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ABSTRACT

Digital equipment such as computers, telecommuioicatystems and instruments use microprocessots tha
operate at high frequencies allowing them to canty millions or even billions of operations per sed. A
disturbance in the electrical supply lasting justesv milliseconds can affect thousands or milliohsasic
operations. The result may be malfunctioning ares lof data with dangerous or costly consequencgs (e
loss of production). That is why many loads, cakkeasitive or critical loads, require a supply that
protected. Many manufacturers of sensitive equignspacify very strict tolerances, much stricterrtha
those in the distribution system for the supplyheir equipment, one example being Computer Busines
Equipment Manufacturer’'s Association for computguipment against distribution system disturbances.
The design of this uninterrupted power supply (Uf8)personal computer (PC) is necessitated dua to
need for enhanced portability in the design of peed computer desktop workstations. Apart from its
original functionality as a backup source of powthis design incorporates the unit within the sygsienit
casing, thereby reducing the number of system coerge available. Also, the embedding of this unit
removes the untidiness of connecting wires and stilewhole computer act like a laptop. Not to éfe |
out is the choice of a microcontroller as an impmitt part of the circuitry. This has eliminated theight
and space-consuming components that make up aimariesign. The singular use of this microcongoll
places the UPS under the class of an advanced edmiy device.
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1.INTRODUCTION

An uninterruptible power supply, commonly calledU®S is a device that has the ability to
convert and control direct current (DC) energy teraating current (AC) energy. It uses a
conventional battery of 12V rating as the inputrsetand by the action of the inverter circuitry, it
produces an alternating voltage which is sent éldlad. This particular UPS is designed for a
small scale load like a personal computer and henbgea basic power rate is generated by the
UPS. Many believe that because an inverter is tipgrirom a nominal 12V battery and it cannot
deliver as much output as a normal mains poweegutls relatively safe. This is not usually
true. Even a low power inverter rated at a meredtdhas an output which is potentially fatal if



you become its load. Such an inverter can haveiaaloutput of 350mA at 230V. This is above
ten (10) times the current level connected to céatsé fibrillation and stop your heart.

Generally, uninterrupted power supply (UPS) can dveuped by source or method of
functionality. (1) By Source: Here we have a vodtapurce (DC) for its operation or a current
source (DC). The current source however is usesddor high power consumption devices hence
this design is a voltage source UPS. (2) By Funefity: Amongst others here is the single-
tracked and dual-tract UPS. The single-tract URSI$ethe load continuously from the rectified
DC supply directly. This type of UPS is disadvamtddpecause a fault in the rectification stage
leads to a complete system failure. The dual &atd like the single tract but it has a bypass that
sources from the mains supply. Hence the battengesl only as backup and does not run all the
time unlike the single track. This design is a dwatk methodology. For an ideal UPS, basic
functionality is needed (1) Being a backup utilidyUPS must ensure that there is no break in the
power supply at any point in time unless majortkalike fuse cuts are experienced. (2) An ideal
UPS must provide the battery with an adequate ehsogas to maintain the optimum conversion
rate to AC when needed. (3) It must also ensurecbaege protection to prevent the battery from
being damaged. (4) All forms of surges and unddsiraveforms that may emanate from inverted
source voltage are to be filtered and well suiedhie output level. (5) Must be sensitive to
maintain stability when the battery safe voltagdééng exceeded. (6) It must also provide an
overload protection for the entire unit.

Many embedded devices provide a rich GUI-based esgrerience; use file systems,
multiprocessing, and multi-threading; and includgworking. An operating system (OS) can
provide these features to support the rapid dewedop of application programs [1, 2]. In
charging a battery of the personal computer (P@heap, unattended, unregulated charger can
destroy a battery by overcharging it. A temperatemmpensated charger is also highly
recommended [3]. Thus most power supplies have MRhtroller based on the well-known
TL494 [4] or equivalent chips (for instance KA7500) 494 features two error amplifiers, but
most power supplies only use one of these. A PWNhtrobler featuring two error amplifiers is
recommended in some design because one contrositpaet voltage and the other controls the
output current.

However, after careful consideration of any exgptoesign of the UPS and some embedded
systems, this particular design incorporated ttieviing methodology upgrades: (1) The battery

charging unit is basically handled by the microtcolter which detects in split microseconds the

point at which the safe battery (voltage at whigierating the battery to generate alternating
voltage is not safe) is being exceeded. This catlsesystem to shut down in order to prevent
damage to the battery. (2) Also handled by the aoimntroller is the overcharge protection. The

controller disengages the battery at full chargéage. (3) Application software interfaced via the

USB (Universal Serial Bus) port of the computer neoboard maintains a constant check link
between the operating system and the UPS. (4) harme compactness, 2-pole relays and
switches are used to eliminate duplication of congmbs. (5) Very simple and readily available

components are sourced making the device commigreiable.

For clarity and neatness of presentation, thelartg outlined into five (5) sections. The First

Section gives a general introduction of a UPS andrsembedded systems. Review of system
components used for this system design is pres@mtgection Two. In Section Three, we outline

the design and implementation procedures. Sectmmr presents the experimental results and
discussion of the results. In Section Five, we taie the work with some recommendations.
Finally, the references are presented at the etiteqfaper.

2.REVIEW OF SYSTEM COMPONENTS

This section discusses the basic theory of comgengsed for this work. Though, we will be
more focused on the heart of the system designr@dantrollers) and its peripherals while we
leave other basic electronic components. But istetkreaders can see [5-9] for theory of other
components used.



2.1. Relays

Relays are electromechanical devices or solid skaweces which operate in response to a signal
which may be voltage, current, temperature etcctElenagnetic relays operate due to magnetic
fields. They are composed basically of two pari3: The operating coil and (2) The magnetic
switch. When an input pulse is introduced into¢b#, a magnetic field is produced in the core of
the electromagnet. This action causes the switchlite. Relays are either normally open or
normally close. Relays are available for DC or AC€igtion and coil voltages range from 5V to
230V. The primary use of relays is in remote switghwhereby the circuit is to be switched is
electrically isolated from the switching circuithi§ system utilizes both one-pole and two-pole
normally open 12V DC relays. As shown in Fig. 1deels a single pole and double pole relays,
in which (a) has a single pole single throw, am@jlsi pole double throw. (b) Has a double pole
single throw and double pole double throw.

B AB B: B: A1B1 AzB:>
VAN
A C Aa Az Ci1 Ca2
SPST SPDT DPST DPDT
Fig. 1(a): One Pole-relay (b) Two Pole-relay

2.2. Microcontrollers

A microcontroller (MCU) is a single computer chip iotegrated circuit that has the ability to
execute written user programs. The MCU is normafigd for the purpose of controlling some
devices — this actually gives it its name microcoligr. The user program can be stored within
the MCU or on an external chip called an Erasabbgfmmable Read Only Memory (EPROM).

MCU are normally integrated into small devices ltke microwave ovens, keyboards and cell
phones. The microprocessor that is universally @teceis not the same as a microcontroller. An
MCU requires a small amount of computing powers leseemory and very little attachment
accessories. MCU-based systems are far more eel&@id cheaper. Their small size also makes
them desirable for circuit designers. The choic®@U used in this system has twenty (20) pins
and runs on a DC voltage of 5V. It possesses amnakt comparator that acts like an OP-AMP
comparator. It also has a clock (crystal) that rana frequency of 12MHz — this frequency is
chosen so as to make the MCU trigger faster. ThaJM&kes charge of sending pulses that
enable the charging circuit for the battery, théveare application interface and the tracking of
safe battery operational level.

2.2.1 Oscillator — Clock generator

A clock is used by the MCU to execute a programseds of program instructions. To provide an
MCU with a clock, an oscillator is used. There different types of oscillators. Amongst others
are the crystal oscillator and the resistor-capagiir.

2.2.1.1 Crystal Oscillator

This consists of one ceramic capacitor of 30pF with end grounded and the other connected to
two projecting pins in a metal casing of the criysiscillator. Oscillators and capacitors can be
jointly packed in a case with three pins. This @aek is called a ceramic resonator. When a
device is to be designed, it is a rule to placeoanillator nearer the MCU to avoid any



interference on the lines on which the MCU is reicgj a clock. This type of oscillator is used in
devices that require great precision of time.

2.2.1.2 RC-Oscillator

This type of oscillator is used in conditions whegreat precision is unnecessary. It depends on
resistance, capacitance, supply voltage rate andingp temperature to achieve a resonant
frequency. The capacitor rating should be suchitlwaintrols noise and stability. When voltage is
supplied, the oscillator begins to oscillate thoiigh unstable at first. It gradually begins ttait

a stable period and amplitude. This simple and iiabke act can influence the MCUs
performance and hence the MCU is placed in rea&t guring the process of the oscillator clock
stabilizing. The oscillator used for this systema isrystal oscillator.

Osc

Fig. 2: Schematic representation of a clock ogoitla

2.2.2. Programming

This is the art of communication with devices usanyg artificial language that can be used to
define a sequence of instructions that can be psateand executed by such devices. There are
two broad classifications of programming languagése low-level and the high-level languages.

2.2.2.1. Low-level Language

This type of language is written specifically for particular type of micro-controller or
microprocessor. This means that it cannot be ugeahbther microcontroller. The instructions in
this language are in mnemonics. This is called dbdg language.

2.2.2.2. High Level Language

This type of language is formed from parts of ratlanguage such as English. It is a high level
of abstraction between what is asked by the compatel what the computer actually
understands. It is easily understood by humans ems#y than assembly languages. But, like the
assembly language the computer cannot understamtigly therefore have to be translated into
machine code the language the computer understands.

2.2.3. Machine Code

This is a sequence of carefully timed series of & OFF signals that can also be called high
and low pulses or digital zeros and ones. The coslgally represents numbers, data and
instructions for manipulating those numbers and.dat

3. SYSTEM DESIGN AND | MPLEMENTATION

This section will discuss the design procedure duadreal time implementation of the system.
The working principle of the smart embedded PC teninptible power supply unit is visually

explained in the schematic block diagram shownign 8. The inverter block, which is the central
block in the design, does the inversion of a 12VtD@ 220V AC. This block provides the back-
up power supply unit for the load in the case ofi@ooutage. The DC supply block is needed in
order to charge the battery since the rechargdadifieries are not charged by AC voltages.
Though not schematically shown, this block also @®avarious circuit components which would
be extensively discussed in later sub-sectionkisfsection. The switching circuit block does the
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automatic switching from AC mains to inverted DGyeo. The microcontroller block comprises
a single microcontroller chip used for both intenf@ with a conventional personal computer
(software control) and for other circuit componentmtrol (hardware control). This system
enables the automatic shutdown of the personal atampvhen the battery level falls below a
designated safe voltage value. This occurs onlynvwhere is a power outage.

From
Ac Mains
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Rectifier

A 4

Switching
Cilrcuit

A 4

Dc Power
Supply

A4

\4

To Computer

System

Inverter

Microcontroller

To PC Application
Interface

Fig. 3: Complete Block Diagram of 650VA Smart Emtéed PC UPS

For simplicity of understanding, the design of tkisstem has been sectioned into three (3)
modules: (1) The power module, (2) The control medund (3) The inverter module

3.1. The Power Module

This module is the circuit block that is necesdanythe provision of regulated (stepped-down
rectified) DC power supply (from AC mains) to cifcucomponents (ICs, relays and
microcontroller) for the charging of the rechardeatattery. The circuit diagram of this module
is shown in Fig. 4. The input voltage from the nsais taken to be nearer to constant power
supply from the power supply company (an approxinvatue of 220 — 240V AC). This circuit is
protected by a fuse rated at 13A, 240V. The fusa psotective device is supposed to break the
circuit when there is a current flow above its datealue. The resistance of the fuse can be
calculated from the equation.

R=2 =20 1850 =200

3.1.1. Description of Components

1)

The 240V AC is then passed to the primary windifiga 240/15V step-down transformer (i.e.
secondary voltage primary voltage). The choice of this transformexuld be explained in due

course. However the transformer internal analysihus, the ration of Primary winding over the
secondary winding as:

V, _N1_240_
V, N2 15
N_2 :10_1;M =10
N1 N2

(2)

()



Vv, |

-2 -1 (4)
V1 12

In the peak secondary voltage, \the ratio N/V; is called the forms-per-volt-ratio. The primary

and secondary of the transformer have the sams-pemnvolt-ratio.
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Fig. 4: Complete power module circuit diagram

3.1.1.2. Voltage Regulator§LM7815 and LM78L05)

These two voltage regulators are used to give ataohDC voltage of 15V (LM7815) and 5V
LM78L05. They act as stabilizers due to the faett time circuit components are to run on DC
voltage that contains negligible or no pulsationalla These regulators give an unvarying output.
The LM7815 uses a heat sink due to its nature & tng. The LM78L05 however does not need a
heat sink. Both the two regulators have a maximument drawn of 1A each. The LM7815 gives
an output of 15V that is fed into the comparatdviidl), though due to configurations it is not
directly used as a reference voltage. The two seRiyAl and RLA2 also feed from this terminal.
The LM78LO05 gives an output of 5V that is fed te tinicrocontroller unit. This terminal must at
all times have an output of 5V either from the ifessd power or the battery terminal because the
microcontroller oversees the general control of whmle circuit and must always be powered.
This regulator is fed by a joint from two diodebl4001) which prevent a flow back of current
and are the alternating sources of voltage togbalator.

From N LM78L05 To Microcontroller

rectified DC Vi

from cell

Fig. 5: Connection of the 5V voltage regulator (L8LD5)



3.1.1.3. Other Components

Other components are the capacitors, resistorsdmus used in the power supply stage. The
various capacitors in this module act as filterthwiarious ratings and their respective bleeding
resistors in this case a 300

TABLE 1: Ratings of capacitors

Component Farad Voltage State

C1 2220uF| 10V Polarized
C2 470uF | 16V Polarized
C3 10pF | 25V Polarized

C, is higher because we have a greater level of fohsat the point of immediate rectification.

Diodes: The two diodes used in this module arecbdisides and all they do is to prevent a flow
back and a constant inflow to the Voltage regulalbey have the following configurations.

Table 2: Ratings of Diodes

Component Type

D1 IN4001
D2 IN4001

3.1.1.4. The Rectifier Component

Rectification of AC to DC is achieved by a full-wabridge (FWB) rectifier configuration. The
FWB has twice the efficiency of the half-ware ateddutput is equally twice. A FWB as opposed
to a two-diode full-wave rectifier when used carsule in the same DC voltage but the
transformer used with the two-diode full-wave réeti must have higher turns ratio (N1/N2).
This implies that with the bridge rectifier, fewtairns of wire are needed in the transformer. This
results in a smaller, lighter and cheaper transéoriihis benefit far more exceeds the cost of the
additional two (2) diodes that constitute the beidgctifier.

The full-wave bridge rectifier: This is a setupfofir (4) diodes (1N4001) configured in a manner
that the pulsating AC voltage they encounter iagfarmed to a positive amplitude only that is
the negative amplitudes are eliminated.

|

@) (b)

(c) (d)

Fig. 6: (a) Waveform of AC output, (b) Waveformiwiproperly filtered DC output, (c)
Waveform of Unfiltered DC output and (d) CompletBliered DC output.



From the diagram above, Fig (a) shows a pulsatigy Aig. (b) Shows a pulsating DC
(improperly filtered), Fig. (c) Shows a pulsating Bwithout a filter) and Fig. (d) Shows a DC
that has undergone filtering and hence is no lommédsating. That is all ripples have been
smoothened.

3.2. The Control Module

The control module is the driver of the whole citclt determines different rates like the
charging value of the battery, the switch voltagethe relays and the battery safe voltage value.
The components used in this module are outlingdarsubsequent sub-sections.

3.2.1.The Microcontroller

The main controller is handled by the microcongl{AT89C2051) that runs on a crystal of
12MHz frequency. The microcontroller has twenty)(Bths. Pin 1 is the reset pin and the reset
circuit is shown below in Fig. 7.

/'\ C
Pin 1 to Reset
%R

Fig. 7: Configuration of Reset Circuit for MCU Pin

The reset pin sets the MCU to a neutral point saago be influenced by the initial unstable
nature of the oscillator attached to the MCU atspinand 5. Pin 2 through 9 are used for the
parallel port interface. This is the soft contiadittis handled by the computer operating system.
The software Xmart 1.0) that performs the soft control is written in Mieoft Visual C++ high
level language. This language is chosen due tordper management of hardware devices. The
MCU however runs on Assembly language (Low leveylaage). Due to page limits, we are not
able to put all the codes used for the system. \&iewnly able to provide the codes written for
the MCU in an assembly language, and leaving thesorthe software applicatiorkmart 1.0)
written in Microsoft visual C++Rather, we have described the algorithm with a ftdwart (both

for Xmart 1.0 and the MCU’s Assembly language). Though, intexkseaders can contact us
directly for the source codes.

*cc =5V
Reset—{ 1 20
— 2 19 11 10 —Gnd
— 3 M 18 12 9 [—Vee
- 17 13
To Oscillator terminal 4 C A 8 :I Gnd
-t 5 u 16 14 b 7
— 6 15 15 c 6 —To battery terminal
— 7 14 16 5 j
— 8 13 17 4 _L
To Parallel Port L{ 9 1 3 J —c4a
12 18
Gnd—] 10 11 19 2 FGnd
20 — -
Vec 1
To RLA1 & RLA2

To Comparator

Fig. 8: Diagram of MCU interfaced with ADC

In the diagram above (Fig. 8) Showing the interfgddetween MCU with ADC, Pins 13 — 19 are
connected to the outputs of an ADC (Analog-to-Ribi€Converter), Pin 12 is linked to the
comparator, Pin 11 is connected to the relays RaAd RLA2, Pin 20 is the VCC and Pin 10 is
connected to the ground.



3.2.2. The Comparator(LM741)

This comparator has the duty of checking for ancAput that can conveniently power the entire
circuit. The reference voltage is set by the vadeiaesistors and a benchmark of 180V AC is
fixed. This benchmark was chosen due to a testedato observe that the motherboard of most
computers would call for a restart at this AC valllee comparator therefore switches the relays
to the battery mode when AC drops to 180V or below.

Filtered DC
Unfiltered DC
R4
LM741
50% [ LM7805CT
Rb{{?& vrReG———=To Pin 12 on MCU
_/ QOWWON

50%

Fig. 9: Configuration of Voltage Comparator

The output of the comparator is sent to a voltaggilator LM78L05 (see Fig. 9) whose output is
sent to pin 12 of the microcontroller. This actiat of the soft control automatically. Note
however that the software control can also be mbnaetivated to shut down the system.

3.2.3. The Relays

The relays are simple automatic switches. Theifigaration is given below:

Component Volt | Volt type | No. of poles
RLA 1 12v | DC 1
RLA 2 12v | DC 2

RLA1 switches by impulses from the microcontroll#rswitches between the charging voltage
(15V) point and a dumb terminal. The MCU tells RL#when to begin to charge the battery. This
relay is never powered when there is a power outRgéd2 has 2 terminals, which switches

between the inverter and the mains supply. It algitiches the battery to a dumb terminal when
the inverter does not require it.

3.3. The Inverter Module

This module is the segment of circuitry that ipassible for the conversion of 12 volts DC from
battery supply to 220 volts AC that supply backugwer to the load. This module consists
primarily of an oscillator circuit shown in Fig. flat causes two sets of MOSFETSs to switch
alternately at a frequency of 50Hz (in compliandehvpresent power supply frequency), and a
step-up transformer that steps up the voltage @ovdits AC.
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Fig. 10: Bistable Oscillator Circuit

The oscillator circuit was implemented with the aifda 555 timer configured to operate as an

astable multivibrator with its output fed into aflip-flop producing two outputs (Q arfd) of
inverted waveforms. The frequency of oscillatiorthe 555 timer was set with the formula:

F=144/(R+2R)C (5)
Vee
14
SET, L
D i 2 Q,
F/F,
3
Clock, =7 Q,
Reset , 3 I
SET, 8 |
12
D Q.
9
F/F,
Clock, 1 P Q,
Reset , 10

[ 7
GND

Fig. 11: Pin configuration of the CD4013 IC

R; was chosen to be 4.%kand C was chosen to be 1uk.viRs chosen to be a 1@kariable
resistor and it was varied while the frequencyhef timer was being measured (with a frequency
meter) until a 100Hz frequency was achieved. Thpuwwf the timer was then passed through
the D Flip-flop that divides the frequency in twsDHz) while providing two outputs that are the
inverse of each other. The two outputs of the ffliyp- were fed into the gates of two sets of
MOSFETS that act as alternate switches while thestormer completed the circuit by stepping
up the voltage to the desired level. Care was takemproper saturation of the FETs (MOSFETS),
to ensure that the gate voltage was approximatglgleo the drain voltage. This was achieved by
powering the oscillator circuit from the same seun€ power as that of the FETs (the battery).

In this module, a conventional 555 timer whichms8pin IC package was used as the first stage
of the oscillation circuit. The D flip-flop used wa CD4013 IC that consists of dual flip-flops in
one package. Only one of the flip-flops, the uppart of the package was used, with the set,
reset, clock and data pins of the other flip-flaghe package grounded. The pin configuration of
this is shown in Fig. 11. The transformer used 2&-12/240V step-up transformer wound to
handle a 600W load. The FETs used (Z44) had curaginty higher than that of the battery (12V
17Ah) to ensure that they don’t burn up on poweth@m, since they draw up maximum current
from the battery. Two IN5408 diodes were also plaeeross the FETs for protection against
backward current flow as shown in Fig. 12.
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To Relay
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Fig. 12: The Inverter Module

11



3.4. Programming and Procedural Flow

The control module offers a series of flow to deti@e various conditions of operation. Below is
a summarized flowchart of the module

<srm

A 4

GET CURRENT AC
VOLTAGE

IS
ACVOLTAGE
<=VOLTAGE

SWITCH VALUE

?

?

Y

Use current AC Voltage Value

Call Xmart 1.0 Run load on Switch RLA2 to Do not switch
and shutdown the inverter enable Battery RLA2
system Charge

Fig. 13: Summarized flowchart of the procedurahflof the control module

Also, the visual displays of XMART 1.0 under deyaiment and after development are shown in
Fig. 14 and Fig. 15 respectively.

12
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Fig. 14: Developer Environment for Microsoft Visuiat+ showing Xmart 1.0 under

development
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Fig. 15: Visual display of Xmart 1.0 after develagmh



3.5. Design Specification

Since this project is designed to handle a coneraticomputer system unit, specifications had to
be sought to ensure that no undue outputs or designe gotten or made respectively. Below
(Table 3) is the basic power consumption rating personal computer system.

Table 3: Computer Power Rating Specification

COMPUTER SYSTEM PARTS WATTS (W)
1 | MOTHERBOARD (without CPU or RAM) 30
2 | 550MHz PENTIUM Il 30
3 | 7200RPM IDE HARD DISK DRIVE (HDD) 15
4 | RAM (128MB) 10
5 | 50x CD-ROM DRIVE 25
6 | NETWORK INTERFACE CARD (NIC) 4
7 | FLOPPY DISK DRIVE (FDD) 5
8 | PERIPHERAL COMPONENT INTERCONNECT (PCI) CARD5
9 | ACCELERATED GRAPHIC PORT (AGP) CARD 30
10 | VISUAL DISPLAY UNIT (MONITOR) 330
APPROXIMATE POWER CONSUMPTION 484

The design that this UPS incorporates thereforaleollowing specifications.

Table 4: Specifications for System Design

OUTPUT POWER 650VA
OUTPUT FREQUENCY 50HZ
OUTPUT VOLTAGE 20V
INPUT VOLTAGE 12v DC

This system creatively combines the circuitry afcaventional DC Power Supply Unit (Power
Pack) to achieve an exact voltage distribution ltcceamponents of the computer system. The
circuitry of the power pack if altered would enharibe compactness but that is beyond the scope
of this design.
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4. TESTING, RESULTS AND PROBLEM ENCOUNTERED

This project necessitated some very vital testadcertain the various required inputs and
generate the proposed output. The following expemial tests were carried out and are
documented below.

4.1. Voltage Switch Test

It was noticed that at a particular AC voltage sistem unit was automatically restarted. By the
use of a dimmer and test Multimeter, the voltage waried from an initial value of 220V. It
was noticed that at a range of 180-150V AC theesystinit restarted. This point was hence
made to be the voltage value point at which the WRSipposed to switch the power supply to
the inverter. This test produced a range of 180Vaka@ below. It is assumed that at this range
there is a cut in the power supply of the main.

4.2. Battery Safe Value Test

This test was carried out to determine the valueattery voltage at which it would be unsafe to
continue running the system on the inverter asuacso The purpose of this test is also seen in
the methodology employed by the MCU, whereby itdsea signal to the parallel port to
activateXmart 1.0(the software application that is configured foe UPS) and shuts down the
system within a given timeXfnart 1.0shutdown time frame) interval to avoid completely
running down the battery. This value was set t&6.0

4.3. Battery Charge Value

This value was set to determine the voltage at lwhie MCU could switch the relay that
enables the battery to begin charging. It was ahésde 11.5Vand the full charge value to be
13.5Vthis is the specified charge value.

4.4. Time Interval Test

This test was to determine the rate at which theehyaruns down on rated load. The results
from this test were to help assume a time framenaich the UPS can sustain the system on
battery power. It however was not feasible.

45. XMART 1.0 Shutdown Time Frame

When the MCU senses that the battery has gottehetsafe value, it calls up the software
application Kmart 1.0 and it hands over control to the applicati¥mart 1.0gives the user a
time frame of sixty (60) seconds to quickly savewoents after which it calls the shutdown
function of the operating system and shuts dowrsyséem.

4.4. Problem Encountered

1. One of the main problems encountered was in thee@omodule. The initial MCU had an
internal comparator but it could not handle a vatid2V. This led to the inclusion of an
ADC to be able to convert the 12V from the batterg rectifiable pulse for the MCU.

2. Compatibility was also a major issue, because thipgse of the project would have been
defeated if its bulky nature was not better thamtndxists. This desire to make the project
compact actually led to the use of an MCU and Di&yee Also the battery terminals were
externally placed to reduce the weight of the catgimodel.
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3. The software control implementation was supposedig®e a USB interface due to its
convenient internal placement. However, a paraiet external interface was chosen due
to the modernized and highly technical nature 0S8 port in hardware interfacing.

4. The application software written in Visual C++ wdulave been done in Visual Basic since
it is relatively simple. It however does not handbrdware implementation and so could
not be used. Other high level languages are toaraxhd for the project at hand.

5. CONCLUSIONS

It can be concluded that the sole aim of carryingtbe design, analysis and implementation of
a smart embedded personal computer uninterruptegepsupply systemwas achieved, in that
the aim was to develop a cheap, affordable, reiaid efficient smart embedded system,
which was successfully realized at the end of tbsigh process. The whole concept of the
system cuts across the hardware implementation safisvare implementation. The power
module generated an output that conveniently powepersonal computer and the control
module do the master channeling of device outpudsigouts though they are controlled mainly
by the assembly code on which the microcontrolleisron. However similar implementations
existed before now and were called internal UPSqguumnto this design however is the principle
behind the control of the module, whereby a 5V ogontroller has to read a source of 12V
(DC).
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Appendix A: Codes Written for the MCU in Assembly Laage

; UNINTERRUPTED POWER SUPPLY

; DEFINATIONS

;REGISTERS

Ctr Equ 02h
;BIT MEMORY
ADCReg Equ 20h
PPReg Equ 21h
;PORT

ADCPort EquP1
PPort Equ P3
;BIT

ADCReg0 Equ 00h
ADCRegl Equ 01h
ADCReg2 Equ 02h
ADCReg3 Equ 03h
ADCReg4 Equ 04h
ADCReg5 Equ 05h
ADCReg6 Equ 06h
ADCReg7 Equ 07h
PPReg0 Equ 08h
Charger Equ P3.7
Mains Equ P1.0

;  VECTOR ADDRESSES

Org 0000h ;RESET VECTOR ADDRESS
ljmp Start ;Jump to start of program

Org 0003h ;EXTERNAL INTERRUPTO VECTOR ADDRESS

reti ;Return from Interrupt

Org 0Bh :TIMERO INTERRUPT VECTOR ADDRESS
acall Timer

reti

Org 13h :EXTERNAL INTERRUPT1 VECTOR ADDRESS

reti

Org 1Bh :TIMER1 INTERRUPT VECTOR ADDRESS
reti

Org 23h :SERIAL INTERRUPT VECTOR ADDRESS
reti :Not used

Org 30h ;Program starts here
Start:
mov SP,#40h  ;Stack Pionter intialized
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clr RSO ;BankO selected
clr RS1
mov PPort,#255
mov ADCPort,#255;Initialising ADCPort as input port
setb Mains
mov Ctr,#8
mov TMOD,#17 ;Timer0 (16bit Timers)
mov THO,#11 ;TimerO reload value= 55535
mov TLO,#219
setb ETO ;TimerO Interrupt enabled
setb TRO ;Start Timer0

setb EA ;Global interrupt enabled
imp $ ;Wait
Timer:
clr TRO ;Stop Timer0

mov THO,#11 ;TimerO reload value= 3035
mov TLO,#219
setb TRO ;Start TimerO
djnz Ctr, EndTimer
mov Ctr,#8
mov ADCReg,ADCPort
setb ADCReg0
acall ADConversion
acall ChargeBattery
acall UpdatePPort
EndTimer:
ret

ADConversion:
mov dptr,#PPData
mov A,ADCReg
movc A,@A+dptr
mov PPReg,A
ret

ChargeBattery:
mov A,ADCReg
cjne A, #10,ChargeBat
cjne A, #12,StopCharging
ret
ChargeBat:
clr Charger
ret
StopCharging:
setb Charger
ret

UpdatePPort:
jb Mains,IMains
clr PPReg0
mov C,Charger
mov PPort,PPReg
mov Charger,C
ret
IMains:
mov C,Charger
mov PPort,#255
mov Charger,C
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ret

PPData: db 243,243,243 243,243

db 242,242,242,242,242

db 241,241,241,241,241
db 240,240,240,240,240
db 239,239,239,239,239
db 238,238,238,238,238
db 237,237,237,237,237
db 236,236,236,236,236
db 235,235,235,235,235
db 234,234,234,234,234
db 233,233,233,233,233
db 232,232,232,232,232
db 231,231,231,231,231
db 230,230,230,230,230
db 229,229,229,229,229
db 228,228,228,228,228
db 227,227,227,227,227
db 226,226,226,226,226
db 225,225,225,225,225
db 224,224,224,224,224
db 223,223,223,223,223
db 222,222,222,222,222
db 221,221,221,221,221
db 220,220,220,220,220
db 219,219,219,219,219
db 218,218,218,218,218
db 217,217,217,217,217
db 216,216,216,216,216
db 215,215,215,215,215
db 214,214,214,214,214
db 213,213,213,213,213
db 212,212,212,212,212
db 211,211,211,211,211
db 210,210,210,210,210
db 209,209,209,209,209
db 208,208,208,208,208
db 207,207,207,207,207
db 206,206,206,206,206
db 205,205,205,205,205
db 204,204,204,204,204
db 203,203,203,203,203
db 202,202,202,202,202
db 201,201,201,201,201
db 200,200,200,200,200
db 199,199,199,199,199
db 198,198,198,198,199
db 197,197,197,197,197
db 196,196,196,196,196
db 195,195,195,195,195
db 194,194,194,194,194
db 193,193,193,193,193

end
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