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ABSTRACT:

A Dynamic Voltage Restorer to mitigate power quality disturbances such as
voltage sag, swell and harmonics. The compensation strategy is based on pre-
sag compensation. Controller based on dq0 transformation technique and ANN
is implemented in order to maintain the nominal load voltage and phase angle
Custom power devices such as dynamic voltage restorer (DVR) are used to
improve the power quality in distribution systems. These devices require real
power to compensate the deep voltage sag during sufficient time. In this paper,
a neural network is proposed to control the DVR performance to achieve
optimal mitigation of voltage sags, swell, and unbalance, as well as
improvement of dynamic performance. Three multilayer perception neural
networks are used to identify and regulate the dynamics of the voltage on
sensitive load. The proposed controller provides optimal mitigation of voltage
dynamic. Simulation is carried out by MATLAB/Simulink, demonstrating that

the proposed controller has fast response with lower total harmonic distortion.

Keywords: Dynamic Voltage Restorer (DVR), Ultra-capacitor (UCAP), DC-DC converter,
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1. INTRODUCTION:

The thought of PQ in utility facet
has found to be acknowledged
within the recent years. As a result
of the continual growth of electric
load and transfer of high regional
power via an oversized
interconnected network, the
protection of installation could
reduce and results in a push
operation. It deals with a broad
range  of  disturbances  like
harmonics, voltage sags, voltage
swells, flicker, interruptions and
different distortions [1], [2].Among
this power quality issues voltage sag
and swell square measure the
foremost frequent issues within the
distribution system. Voltage sag
happens when the availability
voltage drops with amplitude vary
from 100 percent to ninetieth and
last for a time period of [*frl] a
cycle to 1 minute. Or else, Voltage
swell could occur once the
unexpected rise of offer voltage
with amplitude ranges from one
hundred and tenth to 180% of its par
value. A typical period of voltage
sag and swell is ten ms to one
minute consistent with IEEE 1159-
1195 and IEEE 519-1992 standards.
The mitigation may be through with
a number of obtainable ways
exploitation custom power devices
such as DSTATCOM, DVR and
UPFC [3]. Among the custom
power devices, Dynamic Voltage
Restorer (DVR) is employed

Volume XI, Issue IX, September/2019

because the most effective device to
revive the quality of voltage. The
system configurations and analysis
reveals the operative performance
of Dynamic Voltage Restorer. The
voltage capability of DVR depends
on the ability of most voltage
injection. Another answer proposed
in DVR to make amends for the
voltage sag that is done by injecting
an insolent voltage in construction
with the road current. In the recent
past, the value of the reversible
energy storage has been drastically
decreasing as a result of varied
developments in technologies like
the star, wind, hybrid electric
vehicles (HEVs). varied sorts of
reversible energy storage
technologies supported flywheels
(FESS), batteries (BESS),
Superconducting magnets (SMEs)
and Ultra capacitors (UCAPs)
square measure designed for
integration into advanced power
applications like DVR. There has
been improved interest to integrate
reversible energy storage at the dc-
terminal of  power  quality
merchandise like STATCOM and
DVR is addressed. Matrix devise
primarily based DVR is given in
where there's no demand for energy
storage device for emergency
purpose of the grid however it
suffers from drawbacks like high
price, high energy demand and in
H-bridge with cascaded affiliation
in DVR with iate degree
inductor cgntrolled uster is
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introduced to reduce the necessity
of energy storage. Ultra-capacitors
square measure best fitted to many
applications among different energy
storage technologies which need
active power support within the
vary of milliseconds to seconds.
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Figl.1.Block diagram.
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2. PREVIOUS STUDY:

Ultra-capacitors have numerous
potential benefits that make them
unbeatable in several applications as
a result of they require neither
cooling nor heating, no moving
components, it does not undergo
internal chemical changes as a part
of their perform. In addition, no
frequent maintenance is needed
with  reduction in lifetime
degradation because of deep sport
and that they are terribly efficient
and sturdy. The appliance of super-
capacitor in wind energy is
deliberated. The combination of
super-capacitor into the DVR for
the distribution grid is projected.
This paper presents the combination
of UCAP based mostly DVR since
DVR will offer solely restricted
quantity of real power and isn't
ready to atone for higher values of

Volume XI, Issue IX, September/2019

PQ issues. The UCAP-DVR
connected via bifacial DC-DC
convertor is enforced to attain
precise and quick response of the
DVR. Additionally, UCAPs have
high power density and low energy
density ideal characteristics for
effective compensation of PQ issues
like voltage sag and voltage swell
investigating the prime quality of
power within the distributed power
generation.

3. DESIGN ULTRA CAPACITOR:

Ultra-capacitor consists of the
conductor, solution, collector, valve,
the membrane for isolation, sealing
materials and affiliation pole. The
performance of Ultra capacitor
depends on conductor materials, the
composition of electrolyte, the
quality associated with separation
membrane and  manufacturing
technology. In step with the energy
storage mechanism, UCAP is often
divided into 3 classes particularly

double-layer  electrical  device,
metal-oxide  conductor  super-
capacitor and organic chemical
compound conductor Ultra

capacitor. The oft used carbon
conductor double-layer capacitance
is shown in Fig. While charging, the
positive plate attracts solution anion
and negative plate attract ion, a
double layer electrical device is
formed on the surface of 2 layers,
therefore the name double layer
electrical device. Once discharging,
it wills UN harness Id on

' ﬁhmcmm—“ N
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energy instantly. UCAP is
especially appropriate for brief term
high power application.

f
0%

i:'

Double Layer
Capacitor (DLC)

Fig.3.1.Ultra Capacitor.
4. SIMULATION RESULTS:

The simulation of the integrated
UCAP-DVR is carried out in
MATLAB/Simulink for a 415 V,
50Hz system.

Fig.4.1.simulation diagram.

The result of the mixing of UCAP-
DVR for the voltage sag and swell
event is explained as follows. The
injected voltage of the series
electrical converter [Vinja, Vinjb,
Vinjc] for the voltage sag is shown
in Fig. It is often ascertained from
Fig. that the injected voltage
Vinjalags V0Oab by 300, that shows
that it's in-phase with the line-

Volume XI, Issue IX, September/2019

S

neutral supply voltage VOab. Fig.
represents the compensation voltage
for voltage sag event. The injected
voltage of the series electrical
converter [Vinja, Vinjb, Vinjc]| for
the voltage swell is shown in Fig.

Fig.4.2.Results at sag condition.

ANN controller:

Counterfeit neural systems (ANN)
or connectionist frameworks are pro
cessing frameworks that are motivat
ed by, however not really indistingu
ishable from, the natural neural syst
ems that establish creature minds. S
uch frameworks "learn" to perform
assignments by thinking about mod
els, for the most part without being
customized with any errand explicit
guidelines. For instance, in picture
acknowledgment, they may figure o
ut how to recognize pictures that co
ntain felines by breaking down mod
el pictures that havebeen physically
named as "feline" or "no feline" an
d utilizing the outcomes to distingui
sh felines in different pictures. They
do this with no earlier learning abo
ut felines, for instance, that they ha
ve hide, tails, stubbles and feline lik

e%’ﬁpearances.gr, they consequ

e
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ently create distinguishing attributes
from the learning material that they
procedure.

Fig.4.3. ANN network.

This overall modelling and its result
are often compared with the unpaid
and traditional through the doctorate
analysis. This may be finished
voltage and therefore, the total
harmonic (THD) within the system
are often seen. This analysis can be
done to justify that the integrated
UCAP-DVR works efficiently than
the unpaid and traditional system,
thus compensating the issues of
voltage sag and voltage swell
without any distortions. The unpaid
system consists of fault creation
whereas the standard system
includes of DVR connected
asynchronous with the 3 part
distribution system without any
energy storage devices.

Volume XI, Issue IX, September/2019

Fig.4.4.Results at swell condition.

5. CONCLUSION:

A new approach was projected to
boost the voltage profile of
distribution installation. The
projected model is provided with
DVR as an acceptable FACTS
device and UCAP as speedy energy
storage system. The look and
modeling of bifacial DC-DC device
were mentioned as UCAP cannot be
directly connected to the dc-link of
the DVR. The UCAP plays terribly
important} role; since they'll give
very high power in an exceedingly
short length of your time and to
explore the practicableness and
stability of the energy storage
system for up the electric power
quality and this can be an
inexpensive answer to
determination PQ problems within
the distribution grid. Simulation
result shows that the projected DVR
give compensation in economical
and deep manner. The results that
obtained are compared with
conventional DVR in terms of ThD.
UCAP based mostly energy storage

can be adopted within the future on
varied Lgi_it‘ribt.miv{) so as to
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prevent sensitive hundreds from
disturbances.
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ABSTRACT

Usually accepted that input voltage source of a
switch-mode power supply is constant or shows
insignificant small variations. Despite everything, the
last assumption is not any more valid when an PV is
utilized as input source. A PV is described by low and
unregulated DC output voltage, moreover, this
voltage diminishes in a non-linear form when the
demanded current increments; from now on, an
appropriate controller is required to adapt the
previously mentioned issues. In this investigation, a
normal current-mode controller is planned utilizing a
Joined model for an energy unit PV and a boost
converter; besides, a determination method for
controller picks up guaranteeing system stability, o/p
voltage regulation is produced. The proposed energy
system utilizes an energy component power module
and a boost converter conveying a power of 900 W.
Simulation results affirm the proposed controller
execution for o/p voltage regulation by means of
closed loop gain estimations and step load changes.
What's more, a correlation amongst open-and closed
loop estimations is made, where the controller
robustness is fried for vast load varieties and PV
stack o/p voltage changes also.

KEY TERMS: PV, Boost converter, Curreni-mode
controller

1. INTRODUCTION

Photovoltaics offer buyers the capacity to
produce power in a spotless, calm and dependable
way. Photovoltaic systems are contained photovoltaic
cells, devices that proselyte light energy
straightforwardly into power. Since the wellspring of
light is normally the sun, they are regularly called
solar cells. The word photovoltaic originates from
"photograph.” meaning light, and "voltaic," which
alludes to creating power. Along these lines, the
photovoltaic procedure is "delivering power
straightforwardly from daylight." Photovoltaics are
regularly alluded to as PV. PV cells convert daylight
straightforwardly into power without making any air
or water contamination. PV cells are made of
somewhere around two layers of semiconductor

Volume 8, Issue X1, NOVEMBER/2018

material. One layer has a positive charge. the other
negative.

At the point when light enters the cell, some
of photons from light are consumed by the
semiconductor molecules, liberating electrons from
cell's negative layer to course through an outer circuit
and once again into the positive layer. This stream of
electrons produces electric current. To expand their
utility, dozens of individual PV cells are
interconnected together in a fixed, weatherproof
bundle called a module. At the point when two
modules are wired together in series, their voltage is
multiplied while the present remains constant. At the
point when two modules are wired in parallel, their
current is multiplied while the voltage remains
constant. To accomplish the coveted voltage and
current, modules are wired in series and parallel into
what is known as a PV exhibit. The adaptability of
secluded PV system enables planners to make solar
power systems that can meet a wide assortment of
electrical needs. regardless of how extensive or little.
A grid-associated PV system will require an utility
interactive DC to AC inverter. This gadget will
change over the immediate current (DC) power
delivered by the PV exhibit into rotating current (AC)
power normally required for loads. for example,
radios, TVs and iceboxes. For an off-grid PV system,
shoppers ought to consider whether they need to
apply the immediate current (DC) from PV's or
convert the power into substituting current (AC).
Machines and lights for AC are adequate more
typical and are by and large less expensive, yet the
change of DC power into AC can devour up to 20
percent of all the power created by the PV system.

2. PROPOSED SYSTEM

A PV is warm - based electrical energy
source that creates low and unregulated DC voltage,
where the output voltage diminishes in a non-linear
mold when the requested current increments. The
stack output voltage terminals are associated with a
DC/DC power converter to at long last give a voltage
required to sustain either a DC or an AC load. In
accompanyinmg, a general numerical portrayal
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catching correctly the coupling between the PV and a
DC/DC boost converter is appeared in detail.

2.1 PV Static Properties

A few articulations have been proposed in
open writing to anticipate the warmth and warm
dynamical conduct of PV. Be that as it may, with the
end goal of this work, a reasonable and simple to-
deal with PV articulation incorporating electric
properties perfect with power change is utilized. For
example, a PV static articulation for o/p voltage
which depends on the output present and physical
parameters is given in [13]where v f is PV output
voltage, if is the pv-cell stack current and E O is the
open-circuit voltage.

T Eo
Vf(lf) - 1+("-fr”h)6

The parameters & and Iy, rely upon the earth
moistness conditions and stack temperature. These
parameters together with Eq are required to be
registered for a given pv-cell stack. Sadly, this diode
respects an undesired power dissemination, which
results in a decrease of usable output power to around
1 kW.

Remark 1: The articulation that speaks to
the static properties of pv (1) was taken from [13]; in
any case, a system is required to get (from accessible
estimated information) the parameters & and [;. In
accompanying, a clarification about the calculation of
parameters Eg. 6 and I, is given. An arrangement of
N discrete trial tests (igegp(k). Viep(k)) with k=1, 2, 3,
... » N, comparing to the stack o/pcurrent,voltage are
required. For this situation, the examples are
portrayed in hovers in Fig. la. See that such
examples are gotten by expanding if from 0 to 43 A
(diminishing a resistive load). Note that there is no
load associated with the stack at the specific first
example: accordingly, the open-circuit voltage is E,
= Viep(l) when igg(1) = 0 A. Presently, the
articulation (1) perhaps changed as
() =Zt e 2

In vy

! ! e
-

o o, oo Loy
i D 8 IE] 1
Py ““l e n_ B0 ¢ PES
. "_‘ I i 'l.
. = |

|

Figl: PV-cell stack/boost converter system PV-cell
stack/boost converter system

and recalling some basic logarithm properties, (2)
perhaps expressed as

dlogi; — Slogl, = log T 3
/ vy

Expecting that (3) holds for every recorded example
(ifexp (K). Vienp (k) with E known, at that point (3) has
the shape where

GUX+T =V, ceeeens 4

a, = 61

x = logis

ay = —Slaglh

y = log ?— 1) .......... 5

Along these lines, the constants al and a0
are required to be found so as to figure d and I;,. At
long last, utilizing the outstanding linear slightest
square information fitting [24]. the parameters § and
I;, perhaps acquired from accompanying calculations
(all entireties are of frame Yky=1):

Which yield to
¥ NExxy: — XX XYk = 0.64
N2Zxe — X x)?

Ip = log™* (%) = 82.86...eeeereiee, 7

for N = 22 tests and EO = 41.7 V. An
examination between trial information and the
articulation in (1) is given in Fig. la, which affirms
the precision of portrayed strategy. Furthermore, this
static model (1) is nonstop for a vast scope of
currents, including no present and greatest current.
2.2 Overall mathematical representation

The proposed physical usage of pv-cell
stack/boost converter system is appeared in Fig. 1b,
where Q is the active switch [metal- oxide-
semiconductor field-impact transistor (MOSFET)],
the obligation cycle, D the diode, L the filter
inductor, C the filter capacitor and R the load
opposition. Along these lines, i, iCp, iy, iCand T O
are the normal pv-cell, coupling capacitor, inductor,
capacitor and o/p currents, individually. At last, the
normal pv-cell voltage and o/p (capacitor) voltage are
vy and vg, individually. In this work, it is accepted
that boost converter works in ceaseless conduction
mode, i.e. the inductor current never rots to zero [25].
The dynamic conduct of numerous classes of power
circuits are analyzed utilizing the idea of normal
models, which perhaps controlled utilizing standard
circuit strategies. In this sense, utilizing Kirchhoff
laws when Q is ON/OFF and the current if from (2),
the normal (swell free) ceaseless non-linear model is
gotien as

- sr—————
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Vs =-é-((1 —u)iL—-‘%ﬂ) .................. 8

where the state vector is [vg. ig, v{,]TER" and
the info u € (0 1). The non-linear differential
conditions in (8) are said to be bilinear. since the info
flag u is increasing the state factors vy and ip
specifically. See that limitations vfER+ and ILER+
keep away from uncertainty in primary differential
condition and guarantees the constant conduction
mode operation.
Remark 2:
A connection capacitor is associated in middle of pv-
cell stack and the boost converter. meanwhile [27]
utilizes a series inductor for a similar errand. In
steady state, the normal o/p voltage VO is more
prominent than the info Vf. additionally the inductor
current IL equivalents to the pv-cell current I f}
accordingly, the ostensible working states
of (8) are observed to be

v
Tz
V
L
=_Y% _ ;B _
L™ ra-v) ~ My,
1 U R

Once the ostensible o/p voltage VO is characterized,
the subsequent PV voltage Viperhaps processed from
numerical arrangement of Note that perfect segments
and zero voltage losses are expected in (8)- (10);
subsequently, the numerical results may contrast
from those practically speaking. Moreover, in steady-
state CCM operation, the voltage and current swells
for boost converter because of switching activity
perhaps processed by

AVQ —

IgU _
P ——— 10

Moreover, to guarantee CCM, the inductor esteem
must be chosen as
Ui1- 2
(1-t)*u
2
respeets the linear normal little flag show for general
system as

Volume 8, Issue X1, NOVEMBER/2018

1

¥ ka C{ ‘Df ﬁ
ip| = % 0 _% i+l ......12
ol | g 1w _a|Wel |2

¢ RC

where the new state vector is [vg. ip. \r‘OITEEL3
and
d-1

i = Egé'!ff;

The subsequent model (13) consolidates two
subsystems dynamics and has just a single
information u~ €R. This linear time-invariant model
depicts roughly the conduct of pv-cell stack/boost
converter system for frequencies up to half of
switching frequency [ s. Besides, it tending utilized
for examination and controller plan of switching
controllers.

3. PROPOSED AVERAGE CURRENT-MODE
CONTROLLER

Normal CMC is a helpful system for
facilitating the outline and enhancing the dynamic
execution of switch-mode converters. Here, an
approach to legitimately choose the controller gains
for steadiness and execution reasons for existing is
given. Since the normal inductor current is utilized
for o/p voltage regulation, a quicker reaction is gotten
when step changes are connected to the load.
Moreover, detecting the inductor current can likewise
be utilized for counteracting overload current through
converter. This control method utilizes a high-gain
compensator, a low-pass filter and a PI controller to
warrant: (I) that normal inductor current takes afier
the present reference, and (ii) output voltage
regulation.

The upside of this methodology is that any
adjustment in info voltage source has a quick impact
in controller (quick spread property). The general
controller plan technique is a twofold issue: (I) gain
determination for present circle, and (ii) gain choice
for voltage circle. With a specific end goal to
determine the controller articulations, a design for
this method is proposed in Fig. 2. As perhaps seen,
the normal CMC utilizes current.voltage circles. For
present circle, N is the present sensor gain, G(s) a
high-gain compensator. F(s) a low-pass filter lastly
VP the pinnacle size of slope used to create the
control pulses. For voltage circle, H remains for
voltage sensor gain, Vref the coveted output voltage
and K(s) the exchange work comparing to the PI
controller, which produces the present reference I,.p.

pro—
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Fig2: Average CMC scheme for a switching regulator

Remark 3:

The control conspire proposed has two
control circles for o/p voltage regulation also, yet the
high-gain compensator and the low-pass filter are
coordinated to voltage circle, meanwhile the present
circle is actualized by a hysteresis controller. For
robust steadiness of each circle, the accompanying
prerequisnes must be fulfilled:

i. for relative soundness, the incline at or close
traverse frequency must be not more than —20
dB/dec;

ii. to enhance steady-state exactness, the gain
at low frequencies ought to be high;
iii. for robust soundness, suitable gain and stage

edges are required. In accompanying, simple to-
utilize formulae are given to guarantee fitting circle
picks up attributes of shut circles. The poles and
zeros for proposed controller are set chiefly from
working switching frequency of converter.

D, | 1]
oyt ( ‘--\ﬂ
| 8l |
l % l .
maw | 16 g

| .
2| |
T\(-llll;;l = 'l'huJ 1M ‘”_ﬁ 3
| |

o

d
7 Lowpass filier I‘l\—l\l
High-gan Cw . ey
— compensator | 100 pF | =
| :
Vi 1.2 k3 Gaw |R, | Iiner
Ad—A) |
- 17 02 Ry quz a7 III' |‘ snmpaTatar
= W i .t
I ko2 T NI Ln—-r/) p— e
10 nF -I W2 / wCall
~_Ic — V, =S\
S 1:, C R ve O\

o Current amplifier ll ‘}.g; 1I3k2<R;
-y <180 k0
Plcontruller Kis) = /

b
Fig3: Switching regulator (a) Combined photovotaic-
cell stack/boost converter, (b) Average current-mode
controller
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* The zero w Z of high-gain compensator
ought to be set somewhere around 10 years
underneath of half of PWM switching frequency,
s/2. Essentially, the zero is controlled by the
relationship

where R an and Ca are the obstruction and
capacitance relating to the present circle control
circuit.

* The shaft oPof low-pass filter, then again,
ought to be put either at f s/2 or above. Utilizing the
circuitry in Fig. 4, the post is controlled by

where C b is the capacitor related to the present circle
circuit too.
* The compensator gain is processed by

where the opposition esteems must be carefully
chosen with the end goal that

5(1-U)*R
Gp < —NVn ................................ 17

Voltage loop

The external circle ought to be intended to
give an appropriate steady state revision of o/p
voltage and perhaps actualized utilizing a PI
controller. The o/p of this circle is the present
reference

Iref = xc(1+( ))(vre, HYp)eoeeeeeenens 18

where K C is the relative gain. Ti is the indispensable
time and Vref is the reference o/p voltage. For this
situation, the choice criteria ought to take after:

« The proportional gain KP = RC/RI is
selected such that

10(1-U)

Kp < HVg

where the voltage divider is

RyIIR
lefRB'F Rz "20

* Finally. the integral time is computed from
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where R C and CC are the opposition and
capacitance estimations of PI controller circuit, which
must be chosen with the end goal that 1/Ti is put no
less than multi decade beneath f's.

r— o o .

oe
0é

u4

Efficiency (1)

0ar
%6 200 300 a0 500 6w 700 80 900
PD W)
Fig4: Experimental efficiency () of power converter.
The converter effectiveness (n = Po/Pi, where Po is the
o/p power and Pi is the information power of converter)

is appeared in Fig. 4, as perhaps seen, the effectiveness
lessens when the o/p power is expanded.

Remark 4:

Rather than VMC. here an internal circle is
included. This enhances altogether the transient
execution of controller, since the exchange work v~
O/u~ of a boost converter has a correct half-plane
zero, and a solitary voltage circle may not bargain
appropriately with this issue.

SIMULATION RESULTS

A pv-cell stack/boost converter and the
relating controller (16) have been actualized in
research facility as demonstrated Fig. 4. The
converter parameters are given in Table 1. The boost
converter ostensible obligation cycle U is set to .56,
giving an output voltage of V O = 48 V, nourishing
an ostensible resistive load of R = 2,56 Q. The
aggregate o/p power is around 900 W. which requires
an arrived at the midpoint of fuel utilization of 12.2
standard liter for each moment. Besides, the
switching frequency is set to 100 kHz. The pinnacle
greatness of incline VP is 5 V and the voltage sensor
gain H is 0.20. The parameters of controller are
chosen seriate the above criteria: [ Z = 0Z/2n =
178.62 Hz, GP = 0.33, fP = wP/2n = 48.4 kHz. KP =
0.36 and Ti = 0.103 ms. Open-and shut circle test
tests were performed considering step changes in
load opposition through switch S2. These varieties go
from 2.56 to 17 Q: that is from full to 10% of load at
a frequency of 2 Hz.
Open-loop test
The test reaction of exchange work i~L/u~ is
appeared in Fig. 5a, while the trial reaction of
exchange work ~v O/u~ is appeared in Fig. 5b. These
exchange capacities were estimated at ostensible load
utilizing the Frequency Response Analyser 300 from
AP Instruments, Inc. Both frequency reactions were
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gotten in open circle, moreover, it is obvious from
plots that full pinnacles happen around 1.1 kHz.

The simulation open-loop time response of
system is shown in Fig. 6a. It is noticeable that
experimental results are close enough to the
theoretical relation given in (9). Using the MOSFET
S 2 (trigger voltage Vg). step changes of 2 Hz are
applied to the o/p load which ranges from 2.56 to 17
Q. The resulting o/p voltage VO is shown in Fig. 6b,
which changes for about 33 V. On the other hand,
Fig. 6¢ shows the step changes on the pveell side. As
perhaps seen, the pveell stack o/p voltage ranges
from 23 to 33 V and the demanded current changes
from about 9 to30A

Fig5. Experimental results in open-loop response for
step changes in load between 2.56 and 17 ohm(a) (top to
bottom) o/p voltage V(20 V/div),inductor current i (25

Aldiv) and PV cell voltage v(20 V/div)
(time:10ms/div),(b)(from top to botiom) output voltage

vp(20 V/ div) and gate voltage Vg of MOSFET 582 (20
V/div)(time: 200 ms/div), (c)(from top to bottom) output
voltage of PV-cell stack v{20 V/ div) and output current

of PV cell stack I f(10A/div)(time: 200 ms/div)

Closed-loop test

The switching regulator operating condition
corresponding to 48 V o/p voltages at nominal load
(no load changes) is shown in Fig. a. At this
operating condition, the pv-cell stack is delivering a
voltage of 24 V. When o/p load changes are
introduced, the resulting load voltage remains at 48 V
as shown in Fig. 26b, where it is clear the switching
regulator is robust under large load variations. As
consequence of these changes, the pv-cell stack
voltage changes between 26 and 38 V. The demanded
current ranges from 4 to 27 A, as is shown in Fig. 6c.
There are significant differences between current,
voltage levels in Figs2c and.25c¢, respectively. This is
due to stored energy in capacitor CF that helps to
compensate the changes in demanded energy for
closed-loop response. Note that PV cell current in
open loop case (Fig. 5¢) presents a 5 A overshoot,
meanwhile in closed-loop case (Fig.6¢), the current

?  PRINGIPAL

| Avanthi Institute of EAQY: %
| Gunthanally (V), Abduliapurmet (VC

B ™

ISSN NO : 2249-7455

Page No:1572



International Journal of Management, Technology And Engineering

does not present any overshoot; therefore, the life
cycle of PV is not overwhelmed. The current ripple is
shown in Fig. 6d, which is small (1.2 A peak to peak)
due to the capacitor CF.

Fig 6: Closed-loop response (a) Response at nominal
load ( (b) Response to step changes in load (c) Response
to step changes in load between 2.56 and 17 : (from
top to bottom) pv-cell voltage vf (20 V/div), and o/p
current of pv-cell stack if (10 A/div) (time: 200 ms/div),
(d) Output current ripple of pv cell stack i f (1 A/div)
(time: 10 ps/div)

CONCLUSIONS

This report manages the output voltage
regulation of a PV cell stack/boost converter system.
The proposed control methodology depends all things
considered CMC where two circles are executed, in
particular the internal circle where the inductor
current is sustained back utilizing a high gain
compensator and a low-pass filter, and the external
circle where the output voltage is encouraged back
through a PI controller for steady-state mistake
regulation. The determination technique for
controller parameters is expressly point by point. The

Volume 8, Issue XI, NOVEMBER/2018

criteria given inside guarantee system solidness and
output voltage regulation. The shafts and zeros for
controller are set fundamentally from working
switching frequency of converter. Furthermore,
because of high-gain compensator of inward circle,
the converter execution is less delicate to parameter
vulnerabilities and varieties of PV cell stack voltage.
This control procedure was actualized utilizing ease
operational speakers, reasonable for business
applications. At last, trial results utilizing a 900 W
boost converter model show great robustness to
expansive minor departure from load.
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Comparative Analysis of Li-Ion Battery
Charging with Different Rectifier Topologies

Gutti Om Suraj, K. Narasimha Raju, Nitin Trivedi

Abstract: Now a days the rechargeable batteries are used in
many applications. There are many types of rectifiers like Diode
bridge rectifier, SCR based rectifier, PWM based rectifier, ete. The
rectifier is basically used to charge a battery. This paper discusses
front end PWM rectifier bused battery charging technigue with its
performances and for generation of gate pulses using modulation
technique namely sine pulse width modulation (SPWM). This
paper also features the description of 2-level front end PWM
rectifier, Diode bridge rectifier, Thyristor based rectifier bused
battery charging and control strategy. Simulation models of two
level SPWM based front end rectifier, Diode bridge rectifier and
Thyristor rectifier based Li-lon battery charging model s
developed and simulared in MATLAB / SIMULINK platform and
« comparative analysis is presented..

Index Terms: Buttery, Diode, 1GBT, Li-Ion, Rectifier.

I. INTRODUCTION

The batteries are small portable storage devices.. This
paper discusses about the rechargeable battery charging
techniques using diode bridge rectifier. thyristor rectifier and
IGBT rectifier based battery charging technique. Three phase
voltage fed rectifier are used as input supply in this technique.
Basically batteries are used in the portable devices like
clocks, remotes, vehicles which need less wvoltage
requirement, the voltage for charging battery is to be stable.

The diode bridge rectifier is having a flow in only one
direction and also the output voltage which acts as input to
the battery charging is not controlled in this diode bridge
rectifier based battery charging technique. The model of
diode bridge rectifier circuit is discussed in the coming
sections. Li-ion batteries are rechargeable batteries in this
paper the testing done with Li-Ion battery. This paper
discusses about the Li-Ion battery charging topologies. The
diode bridge rectifier is a unidirectional topology where the
current flow is from input to output side. Also the output
voltage cannot be conirolled in this configuration. Input
current and voltage waveforms are not in phase due to large
harmonics and thus have poor power [actor.

The thyristor based rectifier based technique is also a
unidirectional flow but in this case the output voltage can be
controlled. To turn off the thyristor, there is a need to
implement forced commutation circuit which makes circuit
complexity more and cost more which is a major drawback of
this technique. The phase controlled rectifiers are also having
disadvaniage of the lower order harmonics which makes the
cost and size of the filters to increase.
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On comparing with the diode bridge rectifiers and thyristor
controlled rectifiers, the IGBT based PWM rectifiers
obtained bidirectional power flow. IGBT based PWM
rectifiers are used in many applications in industrial sectors
and also in many manufacturing companies. The major
advantage of using the IGBT based PWM rectifier techniques
results in less harmonic content by using appropriate number
pulse to their respective switches. By using various pulse
width modulation techniques the output voltage can also be
stabilized through variation of modulation index. The power
factor gets unity. when both the input currents and input
voltages are in phase with each other this happens mostly in
using of switches as IGBT's [1]. In the diode bridge rectifier
and thyristor controlled rectifier, are having the disadvantage
of higher order harmonics to reduces harmonics an additional
filters are required which is not the case with IGBT based
PWM rectifier [2]. To charge the battery, there are four
stages of charging like constant voltage control, constant
current control, pulsed charge and taper current. The Li-Ion
batteries are having a high energy density and mostly they are
used in electronics area. In this paper, the analysis of battery
charging constraints as above discussed are all simulated in
the Simulink/MATLAB. The diode bridge rectifiers based
battery charging technique is discussed in section II.
Thyristor based rectifier battery charging technique is
discussed in section I11. IGBT based PWM rectifier battery
charging technique is discussed in section IV,

II. ANALYSIS OF DIODE BRIDGE RECTIFIER
BASED BATTERY CHARGING TECHNIQUE

The circuit diagram of a three-phase two pulses six pulse
diode bridge rectifier based battery charging is illustrated in
Fig.1. The three phase AC supply is fed to the rectifier input
side and the output is getting a rectified DC with filtered by a
capacitive filter connected at the output side. The output from
the rectifier is fed to single phase IGBT based front end
inverter that is regulated using a current control loop. This
current controller loop operates on the currents flowing at
battery side. The control loop values, determines the
switching signals to be applied to the single-phase PWM

inverter.
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The inverter output is fed to the linear transformer 1:1. The
output of the transformer acts as input to the single phase
diode bridge rectifier, the rectified single phase DC output is
filtered with a capacitive filter and fed to charge a battery. In
closed loop operation, the battery current is compared with a
constant of 100A and the error is acts as the input to PI
controller. The controller output voltage is compared with a
repeating sequence with a carrier frequency of 20 KHz and
the respective pulse are generated and fed to the respective
IGBT’s switches of the single phase inverter The closed loop
operation is used to stabilize the inverter voltage. Sine
PWM technique is operated with a 20KHz carrier waveform
switching frequency [3]. The analysis also done with the
instability test of the input volitage with the variation of
(0-0.5) seconds normal input voltage, (0.5-1) seconds the
voltage of 10% less of normal voltage and again (1-1.5)
seconds 10% more of normal voltage and the results of input
voltage and battery waveforms shown in Fig.2 and Total
Harmonic Distortion (THD) are shown in Fig.3.
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Fig.3 Total harmonic distortion results
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The THD obtained with the instability voltage analysis
with diode bridge rectifier based battery charging technique
is 28.50%

III. ANALYSIS OF THYRISTOR BASED RECTIFIER
BATTERY CHARGING TECHNIQUE

In this technique, the three phase voltage is fed to the
thyristor based rectifier. Because, in the diode bridge rectifier
it is a unidirectional flow rectifier that makes the more
distortions in the circuit and also not controlled DC output is
obtained. The gate pulses are generated by using sine pulse
width modulation technique with a closed loop operation
based on the rectifier out DC voltage [4]. The rectified DC
output voltage is compared with a constant of 800V and the
error is connected to the PI controller. The controller output I
is again compared with i obtained from the transformation
techniques applied from the input three phase currents and
the error is connected to the PI controller. The controller
output Vy. The 1, is compared with zero reference to maintain
the power factor unity [5]. The error is connected to the PI
controller. the controller output V, and the output Vy is
transformed to abc by dg-abe transformation technique. refer
(1) - (5). The block diagram of thyristor rectifier based
battery charging technique is shown in Fig 4.
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Fig.4 Block Diagram of Thyristor rectifier based Battery
Charging Technique.

Va=Va (L)
Ve=(Va+V3+Vg)2 (2)
Ve=(-Va—-N3+Vg)2 (3)
Vaand V[ are obtained from equations (4) and (5)

Va = Va * cos(B) — Vg * sin(@) (4)
VB =V +cos(@) + Vi * sin(8) (5)

The three phase voltage V. is compared to the carrier
wave frequency of 20 KHz, the respective pulses are fed to
their respective thyristors [6]. The rectified output voltage is
fed 10 IGBT based inverter and also the closed loop operation
same as like diode bridge rectifier. By the thyristor based
rectifier battery charging technique the THD is improved and
the power factor gets improved with stability analysis also.

The rectified output is connected as input supply to the
single plldSC IGBT based PWM inverter [7]. The inverter

output is fedto the linear tran: ruu%
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The output of the transformer is connected o a single
phase diode bridge rectifier, the rectified single phase DC
output is filtered with a capacitive filter and fed to charge a
battery. In closed loop operation. the battery current is
compared with a constant of 100A and the error is connected
to the PI controller. The controller output voltage is
compared with a repeating sequence with a carrier frequency
of 20 KHz and the respective pulse are generated and fed to
the respective IGBT's switches of the single phase inverter
[8]. The analysis also done with the instability test of the
input voltage with the variation of (0-0.5) seconds normal
input voltage, (0.5-1) seconds the voltage of 10% less of
normal voltage and again (1-1.5) seconds 10% more of
normal voltage. The results of the input voltage and Battery
waveforms and Total Harmonic Distortion (THD) are shown
in Fig. 5 and 6.

The total harmonic distortion content is obtained with the
instability voltage analysis with thyristor bridge rectifier
based battery charging technique is 17.41%

[P TR —

Fig.5 Input voltage and battery output
Fundamental (50Hz) = 0.008228 , THD=17.41%
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Fig.6 Total harmonic distortion of thyristor based rectifier
battery charging technique
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IV. ANALYSIS OF PWM BASED IGBT RECTIFIER
BATTERY CHARGING TECHNIQUE

In this section the rectifier is operated with IGBTs to
maintain the unity power factor and also from the above two
rectifier topologies having some disadvantages like harmonic
content, switching losses, unidirectional flow and stable
supply to battery charging. In this topology the switches
IGBT’s are having advantages of bi-directional flow [9]. The
diagram of 3-phase IGBT based PWM rectifier battery
charging is shown in Fig.7.

The diode bridge rectifier based technique has
disadvantages such as unidirectional flow and also the
controllable voltage is not obtained stable.

By the thyristor based rectifier, the controllable output
voltage can be obtained but the commutation problem is more
in this technique. The thyristor are not having self
commutation. For controlling the thyristor another
commutation circuit is to be installed in the circuit, it makes
circuit complexity and also more cost. To reduce all this
disadvantages in this technique, the switches as IGBT’s are
used. It has self commutation property, bidirectional flow.
unity power factor and less switching losses [10].
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Fig.7 Block diagram of 3-phasel IGBT based rectifier battery
charging

The three phase voltage fed to the IGBT based PWM
rectifier [11], the rectified DC voltage is compared with the
DC voltage constant of 800V and the error is connected to the
PI controller. The controller output I4 is again compared with
Lisers obtained from the transformation techniques applied
from the input three phase currents and the error is connected
to PI controller. The controller output V. The I, is compared
with zero reference to maintain the power factor unity, The
error is connected to the PI controller, the controller output
V, and the output V, is transformed to abc by dg-abe
transformation technique, refer (6) - (10).

Vi=Va (6)
Ve=(-Va+\3+Vg)2 (7))
Ve=(-Va—-V3+VB)2 (8)
Vaand V are obtained from equations (9) and (10)

Va = Va * cos(0) — Vq * sin(8) 9)
VB =Vq s cos(8) + Va s sin(8) ) (10)
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The three phase voltage. V.. is compare to the carrier
wave frequency of 20 KHz the respective pulses are fed to
triggering the switches in such a way that follows the input
voltage and current in a closed loop operation by using a
Phase Locked Loop (PLL). The rectified output voltage is fed
to IGBT based inverter and also the closed loop operation
same as like diode bridge rectifier. By the thyristor based
rectifier battery charging technique the THD is improved and
the power factor gets improved with stability analysis also.

The rectified output is connected to the single phase IGBT
based PWM inverter. The inverter output is fed to a linear
transformer 1:1. The output of the transformer is acts as input
to the single phase diode bridge rectifier, the rectified single
phase DC output is filtered with a capacitive filter and fed to
charge a battery. In closed loop operation, the battery current
is compared with a constant of 100A and the error is
connected to PI controller. The controller output voltage is
compared with a repeating sequence with a carrier frequency
of 20 KHz and the respective pulse are generated and fed to
the respective IGBT s switches of the single phase inverter
[12].

The Simulink model of three phase PWM based IGBT
rectifier battery charging is carried out and the simulated
results for instability input voltage and battery outputs are
shown in Fig.8 and Total Harmonic Distortion (THD) are
shown in Fig. 9 respectively.

The analysis is also done with instability test of the input
voltage with a variation of (0-0.5) seconds normal input
voltage, (0.5-1) seconds the voltage of 10% less of normal
voltage and again (I-1.5) seconds 10% more of normal
voltage.

The total harmonic distortion content is obtained with the
instability voltage analysis with PWM based IGBT rectifier
based battery charging technique is 2.37%

The IGBT based PWM rectifier gives the less THD conient
and also the better performance on comparing with the above
two techniques.
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Fig.8 Input voltage and battery output
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Fig.9 Total harmonic distortion of rectifier

V. RESULTS AND CONCLUSION

The results of THD for diode bridge rectifier. thyristor
based rectifier and IGBT based rectifier battery charging
circuits with instability test are listed in Tabled. By the
following results, concluded that the IGBT based PWM
rectifier battery charging topology vields effective outcome
in terms of THD compared to the other two techniques. By
this comparative analysis with respect to THD analysis
concludes the IGBT rectifier is having very less THD on
comparing with Diode Bridge rectifier and Thyristor Bridge
Rectifier based Battery Charging Technique.

TABLE.I THD REPORT (%)

Topddety | THD
Diode Bridge rectifier | 28.50
Thyristor based __n. a
rectifier _
IGBT based PWM 237
rectifier A |
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Abstract: Floating point math is very important in
digital signal handling. Usually choosing separate
floating point accuracy figures among different kinds
of engineering apps, this leaves the floating point
arithmetic device capable of operating on separate
floating point accuracy figures. The fast advancement
of FPGA technology allows for flexible design of
arithmetic floating point. This paper describes how to
construct a particular floating point arithmetic device
using Verilog HDL depending on FPGA. A few
double precision flying point figures or two full
precision flying point figures operations can be
introduced and subtracted. At the start of this paper,
modeling and software tests demonstrate the features
and calculation precision.

Index Terms—FPGA, multi precision floating
point ,addition and substraction,IEEE 754.

L. INTRODUCTION
There is a need to process a large quantity of data
with separate precision and powerful real-time
specifications in digital signal processing. image
analysis, voice communications, wireless
communications and many other fields. Floating
point math functions elevated precision. But
contrary to arithmetic integer, arithmetic floating-
point occupies more hardware funds to be applied
by software in many apps. As a result, the working
velocity of this floating point arithmetic is very
small. And while arithmetic floating-point
hardware can increase computational speed. multi-
precision floating-point arithmetic requires many
floating-point devices that pick up a large amount

Volume XI, Issue VIII, August/2019

of hardware resources. Hardware expenses will be
reduced if a floating point unit is constructed that
can perform separate handling of precision. And
the rapid development of FPGA allows it feasible.
It was suitable to implement the floating point
arithmetic within the floating point high-level
languages;  however.  arithmetic  hardware
execution is a challenging job. The design of very
large-scale computing (VLSI) software has
become the most effective option for the
implementation of flying point math systems due
to its high storage volume. elevated performance,
low price and versatile processing specifications.
The IEEE 754 rule features two entirely distinct
rotating point schemes, the binary interchange
pattern and the decimal interchange pattern. This
section relies with a single precision solely on
uniform binary interchange method. Figure 1
demonstrates the depiction of a single-bit (S),
eight-bit (E) and twenty-three-bit (M) or
significant IEEE 754 full accuracy input code

Il LITERATURE REVIEW

VFLOAT: A VARIABLE PRECISION FIXED-
AND FLOATINGPOINT LIBRARY FOR
RECONFIGURABLE HARDWARE

In variable precision floating-point library (VFloat)
that supports general floating-point formats as well as
IEEE standard formats. optimum reconfigurable
hardware implementations could need the utilization
of arbitrary floating-point formats that don't

essentially adjust :LE standard sizes. Most
antecedently printe

int formats to be used
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with reconfigurable hardware square measure subsets
of our format. Custom data paths with optimum bit
widths for every operation may be designed
mistreatment the variable exactitude hardware
modules within the Float library, enabling a better
level of similarity. The Float library includes three
varieties of hardware modules for format
management, arithmetic operations, and conversions
between fixed-point and floating-point formats. The
format conversions gives hybrid fixed- and floating
point operations during a single style [1].

FAST, EFFICIENT FLOTING POINT ADERS
AND MULTIPLIERS FOR FPGA

In implementation details for Associate an IEEE-754
floating-point adder Multiplier for FPGAs and FPU
applications a growing trend within the FPGA
community. As such, it's become vital to form
floating-point units optimized for FPGA technology.
the FPGA style area is completely different from the
VLSI style space: so, optimizations for FPGAs will
take issue considerably from optimizations for VLSIL
specifically, the FPGA setting constrains the planning
area such solely restricted similarity may be
effectively exploited to scale back latency. Obtaining
the correct balances between clock speed, latency,
and space in FPGAs may be notably difficult. The
styles given here modify a Xilinx Virtex4 FPGA (-11
speed grade) to attain 270 MHZ IEEE compliant
double exactitude floating-point performance with a
9-stage adder pipeline and 14-stage multiplier
pipeline. the world demand is close to 500 slices for
the adder and beneath 750 slices for the multiplier
[2].

SPEED-UP IN FPGA BASED BIT-PARALLEL
MULTIPLIERS

This technique take into account the technology-
dependent optimizations of fixed-point bit-parallel
multipliers by completing their implementations by
considering embedded primitives and macro support
that are useful in modern-day FPGAs. FPGAs are the
best option proving to be replacement of Application
Specific Integrated Circuits (ASIC) primarily due to
the low Non-recurring Engineering (NRE) prices
related to FPGA platforms. This has prompted FPGA
vendors to enhance the capability of the underlying
primitive material and embody specialised macro

Volume XI, Issue VIII, August/2019

support and material possession (IP) cores in their
offerings. However, most of the work associated with
FPGA implementations doesn't take full advantage of
those offerings. Their implementation targets three
completely different FPGA families viz. Spartan-6,
Virtex-4 and Virtex5. The implementation results
indicate that a substantial speed up in performance
will occur these embedded FPGA resources.

A DUAL-MODE QUADRUPLE PRECISION
FLOATING POINT DIVIDER

This section presents a multi-mode floating point
multiplier operating efficiently with every precision
format specified by the I[EEE 754-2008 standard. The
design  performs one quadruple precision
multiplication, or two  double  precision
multiplications in parallel, or four single precision
multiplications in parallel. The proposed multiplier is
pipelined to achieve implementation of one
quadruple multiplication in 3 cycles and either two
double precision operations in similar or four single
precision operations in similar in only 2 cycles. The
planned design improves the throughput by a factor
of two compared to a double precision multiplier and
by four compared to a single precision multiplication.
An example execution on VLSI verifies the plan and

it achieves a maximum operating frequency of 505
MHz [4].

IHLPROPOSED SYSTEM

The multi-precision floating-point arithmetic unit
suggested in this document may alter the circuit's
inner setup (when working). depending on the
calculation accuracy, to accomplish single or double
precision calculation with minimum hardware
resources.

The multi-precision floating-point math efficiently
converts a double-precision f{loating-point array into
a few single-precision floating-point circuits[1].
Figure 1 shows its section diagram.

In Figure 1. DA, DB and DC are double-precision
figures, al, a2, bl, b2, ¢l and c2 are single-precision
figures. One of the following two activities may be
implemented by the multii-preecision floating-point
arithmetic unit.
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DC =DAt DB

cl=al+bl,c2=a2+b2

douhle-preeision single-precision
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Figure [.function schematic of multi precision
floating point arithmetic

FLOATING-POINT REPRESENTATION

IEEE754 is the most commonly used rotating point
range representation[2] and is shown in numbers 2(a)
and (b) in its 32-bit single precision and 64-bit double
precision data mode.

As shown in Figure 2, the column, the exponent, and
the significand of the floating-point number must be
gathered to represent a floating-point number. Eq is
the true value of a set N floating-point. (1).In fact, a
floating point number is a standardized real number
consisting of the sign(S), the exponent(E) and the
mantissa(M).

1bit 8bit 23bit
| S(Sign) | Exponent( E) | M (Mantissa)

ubmgk-fn;lm floating-point number
1bit I1bn 32bit
S( Sign) | E(Exponent ) M (Mantissa )

{bidouble-precision floating-point number

Fig 2 representation of a floating point number
N = (—1)* x 2E-Bias x (1.0 + M)

Note that the M in the Eq.1) is the structured
significand (the entire portion of the structured
significand must be 1 and this 1 is voluntary and non-
storage). Likewise. the actual outcome of the mobile
point math must be taken to the uniform Eq.(1) size.

Volume XI, Issue VIII, August/2019

meaning that the correct significand number must be
1. IEEE754 also sets out several unique information
representations as shown in Table 1.

Table 1. Rrepresentation of special data

E M data
0 0 0
0 0 unnormalized number
(Mantissa implication 1s
0)
All'l 0 INF(infinity)
] 0 NAN(not a number)

EXECUTION OF ARITHMETIC FLOATION-
POINT

The extensive technique of incorporating and
separating two flying point figures is divided into
five phases, exponent pairing, significand calculation,
significand normalization, significand counting, and
overflow judgment[3]-[4]. The function of
corresponding exponents is to match the standard
positions of two speaking place figures; it is to match
the reduced exponent with the larger exponent and
transfer the speaking spot amount. The calculation of
mantissas is to bring or subtract the mantissas based
on the entry control signal.

significant normalization implies that the significant
of the procedure consequence should fulfill the
floating-point normalization criteria, that the entire
portion should be |. The exponent must make the
respective addition and subtraction if the significand
is shifted to the correct or to the left. The drawing of
significand is to round off the data after shifting to
the left of the scoring rule. When the exponent is
overflowing or underflowing. the choice on overflow
is to handle the operation result exponent. If the
exponent overflows or outputs Machine zero of the
floating point number, if the exponent underflows, it
will output the infinite number form.

In addition to following the laws of floating point
arithmetic. consideration should be given to
designing a floating point arithmetic unit. saving
hardware resource and enhancing operation velocity.
Figure 3 demonstrates the internal floating point

% f‘
PRINCIPAL
Avanthi Instifute o1 g. & le
G !r\;)' Abdut M 1, DR

ISSN NO: 0886-9367

Page No:30



The International journal of analytical and experimental modal analysis

framework arithmetic unit of multi-precision
intended in this document.

As shown in Figure 3, the arithmetic unit consists
mainly of six modules. the pre-processing module for
data. the exponent comparison module, the
significand stitching module. the addition module,
the standardization and rounding processing module.
and the module for overflow processing.

The two control signals in the scheme. Double and
Op. should be illustrated before presenting the
features of each module. Double is a selective
information accuracy signal. When Double=I.
double-precision arithmetic should be performed and
the two 64-bit input data DA and DB are two double-
precision floating-point numbers. When Double= 0. it
performs single-precision arithmetic and the two 64-
bit data as input A and B are four single-precision
floating-point numbers representing the operation
control signal al, a2, bl and b2.0p. If Op=0, the
procedure should be added, while Op=1, the
operation should be subtracted.
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Figure3. Internal structure of the multi-precision
floating-point arithmetic unit.

A.Pre-processing module

The preprocessing module offers information for
later modules and performs the following three tasks
primarily.

Divide the data sector. According to the Floatation-
Point layout of Figure 1, entry information A of 64-
bit should be split into 3 sections, floating-point
range symbol. exponent and mantissa (al and a2)
should be split into two precision single-point
symbol, exponent and significand (bl and b2), and
output information of 64-bit B should be broken
down into 3 sections. The symbol. exponent and
significand of a DA floating point amount of double
frequency disassemble A in three sections at the same
moment. Similarly, B is disassembled into three parts
by a symbol, exponent and decimal digits of another
integer arithmetic number DB. In addition, the' 1', t
should be indicated

Setting the flags of unique information. Setting up
three flags, NAN, INF and ZERO (all 4 bits) of four
singlle-precision floating-point numbers or two
doubble— preecision floatiing-pointt numbers to
determine the type of the two 64-bit input
information according to 0, Plus or minus infinity and
NAN in table 1.

Subtraction procedure pre-processing. If Op= 1. the
operation of a bitwise NOT (negation) to the sign bits
of bl, b2 and DB should be performed so that only
the operation performed in subsequent modules can
be added if no special data is available.

B. Exponent comparison module

The comparison module of the exponent compares a
set of exponents of input. The ports, ia and ib import
the exponents. And there are three OS, of ex and oN
R output signals. OS is the larger performance
exponent between ia and ib. namely the larger one.
ON R is the absolute value of the distinction between
two exponents and gives the correct significand shift
step amount for the next module. Of ex is the flag of
the swap. If of ex is equal to 1, showing ia < ib, the

=2
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