

{feoaq

31



{
{
{0 = 3UDTFAOTQISWTIG
‘(oad >> 1). =% al¥od
0 423uno> 219 g 1vusdzur dozgs // £((00SD >> T) | (T0SD >> T)). =% 0¥DIOL
} (((2dd >> 1) ® ANId.) 3% (AVIZA NOILOW =< 3Ud~yAO0 QI8WTI3)) IT
mo1 s1 uird pup 27%1ym D 4of Ppag2292p u22qQ Svy uorzow ou fi1 gqgT [ffo wuunp //
{
‘0ad >> 1 =| alyod
} (((advy >> 1) B ¥SOV)i) IT °esIe {
f(oad >> 1). =% dly¥od
{
20T 421D2sa4d Yygim

¢ 423unod 34v3s // ((0TSD >> T) | (IgSd >> 1) | (TTSDd >> 1)) =| THIOL
} (Sex"Tx2573y3TTi %® (0Ad >> T) B ANId) ¥T

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

