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AN FPGA-BASED DIGITAL CONTROLER FOR

VIBRATIONAL MEMS GYROSCOPES

DAE HUI LEE

ABSTRACT

A digital controller, implementing discrete Linear Activesilirbance Rejection
Control, using the Field Programmable Gate Array (FPGA) and Vegih speed
integrated circuit Hardware Description Language (VHDL)swaccessfully designed
and prototyped. It is tested in the high performance position coystdms for the drive
axis of a vibrating Micro-Electro-Mechanical System (MEM§)oscope, designed to
measure the rotation rate. Based on the novel Current Disctetieded State Observer,
the states, as well as the unknown disturbance, of the MEMS gyrogeogstimated in
real time, providing the ground for active disturbance rejection.ingles precision
floating-point based on IEEE standard 754 was used in numerical coimputaavoid
inaccuracy in integer arithmetic. The controller was firshutated in MATLAB/
Simulink, followed by implementation on a FPGA based controller boatd i
sampling rate of MHz. A graphical user interface was also developed using JAVA. The
experimental results are quite encouraging: the position sigrialei drive axis of the

MEMS gyroscope follows a 10HHz sinusoidal reference with the steady state error of



10 % or less and a settling time of aboutr@8 This is achieved without a detailed

mathematical model of the plant.
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CHAPTER |

INTRODUCTION

1.1 Background

Gyroscopes are sensors that measure angular rotation ratear€hased widely
in high-precision applications such as navigation, homing and stabilizatjonA[
mechanical gyroscope is shown kHgure 1. Usage of gyroscopes was limited to
applications such as aviation sensors for space exploration and itaryrapplications
because they were large and expensi2g Recent micro-machining technology,
however, enables gyroscopes and other inertial measurement devieemainufactured
inexpensively in a very small package on micro scaleHigure 2 shows an integrated
MEMS gyroscope from Analog Device3][ Because of small size and low cost, the use
of MEMS gyroscope is broadened into many different fields and apphsasuch as
Global Positioning System (GPS) assisted inertial navigatiotyavireality systems,
interactive pointing devices, image stabilization and rolloveedfiein with simple

implementations1].
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Figure 2 Integrated MEMS Gyroscope (Analog Devices Photo)

On the other hand, because of the imperfections of the MEMS gp®stich as
Zero Rate Output (ZRO), quadrature error and temperature effdegedback control
system may be used to obtain accurate results. Feedback e®atrgell known solution

in attaining consistent performance in a system consists ofiabiieeparts. The hope is



that such controller will be able to handle the imperfections and unknomatiaas in

the MEMS gyroscopes.

1.2 Existing Technology and Motivation for New Research

The imperfections in MEMS gyroscopes and their impact on pedioce,
stability and robustness of the sensor are well documentddl ifihis underlines a strong
need for a well designed control system to compensate for fherfentions. On the
other hand, MEMS gyroscope is a relatively recent technology. Ewargh there is
much research on the MEMS gyroscope, yet there is no accelpigiblerecision control

method for commercial applications of the MEMS gyroscope.

There has been much research done to improve the performance\ERS
gyroscope. It can be categorized in two different stratefgiesnprove accuracy: 1)
enhancing the structural design and fabrication; and 2) implementingh performance
feedback control system. Id][ the research shows that multiple drive-mode oscillators
increase bandwidth of the resonance frequency in the drivefakis MEMS gyroscope,
and this implementation improves robustness to structural and theranameter
fluctuations. In §], a three degree-of-freedom gyroscope system with two defree-
freedom sense-mode oscillator is proposed to improve robustness agjeicsiral
parameter variations. These structural improvements weldyimproved performance
advantages at additional cost. But such improvement is quite limitetbdbhe inherent

uncertainties in the MEMS gyroscopes.



Another way to overcome imperfections in MEMS gyroscope and tceaehi
good performance is to use control systems. There are twaretiff control system
designs: open-loop control and closed-loop control. A comparative studysef tive
methods is presented ii][ In the open loop mode, the MEMS gyroscope is driven be a
simple input signal. An improvement is made by pre-shaping the sigmil using the
the information of the gyroscope dynamics. The ultimate step, @snsin [6], to
improve the precision and speed is the introduction of feedback conigkHown that
while the open-loop control is simple to implement, it does not handle umknow
variations adequately. On the other hand, faster response and highgesoequirement
dictate higher precision in control system, leaving closed-lodpe®nly choice. Also
shown is that the closed-loop controlled gyroscope is significansly $ensitive to

changes in the system parameters.

With closed-loop control as the method of choice, we now examinceetffe
designed techniques based on force-balancing feedback coriH@] [and adaptive
control [1], [10]-[14]. The force-balancing control strategy for MEMS gyroscope, as
introduced in 7, 8], was based on an earlier technique developed for MEMS
accelerometerd]. The basic idea is to drive the position, velocity and accelarat the
sense axis to zero so that the quadrature error and the Cacicdieration can be easily
obtained through demodulation. The challenge is that the system idgnaares during
operation and that high resolution is difficult to obtain in angukggmation. To
accommodate such uncertain and time-varying nature of the MEKMSappe dynamics,
the prevailing closed-loop solutions are dominated by adaptive contrdPl-like

adaptive controller for the drive axis of the MEMS gyroscope aforce-to-rebalance



control for the sense axis are proposHd It is compared favorably to the more complex
Lyapunov based adaptive control method1f]] for both the drive axis and sense axis.
The PI-like adaptive controller is also implemented and testeghianalog circut to
control the drive axis of the MEMS gyrosocpe. An adaptive controleysi@s proposed
in [11] that adds an adaptive outer loop to the conventional force-balantiage. The
parameter adaptation algorithm helps to estimate the angudaandtto compensate for
the quadrature error. Anotehr adaptive controller is proposd@]ridr tuning the natural
frequency of the drive axis and replacing the conventional phakeddaop. It results in
the reduction of sensitivity to imprecise fabrication as welh& effects of nonlinearities
and uncertainties. An analog circuit implementation for the drive akthe MEMS
gyroscope is built and tested successfully. Finally, a hybridredescontinuous time
version of the observer-based adaptive control is introducelB]nHlere, the parameter
adaptation, feedback control and feedfoward control are implementadllgigbut
velocity observer remains in continuous time domain. Compare to theabragialog
adaptive controller in14], this discrete implementation retains the advantages of wide
bandwidth, absence of ZRO, self-calibration and relative robustieegsarameter

variations [L3].

Adaptive control is a control system capable of accomodatingpahnametric
changes in plant dynamics. Unfortunately, this does not completdglve the
difficulties in MEMS gyroscopes due to its fabrication impetifens and other
uncertainties. Most existing adaptive control solutions are basddeam models of the
plant with the assumptions that the dynamic variations are amalslow enough for the

adaptation algorithm to catch up with. In reality, however, thEM8 gyroscope



dynamics is quite nonlinear, complex and uncertain, to the extebéyand the limited
range of adaptive control. Addressing the large amount of uncertamdatythe lack of
accurate model in MEMS gyroscopes is the key technical issueh véhihe focus of this
thesis. To this end we propose the Active Disturbance RejectionadCOADPRC), as a

possible solution.

1.3  Active Disturbance Rejection Control

The ADRC methodology was introduced by Ha5,[16]. The basic idea is that
the uncertainties such as the external force and the internahatgnan a plant can be
treated as disturbance, which can be estimated, in real tised loa the input-output
data of the plant. The estimation, in turn, is used to compensate tibdisce and to
reduce the plant to the cascade integrators form. Thus, a complex, unknamtnispl
reduced to a simple, invariable, form, which is easy to control. Haigsal nonlinear
ADRC was simplified and parameterized &v], where the controller parameters are all
made an explicit function of one tuning variable: the closed-loop bandwikithgreatly

simplified the ADRC and made its tuning just as easy as that of PID, if not more so.

ADRC seems to be a perfect fit for MEMS gyroscope probleetsuise it does
not require an accurate mathematical model to begin with andpeeisfically designed
to handle uncertainties. It is for this reason that ADRC has hemessfully applied to
many different applications such as DC-DC power controll8f, [power managemint

and distribution systemlp], health and fault monitorin@0], industrial motion control



[21], and so on. But most of these applications are relatively stowpare to MEMS
gyroscope applications and the controller is implemented in DSP aoauntrollers
chips with sufficient speed. In MEMS applications, much high speedquired which
poses both software and hardware challenges. Software wisespeett requirement
dictates that the controller be implemented in a most effichet, both in terms of
computation time and phase lag. Much effort in this thesis is devotehis issue.
Hardware wise, the sampling rate for MEMS devices is inntlegahertz range, thus
excluding most DSP and microcontrollers options. FPGA seems to be the onlyingmai

candidate, as discussed below.

14 Field Programmable Gate Array

A Field Programmable Gate Array (FPGA), which is a semicanduaevice, can
embody programmable logic components and programmable interconned¢signing
the logic components, the functionality of basic logic gates or numeplex
combinational functions can be duplicated and programr@2ll Because of FPGA’s
flexbility, there are many applications such as Digital Sigtracessing (DSP), software-
defined radio, aerospace and defense systems, ASIC prototyping,amiediging,
computer viosion, speech recognition, cryptography, bioinformatics, contpargware
emulation and a growing range of other areas. The behavior of (& E& be defined

by Hardware Description Language (HDL) and schematic design.



To implement advanced control algorithm, an FPGA board designed by Zhan

Ping [19] was chosen. The circuitry is very well compressed in a sandlllightweight
board, and has many useful and flexible functions such as FieldaRmogble Gate
Array (FPGA), Field Programmable Analog Array (FPAA), Ettetr Control Area
Network (CAN) and serial communication port RS-2B@ure 3 shows the FPGA board.
The initial purpose of this board was to control DC-DC power comgeriespaceships, a
very extreme environment. This board has Altera Stratix EP1S40F780C6PGA,
AnaDigm An221E04 for FPAA, LAN91C111I-NE, AM29LV065DU for flash memory

and AD7266 (Dual 12 bit, 3-channel ADC).

Figure 3 FPGA RCCM board

The Altera Stratix EP1S40F780C6 has 41,250 Logic Elements (LEs), 3,423,744
total RAM bits, 14 DSP blocks, 112 embedded multipliers, 12 PLLs andi§451/0

pins [23]. For the FPGA clock input, 9@Hz is implemented in the FPGA board.



1.5 Thesis Organization

This thesis is organized as following: the background information oMEMS
vibrating gyroscope, such as the operating principles, the Coritdist @nd a model of
the MEMS gyroscope, is presented in Chapter 2. Description and iempmti&ion of
ADRC are introduced in Chapter 3, together with simulation redddrdware
implementation in the FPGA circuit is described in Chapter 4. Iipteh&, the hardware

test results are shown. Finally, the conclusions and future work are presentegiar®.



CHAPTER Il

VIBRATING MEMS GYROSCOPE

To understand the control subject better, details of the vibrating MEMS gyroscope
is explained in this chapter. First, operation of the MEMS ggusas illustrated, and
the Coriolis effect is explained. Second, a model of the vibrdiIB)MS gyroscope is
built in mathematical terms. Third, system dynamics, fabonaimperfections and
environmental variations which limit the performances of MEMSoggope are

discussed. Finally, design object is discussed.

2.1 MEMS Gyroscope Operating Principle

The vibrating MEMS gyroscope is operated by energy transfer fne drive axis
to the sense axis. The energy transfer is caused by Gaifdct. This can be explained
as a mass attached to a rigid frame by spring showigure 4. Here, three axes, drive
axis (x), sense axis (y) and rotation axis (z) are used piaiaxvibrating MEMS
gyroscope. Each of the axes is perpendicular to the other twoTdremass is vibrated

along the drive axis (x) by resonance. If the gyroscope agimgtalong the rotation axis
10



11

(z), a Coriolios force will be generated along the sensgyaxiBhen, the sense axis (y)

vibration indicates the rotation rate.
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Figure 4 Vibrating Gyroscopel]]

To understand the vibrating gyroscope operating principle bettemdécessary to
understand the Coriolis effect, named after the French sciantisengineer G. G. de

Coriolis (1792-1843)Figure 5 illustrates the Coriolis effect for better understanding.
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Figure 5 The Coriolis Effect
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Here, a particle travels in space with a velocity veetomhen, the particle can be
observed in y-axis of the x-y-z coordinate system. If the coaslisigstem is rotating

around z-axis with an angular ratg, the observation in y-axis is that the traveling

particle changes its trajectory toward the y-axis with aelacation equal t&v”~ W. The
acceleration is called Coriolis acceleration. The Corioliselgcation is the energy

transfer from the x-axis to the y-axis.

2.2  Model of Gyroscope Drive Axis

As Figure 6 shows, the Z-axis MEMS gyroscope was built as a ppetdly
MEMS research group of The University of Alabama. To build the model of theimtprat
MEMS gyroscope, the governing equation of a Z-axis MEMS ggos can be

expressed as equations (2.1) and (2P) [



Figure 6 Picture of Vibrating MEMS Gyroscope

k d
)t 2y xSy Sy o =Ly
Q m m m

X

w k d
y+_yy+M/)2/y+ XyX+iX' Z\Ab(:lusense(t)
Q, m m m

where
X(t): drive axis displacement
y(t): sense axis displacement
. rotation rate about z-axis
Ugrive: CcONtrol input to be designed for drive axis
Usense CONtrol input to be designed for sense axis

m: mass of vibrating element

(2.1)

(2.2)
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2Wx and 2Wy : Coriolis accelerations which can be used to measure the

rotation rate

, 1 1
andQy: quality factors Q, =—,Q, =——
Qx Q:q y Q, Py Q, 22,

ki« fabrication imperfections caused mainly by the asymmetric spring

dy. fabrication imperfections caused mainly by the damping coupling

terms

For most MEMS gyroscopes, the mass is in the range 6f~100% Kg, the
resonant frequency is 2 ~ BlHz, and the quality factor range is 10 ~4.]JQy anddy, are

undesirable coupling in stiffness and damping terms between x-axis and[¥}axis

We disregard the damping coupling term. Then, the equations (2.1) and (2.2)

become equations (2.3) and (2.4) respectively.

X+ 220, X+ WEXH Wy Y - 20 = Uy (1) (2.3)
m

y+2z W, y+uwiy+ nyx+2\/\b<:%uss(t) (2.4)

In this thesis, only the drive axis of the MEMS gyroscope is coresider be
controlled. For this reason, sense axis variations can be assuroeith zee equation

(2.3). Then, the equation (2.5) can replace the equation (2.3) for drive axis of gyroscope.

X+ 220, X + anxzﬁudd ®) (2.5)
m
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The constants in equation (2.5) for the vibrational beam gyroscope shéigura 6 are

= 0.0005, ,=63881.1lrad/s andﬁzi Then, the equation (2.5) becomes
m 24484766
the equation (2.6).
X =-63.8811x- 40807947 10°x+2.7178 10°u,, (t) (2.6)

Now, the transfer function of the MEMS gyroscope can be expressed as equation (2.7)

X(s) _ 27178 10°
U,(s) s°+638811s+4.0807949 10°

2.3  Disturbances of MEMS Gyroscope

Due to fabrication imperfections and environmental variations of thé$IE
gyroscope, undesirable disturbances are caused. The common fabrstetisrof the
MEMS gyroscope are: deposition, etching, patterning and electroptdtmgterials 24].
Each step of fabrication could cause imperfections in the MEMS8sgope such as
asymmetrical structures, actuation mechanism misalignmeaht deviations of mass
center from the geometric center. The fabrication imperfecbong undesirable results
and degraded performance of a MEMS gyroscope by systematic p&daoghn the form

of mechanical and electrostatic forces.

Second, quadrature error is caused by coupling terms between thevdsiand
the sense axis and misalignment of the sensor and actuatocaltleid quadrature error

because the quadrature error and the Coriolis deflection havepa®se. The quadrature
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error is caused by a large vibration of the sense axis in Z&ro Qutput (ZRO) caused
by electrical coupling between the sense and drive electrodegeametrical

imperfections.

Finally, temperature can cause undesirable results in the Mi@mi3cope. As
temperature changes, elasticity modulus changing, thermal expamsidhermal stress

can decouple the system frequency.

Even though the model of the MEMS gyroscope was built in section 2.2,
unknown variables and disturbances still exist. The control systerthéovibrating
MEMS gyroscope must be able to handle problems such as parametgionsyi
guadrature errors, natural frequency mismatches between driveeasd axes, and

thermal noise.

2.4  Design Objective

The design objective of this thesis is to design a digital cosysiem that drives
the drive axis of the MEMS gyroscope to a resonance frequecoyragely, and
maintains the output amplitude of the drive axis to a set value. To@nltiae Coriolis
output and to conserve phase synchronization, the drive axis of the MEMS qye
must be driven to the resonance frequency which is the sharp resoakriitZje This
digital control system implements the ADRC using FPGA to cbritre drive axis of

MEMS gyroscope.
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According to the hardware results from the analog adaptive cemtipf], this
controller took about 3 seconds to reach the steady state of theadisveutput, and a
15 % error was introduced. In the outcome of this research, the FR& digital
implementation of ADRC is to be compared to the analog adaptiveotonéthod in

[12].

My goal in this project is to design an FPGA digital controleysthat controls
the drive axis of the MEMS gyroscope with faster response andefess than the
controls have previously achieved. Then hardware results will be canpaite the

simulation results and the analog adaptive control introduce®]n [



CHAPTER 1lI

ADRC ANALYSIS AND IMPLEMENTATION

As earlier mentioned, because of unknown variations and disturbancetelisc

Linear Active Disturbance Rejection Control (LADRC) is chosen to control the dxis

of the MEMS gyroscope. In this chapter, analysis and implememtatf Active

Disturbance Rejection Control (ADRC), introduced by Hah, [L6], will be explained.
ADRC has two parts: ESO and PD controller. Then, ADRC will belamdiscrete by
Zero-Order-Holder (ZOH). To implement discrete LADRC, Prediciscrete Extended
System Observer (PDESO) and Current Discrete Extended S@itserver (CDESO)
are introduced to estimate the accurate MEMS gyroscope input and datpun real
time [25]. Simulation results of the control implementation, discrete LADRC, wl lads

illustrated using MATLAB Simulink.

18
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3.1 Active Disturbance Rejection Control

Considering the governing equation of a Z-axis MEMS gyroscope, théiggua

(2.1) can be rewritten as equation (3.1).
x= f(t,x,x,w)+bu (3.1)

wherex is outpuf u is input andw is disturbance. Assumirtyg b,, Then, equation (3.1)

can be equation (3.2).
x=f+byu (3.2)

wheref is short for f (t, x, x,w) . If f in the equation (3.2) can be estimated, this can be a

simple double integral as equation (3.3) as Iongfasthe estimate of, can be fast

enough to estimateaccurately.

X=U (3.3)

o]

where

u=tir) (34)

(o]

Let 1=x »=x, s=fand =[1 - 3]'. Assumingf is differentiable, the state

space form of equation (3.1) is equation (3.5).

X =Ax+Bu+Eh

X =Cx (3:5)

where
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010 0 0
A=0 0 1, B=h, ,C=[1 00, E=0 (3.6)
000 0 1

In equation (3.5)h = f as unknown disturbance. Then, ESO for equatidd) &an be

designed as equation (3.7).

X =Ax+Bu+L(x- X) (3.7)

X=Cx
With the observer gain, equation (3.8), the statE®®, x, can estimate the state of the

plant, , andf.

L=[l, 1, L] (3.8)

l, =3w,, |,=3u’, I,=u (3.9)
from the characteristic polynomial of the obsem®equation (3.10).
/,(s) =8> +1,8° +l,s+I|, =(s+w,)° (3.10)

This linear ESO makes tuning very ea%y][because there is only one tuning parameter,

observer bandwidth .
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3.2 Discrete Extended State Observer

Now, the system (3.5) can be expressed in distwateby ZOH.

x(k +1) = F x(k) + Gu(k)

(3.11)
x(k) = Hx(K)

where
F=e* G= OTSeA”th

Ts is the sampling time. An observer can estimatestates. For the stability analysis of
the ESO, Predictive Discrete Extended State Obseméd Current Discrete Extended

State Observer are considered accordin@éd. [

3.2.1 A Predictive Discrete Extended State Observer (PDESO)

A PDESO can be written as equation (3.12) accorttirjg6].

x(k+1) =F x (k) +Qu(k) + L [x(k) - Hx(K)] (3.12)

Let current estimated error b@(k) = x (k) - x(k). Then, the predicted next state error

can be equation (3.13).
x(k+1) = (F - L,H)x(k) (3.13)

For this project,



2 2
1T, L= T b,
2 2 1
F=0 1 T, ,G=Thb, ,H=[1 0 0]’TS:100000( (3.14)
00 1 0

3.2.2 A Current Discrete Extended State Observer (CDESO)

A CDESO, which is implemented for this project, dam written as equation

(3.15) according toZ6].

X(K) = X (K) + L [x(k) - Hx(K)]

_ R (3.15)
x(k)=Fx(k-1)+Gu(k-1)
Equation (3.15) yields equations (3.16) and (3.17).
x(k+1) =F x(k) + Gu(k) + F L[ x(K) - Hx (K)] (3.16)
x(k+1) =(F - FL,H)x(K) (3.17)
The desired roots are supposed tazle 1, »,..., n Where ;| =e ™" and ,is the
observer bandwidth. Then the characteristic patyiabis equation (3.18).
a.(z2)=(z- b)(z- b,)...(z- b,) (3.18)

According to Ackerman’s Formul2§]
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HF 0
HF? 0
X
L. =a.(F) y (3.19)
X X
HF" 1
From equation (3.19),,can be as equation (3.20).
L, =FL, (3.20)
In this casel..can be as equation (3.21).
1- b°
_ 2
L = 15(6- D (b+] (3.21)
TS
(b-1°
-

S

Finally,Figure 7 shows the CDESO block diagram.

oO'P
oA x(k+1 x(K) v
i» G 4@(—)> Z-l o ’J)
R R 4 EO'P
x(k) YR "
F | sSS—

Figure 7 Current Discrete ESO Block Diagram
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3.3 PD Control Algorithm

The estimated disturbancik), can be canceled out from the feedback of the
CDESO estimateS%(k). Considering equation (3.4), discrete PD contanl tan be as

equation (3.22).
u, =k, (r(k) - x.(K)) - kox, (k) (3.22)

where

w,: the trajectory bandwidth

r: the desired trajectory of the drive axis

In this control system, the controller continualtgces the reference which is a
sinusoidal signal. For this reason, tracking ewould cause a delay. To reduce the

tracking error, a feedforward PD control is implereel as equation (3.23).

U (K) = K, (1 (K) - X, (K)) + Ky (r (K) - X, (K)) +1 (3.23)

Then, equation (3.4) becomes equation (3.24).

u(k) = % (3.24)

(o]
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34 Simulation Results

A control system of discrete LADRC is designed aimdulated with a model of a
piezoelectrically-driven vibrational beam gyroscd@&], and built on the MATLAB/

Simulink block diagram itfrigure 8.

A 4
A4
-

Figure 8 Discrete LADRC MATLAB/Simulink Block Diagram

The parameters for the simulation arg= 63881.1rad/se¢ = 0.0005, ,, =

6000rad¥seC, ~ = 1 The reference signal for the drive axis,is Acos( 1),

m  4.084" 10°
where = 63428rad/secand A = 200mV. We useA = 215 in “simulation units” to
represent this. The output of the control signallimited to +100. The design

parametel, =K. 2.7178 10°; the controller bandwidth is. = 5 x 16 rad/se¢ the
m

observer bandwidth is, = 2.5 x 18 rad/se¢ and the sampling period 5= 1 x 1 s,

The output of a MEMS gyroscope drive axis is-agire 9.
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The output of the drive axis
400 ‘ ‘ ‘

200 -

Output x
o

-200 - s

400 | | | | | | |
0

The stabilized drive axis output

200
100

Output x
o

-100

-200

Time(s)

Figure 9 The output of the drive axis with DLADRO{= 1 x 10%)

The control signal of the drive axis
100 ‘ ‘ ‘

.50 g

-100 Il 1l 1l 1l 1 1

The control signal of the drive axis at steady state
100 T T T T

50

-50

-100 I I I I

Time(s) X 10-3

Figure 10 The control signal of the drive axis with DLADRTsE 1 x 10°)
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As the result shows, the frequency of the drives agidriven to the resonant
frequency after 2.2ms Figure 10 shows the control signal of the drivesawith
discrete ADRC. The stabilized peak error is lessthB.05 % of the desired amplitude,

and the error between the reference signal andrthe axis output is 0.2% &3gure 11.

The error signal between the drive axis and reference
400 T T T T T T T

200 |- B

error
o
I

-200

_400 L L L 1 1 1 1

-3
x 10
The error signal between the drive axis and reference at steady state
l T T T T

0.5F B

error
o
T
§

-0.51 B

7 7.1 7.2 7.3 7.4 7.5
Time(s) -

Figure 11 The Error (the Drive Axis and the Referen@e¥ 1 x 10%)

The sampling time, however, is too fast to implemeto the FPGA board, since
the FPGA board clock speed is MHz, and the digital ADRC requires several clock
cycles to process. For this reason, the desigmpeas are adjusted as the controller
bandwidth is . = 2.5 x 16 rad/seg the observer bandwidth is, = 2.5 x 18 rad/secand

the sampling period i$s = 1 x 10° s. The output of a MEMS gyroscope drive axis is as

Figure 12.
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The output of the drive axis
400

200

Output x
o

-200

_400 L L L L L L L

The stabilized drive axis output

200

100 -

Output x
o

-100 -

-200

7 7.1 7.2 7.3 7.4 7.5
Time(s) -3

Figure 12 The output of the drive axis with DLADRT{= 1 x 10°)

As the result shows iRigure 12, the frequency of the drive axis is dmitve the
resonant frequency after 5.5ms Figure 13 shows the control signal of the drivesaxi
with discrete ADRC when the sampling time is 1 xX* ) The stabilized peak error is
1.4 % of the desired amplitude, and the error betwée reference signal and the drive
axis output is 3.72 % dsigure 14. The results from two different sampliiges, 1 x
10° sand 1 x 18 s, show that the sampling time is important for ohitag optimum

results.
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The control signal of the drive axis
100 mm

50

-50

-100 ‘ L

-3
x 10
The control signal of the drive axis at steady state
100 T T T T

50+ B

50k J

-100 I I I I
7 7.1 7.2 7.3 7.4 7.5

Time(s) ¥ 10°

Figure 13 The control signal of the drive axis with DLADRTsE 1 x 10°)

The error signal between the drive axis and reference

400 T T T T T T T
200 - B
S o
()
-200 B
_400 L L L 1 1 1 1
0 1 2 3 4 5 6 7 8
x 10°
The error signal between the drive axis and reference at steady state
10 T T T T
5 [ -
° o -
[
-5
-10 L 1 L 1
7 7.1 7.2 7.3 7.4 7.5
Time(s) -3

x 10

Figure 14 The Error (the Drive Axis and the Referen@e¥ 1 x 10°%)



CHAPTER IV

HARDWARE IMPLEMENTATION

Due to the flexibility of FPGA, the discrete cortsystem can be implemented
into FPGA. In theFigure 15, several blocks are employed for the FRigykal logic.
First of all, Phase-Locked Loop (PLL) generates fifferent clocks, 19IHz for ADC,

25 MHz for DAC, 1 MHz for reference generator and 3RBiz for FIFO buffer. Second,
reference generator generates discrete sinusaglal dor the resonance frequency of
MEMS gyroscope. Third, ADC and DAC controllers aqohtthe ADC and DAC chips
directly, and deliver the signal data to the cdigroFourth, a processor block initializes
the system, changes control parameters, and inésrtaetween peripherals and computer.
Finally, a digital control circuit is employed ftinte main control algorithm to control the

MEMS gyroscope.

30
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Figure 15 Digital Logic Structure in FPGA

Figure 16 shows the block diagram of the FPGA harédwand circuits for the
control system. For this project, LADRC by VHDL, ddi core processor, discrete
sinusoid reference signal and First Input FirstpDutouffer (FIFO) are designed into
FPGA. 12 bit DAC is implemented to convert a diggggnal from FPGA to analog
control signal to control the gyroscope. Then,ooaramp circuit is built to amplify the

gyroscope output signal which is the feedback s$ighthe controller.
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Figure 16 Discrete LADRC block diagram into FPGA

However, calculations in the control system are glem and using very large
range of numbers to digital circuits. For this mgsbetter numerical expression and
computation are required for this control systenmgl® precision floating-point from
IEEE standard 754 has the capability to expressra karge range of numbers. For this
project, discrete LADRC designed by FPGA is bas&dcalculations by a single

precision floating-point.

For system design, Quartus Il, version 3.2, for BP@esign by VHDL and
schematics, SOPC builder for design Nios embeddedepsor, and GNUPro compiler

for building both software and libraries are udedhe hardware design based on FPGA,
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the controller is designed for the drive axis & MEMS gyroscope which has two axes,

drive axis and sense axis, for initial work.

4.1 Field Programmable Gate Array Implementation

4.1.1 Floating Point Number in FPGA

Considering discrete LADRC in FPGA, there are maaiculations with very
large positive and negative numbers and very spaditive and negative numbers;
decimal numbers. However, integer numbers expre32dat binary have very limited
range of numbers; from 2147483647 to -2147483648h \the 32-bit binary integer
number expression, it is impossible to operatesardte LADRC. In other to implement a
discrete LADRC, a better method to express numbgrsg 32-bit must be implemented.
It must have the capability of expressing a largege of numbers; not only large

numbers but also decimal numbers without increaaimgnumber of bits for data bus.

31 |30| 29|28 |27 | 26| 25|24 |23 |22|21|20|19| 18|17 |16 |15 |14 | 13 | 12 |11 | 10| 9 8 7 6 5 4 3 2 1 0

S EXPONENT MANTISSA

Figure 17 IEEE Standard 754 Floating-Point Bit-Map

Single precision floating-point from IEEE stand@®¥ could be the best solution

for this problem 28]. This method can express from + 1.17549435 %10 +
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3.4028235 x 1 which covers most numbers that are required fer@80 calculations,

and the PD controller calculations.

Figure 17 shows bit-map for IEEE standard 754 iit@ppoint. S is sign bit; ‘1’
for negative and ‘0’ for positive number. The follmg 8 bits (23 — 30) are for exponent
where base is two. For the exponent, a bias, ¥24dded to the actual exponent in order
to express decimal number. Finally, 23 bits (22 fo® mantissa represent fraction bits.
Then, the real value that is presented by IEEEdstah 754 floating-point is as the

equation (4.1)
N=(-1D°" @m)” 25 (4.1)

whereN is real valueSis sign,m is mantissa, an is exponent. Th& ABLE I: shows

the special values that are expressed by floatougtp

TABLE I: FLOATING-POINT SPECIAL VALUES

Special Value Representation Value
Positive largest number 0 11111110 11111111220111M1M11111 + 3.4028235 x ¥0
Negative largest number 1 11111110 1111111111M01M1111 | - 3.4028235 x 18
Positive smallest number 0 00000001 000000000DDBAO00000 | + 1.17549435 x 1¢
Negative smallest number 1 00000001 00000000GHEIEDO0000 | - 1.17549435 x 16
+Zero 0 00000000 000000000000000000000400+ 0.0
-Zero 1 00000000 000000000000000000000Q0- 0.0
+Infinite 0 11111111 00000000000000000000000--

-Infinite 111111111 00000000000000000000000 --
NaN 0111111121122711111122211111112112173 --

Even though, this floating-point system has a visge range of number

expression, it has a disadvantage. Because thisotheises the same number of bus bits
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as integer expression, it is less accurate. Fampla if the number is 2.3, the best way
to express this number is 2.299999952316284 wherebinary code is 0 10000000
00100110011001100110011 in the single precisioatifig point expression. However,

this small error could be ignored in the calculasiof ESO.

4.1.2 Floating-Point Arithmetic

As the equations in Chapter 3 to implement CDES®RID controller, they could
be expressed by additions, subtractions, multipdoa and divisions. Due to digital
implementation, implementation of division caudes speed of system process to slow
down. However, if the inverse of division is used dlivisor, division could be replaced

by multiplication.

To implement FPGA floating-point arithmetic for ailoh, subtraction and
multiplication, the calculation processhigure 18 is implemented. ASgure 18 shows,
the first step is getting two inputs: A and B. Themo inputs are compared to adjust the
exponent and shift the mantissa and complementrexyief the larger number. The next
step is calculation (addition, subtraction or nplitiation). Right after calculation, the
mantissa of the result is shifted, and the expooénlhe result is complemented. Then,

finally, we have the results.
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Getting inputs A and B

A

Compairing inputs, and check
exceptions

v
Shifting right mantissa and compelment
exponent of lager number of inputs
(multiplication is exception)

Y

Calculating (A+B, A-B, or AXB)

/

Shifting left mantissa and complement
exponent of the result

Y

Result out

Figure 18 Calculation unit process

4.1.3 Discrete LADRC with FPGA

In Chapter 3, discrete LADRC implementation usingLAB simulation for
the MEMS gyroscope was discussed. Here, the rgéhdtircuit implementation using

FPGA for the current discrete LADRC will be explagh

First of all, the discrete ESO that is implementedhe MATLAB simulation
must be changed to implemental forms into FPGA beeanatrixes can not be calculated

in a digital circuit. For this reason, the equat{8ri5) can be expanded as following:
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xum:&m-n+1&w-n+;§&m-n+%qu-n (4.2)
X,(K) = x,(k - 1) + T, (k- 1) + T,b u(k - 1) (4.3)
X,(K) = x, (k- 1) (4.4)
X,(K) =X, (K) + (L= 52)(x(K) - X,(K)) (4.5)

N 15(b - D2(b +1) e
X, (K) = X, (k) + T, (X(K) - x,(K)) 4.6)

s = (b-1)° 5
%) =50 + = (<09 - X,(K) (4.7)

Then, for the discrete PD controller, equations23B.and (3.24) can be
implemented. With the equations (4.2) ~ (4.7), dscrete LADRC block diagram for

FPGA can be expressedFfgure 19.
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Figure 19 Discrete LADRC Block Diagram for FPGA
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4.1.4 Nios Embedded Processor

Nios embedded processor is a soft core CPU, andraddt System-On-a-
Programmable-Chip (SOPC) builder system design tawl create Nios embedded
processor desigr2p]. SOPC builder is a system design tool for desigpdules consist
of processors, memory interfaces, buses and pealshét the same time that a system
is generated, libraries and header files are gewlay GNUPro compiler which is used

to build both software and libraries for Nios emtbed processor.

Initiating and resetting the system, getting comdsainom a computer, changing
controller and ESO parameters, and controlling FIBAC and ADC could be processed
by the Nios-embedded processor in this systenhignslystem, Nios-embedded processor
includes 2 Kbytes ROM for GERMS monitor, which isienple monitor program that
controls the boot process, and provides a way @ad feom and write to the on-board
memories, 32 Kbytes RAM, one timer, 8-bit Universatynchronous Receiver/
Transmitter (UART) that translates data betweemlfrand serial interfaces, and other

peripheralsFigure 20 shows the Nios-embedded processor ®system.



40

out_port _from_the_adc_cant, out[4 D]

out_port_from_the_adre_bo out[sl D] -
s gaminaigitgf
out_port_from_the, adrc_gammai out[‘31 D]—j_&"q
s SRS
=1 i ipra
out_port_from_the_adrc_h oLrt[SI D] —ﬂx 5
- i;au'rc' i

out_port_from_the adrc_gammﬂ o

out_port_from_the_adrc_ld oLrt[‘31 D]

e Radiis
out_port_from_the_adre kp out[sl D] —-ﬂx

out_port_from_the_adre_lei_o

ot _port_from_the_adre_lc? out[‘31 .D]

ot _port_from_the_adre_le3 out[‘31 .D]

o sel[t 1:1

out_port_from_the_fifo_rd_zel out[1 .0

) :uauu[‘ls' g o
out_port_from_the _fifo_rdadd out[13 i)

out_port_from_the_fifo_rdselect c-ut[1

out_port_from_the_fifo_sel

in_port_to_the_fifo_wradd |n[13 0

1JDDI1 to_the_mnt_data |n[31 .0

rod_to_the_uart1 twd_from_the_uart 1

R 8 11 31]

Figure 20 Nios Embedded Processor for the System

For the Nios processor in the system, c-source rilgst be built into the
processor. Flow chart ifrigure 21 explains the program. First of all, mize all
parameters and the system, and wait for the comrfrand a computer. The command
can be ‘control start’, ‘control stop’, ‘ADRC paraters change’, ‘monitoring options
change’ or ‘terminate’. When the command is ‘cohgtart’, the processor enables the
system and controller, and sends data from inpdtcoartiput of gyroscope and ADRC to

the computer.
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Initialize all parameters
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Send initial parameters to LADRC

Get a command from computer
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Control Start? Enable the control system
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Change parameters —
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Change monitoring options ——{
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Figure 21 Nios processor flow chart for the system
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4.1.5 Reference in FPGA

To control the drive axis, a reference signal, 1RHz sinusoidal signal, is
required. For this project, the reference couldybrerated by FPGA ROM (Read Only

Memory). Doing this task, the sinusoidal signal esdigitized and saved into ROM.

....98 99

123.

Figure 22 Sampling a sinusoid signal

As Figure 22 shows, one period of sinusoid signalhispped into 99 samples.
Here, 1 MHz clock frequency is used to generate this signalabge of hardware
limitation and clock speed. UsingMHz clock frequency for the sampling generates 10.1

KHz sinusoid signal.

However, as equation (3.23) expressed in Chaptier&e references, r andr
are needed for the feed forward controller. Fog teason, every single sample datum of

reference is calculated for andr , and saved into the ROM.
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4.1.6 First In First Out Buffer Implementation

To control MEMS gyroscope, a very fast controlerequired. For this project, 1
MHz sampling frequency is used for all system suclihasdiscrete LADRC process
speed, DAC and ADC speed, and reference genersgiegd. However, to observe the
control system signals such as a control signathvis gyroscope input and a feedback
signal which is gyroscope out, this system collé¢bts signal data, and sends them to a
computer through RS-232. Doing this observatioe, ¢tbmmunication speed, 115200
bps, through RS-232 is much slower than the sag@peed in the system. Because of
this reason, a FIFO (First In First Out) bufferegjuired to save the data, and send it to a

computer.

For this, three 16 K dual-port Random Access Mem@®M) functions are
implemented. This RAM function which is provided Bitera has 2 address bus inputs,
one to access to write and the other to accessath and these addresses can be accessed
individually. The sampling speed for the FIFO isacalslowed to 300 KHz which is

enough speed to observe the graphs of the datalyyaifeedback signal and a control
signal are chosen to collect, and one of the sdgneﬂerence)?l, )?2 and )?3, can be

chosen to collect.
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Figure 23 FIFO Block Diagram

4.2 Other Circuits

A digital controller is implemented for this projedHowever, to control the
MEMS gyroscope, an analog signal is required. R teason, it is necessary to use a
DAC (Digital to Analog Converter) for the contragsal and an ADC (Analog to Digital

Converter) for feedback signal.
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4.2.1 Digital to Analog Converter Circuit

The control output from the LADRC in FPGA is a dagisignal, and this control
signal must be converted to analog to control thescope Beam. For this reason a DAC
(Digital to Analog Converter) is implemented foisttproject. However, RCCM board
output pins from FPGA are very limited (10 pinsJ&f10 and 6 pins of JP9), so AD5444
is chosen for this project. AD5444 is a 12-bit akeinput DAC, and 50MHz serial
interface. Referring to the manual of AD5444, tlwdlofving circuit, Figure 24, is

implemented.

470

Vref £10V

—
+ 10K Vout

OPA2130 b 100
»—,7 OPA2130 0.01uF

nSYNC SCLK SDIN

\\H
\\H—‘

330 x 3

FPGA
Control

Figure 24 DAC Bipolar Operation Circuit

The clock speed for the DAC isMHz Some resister parameters are changed to
adjust output voltage. Especially, the maximum ottpust be under the maximum input
of the gyroscope. Here, the maximum out voltage 190mV,.,. To reduce the noise, the
analog ground must be separated from the digi@lirgt, and some by-pass capacitors

are added into the circuit.
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4.2.2 Analog to Digital Converter Circuit

Since the implementation of this system is digitdaDC (Analog to Digital
Converter) is required to acquire and analyze dedlback signal (MEMS gyroscope
output). In the FPGA board, two amplifiers (AD80aBd AD8132) and one ADC

(AD7266; Dual 12 bit, 3-channel) are implementedrigsire 25.
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Figure 25 ADC circuits and blocks

Since the output of the MEMS gyroscope is low \gdtgabout + 400M\Vj,.p)
comparing to ADC resolution @V per a bit), it is necessary to amplify this sigriadr

this reason, one non-inverse amp circuit is busleigure 26.
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Figure 26 Non-inverse op-amp circuit

In Figure 26, the output can be Calculatedﬂassl'gTK = 4.3s0, the output ISy, =

4.3vin. Now, the resolution of the gyroscope output seased 4.3 times.

4.3 JAVA User Interface

Java is a high-level programming language that evebbped by Sun
Microsystems. Like c++, Java is an object-orientaaguage, but it is simplified to
eliminate language features causing common progragetrors. A bytecode, .class file,
which Java source code files, .java files, are d@dpnto, can be executed by a Java
interpreter. Because Java Virtual Machines (VMshiclw are Java interpreters and
runtime environments, exist for most Operating &yst (OS) such as UNIX, the
Macintosh OS, and Windows, the Java code thatrigpded can run on most computers.
Most of all, Java is open source language and beesy can download the compiler

freely from the webpage of Sun Microsystems.
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For this project, Java Development Kit (JDK), versil.4, is used to design a
simple program for communication between the FP®art and a computer. There are
three main operations in the Java user interfaicst &f all, the FPGA controller can be
operated by the Java user interface; running therater or stopping the controller.
Secondly, the Java user interface collects the LBDOfta from the FPGA controller,
and draws three graphs on the grid monitor to eestire controller signals and the input
and output of MEMS gyroscope Rigure 27 (a). Finally, parameters for LADRC can be
changed using the Java user interfaceigsre 27 (b). Due to changing the parameters, if
all the calculations of matrixes,, , and L, defined in Chapter 3, are processed in the
FPGA board, a big and complicated system is netaaledlculate them. For this reason,
the java user interface calculates the matrixeangbés the numbers to floating-point

binary numbers, and sends them to the FPGA board.

Figure 27 JAVA User Interface Program



CHAPTER V

HARDWARE RESULTS

As earlier mentioned, hardware implementation cfcite LADRC handles
unknown disturbances, frequency mismatch and pdeameariations well as the
following results show. For the parameters fodiasre implementation, ;. is 2500000,

o is 2500000 and, is 2.7178 x 18 The following graphs in frorfrigure 28 toFigure
31 are the observations from the JAVA user intexfam Figure 28, the vibrating
gyroscope output is shown when the time divisiohinss and the voltage division is 500
mV. The vibrating gyroscope output is constant andlstafter about 20ms with
amplitude about 180@n\;,, amplified by the circuit inFigure 26. Since the drive axis
output is amplified 4.3 times according to the @airin Figure 26, the actual output of the

drive axis of the MEMS gyroscope is 41808.
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Figure 28 Steady State Output of the Drive Axis of the MEM$@@&cope
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Figure 29 Gyroscope Control Signals
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In Figure 29, the vibrating MEMS gyroscope output, gedph, matches to the
reference signal, blue graph, very well withoutdidelay at 0..Insfor time division, 500

mV for voltage division, and 1fmsfor time position.

The error is illustrated irigure 30 at Sms for time division and 500nV for
voltage division. As it shows, the error is rediiemtil the MEMS gyroscope out gets

stable. According the error graph, the error predus approximately 10 % of the signal.
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Figure 30 Tracking Error Signal between Reference signal@yabscope output

Current Discrete Extended System Observer mushattithe MEMS gyroscope

output accurately without time delalyigure 31 shows the vibrating MEMS gyroscope

output and)?1 from the CDESO at the same time. The hardware amehtation of
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FPGA-based discrete LADRC estimates the MEMS gyescoutput very well as in

Figure 31.
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Figure 31 ESO Zeta (1) and the Output of the Drive Axis

The results from the FPGA-based discrete LADRC lmarcompared with those
from the simulation implementation introduced inapter 3, and those from the analog
adaptive control in12]. As theTABLE II: shows, even though the FPGA-based discret
LADRC has a slow response and more error comparesinulation, its response is

much faster and with less error than those froraratog adaptive control.

TABLE Il: COMPARISON OFRESULTS

Analog adaptive contro] Simulation (ADRC)| FPGA-based discrete LADRC
Time 3s 5.5ms 20ms

Error 15 % 3.72% 10 %




CHAPTER VI

CONCLUSIONS AND FUTURE WORK

A novel controller based on ADRC is implementeadaatrol the drive axis of the
vibrating MEMS gyroscope. The complex, nonlinearq ancertain dynamics commonly
seen in MEMS devices is reformulated as a disturbaejection problem, where the
active disturbance rejection concept is readilyliadp The results, obtained from both
the simulation implementation, using MATLAB/Simutin and from the hardware
implementation based on FPGA, are significantlytdrethan those obtained from the
analog adaptive controlled?]. In particular, significant improvement in sgeand a
slight reduction in error are achieved, meeting diesign requirements with minimum

requirement on the information of plant dynamics.

The most significant contribution of the thesiseaagh is to meet the speed and
accuracy requirements that come with the MEMS appbns. The high controller
bandwidth is attained by implementing the control an FPGA board and by
digitizing the ADRC controller so that it can beogrammed into the FPGA circuitry

using VHDL. To improve the numerical accuracy, toatroller is implemented using a
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floating-point arithmetic based on the IEEE stadd&54. To reduce the phase lag, the

disturbance observer is implemented in the CDES®@ feith single parameter tuning.
There are a number of issues that perhaps candoeszed in future research:

1) The sampling rate can be further increased avibletter FPGA implementation
or using a faster FPGA chip. This will certainlyadeto better performance in terms of

smaller settling time and steady state error;

2) The interface circuit, implemented on a breadihoaonnecting the FPGA
board to the gyroscope, should be implemented Friated Circuit Board (PCB) to

reduce the noise and further improve the accuracy;

3) Implementation of the FPGA-based ADRC can bered to control both the

drive and sense axes, where the rotation rateéimmated digitally.
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A. Digital Schematic for FPGA Control System
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B. Discrete ESO VHDL Code

IF (clock'event AND clock ='1") THEN

IF (enable ='1") THEN

IF (s_cnt=0) THEN
complt <="'0"
s cnt<=s_cnt+1;

ELSIF (s_cnt=1) THEN
s_cnt<=s cnt+1;

ELSIF (s_cnt=2) THEN
s_sin_y <=y in(width-1);
s_exp_y <=y _in(width-2 DOWNTO width-exp-1);
s_mant_y<='1'&y in(mant-1 DOWNTO 0);
S_sin_u <= u_in(width-1);
S_exp_u <= u_in(width-2 DOWNTO width-exp-1);
s_mant_u<="1'& u_in(mant-1 DOWNTO 0);
s_sin_lcl <= Ic1_in(width-1);
s_exp_lcl <=lcl_in(width-2 DOWNTO width-exp-1);
s_mant_Icl<='1'& Icl_in(mant-1 DOWNTO 0);
s_sin_lc2 <= Ic2_in(width-1);
s_exp_lc2 <=lc2_in(width-2 DOWNTO width-exp-1);
s_mant_lc2<="1"' & Ic2_in(mant-1 DOWNTO 0);
s_sin_Ic3 <= Ic3_in(width-1);
s_exp_lc3 <=lc3_in(width-2 DOWNTO width-exp-1);
s_mant_Ic3<="1"'& Ic3_in(mant-1 DOWNTO 0);
s_sin_gammal <= gammal_in(width-1);
s_exp_gammal <= gammal_in(width-2 DOWNTO width-&xp
s_mant_gammal<="'1'& gammal_in(mant-1 DOWNTO 0);
S_sin_gamma?2 <= gamma2_in(width-1);
S_exp_gamma2 <= gammaz2_in(width-2 DOWNTO width-&p
S_mant_gamma2<='1' & gamma2_in(mant-1 DOWNTO 0);
s_sin_phi <= phi_in(width-1);
s_exp_phi <= phi_in(width-2 DOWNTO width-exp-1);
s_mant_phi<="1' & phi_in(mant-1 DOWNTO 0);
S_sin_ts <=ts_in(width-1);
s_exp_ts <=ts_in(width-2 DOWNTO width-exp-1);
s_mant_ts<='1"'& ts_in(mant-1 DOWNTO 0);
s cnt<=s _cnt+1;

ELSIF (s_cnt = 3) THEN -- COMPARASONS for sub

IF ((s_exp_rtl5 =0) AND (s_exp_y =0)) THEN
s_sin_rt0 <="'0"
s_exp_rt0 <= (OTHERS =>"0Y;
s_mant_rt0O<= (OTHERS =>'0";
s skipl <='1

ELSIF (s_exp_rtl5 = 255) THEN
s_sin_rt0 <= NOT(s_sin_rt15);

s_exp_rt0 <=s_exp_rtl5;
s_mant_rt0<=s_mant_rtl5;
s skipl <="1

ELSIF (s_exp_y = 255) THEN
s _sin_rt0 <=s_sin_y;
s_exp_rt0 <=s_exp_y;
s_mant_rt0<=s_mant_y & '0
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s skipl <='1}

ELSIF (s_exp_rtl5 = 0) THEN
s_sin_rt0 <=s_sin_y;
s_exp_rt0 <=s_exp_y;
s_mant_rt0<=s_mant_y & '0
s_skipl <='1%

ELSIF (s_exp_y = 0) THEN
s_sin_rt0 <= NOT(s_sin_rt15);
s_exp_rt0 <=s_exp_rtl5;
s_mant_rtO<=s_mant_rtl5;
s_skipl <='1%

ELSIF (s_exp_rt15>s_exp_y) THEN
s_rsft_din <=s_mant_y;
s_rshift <=s exp_rtl5-s exp_y;
s _skipl <=0}

ELSIF (s_exp_rtl5 <=s exp_y) THEN
s_rsft_din <='s_mant_rtl15(mant+1 DOWNTO 1);
s _rshift <=s exp_y-s_exp_rtl5;
s_skipl <='0%

END IF;
s cnt<=s_cnt+1;

ELSIF (s_cnt=4) THEN
s_cnt<=s cnt+1;

ELSIF (s_cnt=5) THEN

IF (s_skipl ='0") THEN

IF (s_exp_rtl5>s_exp_y) THEN
S_exp_y <=s_exp_rtl5;
s_mant_y<=s_rsft_dot;

ELSE
Ss_exp_rtl5 <=s_exp_y;
s_mant_rt15<=s_rsft_dot & '0";
END IF;
END IF;
s cnt<=s_cnt+1;
ELSIF (s_cnt=6) THEN -- CALCULATIONS OF SuB

IF (s_skipl ='0") THEN
IF ((s_sin_rt15 ="1") AND (s_sin_y ='0")) THEN
s_sin_rt0 <="0"
s_exp_rt0 <=s_exp_rtl5;
s_mant_rt0<= ('0' & s_mant_rt15(mant+1 DOWNTO4))0' & s_mant_y);
s_skipl <="'0%
ELSIF ((s_sin_rt15="'0") AND (s_sin_y ='0") TNE
IF (s_mant_rt15(mant+1 DOWNTO 1) >s_mant_y) THEN
s_sin_rt0 <="1"
s_exp_rt0 <=s_exp_rtl5;
s_mant_rt0<= ('0' & s_mant_rt15(mant+1 DOWNTO-1P' & s_mant_y);
s_skipl <="'0%
ELSIF (s_mant_rt15(mant+1 DOWNTO 1) <s_mant_y) THE
s_sin_rt0 <="'0"
s_exp_rt0 <=s_exp_rtl5;
s_mant_rt0<= ('0' & s_mant_y) - ('0' & s_mant_(th&nt+1 DOWNTO 1));
s_skipl <='0"
ELSIF (s_mant_rt15(mant+1 DOWNTO 1) =s_mant_y) THE
s_sin_rt0 <="0"
s_exp_rt0 <= (OTHERS =>"0Y;
s_mant_rt0O<= (OTHERS =>'0";
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s_skipl <="1";

END IF;

ELSIF ((s_sin_rt15="1") AND (s_sin_y ='1")) TNE

IF (s_mant_rt15(mant+1 DOWNTO 1) >s_mant_y) THEN
s_sin_rt0 <="0"
s_exp_rt0 <=s_exp_rtl5;
s_mant_rt0<= ('0' & s_mant_rt15(mant+1 DOWNTO-1P' & s_mant_y);
s_skipl <="'0%

ELSIF (s_mant_rt15(mant+1 DOWNTO 1) <s_mant_y) THE
s_sin_rt0 <="1"
s_exp_rt0 <=s_exp_rtl5;
s_mant_rt0<= ('0' & s_mant_y) - ('0' & s_mant_(th&nt+1 DOWNTO 1));
s_skipl <='0"

ELSIF (s_mant_rt15(mant+1 DOWNTO 1) =s_mant_y) THE
s_sin_rt0 <="'0"
s_exp_rt0 <= (OTHERS =>"0Y;
s_mant_rt0O<= (OTHERS =>'0";
s_skipl <="1";

END IF;

ELSIF ((s_sin_rt15 ='0") AND (s_sin_y ="'1")) TNE
s_sin_rt0 <="1"
s_exp_rt0 <=s_exp_rtl5;
s_mant_rt0<= ('0' & s_mant_rt15(mant+1 DOWNTO4))0' & s_mant_y);
s_skipl <="'0%

END IF;

END IF;
s cnt<=s_cnt+1;

ELSIF (s_cnt=7) THEN

IF (s_skipl ='0") THEN
s_lIshift_min(mant*2+2 DOWNTO mant+1) <= s_mant; rt0
s_lIshift_min(mant DOWNTO 0) <= (OTHERS 89;
s_lIshift_ein <=s_exp_rt0;

END IF;
s_lIshift_minl(mant*2+2 DOWNTO mant+1) <='s_mant5it
s_lIshift_min1(mant+1 DOWNTO 0) <= (OTHERS ¥99;

s_Ishift_einl <=s_exp5itl
s _cnt <=s cnt+1
ELSIF (s_cnt =8) THEN
s cnt<=s cnt+1; -- WAITING FOR SHIFTING BITS

ELSIF (s_cnt=9) THEN
IF (s_skipl ='0") THEN
s_exp_rt0 <=s_|Ishift_eot + 1;
s_mant_rt0<= s_Ishift_mot(mant*2+2 DOWNTO mant+1);
END IF;
s_exp_rtl5 <=s_lIshift_eot1;
s_mant_rt15<=s_Ishift_motl(mant*2+2 DOWNTO mani+1
s_cnt <=s_cnt+1;
ELSIF (s_cnt=10) THEN
IF (s_exp_rt0 =0) THEN
s_sin_rtl <="'0"
s_exp_rtl <= (OTHERS =>"'0";
s_mant_rtl<= (OTHERS =>"0";
s_skipl <='1%
ELSIF (s_exp_lcl =0) THEN
s_sin_rtl <="'0"
s_exp_rtl <= (OTHERS =>"0Y;



s_mant_rtl<= (OTHERS =>'0";
s skipl <='1

ELSIF (s_exp_rt0 = 255) THEN

s_sin_rtl <="0"
s_exp_rtl <= (OTHERS =>'1";
s_mant_rtl<= (OTHERS =>"0";
s skipl <='1

ELSIF (s_exp_lcl = 255) THEN

ELSE

END IF;

s_sin_rtl <="'0"
s_exp_rtl <= (OTHERS =>"1Y;
s_mant_rtl<= (OTHERS =>"0";
s_skipl <='1%

s_skipl <='0%

IF (s_exp_rt0 =0) THEN

s_sin_rt2 <="'0"
s_exp_rt2 <= (OTHERS =>"0Y;
s_mant_rt2<= (OTHERS =>"0";
s_skip2 <='1%

ELSIF (s_exp_lc2 = 0) THEN

s_sin_rt2 <="0"
s_exp_rt2 <= (OTHERS =>"0Y;
s_mant_rt2<= (OTHERS =>'0";
s skip2 <="1

ELSIF (s_exp_rt0 = 255) THEN

s_sin_rt2 <="0"
s_exp_rt2 <= (OTHERS =>'1";
s_mant_rt2<= (OTHERS =>"0";
s_skip2 <='1%

ELSIF (s_exp_lc2 = 255) THEN

ELSE

END IF;

s_sin_rt2 <="'0"
s_exp_rt2 <= (OTHERS =>"1Y;
s_mant_rt2<= (OTHERS =>'0";
s_skip2 <='1%

s_skip2 <='0%

IF (s_exp_rt0 =0) THEN

s_sin_rt3 <="'0"
s_exp_rt3 <= (OTHERS =>"0Y;
s_mant_rt3<= (OTHERS =>'0";
s_skip3 <='1%

ELSIF (s_exp_lc3 =0) THEN

s_sin_rt3 <="0"
s_exp_rt3 <= (OTHERS =>"'0";
s_mant_rt3<= (OTHERS =>'0";
s skip3 <='1

ELSIF (s_exp_rt0 = 255) THEN

s_sin_rt3 <="'0"
s_exp_rt3 <= (OTHERS =>'1";
s_mant_rt3<= (OTHERS =>"0";
s_skip3 <='1%

ELSIF (s_exp_lc3 = 255) THEN

s_sin_rt3 <="'0"
s_exp_rt3 <= (OTHERS =>"1Y;
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s_mant_rt3<= (OTHERS =>'0";
s skip3 <='1
ELSE
s_skip3 <='0
END IF;
s cnt <=s cnt+1;
ELSIF (s_cnt=11) THEN
IF (s_skipl ='0") THEN
s_sin_rtl <=s_sin_rt0 XOR s_sin_lc1;
s exp_rtl <= ('0'&s_exp_rt0) + ('0' & s_exp_lebase;
s_mant_rtl<=s mant rt0 *s mant_lc1;
END IF;
IF (s_skip2 ='0") THEN
s_sin_rt2 <=s_sin_rt0 XOR s_sin_Ic2;
s exp_rt2 <= ('0'&s_exp_rt0) + ('0' & s_exp_ledase;
S_mant_rt2<=s_mant_rt0 *s_mant_|Ic2;
END IF;
IF (s_skip3 ='0") THEN
s_sin_rt3 <=s_sin_rt0 XOR s_sin_Ic3;
s_exp_rt3 <=('0'& s_exp_rt0) + ('0' & s_exp_ledase;
s_mant_rt3<=s_mant_rt0 *s_mant_Ic3;
END IF;
s_cnt <=s_cnt+1;
ELSIF (s_cnt=12) THEN
IF (s_skipl ='0") THEN
IF (s_exp_rtl <233) THEN
s_Ishift_min <=s_mant_rtl;
s_Ishift_ein <=s_exp_rtl(exp-1 DOWNTO 0);
s_skipl <='0}
ELSE
s_mant_rtl <= (OTHERS =>'0";
s _exp_rtl <= (OTHERS =>"1";
s _skipl <='1%
END IF;
END IF;
IF (s_skip2 ='0") THEN
IF (s_exp_rt2 <233) THEN
s_Ishift_minl <='s_mant_rt2;
s_Ishift_einl <=s_exp_rt2(exp-1 DOWNTO 0);
s_skip2 <="'04
ELSE
s_mant_rt2 <= (OTHERS =>'0";
s_exp_rt2 <= (OTHERS =>"'1;,
s_skip2 <='1%
END IF;
END IF;
IF (s_skip3 ='0") THEN
IF (s_exp_rt3 <233) THEN
s_lIshift_ min2 <='s_mant_rt3;
s_lIshift_ein2 <=s_exp_rt3(exp-1 DOWNTO 0);
s_skip3 <="'0}
ELSE
s_mant_rt3 <= (OTHERS =>"'0";
s_exp_rt3 <= (OTHERS =>"'1";,
s _skip3 <='1%
END IF;
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END IF;
s_cnt <=s_cnt+1;
ELSIF (s_cnt = 13) THEN
s cnt <=s cnt+1;
ELSIF (s_cnt = 14) THEN
IF (s_skipl ='0") THEN
s_exp_rtl <='0' & (s_Ishift_eot + 1);
s_mant_rtl<=s_Ishift_mot(mant*2+2 DOWNTO 0);
END IF;
IF (s_skip2 ='0") THEN
s_exp_rt2 <='0" & (s_Ishift_eotl + 1);
s_mant_rt2<=s_Ishift_motl(mant*2+2 DOWNTO 0);
END IF;
IF (s_skip3 ='0") THEN
s_exp_rt3 <="0"'& (s_Ishift_eot2 + 1);
s_mant_rt3<=s_Ishift_ mot2(mant*2+2 DOWNTO 0);
END IF;
s_cnt <=s_cnt+1;
ELSIF (s_cnt = 15) THEN -- COMPARASON
IF ((s_exp_rtl5 = 0) AND (s_exp_rtl = 0)) THEN
s_sin_rt4 <="0"
s_exp_rtd <= (OTHERS =>"'0";
s_mant_rtd<= (OTHERS =>'0";
s skipl <='1
ELSIF (s_exp_rtl5 = 255) THEN
S_sin_rt4 <=s_sin_rtl5;
s_exp_rtd <=s_exp_rtl5;
s_mant_rt4<=s_mant_rt15(mant+1 DOWNTO 0);
s_skipl <='1%
ELSIF (s_exp_rtl >= 255) THEN
s _sin_rt4 <=s_sin_rtl;
s_exp_rt4 <= (OTHERS =>"1";
s_mant_rtd<=s_mant_rtl(mant*2+2 DOWNTO mant+1);
s skipl <='1
ELSIF (s_exp_rt15 = 0) THEN
s_sin_rt4 <=s_sin_rtl;
s_exp_rtd <=s_exp_rtl(exp-1 DOWNTO 0);
s_mant_rtd<=s_mant_rtl1(mant*2+2 DOWNTO mant+1);
s skipl <='1}
ELSIF (s_exp_rtl = 0) THEN
S _sin_rt4 <=s_sin_rtl5;
S_exp_rt4d <=s_exp_rtl5;
S_mant_rt4<=s_mant_rt15(mant+1 DOWNTO 1) & '0;
s_skipl <='1%
ELSIF (s_exp_rtl5>s _exp_rtl) THEN
s_rsft_din <='s_mant_rtl(mant*2+2 DOWNTO mant+2);
s_rshift <=s_exp_rtl5 - (s_exp_rtl(exp-1 DOWNI]R
s skipl <=0}
ELSIF (s_exp_rtl5 <=s_exp_rtl) THEN
s_rsft_din <='s_mant_rtl15(mant+1 DOWNTO 1);
s_rshift <= (s_exp_rtl(exp-1 DOWNTO 0)) - s_entf5;
s_skipl <='0%
END IF;
IF ((s_exp_rtl6 = 0) AND (s_exp_rt2 = 0)) THEN
s_sin_rt5 <="'0"
s_exp_rts5 <= (OTHERS =>"0Y;
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s_mant_rt5<= (OTHERS =>'0";
s skip2 <="1
ELSIF (s_exp_rtl6 = 255) THEN
s_sin_rt5 <=s_sin_rt16;
s_exp_rts <=s_exp_rtl6;
s_mant_rt5<=s_mant_rtl6;
s skip2 <="1
ELSIF (s_exp_rt2 >= 255) THEN
s _sin_rt5 <=s_sin_rt2;
s_exp_rt5 <= (OTHERS =>"1Y;
s_mant_rt5<=s_mant_rt2(mant*2+2 DOWNTO mant+1);
s_skip2 <='1%
ELSIF (s_exp_rt16 = 0) THEN
s_sin_rt5 <=s_sin_rt2;
S _exp_rts <=s_exp_rt2(exp-1 DOWNTO 0);
s_mant_rt5<=s_mant_rt2(mant*2+2 DOWNTO mant+1);
s skip2 <="1
ELSIF (s_exp_rt2 = 0) THEN
s_sin_rt5 <=s_sin_rt16;
s_exp_rts <=s_exp_rtl6;
s_mant_rt5<=s_mant_rtl6;
s_skip2 <='1%
ELSIF (s_exp_rtl6 >s_exp_rt2) THEN
s_rsft_dinl <=s_mant_rt2(mant*2+2 DOWNTO mant+2);
s_rshiftl <=s_exp_rtl6 - (s_exp_rt2(exp-1 DOWNQ));
s skip2 <=0}
ELSIF (s_exp_rtl6 <=s_exp_rt2) THEN
s_rsft_dinl <=s_mant_rt16(mant+1 DOWNTO 1);
s_rshiftl <= (s_exp_rt2(exp-1 DOWNTO 0)) - s_entf6;
s_skip2 <='0%
END IF;
IF ((s_exp_rtl7 = 0) AND (s_exp_rt3 =0)) THEN
s_sin_rt6 <="'0";
s_exp_rt6 <= (OTHERS =>"0Y;
s_mant_rt6<= (OTHERS =>"0";
s_skip3 <='1%
ELSIF (s_exp_rtl7 = 255) THEN
s_sin_rt6 <=s_sin_rtl7;
S_exp_rt6 <=s_exp_rtl7;
s_mant_rt6<=s_mant_rtl7;
s skip3 <='1
ELSIF (s_exp_rt3 >= 255) THEN
s_sin_rt6 <=s_sin_rt3;
S_exp_rt6 <= (OTHERS =>'1";
S_mant_rt6<=s_mant_rt3(mant*2+2 DOWNTO mant+1);
s_skip3 <='1%
ELSIF (s_exp_rtl7 = 0) THEN
S _sin_rt6 <=s_sin_rt3;
S_exp_rt6 <=s_exp_rt3(exp-1 DOWNTO 0);
s_mant_rt6<=s_mant_rt3(mant*2+2 DOWNTO mant+1);
s_skip3 <='1%
ELSIF (s_exp_rt3 =0) THEN
s_sin_rt6 <=s_sin_rtl7;
s_exp_rt6 <=s_exp_rtl7;
s_mant_rt6<=s_mant_rtl7;
s skip3 <='1
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ELSIF (s_exp_rtl7 >s_exp_rt3) THEN
s_rsft_din2 <='s_mant_rt3(mant*2+2 DOWNTO mant+2);
s_rshift2 <=s_exp_rtl7 - (s_exp_rt3(exp-1 DOWNQ));
s_skip3 <='0%
ELSIF (s_exp_rtl7 <=s_exp_rt3) THEN
s_rsft_din2 <='s_mant_rt17(mant+1 DOWNTO 1);
s_rshift2 <= (s_exp_rt3(exp-1 DOWNTO 0)) - s_entp7;
s _skip3 <=0}
END IF;
s_cnt  <=s_cnt+1;
ELSIF (s_cnt = 16) THEN
s cnt<=s_cnt+1;
ELSIF (s_cnt=17) THEN
IF (s_skipl ='0") THEN
IF (s_exp_rtl5 >s_exp_rtl) THEN
s_exp_rtl <='0'& s_exp_rtl5;
s_mant_rtl(mant*2+2 DOWNTO mant+2)<=s_rsft_dot;
ELSE
s_exp_rtl5 <=s_exp_rtl(exp-1 DOWNTO 0);
s_mant_rt15(mant+1 DOWNTO 1)<=s_rsft_dot;
END IF;
END IF;
IF (s_skip2 ='0") THEN
IF (s_exp_rtl6 >s_exp_rt2) THEN
s_exp_rt2 <='0"' & s_exp_rtl6;
s_mant_rt2(mant*2+2 DOWNTO mant+2)<=s_rsft_dot1;
ELSE
S_exp_rtl6 <=s_exp_rt2(exp-1 DOWNTO 0);
s_mant_rt16(mant+1 DOWNTO 1)<=s_rsft_dotl;
END IF;
END IF;
IF (s_skip3 ='0") THEN
IF (s_exp_rtl7 >s_exp_rt3) THEN
s_exp_rt3<='0'&s_exp_rtl7;
s_mant_rt3(mant*2+2 DOWNTO mant+2)<=s_rsft_dot2;
ELSE
Ss_exp_rtl7 <=s_exp_rt3(exp-1 DOWNTO 0);
s_mant_rt17(mant+1 DOWNTO 1)<=s_rsft_dot2;
END IF;
END IF;
s_cnt <=s_cnt+1;
ELSIF (s_cnt = 18) THEN -- CALCULATION OF ADD
IF (s_skipl ='0") THEN
IF ((s_sin_rt15 ="'0") AND (s_sin_rt1 ='0") THEN
s_sin_rt4 <="0"
s_exp_rtd <=s_exp_rtl5;
s_mant_rtd<= ('0' & s_mant_rt15(mant+1 DOWNTO 1))0+& s_mant_rtl(mant*2+2 DOWNTO
mant+2));
s_skipl <="'0";
ELSIF ((s_sin_rt15="1") AND (s_sin_rtl = '0"MEN
IF (s_mant_rt15(mant+1 DOWNTO 1) > (s_mant_rt1(mizn2 DOWNTO mant+2))) THEN
s_sin_rt4 <="1"
s_exp_rtd <=s_exp_rtl5;
s_mant_rt4<= ('0' & s_mant_rt15(mant+1 DOWNTO 1(P-& s_mant_rt1(mant*2+2 DOWNTO
mant+2));
s_skipl <="'0";
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ELSIF (s_mant_rt15(mant+1 DOWNTO 1) < (s_mant_ridtii2+2 DOWNTO mant+2))) THEN
s_sin_rt4 <="'0"
s_exp_rtd <=s_exp_rtl5;
s_mant_rt4<= ('0' & s_mant_rtl(mant*2+2 DOWNTO #&)) - (‘'0' & s_mant_rt15(mant+1
DOWNTO 1));
s_skipl <="0"
ELSIF (s_mant_rt15(mant+1 DOWNTO 1) = (s_mant_ridtii2+2 DOWNTO mant+2))) THEN
s_sin_rt4 <="0"
s_exp_rt4 <= (OTHERS =>"0Y;
s_mant_rtd<= (OTHERS =>'0";
s_skipl <="1"
END IF;
ELSIF ((s_sin_rt15 ='0") AND (s_sin_rtl = '1"MEN
IF (s_mant_rt15(mant+1 DOWNTO 1) > (s_mant_rt1(mizn2 DOWNTO mant+2))) THEN
s_sin_rt4 <="'0"
S_exp_rtd <=s_exp_rtl5;
s_mant_rtd<= ('0' & s_mant_rt15(mant+1 DOWNTO-1P' & s_mant_rtl(mant*2+2
DOWNTO mant+2));
s_skipl <=0
ELSIF (s_mant_rt15(mant+1 DOWNTO 1) < (s_mant_ridtii2+2 DOWNTO mant+2))) THEN
s_sin_rt4 <="1"
s_exp_rtd <=s_exp_rtl5;
s_mant_rtd<= ('0' & s_mant_rtl(mant*2+2 DOWNTO #&)) - ('0' & s_mant_rt15(mant+1
DOWNTO 1));
s_skipl <="'0%
ELSIF (s_mant_rt15(mant+1 DOWNTO 1) = (s_mant_ridtii2+2 DOWNTO mant+2))) THEN
s_sin_rt4 <="0"
s_exp_rtd <= (OTHERS =>"'0";
s_mant_rt4<= (OTHERS =>"0";
s_skipl <="1"
END IF;
ELSIF ((s_sin_rt15="1") AND (s_sin_rtl = '1"HEN
s _sin_rt4 <="1";
S_exp_rt4d <=s_exp_rtl5;
s_mant_rt4<= ('0' & s_mant_rt15(mant+1 DOWNTO4A)Y)0' & s_mant_rtl(mant*2+2
DOWNTO mant+2));
s_skipl <='0"
END IF;
END IF;
IF (s_skip2 ='0") THEN
IF ((s_sin_rt16 ='0") AND (s_sin_rt2 ='0")) THEN
s_sin_rt5 <="0";
s_exp_rts <=s_exp_rtl6;
s_mant_rt5<= ('0' & s_mant_rtl6(mant+1 DOWNTO4A)Y)0' & s_mant_rt2(mant*2+2
DOWNTO mant+2));
s_skip2 <=0
ELSIF ((s_sin_rt16 ='1") AND (s_sin_rt2 = '0"MEN
IF (s_mant_rtl6(mant+1 DOWNTO 1) > (s_mant_rt2(niazr2 DOWNTO mant+2))) THEN
s_sin_rt5 <="1";
S_exp_rt5 <=s_exp_rtl6;
s_mant_rt5<= ('0' & s_mant_rt16(mant+1 DOWNTO-1P' & s_mant_rt2(mant*2+2
DOWNTO mant+2));
s_skip2 <=0
ELSIF (s_mant_rt16(mant+1 DOWNTO 1) < (s_mant_ri2(@2+2 DOWNTO mant+2))) THEN
s_sin_rt5 <="'0"
S_exp_rts <=s_exp_rtl6;
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s_mant_rt5<= ('0' & s_mant_rt2(mant*2+2 DOWNTO #&)) - ('0' & s_mant_rtl6(mant+1
DOWNTO 1));
s_skip2 <=0
ELSIF (s_mant_rt16(mant+1 DOWNTO 1) = (s_mant_ri2(@2+2 DOWNTO mant+2))) THEN
s_sin_rt5 <="0"
s_exp_rt5 <= (OTHERS =>"'0";
s_mant_rt5<= (OTHERS =>'0";
s_skip2 <="1";
END IF;
ELSIF ((s_sin_rt16 ='0") AND (s_sin_rt2 = "1"HEN
IF (s_mant_rt16(mant+1 DOWNTO 1) > (s_mant_rt2(mizn2 DOWNTO mant+2))) THEN
s_sin_rt5 <="0";
s_exp_rts <=s_exp_rtl6;
s_mant_rt5<= ('0' & s_mant_rt16(mant+1 DOWNTO-1P' & s_mant_rt2(mant*2+2
DOWNTO mant+2));
s_skip2 <="'0%
ELSIF (s_mant_rt16(mant+1 DOWNTO 1) < (s_mant_ri2@ti2+2 DOWNTO mant+2))) THEN
s_sin_rt5 <="1"
s_exp_rtb <=s_exp_rtl6;
s_mant_rt5<= ('0' & s_mant_rt2(mant*2+2 DOWNTO &) - (‘'0' & s_mant_rt16(mant+1
DOWNTO 1));
s_skip2 <=0
ELSIF (s_mant_rt16(mant+1 DOWNTO 1) = (s_mant_ri2@ti2+2 DOWNTO mant+2))) THEN
s_sin_rt5 <="'0"
s_exp_rts5 <= (OTHERS =>"0Y;
s_mant_rt5<= (OTHERS =>'0";
s_skip2 <="1"
END IF;
ELSIF ((s_sin_rt16 ='1") AND (s_sin_rt2 = '1"MEN
s_sin_rts <="1"
S_exp_rts <=s_exp_rtl6;
s_mant_rt5<= ('0' & s_mant_rtl6(mant+1 DOWNTO4))0' & s_mant_rt2(mant*2+2
DOWNTO mant+2));
s_skip2 <="'0%
END IF;
END IF;
IF (s_skip3 ='0") THEN
IF ((s_sin_rt17 ='0") AND (s_sin_rt3 ='0")) THEN
s_sin_rt6 <="'0";
S_exp_rt6 <=s_exp_rtl7;
s_mant_rt6<= ('0' & s_mant_rt17(mant+1 DOWNTO4))0' & s_mant_rt3(mant*2+2
DOWNTO mant+2));
s_skip3 <=0
ELSIF ((s_sin_rt17 ='1") AND (s_sin_rt3 = '0"MEN
IF (s_mant_rt17(mant+1 DOWNTO 1) > (s_mant_rt3(nizn2 DOWNTO mant+2))) THEN
s_sin_rt6 <="1";
S_exp_rt6 <=s_exp_rtl7;
s_mant_rt6<= ('0' & s_mant_rt17(mant+1 DOWNTO-1P' & s_mant_rt3(mant*2+2
DOWNTO mant+2));
s_skip3 <="'0"
ELSIF (s_mant_rt17(mant+1 DOWNTO 1) < (s_mant_ri&@2+2 DOWNTO mant+2))) THEN
s_sin_rt6 <="0";
s_exp_rt6 <=s_exp_rtl7;
s_mant_rt6<= ('0' & s_mant_rt3(mant*2+2 DOWNTO #&)) - (‘'0' & s_mant_rt17(mant+1
DOWNTO 1));
s_skip3 <="'0"



70

ELSIF (s_mant_rt17(mant+1 DOWNTO 1) = (s_mant_ria@ti2+2 DOWNTO mant+2))) THEN
S_sin_rt6 <="'0";
S_exp_rt6 <= (OTHERS =>"'0";
s_mant_rt6<= (OTHERS =>"0";
s_skip3 <="1"
END IF;
ELSIF ((s_sin_rt17 ='0") AND (s_sin_rt3 = '1"MEN
IF (s_mant_rtl7(mant+1 DOWNTO 1) > (s_mant_rt3(niazr2 DOWNTO mant+2))) THEN
s_sin_rt6 <="'0";
S_exp_rt6 <=s_exp_rtl7;
s_mant_rt6<= ('0' & s_mant_rt17(mant+1 DOWNTO-1P' & s_mant_rt3(mant*2+2
DOWNTO mant+2));
s_skip3 <=0
ELSIF (s_mant_rt17(mant+1 DOWNTO 1) < (s_mant_ri@2+2 DOWNTO mant+2))) THEN
S _sin_rt6 <="1";
S_exp_rt6 <=s_exp_rtl7;
s_mant_rt6<= ('0' & s_mant_rt3(mant*2+2 DOWNTO #&)) - ('0' & s_mant_rt17(mant+1
DOWNTO 1));
s_skip3 <=0
ELSIF (s_mant_rt17(mant+1 DOWNTO 1) = (s_mant_ri@n2+2 DOWNTO mant+2))) THEN
s_sin_rt6 <="0";
s_exp_rt6 <= (OTHERS =>"'0";
s_mant_rt6<= (OTHERS =>'0");
s_skip3 <="1";
END IF;
ELSIF ((s_sin_rt17 ='1") AND (s_sin_rt3 = "1"\HEN
s_sin_rt6 <="1";
s_exp_rt6 <=s_exp_rtl7;
s_mant_rt6<= ('0' & s_mant_rt17(mant+1 DOWNTO4)Y)0' & s_mant_rt3(mant*2+2
DOWNTO mant+2));
s_skip3 <="'0"
END IF;
END IF;
s_cnt<=s cnt+1;
ELSIF (s_cnt=19) THEN
IF (s_skipl ='0") THEN
s_Ishift_min(mant*2+2 DOWNTO mant+1) <= s_mant; rt4
s_lIshift_min(mant DOWNTO 0) <= (OTHERS 89;
s_lIshift_ein <=s_exp_rt4;
END IF;
IF (s_skip2 ='0") THEN
s_lIshift_minl(mant*2+2 DOWNTO mant+1) <='s_manb; rt
s_lIshift_minl(mant DOWNTO 0) <= (OTHERS 9";
s_Ishift_einl <=s_exp; 5
END IF;
IF (s_skip3 ='0") THEN
s_lIshift_min2(mant*2+2 DOWNTO mant+1) <='s_mand; rt

s_lIshift_min2(mant DOWNTO 0) <= (OTHERS 9";
s_lIshift_ein2 <=s_exp; 6
END IF;
s _cnt <=s cnt+1
ELSIF (s_cnt = 20) THEN
s _cnt<=s cnt+1; -- WAITING FOR SHIFTING BITS

ELSIF (s_cnt =21) THEN
IF (s_skipl ='0") THEN
s_exp_rt4d <=s_|Ishift_eot + 1;



71

s_mant_rtd<=s_Ishift_ mot(mant*2+2 DOWNTO mant+1);
END IF;
IF (s_skip2 ='0") THEN
s_exp_rt5 <= s_lIshift_eotl + 1;
s_mant_rt5<=s_Ishift_motl(mant*2+2 DOWNTO mant+1)
END IF;
IF (s_skip3 ='0") THEN
S_exp_rté <=s_lIshift_eot2 + 1;
s_mant_rt6<=s_Ishift_ mot2(mant*2+2 DOWNTO mant+1)
END IF;
s cnt <=s cnt+1;
ELSIF (s_cnt = 22) THEN
xhl ot<=s_sin_rt4 & s_exp_rt4(exp-1 DOWNTO Oy&mant_rt4(mant DOWNTO 1);
xh2_ot<=s_sin_rt5 & s_exp_rt5(exp-1 DOWNTO 0y&mant_rt5(mant DOWNTO 1);
xh3 ot<=s sin rt6 & s_exp_rt6(exp-1 DOWNTO 0y&mant_rt6(mant DOWNTO 1);
IF (s_exp_u=0) THEN
s_sin_rt7 <="'0"
s_exp_rt7 <= (OTHERS =>"0Y;
s_mant_rt7<= (OTHERS =>"0";
s_skipl <='1%
ELSIF (s_exp_gammal = 0) THEN
s_sin_rt7 <="0"
s_exp_rt7 <= (OTHERS =>"0Y;
s_mant_rt7<= (OTHERS =>'0";
s skipl <='1
ELSIF (s_exp_u = 255) THEN
s_sin_rt7 <="0"
s_exp_rt7 <= (OTHERS =>'1";
s_mant_rt7<= (OTHERS =>"0";
s_skipl <='1%
ELSIF (s_exp_gammal = 255) THEN
s_sin_rt7 <="'0"
s_exp_rt7 <= (OTHERS =>"1Y;
s_mant_rt7<= (OTHERS =>'0";
s_skipl <='1%
ELSE
s_skipl <='0%
END IF;
IF (s_exp_rt5 =0) THEN
s_sin_rt8 <="0";
s_exp_rt8 <= (OTHERS =>"0Y;
s_mant_rt8<= (OTHERS =>'0";
s_skip2 <='1%
ELSIF (s_exp_ts = 0) THEN
s_sin_rt8 <="0";
s_exp_rt8 <= (OTHERS =>"'0";
s_mant_rt8<= (OTHERS =>'0";
s skip2 <="1
ELSIF (s_exp_rt5 = 255) THEN
s_sin_rt8 <="0";
s_exp_rt8 <= (OTHERS =>'1";
s_mant_rt8<= (OTHERS =>"0";
s_skip2 <='1%
ELSIF (s_exp_ts = 255) THEN
s_sin_rt8 <="0";
s_exp_rt8 <= (OTHERS =>"1Y;
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s skip2 <="1

ELSE
s_skip2 <='0%

END IF;

IF (s_exp_rt6 = 0) THEN
s_sin_rt9 <="'0"
s_exp_rt9 <= (OTHERS =>"0Y;
s_mant_rt9<= (OTHERS =>'0";
s skip3 <='1

ELSIF (s_exp_phi =0) THEN
s_sin_rt9 <="0"
s_exp_rt9 <= (OTHERS =>"'0";
s_mant_rt9<= (OTHERS =>"0";
s skip3 <='1

ELSIF (s_exp_rt6 = 255) THEN
s_sin_rt9 <="'0"
s_exp_rt9 <= (OTHERS =>"1Y;
s_mant_rt9<= (OTHERS =>"0";
s_skip3 <='1%

ELSIF (s_exp_phi = 255) THEN
s_sin_rt9 <="0"
s_exp_rt9 <= (OTHERS =>"1Y;
s_mant_rt9<= (OTHERS =>'0";
s skip3 <=1

ELSE
s_skip3 <='0%

END IF;

IF (s_exp_u=0) THEN
s_sin_rt10 <="'0"
s_exp_rtl0 <= (OTHERS =>"'0";
s_mant_rt10<= (OTHERS =>"'0";
s skip4 <='1

ELSIF (s_exp_gamma2 = 0) THEN
s_sin_rt10 <="'0"
s_exp_rt10 <= (OTHERS =>"'0Y;
s_mant_rt10<= (OTHERS =>'0";
s_skipd <='1%

ELSIF (s_exp_u = 255) THEN
s_sin_rt10 <="'0"
s_exp_rtl0 <= (OTHERS =>"1;
s_mant_rt10<= (OTHERS =>"'0");
s_skipd <='1%

ELSIF (s_exp_gamma?2 = 255) THEN
s_sin_rt10 <="'0"
s_exp_rt10 <= (OTHERS =>"1";
s_mant_rt10<= (OTHERS =>"'0");
s skip4 <='1

ELSE
s skip4 <=0}

END IF;

IF (s_exp_rt6 = 0) THEN
s_sin_rtll <="'0"
s_exp_rtll <= (OTHERS =>"'0Y;
s_mant_rtll<= (OTHERS =>"'0";
s _skipb <=1
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ELSIF (s_exp_ts = 0) THEN
s _sin_rtll <="'0"
s_exp_rtll <= (OTHERS =>"'0;
s_mant_rtl11<= (OTHERS =>'0";
s_skip5 <='1%
ELSIF (s_exp_rt6 = 255) THEN
s_sin_rtll <="'0"
s_exp_rtll <= (OTHERS =>"1;
s_mant_rtll<= (OTHERS =>"'0";
s skipb <='1
ELSIF (s_exp_ts = 255) THEN
s_sin_rtll <="'0"
s_exp_rtll <= (OTHERS =>"1";
s_mant_rt11<= (OTHERS =>'0";
s skipb <='1
ELSE
s _skips <=0}
END IF;
s cnt <=s cnt+1;
ELSIF (s_cnt = 23) THEN
IF (s_skipl ='0") THEN
s_sin_rt7 <=s_sin_u XOR s_sin_gammal;
s exp_rt7 <=('0'&s_exp_u) + ('0' & s_exp_gammdiase;
S_mant_rt7<=(s_mant_u & '0") *s_mant_gammal;
END IF;
IF (s_skip2 ='0") THEN
s_sin_rt8 <=s_sin_rt5 XOR s_sin_ts;
s_exp_rt8 <= ('0' & s_exp_rt5) + ('0' & s_exp_-thpse;
s_mant_rt8<=s_mant_rt5 *s_mant_ts;
END IF;
IF (s_skip3 ='0") THEN
s_sin_rt9 <=s_sin_rt6 XOR s_sin_phi;
s _exp_rt9 <= ('0' & s_exp_rt6) + ('0' & s_exp_phiase;
S_mant_rt9<=s_mant_rt6 *s_mant_phi;
END IF;
IF (s_skip4 ='0") THEN
s_sin_rt10 <=s_sin_u XOR s_sin_gammaz;
s_exp_rt10 <= ('0'&s_exp_u) + ('0' & s_exp_gar@mabase;
s_mant_rtl0<=(s_mant_u & '0") *s_mant_gammaz;
END IF;
IF (s_skip5 ='0") THEN
s_sin_rtll <=s_sin_rt6 XOR s_sin_ts;
s_exp_rtll <= ('0' & s_exp_rt6) + ('0' & s_exp -tbpse;
s _mant_rtll<=s _mant_rt6 *s_mant_ts;
END IF;
s cnt <=s cnt+1;
ELSIF (s_cnt = 24) THEN
IF (s_skipl ='0") THEN
IF (s_exp_rt7 <233) THEN
s_lIshift_min <='s_mant_rt7;
s_Ishift_ein <=s_exp_rt7(exp-1 DOWNTO 0);
s_skipl <='0}
ELSE
s_mant_rt7 <= (OTHERS =>"'0";
s _exp_rt7 <= (OTHERS =>"1";
s _skipl <='1%
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END IF;
END IF;
IF (s_skip2 ='0") THEN
IF (s_exp_rt8 <233) THEN
s_Ishift_minl <='s_mant_rt8;
s_Ishift_einl <=s_exp_rt8(exp-1 DOWNTO 0);
s_skip2 <="'04
ELSE
s_mant_rt8 <= (OTHERS =>'0");
s _exp_rt8 <= (OTHERS =>"1";
s_skip2 <='1%
END IF;
END IF;
IF (s_skip3 ='0") THEN
IF (s_exp_rt9 <233) THEN
s_lIshift_min2 <='s_mant_rt9;
s_Ishift_ein2 <=s_exp_rt9(exp-1 DOWNTO 0);
s_skip3 <="'04
ELSE
s_mant_rt9 <= (OTHERS =>"'0";
s_exp_rt9 <= (OTHERS =>"'1";,
s_skip3 <='1%
END IF;
END IF;
s_cnt <=s_cnt+1;
ELSIF (s_cnt = 25) THEN
s cnt <=s cnt+1;
ELSIF (s_cnt = 26) THEN
IF (s_skipl ='0") THEN
s_exp_rt7 <='0' & (s_Ishift_eot + 1);
s_mant_rt7<=s_Ishift_mot(mant*2+2 DOWNTO 0);
END IF;
IF (s_skip2 ='0") THEN
s_exp_rt8 <="0' & (s_Ishift_eotl + 1);
s_mant_rt8<=s_Ishift_motl(mant*2+2 DOWNTO 0);
END IF;
IF (s_skip3 ='0") THEN
s_exp_rt9 <='0' & (s_Ishift_eot2 + 1);
s_mant_rt9<=s_Ishift_ mot2(mant*2+2 DOWNTO 0);
END IF;
IF (s_skip4 ='0") THEN
IF (s_exp_rt7 <233) THEN
s_Ishift_min <=s_mant_rt10;
s_Ishift_ein <='s_exp_rt10(exp-1 DOWNTO 0);
s_skipd <='0}
ELSE
s_mant_rt10 <= (OTHERS =>'0");
s_exp_rtl0 <= (OTHERS =>"1";
s _skipd <='1%
END IF;
END IF;
IF (s_skip5 ='0") THEN
IF (s_exp_rtll < 233) THEN
s_Ishift_minl <=s_mant_rt11;
s_lIshift_einl <=s_exp_rtl1(exp-1 DOWNTO 0);
s_skip5 <="'04
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ELSE
s_mant_rtll <= (OTHERS =>'0");
s_exp_rtll <= (OTHERS =>"1";
s_skip5 <='1%
END IF;
END IF;
s_cnt <=s_cnt+1;
ELSIF (s_cnt=27) THEN
s_cnt <=s cnt+1;
ELSIF (s_cnt = 28) THEN
IF (s_skip4 ='0") THEN
s_exp_rt10 <="'0' & (s_Ishift_eot + 1);
s_mant_rt10<= s_Ishift_mot(mant*2+2 DOWNTO 0);
END IF;
IF (s_skip5 ='0") THEN
s_exp_rtll <="0'& (s_Ishift_eotl + 1);
s_mant_rtll<=s_Ishift_ motl(mant*2+2 DOWNTO 0);
END IF;
s cnt <=s cnt+1;
ELSIF (s_cnt = 29) THEN -- COMPARASON
IF ((s_exp_rt4 =0) AND (s_exp_rt7 = 0)) THEN
s_sin_rt12 <="'0"
s_exp_rtl2 <= (OTHERS =>"'0";
s_mant_rt12<= (OTHERS =>"'0";
s skipl <='1
ELSIF (s_exp_rt4 = 255) THEN
s_sin_rtl2 <=s_sin_rt4;
S_exp_rtl2 <=s_exp_rt4;
s_mant_rtl2<=s mant_rt4,
s_skipl <='1%
ELSIF (s_exp_rt7 >= 255) THEN
s _sin_rtl2 <=s_sin_rt7;
s_exp_rtl2 <= (OTHERS =>"1;
s_mant_rtl2<=s_mant_rt7(mant*2+2 DOWNTO mant+1);
s_skipl <='1%
ELSIF (s_exp_rt4 = 0) THEN
s_sin_rtl2 <=s_sin_rt7,
Ss_exp_rtl2 <=s_exp_rt7(exp-1 DOWNTO 0);
s_mant_rtl2<=s_mant_rt7(mant*2+2 DOWNTO mant+1);
s skipl <='1
ELSIF (s_exp_rt7 = 0) THEN
s _sin_rtl2 <=s_sin_rt4;
S_exp_rtl2 <=s_exp_rt4;
s_mant_rtl2<=s mant_rt4,
s_skipl <='1%
ELSIF (s_exp_rt4 > s_exp_rt7) THEN
s_rsft_din <='s_mant_rt7(mant*2+2 DOWNTO mant+2);
s_rshift <=s_exp_rt4 - (s_exp_rt7(exp-1 DOWNID
s skipl <=0}
ELSIF (s_exp_rt4 <=s_exp_rt7) THEN
s_rsft_din <='s_mant_rt4(mant+1 DOWNTO 1);
s_rshift <= (s_exp_rt7(exp-1 DOWNTO 0)) - s_entp;
s_skipl <='0%
END IF;
IF ((s_exp_rt8 =0) AND (s_exp_rt9 = 0)) THEN
s _sin_rt13 <="'0"
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s_exp_rtl3 <= (OTHERS =>"'0;
s_mant_rt13<= (OTHERS =>"'0");
s_skip2 <='1%

ELSIF (s_exp_rt8 >= 255) THEN
s_sin_rtl3 <=s_sin _rt8;
s_exp_rt13 <= (OTHERS =>"1";
s_mant_rtl3<=s_mant_rt8(mant*2+2 DOWNTO mant+1);
s skip2 <="1

ELSIF (s_exp_rt9 >= 255) THEN
s _sin_rtl3 <=s_sin_rt9;
s_exp_rt13 <= (OTHERS =>"1";
s_mant_rt13<=s_mant_rt9(mant*2+2 DOWNTO mant+1);
s_skip2 <='1%

ELSIF (s_exp_rt8 = 0) THEN
s_sin_rtl3 <=s_sin_rt9;
s_exp_rtl3 <=s_exp_rt9(exp-1 DOWNTO 0);
s_mant_rtl3<=s_mant_rt9(mant*2+2 DOWNTO mant+1);
s skip2 <="1

ELSIF (s_exp_rt9 = 0) THEN
s_sin_rtl3 <=s_sin _rt8;
s_exp_rt13 <=s_exp_rt8(exp-1 DOWNTO 0);
s_mant_rt13<=s_mant_rt8(mant*2+2 DOWNTO mant+1);
s skip2 <="1

ELSIF (s_exp_rt8 >s_exp_rt9) THEN
s_rsft_dinl <='s_mant_rt9(mant*2+2 DOWNTO mant+2);
s_rshiftl <= (s_exp_rt8(exp-1 DOWNTO 0)) - (spex9(exp-1 DOWNTO 0));
s_skip2 <='0%

ELSIF (s_exp_rt8 <=s_exp_rt9) THEN
s_rsft_dinl <='s_mant_rt8(mant*2+2 DOWNTO mant+2);
s_rshiftl <= (s_exp_rt9(exp-1 DOWNTO 0)) - (spex8(exp-1 DOWNTO 0));
s _skip2 <=0}

END IF;

IF ((s_exp_rt5 =0) AND (s_exp_rtll = 0)) THEN
s_sin_rtl4 <="'0"
s_exp_rtl4 <= (OTHERS =>"'0Y;
s_mant_rtl4<= (OTHERS =>'0";
s_skip3 <='1%

ELSIF (s_exp_rts = 255) THEN
s_sin_rtl4 <=s_sin_rt5;
s_exp_rtl4 <=s_exp_rt5;
s_mant_rtl4<=s_mant_rt5;
s skip3 <='1

ELSIF (s_exp_rtll >= 255) THEN
s _sin_rtl4 <=s_sin _rtl11;
s_exp_rtl4 <= (OTHERS =>"'1";
s_mant_rtl4<=s mant_rtl11(mant*2+2 DOWNTO mant+1);
s skip3 <='1

ELSIF (s_exp_rt5 = 0) THEN
s_sin_rtl4 <=s_sin_rtl1;
s_exp_rtl4d <=s_exp_rtll(exp-1 DOWNTO 0);
s_mant_rtl4<=s mant_rtl11(mant*2+2 DOWNTO mant+1);
s_skip3 <='1%

ELSIF (s_exp_rt11 = 0) THEN
s_sin_rtl4 <=s_sin_rt5;
s_exp_rtl4 <=s_exp_rt5;
s_mant_rtl4<=s_mant_rt5;
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s skip3 <=1}
ELSIF (s_exp_rt5 >s_exp_rtll) THEN
s_rsft_din2 <='s_mant_rtl1(mant*2+2 DOWNTO mant+2)
s_rshift2 <=s_exp_rt5 - (s_exp_rt11(exp-1 DOWNQ));
s_skip3 <='0%
ELSIF (s_exp_rt5 <=s_exp_rtll) THEN
s_rsft_din2 <='s_mant_rt5(mant+1 DOWNTO 1);
s_rshift2 <= (s_exp_rtll(exp-1 DOWNTO 0)) - spent5;
s _skip3 <=0}
END IF;
s cnt  <=s cnt+1;
ELSIF (s_cnt = 30) THEN
s cnt<=s_cnt+1;
ELSIF (s_cnt=31) THEN
IF (s_skipl ='0") THEN
IF (s_exp_rt4 >s_exp_rt7) THEN
s_exp_rt7 <='0"& s_exp_rt4;
s_mant_rt7(mant*2+2 DOWNTO mant+2)<=s_rsft_dot;
ELSE
S_exp_rtd <=s_exp_rt7(exp-1 DOWNTO 0);
s_mant_rt4<=s rsft dot & '0’;
END IF;
END IF;
IF (s_skip2 ='0") THEN
IF (s_exp_rt8 >s_exp_rt9) THEN
S_exp_rt9 <=s_exp_rt8;
s_mant_rt9(mant*2+2 DOWNTO mant+2)<=s_rsft_dotl;
ELSE
s_exp_rt8 <=s_exp_rt9;
s_mant_rt8(mant*2+2 DOWNTO mant+2)<=s_rsft_dotl;
END IF;
END IF;
IF (s_skip3 ='0") THEN
IF (s_exp_rt5>s_exp_rtll) THEN
s_exp_rtll <='0'& s_exp_rt5;
s_mant_rtl11(mant*2+2 DOWNTO mant+2)<=s_rsft_dot2;

ELSE
s_exp_rt5 <=s_exp_rt11(exp-1 DOWNTO 0);
s_mant_rt5<=s_rsft_dot2 & '0";

END IF;

END IF;
s_cnt <=s_cnt+1;

ELSIF (s_cnt = 32) THEN -- CALCULATION OF ADD

IF (s_skipl ='0") THEN
IF ((s_sin_rt4 ='0") AND (s_sin_rt7 ='0")) THEN

s_sin_rt12 <="'0"

S_exp_rtl2 <=s_exp_rt4;

s_mant_rt12<=('0' & s_mant_rt4(mant+1 DOWNTO4))0' & s_mant_rt7(mant*2+2
DOWNTO mant+2));

s_skipl <="'0%
ELSIF ((s_sin_rt4 ='1") AND (s_sin_rt7 ='0")) EN
IF (s_mant_rt4(mant+1 DOWNTO 1) > (s_mant_rt7(mar? DOWNTO mant+2))) THEN

s _sin_rt12 <="1"

S_exp_rtl2 <=s_exp_rt4;

s_mant_rt12<=('0' & s_mant_rt4(mant+1 DOWNTO-1P' & s_mant_rt7(mant*2+2
DOWNTO mant+2));
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s_skipl <="'0%
ELSIF (s_mant_rt4(mant+1 DOWNTO 1) < (s_mant_rt7{th2a+2 DOWNTO mant+2))) THEN
s_sin_rtl12 <="'0"
S_exp_rtl2 <=s_exp_rt4;
s_mant_rt12<= ('0' & s_mant_rt7(mant*2+2 DOWNTOnt#2)) - ('0' & s_mant_rt4(mant+1
DOWNTO 1));
s_skipl <="'0%
ELSIF (s_mant_rt4(mant+1 DOWNTO 1) = (s_mant_rt7{th2a+2 DOWNTO mant+2))) THEN
s _sin_rtl2 <="'0"
s_exp_rtl2 <= (OTHERS =>"'0;
s_mant_rt12<= (OTHERS =>'0";
s_skipl <="1"
END IF;
ELSIF ((s_sin_rt4 ='0") AND (s_sin_rt7 ='1")) EN
IF (s_mant_rt4(mant+1 DOWNTO 1) > (s_mant_rt7(mar DOWNTO mant+2))) THEN
s _sin_rtl2 <="'0"
S_exp_rtl2 <=s_exp_rt4;
s_mant_rt12<= ('0' & s_mant_rt4(mant+1 DOWNTO-1P' & s_mant_rt7(mant*2+2
DOWNTO mant+2));
s_skipl <=0
ELSIF (s_mant_rt4(mant+1 DOWNTO 1) < (s_mant_rig@ti2+2 DOWNTO mant+2))) THEN
s _sin_rt12 <="1"
S_exp_rtl2 <=s_exp_rt4;
s_mant_rt12<= ('0' & s_mant_rt7(mant*2+2 DOWNTOMR)) - ('0' & s_mant_rt4(mant+1
DOWNTO 1));
s_skipl <="'0%
ELSIF (s_mant_rt4(mant+1 DOWNTO 1) = (s_mant_rt7A{th2a+2 DOWNTO mant+2))) THEN
s_sin_rt12 <="'0"
s_exp_rt12 <= (OTHERS =>"'0;
s_mant_rt12<= (OTHERS =>'0";
s_skipl <="1%;
END IF;
ELSIF ((s_sin_rt4 ='1") AND (s_sin_rt7 ='1") EN
s _sin_rtl2 <="'1";
S_exp_rtl2 <=s_exp_rt4;
s_mant_rt12<= ('0' & s_mant_rt4(mant+1 DOWNTO4Y)0' & s_mant_rt7(mant*2+2
DOWNTO mant+2));
s_skipl <='0"
END IF;
END IF;
IF (s_skip2 ='0") THEN
IF ((s_sin_rt8 ='0") AND (s_sin_rt9 ='0")) THEN
s_sin_rt13 <="'0"
s_exp_rt13 <=s_exp_rt8(exp-1 DOWNTO 0);
s_mant_rt13<= ('0' & s_mant_rt8(mant*2+2 DOWNTOnt&)) + ('0' & s_mant_rt9(mant*2+2
DOWNTO mant+2));
s_skip2 <="'0%
ELSIF ((s_sin_rt8 ='1") AND (s_sin_rt9 ='0")) EN
IF ((s_mant_rt8(mant*2+2 DOWNTO mant+2)) > (s_mat8(mant*2+2 DOWNTO mant+2))) THEN
s_sin_rt13 <="1"
s_exp_rt13 <=s_exp_rt8(exp-1 DOWNTO 0);
s_mant_rt13<= ('0' & s_mant_rt8(mant*2+2 DOWNTO itr&)) - ('0' & s_mant_rt9(mant*2+2
DOWNTO mant+2));
s_skip2 <="'0";
ELSIF ((s_mant_rt8(mant*2+2 DOWNTO mant+2)) < (s nnat9(mant*2+2 DOWNTO mant+2)))
THEN
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s_sin_rt13 <="'0"

s_exp_rtl3 <=s_exp_rt8(exp-1 DOWNTO 0);

s_mant_rt13<= ('0' & s_mant_rt9(mant*2+2 DOWNTOnt®)) - ('0' & (s_mant_rt8(mant*2+2
DOWNTO mant+2)));

s_skip2 <=0
ELSIF ((s_mant_rt8(mant*2+2 DOWNTO mant+2)) = (s nnat9(mant*2+2 DOWNTO mant+2)))
THEN

s_sin_rt13 <="'0"

s_exp_rtl3 <= (OTHERS =>"'0";

s_mant_rt13<= (OTHERS =>"'0";

s_skip2 <="1"
END IF;
ELSIF ((s_sin_rt8 ='0") AND (s_sin_rt9 ='1")) EN
IF ((s_mant_rt8(mant*2+2 DOWNTO mant+2)) > (s_mat8(mant*2+2 DOWNTO mant+2))) THEN

s_sin_rt13 <="'0"

s_exp_rtl3 <=s_exp_rt8(exp-1 DOWNTO 0);

s_mant_rt13<= ('0' & s_mant_rt8(mant*2+2 DOWNTOntR)) - ('0' & s_mant_rt9(mant*2+2
DOWNTO mant+2));

s_skip2 <=0
ELSIF ((s_mant_rt8(mant*2+2 DOWNTO mant+2)) < (s nnat9(mant*2+2 DOWNTO mant+2)))
THEN

s_sin_rt13 <="1"

s _exp_rtl3 <=s_exp_rt8(exp-1 DOWNTO 0);

s_mant_rt13<=('0' & s_mant_rt9(mant*2+2 DOWNTOMR)) - ('0' & (s_mant_rt8(mant*2+2
DOWNTO mant+2)));

s_skip2 <="'0%
ELSIF ((s_mant_rt8(mant*2+2 DOWNTO mant+2)) = (s nnat9(mant*2+2 DOWNTO mant+2)))
THEN

s_sin_rt13 <="'0"

s_exp_rt13 <= (OTHERS =>"'0;

s_mant_rt13<= (OTHERS =>"'0");

s_skip2 <="1";
END IF;
ELSIF ((s_sin_rt8 ='1") AND (s_sin_rt9 ='1") EN

s_sin_rt13 <="1"

s_exp_rt13 <=s_exp_rt8(exp-1 DOWNTO 0);

s_mant_rt13<= ('0' & s_mant_rt8(mant*2+2 DOWNTOnt&)) + ('0' & s_mant_rt9(mant*2+2
DOWNTO mant+2));

s_skip2 <="'0%
END IF;
END IF;
IF (s_skip3 ='0") THEN
IF ((s_sin_rt5 ='0") AND (s_sin_rt11 ='0") THEN

s_sin_rtl4 <="'0"

S_exp_rtl4 <=s_exp_rt5;

s_mant_rtl4<= ('0' & s_mant_rt5(mant+1 DOWNTO4A))0' & s_mant_rtl1(mant*2+2
DOWNTO mant+2));

s_skip3 <="'0"
ELSIF ((s_sin_rt5 ="1") AND (s_sin_rt11 = '0)HEN
IF (s_mant_rt5(mant+1 DOWNTO 1) > (s_mant_rtl1(mahr2 DOWNTO mant+2))) THEN

s_sin_rtl4 <="1";

S_exp_rtld <=s_exp_rt5;

s_mant_rtl4<= ('0' & s_mant_rt5(mant+1 DOWNTO-1P' & s_mant_rt11(mant*2+2
DOWNTO mant+2));

s_skip3 <="'0%
ELSIF (s_mant_rt5(mant+1 DOWNTO 1) < (s_mant_rtld:tii2+2 DOWNTO mant+2))) THEN
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s_sin_rtl4 <="'0"
s_exp_rtl4 <=s_exp_rt5;
s_mant_rt14<= ('0' & s_mant_rtl1(mant*2+2 DOWNT@nt+2)) - ('0' & s_mant_rt5(mant+1
DOWNTO 1));
s_skip3 <=0
ELSIF (s_mant_rt5(mant+1 DOWNTO 1) = (s_mant_rt1d1ii2+2 DOWNTO mant+2))) THEN
s_sin_rtl4 <="'0"
s_exp_rtl4 <= (OTHERS =>"'0";
s_mant_rtl4<= (OTHERS =>"'0";
s_skip3 <="1";
END IF;
ELSIF ((s_sin_rt5 ='0") AND (s_sin_rt11 = "1 )HEN
IF (s_mant_rt5(mant+1 DOWNTO 1) > (s_mant_rt11(rmianr2 DOWNTO mant+2))) THEN
s_sin_rtl4 <="'0"
s_exp_rtl4 <=s_exp_rt5;
s_mant_rtl4<= ('0' & s_mant_rt5(mant+1 DOWNTO-1)P' & s_mant_rtl1l(mant*2+2
DOWNTO mant+2));
s_skip3 <="'0"
ELSIF (s_mant_rt5(mant+1 DOWNTO 1) < (s_mant_rt1d1in2+2 DOWNTO mant+2))) THEN
s_sin_rtl4 <="1"
S_exp_rtld <=s_exp_rt5;
s_mant_rt14<= ('0' & s_mant_rtl1(mant*2+2 DOWNT@nt+2)) - ('0' & s_mant_rt5(mant+1
DOWNTO 1));
s_skip3 <="'0%
ELSIF (s_mant_rt5(mant+1 DOWNTO 1) = (s_mant_rtld:tii2+2 DOWNTO mant+2))) THEN
s_sin_rtl4 <="'0"
s_exp_rtl4 <= (OTHERS =>"'0;
s_mant_rtl4<= (OTHERS =>'0";
s_skip3 <="1"
END IF;
ELSIF ((s_sin_rt5 ="1") AND (s_sin_rt11 = "1 )HEN
s _sin_rtl4 <="'1";
s_exp_rtl4 <=s_exp_rt5;
s_mant_rtl4<= ('0' & s_mant_rt5(mant+1 DOWNTO4))0' & s_mant_rtll(mant*2+2
DOWNTO mant+2));
s_skip3 <=0
END IF;
END IF;
s_cnt<=s cnt+1;
ELSIF (s_cnt = 33) THEN
IF (s_skipl ='0") THEN
s_lIshift_min(mant*2+2 DOWNTO mant+1) <='s_mant2tl
s_lIshift_min(mant DOWNTO 0) <= (OTHERS 89;
s_Ishift_ein <=s_exp_rtl2
END IF;
IF (s_skip2 ='0") THEN
s_lIshift_minl(mant*2+2 DOWNTO mant+1) <='s_mant3t
s_lIshift_min1(mant DOWNTO 0) <= (OTHERS 9";
s_lIshift_einl <=s_exp3itl
END IF;
IF (s_skip3 ='0") THEN
s_lIshift_min2(mant*2+2 DOWNTO mant+1) <='s_mant4st
s_lIshift_min2(mant DOWNTO 0) <= (OTHERS 9";
s_Ishift_ein2 <=s_exp4artl
END IF;
s_cnt <=s_cnt+1
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ELSIF (s_cnt = 34) THEN
s cnt<=s cnt+1; -- WAITING FOR SHIFTING BITS
ELSIF (s_cnt = 35) THEN
IF (s_skipl ='0") THEN
s_exp_rtl2 <=s_|Ishift_eot + 1;
s_mant_rt12<=s_Ishift_mot(mant*2+2 DOWNTO mant+1)
END IF;
IF (s_skip2 ='0") THEN
s_exp_rtl3 <=s_|Ishift_eotl + 1;
s_mant_rt13<=s_Ishift_ motl(mant*2+2 DOWNTO mani+1
END IF;
IF (s_skip3 ='0") THEN
s_exp_rtl4 <=s_lIshift_eot2 + 1,
s_mant_rtl4<=s_Ishift_mot2(mant*2+2 DOWNTO mani+1
END IF;
s_cnt <=s_cnt+1;
ELSIF (s_cnt = 36) THEN -- COMPARASON
IF ((s_exp_rtl2 = 0) AND (s_exp_rtl3 =0)) THEN
s_sin_rtl5 <="0"
s_exp_rtl5 <= (OTHERS =>"'0Y;
s_mant_rt15<= (OTHERS =>'0";
s_skipl <='1%
ELSIF (s_exp_rtl2 = 255) THEN
s_sin_rtl5 <=s_sin_rtl12;
Ss_exp_rtl5 <=s_exp_rtl2;
s_mant_rtl5<=s_mant_rtl2;
s_skipl <='1%
ELSIF (s_exp_rt13 >= 255) THEN
s_sin_rtl5 <=s_sin rt13;
s_exp_rtl5 <= (OTHERS =>"'1";
s_mant_rtl5<=s_mant_rtl3;
s skipl <="1
ELSIF (s_exp_rt12 = 0) THEN
s_sin_rtl5 <=s_sin_rtl3;
s_exp_rtl5 <=s_exp_rtl3;
s_mant_rt15<=s mant_rtl3;
s_skipl <='1%
ELSIF (s_exp_rt13 = 0) THEN
s_sin_rtl5 <=s_sin_rtl12;
s_exp_rtl5 <=s_exp_rtl2;
s_mant_rtl5<=s_mant_rtl12;
s skipl <='1
ELSIF (s_exp_rt12 >s_exp_rt13) THEN
s_rsft_din <='s_mant_rt13(mant+1 DOWNTO 1);
s_rshift <=s exp_rtl2 - s exp_rtl3;
s_skipl <='0%
ELSIF (s_exp_rtl2 <=s_exp_rt1l3) THEN
s_rsft_din <='s_mant_rtl12(mant+1 DOWNTO 1);
s _rshift <=s exp rt13-s_exp_rtl2;
s skipl <=0}
END IF;
IF ((s_exp_rtl0 = 0) AND (s_exp_rtl4 = 0)) THEN
s_sin_rtl6 <="'0"
s_exp_rtl6 <= (OTHERS =>"'0;
s_mant_rtl6<= (OTHERS =>"'0");
s skip2 <="1
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ELSIF (s_exp_rt10 >= 255) THEN
s_sin_rtl6 <=s_sin_rt10;
s_exp_rtl6 <= (OTHERS =>"'1;
s_mant_rt16<=s_mant_rt10(mant*2+2 DOWNTO mant+1);
s_skip2 <='1%
ELSIF (s_exp_rtl4 >= 255) THEN
s_sin_rtl6 <=s_sin_rtl4;
s_exp_rtlé <= (OTHERS =>"1;
s_mant_rtl6<=s_mant_rtl4;
s skip2 <='1
ELSIF (s_exp_rt10 = 0) THEN
s sin_rtl6 <=s_sin_rt14;
s_exp_rtl6 <=s_exp_rtl4;
s_mant_rtl6<=s_mant_rtl4;
s skip2 <="1
ELSIF (s_exp_rtl4 = 0) THEN
s_sin_rtl6 <=s_sin_rt10;
s _exp_rtlé <=s_exp_rtl0(exp-1 DOWNTO 0);
s_mant_rt16<=s_mant_rt10(mant*2+2 DOWNTO mant+1);
s_skip2 <='1%
ELSIF (s_exp_rt10 > s_exp_rt14) THEN
s_rsft_dinl <='s_mant_rtl4(mant+1 DOWNTO 1);
s_rshiftl <= (s_exp_rt10(exp-1 DOWNTO 0) - s_exp4);
s skip2 <=0}
ELSIF (s_exp_rtl0 <=s_exp_rtl4) THEN
s_rsft_dinl <='s_mant_rt10(mant*2+2 DOWNTO mant+2)
s_rshiftl <= (s_exp_rtl4 - s_exp_rt10(exp-1 DOVIND));
s_skip2 <='0%
END IF;
s cnt  <=s cnt+1;
ELSIF (s_cnt = 37) THEN
s_cnt<=s cnt+1;
ELSIF (s_cnt = 38) THEN
IF (s_skipl ='0") THEN
IF (s_exp_rt12 >s_exp_rt13) THEN
s_exp_rtl3 <=s_exp_rtl2;
s_mant_rt13<=s_rsft dot & '0';
ELSE
s _exp_rtl2 <=s_exp_rtl3(exp-1 DOWNTO 0);
s_mant_rt12<=s_rsft_dot & '0";
END IF;
END IF;
IF (s_skip2 ='0") THEN
IF (s_exp_rt10 > s_exp_rtl4) THEN
s_exp_rtl4 <=s_exp_rt10(exp-1 DOWNTO 0);
s_mant_rtl4<=s rsft dotl & '0;
ELSE
s_exp_rtl0 <='0"& s_exp_rtl4;
s_mant_rtl0(mant*2+2 DOWNTO mant+1)<=s_rsft_d&tD’;
END IF;
END IF;
s cnt  <=s cnt+1;
ELSIF (s_cnt = 39) THEN -- CALCULATION OF ADD
IF (s_skipl ='0") THEN
IF ((s_sin_rt12 ='0") AND (s_sin_rt1l3 ='0")) THEN
s_sin_rtl5 <="'0"
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Ss_exp_rtl5 <=s_exp_rtl2;

s_mant_rt15<= ('0' & s_mant_rt12(mant+1 DOWNTOH})0' & s_mant_rt13(mant+1
DOWNTO 1));

s_skipl <='0"
ELSIF ((s_sin_rt12 ='1") AND (s_sin_rt13 ="'0NHEN
IF (s_mant_rt12 > s mant_rt13) THEN

s _sin_rtl5 <="1";

Ss_exp_rtl5 <=s_exp_rtl2;

s_mant_rt15<= ('0' & s_mant_rt12(mant+1 DOWNTO-1I())' & s_mant_rt13(mant+1
DOWNTO 1));

s_skipl <=0
ELSIF (s_mant_rt12 <s_mant_rt13) THEN

s_sin_rtl5 <="0"

s_exp_rtl5 <=s_exp_rtl2;

s_mant_rt15<= ('0' & s_mant_rt13(mant+1 DOWNTO-I())' & s_mant_rt12(mant+1
DOWNTO 1));

s_skipl <="'0%
ELSIF (s_mant_rt12 =s_mant_rt13) THEN

s_sin_rtl5 <="0"

s_exp_rtl5 <= (OTHERS =>"'0Y;

s_mant_rt15<= (OTHERS =>'0";

s_skipl <="1"
END IF;
ELSIF ((s_sin_rt12 ='0") AND (s_sin_rt13 ="INHEN
IF (s_mant_rt12 > s _mant_rt13) THEN

s_sin_rtl5 <="'0"

s_exp_rtl5 <=s_exp_rtl2;

s_mant_rt15<= ('0' & s_mant_rt12(mant+1 DOWNTO-1JP' & s_mant_rt13(mant+1
DOWNTO 1));

s_skipl <='0"
ELSIF (s_mant_rt12 <s _mant_rt13) THEN

s _sin_rtl5 <="1";

S_exp_rtl5 <=s_exp_rtl2;

s_mant_rt15<= ('0' & s_mant_rt13(mant+1 DOWNTO-1())' & s_mant_rt12(mant+1
DOWNTO 1));

s_skipl <='0"
ELSIF (s_mant_rt12 =s_mant_rt13) THEN

s_sin_rtl5 <="0"

s_exp_rtl5 <= (OTHERS =>"'0;

s_mant_rt15<= (OTHERS =>"'0");

s_skipl <="1";
END IF;
ELSIF ((s_sin_rt12 ='1") AND (s_sin_rt13 ="INHEN

s_sin_rtl5<="1"

s_exp_rtl5 <=s_exp_rtl2;

s_mant_rt15<= ('0' & s_mant_rt12(mant+1 DOWNTOH])0' & s_mant_rt13(mant+1
DOWNTO 1));

s_skipl <="'0%
END IF;
END IF;
IF (s_skip2 ='0") THEN
IF ((s_sin_rt10 ='0") AND (s_sin_rt14 ='0")) THEN

s_sin_rtl6 <="'0"

S_exp_rtl6 <=s_exp_rt10(exp-1 DOWNTO 0);

s_mant_rtl16<= ('0' & s_mant_rtl0(mant*2+2 DOWNT@nt*2)) + ('0' & s_mant_rtl4(mant+1
DOWNTO 1));
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s_skip2 <="'0%
ELSIF ((s_sin_rt10 ='1") AND (s_sin_rt14 ="'ONHEN
IF ((s_mant_rt10(mant*2+2 DOWNTO mant+2)) > (s_matit4(mant+1 DOWNTO 1))) THEN
s_sin_rtl6 <="1";
S_exp_rtl6 <=s_exp_rt10(exp-1 DOWNTO 0);
s_mant_rt16<= ('0' & s_mant_rt10(mant*2+2 DOWNT@nt+2)) - ('0' & s_mant_rt14(mant+1
DOWNTO 1));
s_skip2 <="'0%
ELSIF ((s_mant_rt10(mant*2+2 DOWNTO mant+2)) < (ann rt14(mant+1 DOWNTO 1))) THEN
s_sin_rtl6 <="'0"
S_exp_rtl6 <=s_exp_rt10(exp-1 DOWNTO 0);
s_mant_rt16<= ('0' & s_mant_rtl4(mant+1 DOWNTO-1(P' & (s_mant_rt10(mant*2+2
DOWNTO mant+2)));
s_skip2 <=0
ELSIF ((s_mant_rt10(mant*2+2 DOWNTO mant+2)) = (ann rt14(mant+1 DOWNTO 1))) THEN
s _sin_rtl6 <="'0"
s_exp_rtlé <= (OTHERS =>"'0";
s_mant_rt16<= (OTHERS =>"'0";
s_skip2 <="1"
END IF;
ELSIF ((s_sin_rt10 ='0") AND (s_sin_rt14 ="INHEN
IF ((s_mant_rt10(mant*2+2 DOWNTO mant+2)) > (s_matit4(mant+1 DOWNTO 1))) THEN
s _sin_rtl6 <="'0";
s _exp_rtlé <=s_exp_rtl0(exp-1 DOWNTO 0);
s_mant_rtl6<= ('0' & s_mant_rt10(mant*2+2 DOWNT@n*2)) - ('0' & s_mant_rtl4(mant+0
DOWNTO 1));
s_skip2 <=0
ELSIF ((s_mant_rt10(mant*2+2 DOWNTO mant+2)) < (&nmn rt14(mant+1 DOWNTO 1))) THEN
s_sin_rtle <="1";
S_exp_rtl6 <=s_exp_rt10(exp-1 DOWNTO 0);
s_mant_rtl6<= ('0' & s_mant_rtl4(mant+1 DOWNTO-1()' & (s_mant_rt10(mant*2+2
DOWNTO mant+2)));
s_skip2 <="'0%
ELSIF ((s_mant_rt10(mant*2+2 DOWNTO mant+2)) =rf@nt_rt14(mant+1 DOWNTO 1)))

THEN
s_sin_rtl6 <="'0"
s_exp_rtl6 <= (OTHERS =>"'0;
s_mant_rt16<= (OTHERS =>'0";
s_skip2 <="1";

END IF;

ELSIF ((s_sin_rt10 ='1") AND (s_sin_rt10 = "INHEN
s_sin_rtl6 <="1"
Ss_exp_rtl6 <=s_exp_rt10(exp-1 DOWNTO 0);
s_mant_rt16<= ('0' & s_mant_rt10(mant*2+2 DOWNT@nt+2)) + ('0' & s_mant_rtl4(mant+1
DOWNTO 1));
s_skip2 <=0
END IF;
END IF;
s_cnt<=s cnt+1;
ELSIF (s_cnt = 40) THEN
IF (s_skipl ='0") THEN
s_Ishift_min(mant*2+2 DOWNTO mant+1) <= s_mant5tl
s_lIshift_min(mant DOWNTO 0) <= (OTHERS 89;
s_Ishift_ein <=s_exp_rtl5
END IF;
IF (s_skip2 ='0") THEN
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s_lIshift_minl(mant*2+2 DOWNTO mant+1) <='s_mant6rt

s_lIshift_min1(mant DOWNTO 0) <= (OTHERS 9";
s_Ishift_einl <=s_exportl
END IF;
s _cnt <=s cnt+1
ELSIF (s_cnt=41) THEN
s cnt<=s cnt+1; -- WAITING FOR SHIFTING BITS

ELSIF (s_cnt = 42) THEN
IF (s_skipl ='0") THEN
s_exp_rtl5 <=s_|Ishift_eot + 1;
s_mant_rt15<=s_Ishift_mot(mant*2+2 DOWNTO mant+1)
END IF;
IF (s_skip2 ='0") THEN
S_exp_rtl6 <=s_lIshift_eotl + 1,
s_mant_rtl6<=s_Ishift_ motl(mant*2+2 DOWNTO mani+1
END IF;
S_sin_rtl7 <=s_sin_rt6;
S_exp_rtl7 <=s_exp_rt6;
s_mant_rtl7 <=s_mant_rt6;
s cnt <=s cnt+1;
ELSIF (s_cnt = 43) THEN
complt <="1%
xbl ot<=s sin rtl5 & s _exp_rtl5 & s_mant_rt15§t@2OWNTO 1);
xb2_ot<=s sin rtl6 & s_exp_rtl6 & s_mant_rt16{AOWNTO 1);
xb3 _ot<=s sin rtl7 & s_exp_rtl7 & s_mant_rt1At@OWNTO 1);
s_cnt <=s_cnt+1;
ELSIF (s_cnt = 44) THEN
s cnt <=s cnt+1;
ELSIF (s_cnt = 45) THEN
s cnt <=s cnt+1;
ELSIF (s_cnt = 46) THEN
s_cnt <=s_cnt+1;
ELSIF (s_cnt=47) THEN
s_cnt <=s_cnt+1;
ELSIF (s_cnt = 48) THEN
s cnt <=s cnt+1;

ELSE
s_cnt <="000000";
END IF;
ELSE -- RESETS WHEN IT IS DISABLED

xbl_ot <= (OTHERS =>'0";

xb2_ot <= (OTHERS =>'0";

xb3_ot <= (OTHERS =>'0");

xh1l ot <= (OTHERS =>'0");

xh2_ot <= (OTHERS =>'0");

xh3_ot <= (OTHERS =>'0";

s _sin_rt4 <='0" --xh1
s _exp_rt4 <= (OTHERS =>"0";
s_mant_rt4 <= (OTHERS =>'0");
s_sin_rt5 <='0" --xh2
s_exp_rt5 <= (OTHERS =>"'0";
s_mant_rt5 <= (OTHERS =>"'0";
s_sin_rt6 <='0" --xh3
s_exp_rt6 <= (OTHERS =>"'0";
s_mant_rt6 <= (OTHERS =>'0");
s_sin_rtl5 <="'0} --xbl



s_exp_rtl5 <= (OTHERS =>'0";
s_mant_rtl5 <= (OTHERS =>'0");
s_sin_rtl6 <=0 --xb2
s_exp_rtl6 <= (OTHERS =>'0;
s_mant_rt16 <= (OTHERS =>"'0";
s_sin_rtl7 <=0, --xb3
s_exp_rtl7 <= (OTHERS =>"0";
s_mant_rtl7 <= (OTHERS =>'0");
s_cnt <="000000";

END IF;

END IF;

END PROCESS;

END bh;
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C. JAVA User Interface Code

public class Cact extends JPanel implements Sert&PentListener {
int bufLength = 16000;
int graphA[] = new int[bufLength];
int graphBJ[] = new int[bufLength];
int graphC[] = new int[bufLength];
int realAcount = 0;
int realBcount = 0;
int realCcount = 0;
GraphPanel graphPanel;
Color backgroundColor = Color.white;
Color graphl1Color = Color.red;
Color graph2Color = Color.green;
Color graph3Color = Color.blue;
float rangeX=1, positionX=0;
float rangeY=1, positionY=0;
boolean graph1On = true;
boolean graph20n = false;
boolean graph30n = false;
JSlider timeScaleSlider;
JSlider voltScaleSlider;
JSlider timePositionSlider;
JSlider voltPositionSlider;
JButton startButton;
JButton stopButton;
JComboBox graphOptionComboBox;
String[] graphOptionList = {"xhat3", "xhat2", "xh&", "reference", "error"};
JLabel graphlLabel = new JLabel("GyroOut");
JLabel graph2Label = new JLabel("Control(u)");
JLabel graph3Label = new JLabel("Reference");
JLabel graphlLabelBar;
JLabel graph2LabelBar;
JLabel graph3LabelBar;
JLabel timeScaleULabel;
JLabel voltScaleULabel;
JLabel timePositionULabel;
JLabel voltPositionULabel;
int timeRate = 1;
int voltRate = 1;
int positionTimeRate = 0;
int positionVoltRate = 0O;
JButton[] parameterChangeButton = new JButton[10];
JTextField[] parameterText = new JTextField[21];
JRadioButton[] dispOnOffButtons;
JTextArea textArea,;
String commTextDisp = "";
boolean commTextDispOn = false;
JComboBox serialPortList;
JComboBox[] graphColorList;
JComboBox backgroundColorList;
String[] serialPortStrings = {"COM1", "COM2"};
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String[] colorStrings = {"Red", "Green", "Blue"Ytllow", "Megenta”, "Cyan", "Black",
"White"};

Color(] colorArray = {Color.red, Color.green, Calblue, Color.yellow, Color.magenta,
Color.cyan, Color.black, Color.white};

JTextField[] graphLabelText = new JTextField[3];

int gACount = 0;

int gBCount = 0;

int gCCount = 0;

CommPortldentifier portld;

InputStream inputStream;

OutputStream outputStream;

SerialPort serialPort;

String portname;

int para_kp;

int para_kd;

int para_phi3;

int para_gammal;

int para_gammaz;

int para_lc1,;

int para_lc2;

int para_lIc3;

public Cact() {
super(new GridLayout(1, 1));
JTabbedPane tabbedPane = new JTabbedPane();
JComponent graphPanel = makeGraphPanel();
graphPanel.setPreferredSize(new Dimension(700,):650
tabbedPane.addTab("Graph", null, graphPanel, "Mdnp Signals");
tabbedPane.setMnemonicAt(0, KeyEvent.VK_1);
JComponent parameterOptionPanel = makeParameien®ganel();
tabbedPane.addTab("Parameters”, null, parameter®anel, "Paremeters Changeing");
tabbedPane.setMnemonicAt(1, KeyEvent.VK_2);
JComponent comDisplayPanel = makeComportPanel();
tabbedPane.addTab("Com Display", null, comDispémg®, "Display Com Port Data");
tabbedPane.setMnemonicAt(2, KeyEvent.VK_3);
JComponent optionPanel = makeOptionPanel();
tabbedPane.addTab("Options”, null, optionPanehat@ing Options");
tabbedPane.setMnemonicAt(3, KeyEvent.VK_4);
add(tabbedPane);

public class GraphPanel extends JPanel {
public GraphPanel() {
super();

}

public void paint(Graphics g) {
int graphdX, graphdy;
int graphX1, graphX2, graphY1, graphY2;
int timelimite;
Dimension d = getSize();
timelimite = O;
graphX1 = 0;
graphY1 = 0;
graphX2 = d.width-1;
graphY?2 = d.height-1;
graphdX = d.width/10;
graphdY = d.height/10;
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g.setColor(backgroundColor);

g.fillRect(graphX1, graphY1, graphX2, graphY2);

g.setColor(Color.black);

g.drawRect(graphX1, graphY1, graphX2, graphY?2);

g.setColor(Color.lightGray);

for(inti=1;i<10; i++) {

g.drawLine(graphX1 + (graphdX*i), graphY1 +dgkraphX1 + (graphdX * i), graphY1 +
graphY2 - 1);

g.drawLine(graphX1 + 1, graphY1 + (graphdYfyaphX1 + graphX2 - 1, graphY1 +
(graphdY*i));

}

positionX = positionTimeRate * (-d.width/10);
positionY = (-1 * positionVoltRate) * (d.heighD) + d.height/2;
g.setColor(graph1Color);
if(graph10n) {
for (inti=0;i<realAcount-3; i++) {
g.drawLine((int)((20*i*graphdX)/rangeX + pogitX), (int)((-
1)*graphA[i]*graphdY/rangeY + positionY),
(int)((20*(i+1)*graphdX)/rangeX + positionX) int)((-
1)*graphA[i+1]*graphdY/rangeY + positionY));
}

}
g.setColor(graph2Color);
if(graph20n) {
for (inti=0; i <realBcount-3; i++) {
g.drawLine((int)((20*i*graphdX)/rangeX + powithX), (int)((-
1)*(graphB]Ji])*graphdY/rangeY + positionY) ,
(int)((20*(i+1)*graphdX)/rangeX + positionX), i{t)((-
1)*(graphBJi+1])*graphdY/rangeY + positionY));
}

}
g.setColor(graph3Color);
if(graph30n) {
for (inti=0;i < realCcount-3; i++) {
g.drawLine((int)((20*i*graphdX)/rangeX + pogitX), (int)((-
1)*graphCJi]*graphdY/rangeY + positionY),
(int)((20*(i+1)*graphdX)/rangeX + positionX), ift)((-
1)*graphCJi+1]*graphdY/rangeY + positionY));
}
}
}
}
public JComponent makeGraphPanel() {
JPanel returnPanel = new JPanel();
returnPanel.setLayout(null);
Insets insets = returnPanel.getinsets();
graphPanel = new GraphPanel();
graphPanel.setBounds(insets.left + 20, insets:t80, 500, 400);
graphlLabel.setHorizontalAlignment(JTextField.LBFT
graphlLabel.setBounds(insets.left + 550, insgistt80, 80, 20);
graph2Label.setHorizontalAlignment(JTextField.LBFT
graph2Label.setBounds(insets.left + 550, inseistt&60, 80, 20);
graph3Label.setHorizontalAlignment(JTextField.LBFT
graph3Label.setBounds(insets.left + 550, insgistt@0, 80, 20);

graphlLabelBar = new JLabel();
graphlLabelBar.setOpaque(true);
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graphlLabelBar.setBackground(graphlColor);
graphlLabelBar.setBounds(insets.left + 650 tgs® + 39, 40, 2);
graph2LabelBar = new JLabel();

graph2LabelBar.setOpaque(true);
graph2LabelBar.setBackground(graph2Color);
graph2LabelBar.setBounds(insets.left + 650 tés® + 59, 40, 2);
graph3LabelBar = new JLabel();

graph3LabelBar.setOpaque(true);
graph3LabelBar.setBackground(graph3Color);
graph3LabelBar.setBounds(insets.left + 650 tgs® + 79, 40, 2);
JLabel divisionLabel = new JLabel("DIVISION", JLalCENTER);
JLabel timeScaleLabel = new JLabel("T RANGE");

JLabel voltScaleLabel = new JLabel("V RANGE");

JLabel timePositionLabel = new JLabel("T POSITIQN"

JLabel voltPositionLabel = new JLabel("V POSITIQN"
timeScaleSlider = new JSlider(JSlider.HORIZONTAL. 500, timeRate);
voltScaleSlider = new JSlider(JSlider. HORIZONTAL,,100, voltRate);
timePositionSlider = new JSlider(JSlider. HORIZONT,A, 1000, positionTimeRate);
voltPositionSlider = new JSlider(JSlider.HORIZONIAZ20, 20, positionVoltRate);
timeScaleULabel = new JLabel();

timeScaleULabel.setText("166 uSec");

voltScaleULabel = new JLabel();

voltScaleULabel.setText("50 mV");

timePositionULabel = new JLabel();

timePositionULabel.setText("0 uSec");

voltPositionULabel = new JLabel();

voltPositionULabel.setText("0 mV");

Hashtable timeScaleSliderTable = new Hashtable();

Hashtable voltScaleSliderTable = new Hashtable();

Hashtable timePositionSliderTable = new Hashtable(

Hashtable voltPositionSliderTable = new Hashtgbhle(
divisionLabel.setBounds(insets.left + 10, insefst 490, 200, 20);
timeScaleLabel.setBounds(insets.left + 10, intgtst 520, 100, 30);
voltScaleLabel.setBounds(insets.left + 10, intmbs+ 580, 100, 30);
timePositionLabel.setBounds(insets.left + 300etisagop + 520, 100, 30);
voltPositionLabel.setBounds(insets.left + 300etagop + 580, 100, 30);
timeScaleSliderTable.put(new Integer(1), new JLEYY);
timeScaleSliderTable.put(new Integer(500), newb&l@+"));
voltScaleSliderTable.put(new Integer(1), new JUEBY);
voltScaleSliderTable.put(new Integer(100), newhHl@+"));
timePositionSliderTable.put(new Integer(0), newald&l("0"));
timePositionSliderTable.put(new Integer(1000), rdwbel("+"));
voltPositionSliderTable.put(new Integer(-20), névabel("-"));
voltPositionSliderTable.put(new Integer(0), nevabiel("0"));
voltPositionSliderTable.put(new Integer(20), newvaldel("+"));
timeScaleSlider.setBounds(insets.left + 100, ssgt + 520, 100, 30);
timeScaleSlider.addChangeListener(new sliderLet@h
timeScaleSlider.setPaintLabels(true);
timeScaleSlider.setLabelTable(timeScaleSliderTable
timeScaleSlider.setMaximumSize(new Dimension(Z®));
voltScaleSlider.setBounds(insets.left + 100, s$ep + 580, 100, 30);
voltScaleSlider.addChangeListener(new sliderListéi
voltScaleSlider.setPaintLabels(true);
voltScaleSlider.setLabelTable(voltScaleSliderTgble
voltScaleSlider.setMaximumSize(new Dimension(1ZR));
timePositionSlider.setBounds(insets.left + 408¢ts.top + 520, 100, 30);
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timePositionSlider.addChangeListener(new slideérisr());
timePositionSlider.setPaintLabels(true);
timePositionSlider.setLabelTable(timePositionSiickble);
timePositionSlider.setMaximumsSize(new Dimensioi®(128B));
voltPositionSlider.setBounds(insets.left + 40@gits.top + 580, 100, 30);
voltPositionSlider.addChangeListener(new slidadner());
voltPositionSlider.setPaintLabels(true);
voltPositionSlider.setLabelTable(voltPositionStidlable);
voltPositionSlider.setMaximumSize(new Dimensior{(;128));
timeScaleULabel.setBounds(insets.left + 200, 1@t + 520, 80, 30);
voltScaleULabel.setBounds(insets.left + 200, insep + 580, 80, 30);
timePositionULabel.setBounds(insets.left + 508ets.top + 520, 80, 30);
voltPositionULabel.setBounds(insets.left + 50@gits.top + 580, 80, 30);
JLabel graphOptionLabel = new JLabel("Select f8f ,GLabel. CENTER);
graphOptionComboBox = new JComboBox(graphOptiotLis

JLabel controlLabel = new JLabel("CONTROL", JLaBENTER);
startButton = new JButton("START");

stopButton = new JButton("STOP");
graphOptionLabel.setBounds(insets.left + 580,tms® + 400, 100, 20);
graphOptionComboBox.setBounds(insets.left + 58€etis.top + 420, 100, 30);
graphOptionComboBox.addActionListener(new cbAdtdandler());
controlLabel.setBounds(insets.left + 580, insefs4t 490, 100, 30);
startButton.setBounds(insets.left + 580, insgts#t®20, 100, 60);
startButton.addActionListener(new buttonHandler())
stopButton.setBounds(insets.left + 580, insetstt&80, 100, 60);
stopButton.addActionListener(new buttonHandler());
returnPanel.add(graphPanel);

returnPanel.add(graphlLabel);

returnPanel.add(graph2Label);

returnPanel.add(graph3Label);

returnPanel.add(graphlLabelBar);
returnPanel.add(graph2LabelBar);
returnPanel.add(graph3LabelBar);
returnPanel.add(timeScaleSlider);

returnPanel.add(voltScaleSlider);
returnPanel.add(timePositionSlider);
returnPanel.add(voltPositionSlider);

returnPanel.add(divisionLabel);

returnPanel.add(timeScaleLabel);

returnPanel.add(voltScaleLabel);
returnPanel.add(timePositionLabel);
returnPanel.add(voltPositionLabel);
returnPanel.add(graphOptionLabel);
returnPanel.add(graphOptionComboBox);
returnPanel.add(controlLabel);

returnPanel.add(startButton);

returnPanel.add(stopButton);

returnPanel.add(timeScaleULabel);
returnPanel.add(voltScaleULabel);
returnPanel.add(timePositionULabel);
returnPanel.add(voltPositionULabel);

return returnPanel;

public JComponent makeParameterOptionPanel() {
JPanel returnPanel = new JPanel();
returnPanel.setLayout(null);
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Insets insets = returnPanel.getinsets();

JLabel[] pLabel = new JLabel[10];

pLabel[0] = new JLabel("wc");

pLabel[1] = new JLabel("wo");

pLabel[2] = new JLabel("bo");

pLabel[3] = new JLabel("Ts : 0.000001");

pLabel[4] = new JLabel("Phi");

pLabel[5] = new JLabel("Gamma");

pLabel[6] = new JLabel("Lc");

pLabel[7] = new JLabel("Kp");

pLabel[8] = new JLabel("Kd");

pLabel[9] = new JLabel("U limit");

for (inti=0;i<21;i++) {
parameterText[i] = new JTextField(10);

}

parameterChangeButton[0] = new JButton("ENTER");
for (inti=1;i<10;i++){

parameterChangeButton[i] = new JButton("SEND");
}

pLabel[0].setBounds(insets.left + 50, insets.tdg0+ 30, 30); /IWC
pLabel[1].setBounds(insets.left + 200, insets#dg0, 30, 30);//WO
pLabel[2].setBounds(insets.left + 350, insets#dg0, 30, 30);//BO

pLabel[3].setBounds(insets.left + 80, insets.tal2®, 200, 30); /TS
pLabel[4].setBounds(insets.left + 50, insets.talb®, 100, 30); [/PHI
pLabel[5].setBounds(insets.left + 50, insets.tag0®, 100, 30); [IGAMMA
pLabel[6].setBounds(insets.left + 350, insets*d00, 100, 30); /lL.c
pLabel[7].setBounds(insets.left + 50, insets.tofb®, 30, 30);//Kp
pLabel[8].setBounds(insets.left + 350, insets#ath0, 30, 30); /IKd

pLabel[9].setBounds(insets.left + 30, insets.tdg0®, 50, 30);//U LIMIT
parameterText[0].setBounds(insets.left + 80, msgd + 50, 100, 30);
parameterText[0].setText("2500000");
parameterText[1].setBounds(insets.left + 230,ts18@p + 50, 100, 30);
parameterText[1].setText("2500000");
parameterText[2].setBounds(insets.left + 380,ts18@p + 50, 100, 30);
parameterText[2].setText("271780000");
parameterText[3].setBounds(insets.left + 80, msgh + 180, 130, 30); //phi
parameterText[3].setText("1");
parameterText[4].setBounds(insets.left + 80, msgh + 210, 130, 30);
parameterText[4].setText("0");
parameterText[5].setBounds(insets.left + 80, m#mh + 240, 130, 30);
parameterText[5].setText("0");
parameterText[6].setBounds(insets.left + 210,ts1&@p + 180, 130, 30);
parameterText[6].setText("Ts");
parameterText[7].setBounds(insets.left + 210,ts&® + 210, 130, 30);
parameterText[7].setText("1");
parameterText[8].setBounds(insets.left + 210,ts&® + 240, 130, 30);
parameterText[8].setText("0");
parameterText[9].setBounds(insets.left + 340,ts&@p + 180, 130, 30);
parameterText[9].setText("5.0E-13");
parameterText[10].setBounds(insets.left + 34Gtmtop + 210, 130, 30);
parameterText[10].setText("Ts");
parameterText[11].setBounds(insets.left + 34Cstmsop + 240, 130, 30);
parameterText[11].setText("1");
parameterText[12].setBounds(insets.left + 80,tg&®p + 320, 130, 30);
parameterText[12].setText("1.3589E-4");
parameterText[13].setBounds(insets.left + 80,tg&mp + 350, 130, 30);

/l[gamma



93

parameterText[13].setText("271.78");

parameterText[14].setBounds(insets.left + 80,tg&mp + 380, 130, 30);
parameterText[14].setText("0");

parameterText[15].setBounds(insets.left + 38Ctmsop + 320, 130, 30); e
parameterText[15].setText("0.9994469");
parameterText[16].setBounds(insets.left + 38Ctmsop + 350, 130, 30);
parameterText[16].setText("1367595.2");
parameterText[17].setBounds(insets.left + 38Gtmtop + 380, 130, 30);
parameterText[17].setText("7.7340574E11");

parameterText[18].setBounds(insets.left + 80,tg&mp + 450, 130, 30); IIkp
parameterText[18].setText("6.25E12");
parameterText[19].setBounds(insets.left + 38Ctmsop + 450, 130, 30); //kd
parameterText[19].setText("5000000.0");
parameterText[20].setBounds(insets.left + 80,tg&®p + 500, 100, 30); /lul

parameterText[20].setText("2000");
parameterText[0].setHorizontal Alignment(JTextFiRW5HT);
parameterText[1].setHorizontal Alignment(JTextFiRW5HT);
parameterText[2].setHorizontal Alignment(JTextFiRWEHT);
parameterText[20].setHorizontal Alignment(JTextiRIGHT);
for (inti=3;i<20;i++) {
parameterText[i].setEditable(false);
}

parameterChangeButton[0].setBounds(insets.lefi®; lsets.top + 50, 100, 30);
parameterChangeButton[0].addActionListener(nevidmidandler()); //enter
parameterChangeButton[1].setBounds(insets.lefi®; sets.top + 180, 100, 30);
parameterChangeButton[1].addActionListener(nevidmidandler()); //phi
parameterChangeButton[2].setBounds(insets.leB83; hsets.top + 320, 100, 30);
parameterChangeButton[2].addActionListener(nevidmiiandler()); //gammal
parameterChangeButton[3].setBounds(insets.leB83; bhsets.top + 350, 100, 30);
parameterChangeButton[3].addActionListener(nevidmiiandler()); //gamma2
parameterChangeButton[4].setBounds(insets.lefi®; lsets.top + 320, 100, 30);
parameterChangeButton[4].addActionListener(nevidmidandler()); //lcl
parameterChangeButton[5].setBounds(insets.lefi®; sets.top + 350, 100, 30);
parameterChangeButton[5].addActionListener(nevidmidandler()); //lc2
parameterChangeButton[6].setBounds(insets.lefi®; lsets.top + 380, 100, 30);
parameterChangeButton[6].addActionListener(nevidmidandler()); //lc3
parameterChangeButton[7].setBounds(insets.leB83; bhsets.top + 450, 100, 30);
parameterChangeButton[7].addActionListener(nevidmidandler()); //kp
parameterChangeButton[8].setBounds(insets.lefi®; lsets.top + 450, 100, 30);
parameterChangeButton[8].addActionListener(nevidmidandler()); //kd
parameterChangeButton[9].setBounds(insets.leB3; Bsets.top + 500, 100, 30);
parameterChangeButton[9].addActionListener(nevidmidandler()); //ul
for (inti=0;i<10; i++) {

returnPanel.add(pLabelli]);

returnPanel.add(parameterChangeButton([i]);
}
for (inti=0;i<21;i++) {

returnPanel.add(parameterText[i]);
}

return returnPanel;

public JComponent makeComportPanel() {
JPanel returnPanel = new JPanel();
returnPanel.setLayout(null);
Insets insets = returnPanel.getinsets();
JLabel topLabel = new JLabel("MESSAGE DISPLAY");
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ButtonGroup dispOnOffGroup = new ButtonGroup();
dispOnOffButtons = new JRadioButton[2];
dispOnOffButtons[0] = new JRadioButton(* ON ");
dispOnOffButtons[0].addActionListener(new buttomdéer());
dispOnOffButtons[1] = new JRadioButton(" OFF");
dispOnOffButtons[1].addActionListener(new buttomdéer());
dispOnOffGroup.add(dispOnOffButtons[0]);
dispOnOffGroup.add(dispOnOffButtons[1]);
dispOnOffButtons[1].setSelected(true);
topLabel.setBounds(insets.left + 50, insets.t@®;+200, 30);
dispOnOffButtons[0].setBounds(insets.left + 25&gts.top + 20, 200, 30);
dispOnOffButtons[1].setBounds(insets.left + 45G@ts.top + 20, 200, 30);
textArea = new JTextArea(commTextDisp);
textArea.setEditable(false);

textArea.setFont(new Font("Serif", Font.ITALIC,)}6
textArea.setLineWrap(true);
textArea.setWrapStyleWord(true);

JScrollPane scroller =new JScrollPane(textArea);
scroller.setBounds(insets.left + 10, insets.t6f0+680, 570);
returnPanel.add(topLabel);
returnPanel.add(dispOnOffButtons[0]);
returnPanel.add(dispOnOffButtons[1]);
returnPanel.add(scroller);

return returnPanel;

public JComponent makeOptionPanel() {
JPanel returnPanel = new JPanel();
returnPanel.setLayout(null);
Insets insets = returnPanel.getinsets();
JLabel[] leftLabel = new JLabel[4];
JLabel[] glLabel = new JLabel[3];
JLabel[] g2Label = new JLabel[3];
leftLabel[0] = new JLabel("SERIAL PORT: ");
leftLabel[1] = new JLabel("GRAPH COLOR: ");
leftLabel[2] = new JLabel("GRAPH LABEL: ");
leftLabel[3] = new JLabel("BACKGROUND COLOR: ");
for (inti=0;i<4;i++){

leftLabel[i].setBounds(insets.left + 50, insaip.t- 50 + (i*100), 200, 30);

}

for (inti=0;i<3;i++){
glLabelli] = new JLabel("GRAPH " + (i+1));
g2Label[i] = new JLabel("GRAPH " + (i+1));
glLabelfi].setBounds(insets.left + 250, insefst0150 + (i*30), 100, 30);
g2Labelfi].setBounds(insets.left + 250, insefst0250 + (i*30), 100, 30);
}
serialPortList = new JComboBox(serialPortStrings);
graphColorList = new JComboBox[3];
backgroundColorList = new JComboBox(colorStrings);
serialPortList.setSelectedIindex(0);
serialPortList.addActionListener(new cbActionHaerd));
serialPortList.setBounds(insets.left + 350, inseps+ 50, 200, 30);
for (inti=0;i<3;i++){
graphColorList[i] = new JComboBox(colorStrings);
graphColorList[i].setSelectedIndex(i);
graphColorList[i].addActionListener(new chActioaHdler());
graphColorList[i].setBounds(insets.left + 3506ts.top + 150 + (i*30), 200, 30);
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graphLabelText[i] = new JTextField(5);
graphLabelText[i].setBounds(insets.left + 35@¢its.top + 250 + (i*30), 200, 30);

}
graphLabelText[0].setText("GyroOut");
graphLabelText[1].setText("Control(u)");
graphLabelText[2].setText("Reference");
backgroundColorList.setSelectedIndex(7);
backgroundColorList.addActionListener(new cbActitandler());
backgroundColorList.setBounds(insets.left + 3B8¢ets.top + 350, 200, 30);
for (inti=0;i<4;i++){

returnPanel.add(leftLabel[i]);
}

for (inti=0;i<3;i++){
returnPanel.add(g1Labelli]);
returnPanel.add(g2Label[i]);
returnPanel.add(graphColorList][i]);
returnPanel.add(graphLabelText[i]);

}

returnPanel.add(serialPortList);

returnPanel.add(backgroundColorList);

return returnPanel;

public class buttonHandler implements ActionListehe
public void actionPerformed(ActionEvent event) {
if(event.getSource() == startButton) {
commTextDisp ="";
textArea.replaceRange(null, 0, textArea.getDoauf)aetLength());

portOpen();

gACount = 0;
gBCount = 0;
gCCount =0;

for (inti=0; i < bufLength; i++) {

graphA[i] = 0;
graphBJi] = 0;
graphCli] = 0;

}
sendMessage("CT");
System.out.printIn("start");
realAcount = 0;
realBcount = 0;
realCcount = 0;
}else if(event.getSource() == stopButton) {
portOpen();
sendMessage("CQO"); /I send command close
System.out.printIn("stop");
repaint();
portClose();
}else if(event.getSource() == parameterChangeB{{d {
portOpen();
int we, wo, bo;
int bo_send;
double kp, kd;
double ov_bo;
double phi3, gammal, gammaz2;
double Icl, Ic2, Ic3, Ts, beta;
String kpStr, kdStr, boStr;



96

String phi3Str, gammalStr, gamma2Str;
String Ic1Str, Ic2Str, Ic3Str;
Ts = 0.000001;
wc = java.lang.Integer.parselnt(parameterTexdfr ext());
wo = java.lang.Integer.parselnt(parameterTexggtrext());
bo = java.lang.Integer.parselnt(parameterTexgf2T ext());
ov_bo =1/ (double)bo;
bo_send = convertNumber((float)ov_bo);
beta = Math.exp((double)(-wc*Ts));
phi3=Ts*Ts/2;
gammal = phi3 * bo;
gamma2 = Ts * bo;
Icl = 1 - Math.pow(beta, (double)3);
Ic2 = 1.5 * (beta-1)*(beta-1)*(beta+1) / Ts;
Ic3 = -1 * Math.pow((beta-1), (double)3) / (TSI
kp = ((double)wc) * ((double) wc);
kd = (double)(2 * wc);
boStr =" + bo_send;
phi3Str =" + (float)phi3;
gammalsStr =" + (float)gammal,;
gamma2Str =" + (float)gammaz2;
Ic1Str ="" + (float)lc;
[c2Str =" + (float)lc2;
[c3Str ="" + (float)Ic3;
kpStr =" + (float)kp;
kdStr =" + (float)kd,;
para_kp = convertNumber((double)kp);
para_kd = convertNumber((double)kd);
para_phi3 = convertNumber((double)phi3);
para_gammal = convertNumber((double)gammal);
para_gamma?2 = convertNumber((double)gammaz2);
para_lcl = convertNumber((double)lcl);
para_lc2 = convertNumber((double)lc2);
para_lc3 = convertNumber((double)lc3);
parameterText[9].setText(phi3Str);
parameterText[12].setText(gammalStr);
parameterText[13].setText(gamma2Str);
parameterText[15].setText(Ic1Str);
parameterText[16].setText(Ic2Str);
parameterText[17].setText(Ic3Str);
parameterText[18].setText(kpStr);
parameterText[19].setText(kdStr);
sendMessage("CD" + boStr + ".");
System.out.printin(boStr);

}else if(event.getSource() == parameterChangeB{t{d {
portOpen();
String toSend;
toSend ="" + para_phi3;
sendMessage("CE" + toSend + ".");
System.out.printin(toSend);

}else if(event.getSource() == parameterChangeB{2{d {
portOpen();
String toSend;
toSend ="" + para_gammal;
sendMessage("CF" + toSend + ".");
System.out.printin(toSend);
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}else if(event.getSource() == parameterChangeB{&{} {
portOpen();
String toSend;
toSend ="" + para_gammaz;
sendMessage("CG" + toSend + ".");
System.out.printin(toSend);

}else if(event.getSource() == parameterChangeB{#{d {
portOpen();
String toSend;
toSend ="" + para_lcl;
sendMessage("CH" + toSend + ".");
System.out.printin(toSend);

}else if(event.getSource() == parameterChangeB{&{d {
portOpen();
String toSend;
toSend ="" + para_lc2;
sendMessage("Cl" + toSend + ".");
System.out.printin(toSend);

}else if(event.getSource() == parameterChangeB{f{d {
portOpen();
String toSend;
toSend ="" + para_Ic3;
sendMessage("CJ" + toSend + ".");
System.out.printin(toSend);

}else if(event.getSource() == parameterChangeB{iz{d {
portOpen();
String toSend;
toSend ="" + para_kp;
sendMessage("CK" + toSend + ".");
System.out.printin(toSend);

}else if(event.getSource() == parameterChangeB{&{d {
portOpen();
String toSend;
toSend ="" + para_kd;
sendMessage("CL" + toSend + ".");
System.out.printin(toSend);

}else if(event.getSource() == parameterChangeB{&{d {
portOpen();
int ul, ul_send;
String toSend;
ul = java.lang.Integer.parselnt(parameterTextfRaText());
ul_send = convertNumber((float)ul);
toSend =" + ul_send;
sendMessage("CM" + toSend + ".");
System.out.printin(toSend);

}else if(event.getSource() == dispOnOffButtons[{])
portOpen();
commTextDispOn = true;
System.out.printin("Serial Port On");

}else if(event.getSource() == dispOnOffButtons[{])
portOpen();
commTextDispOn = false;
System.out.printin("Serial Port off");
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public class cbActionHandler implements ActionListe {
public void actionPerformed(ActionEvent event) {
if(event.getSource() == graphOptionComboBox) {
String selectedGraphString;
int selectedGraphNum = 0;
selectedGraphString = graphOptionList[graphOptiomBoBox.getSelectedindex()];
if(selectedGraphString == graphOptionList[0]) {setedGraphNum = 0;}
else if(selectedGraphString == graphOptionListfsplectedGraphNum = 1;}
else if(selectedGraphString == graphOptionListfaplectedGraphNum = 2;}
else if(selectedGraphString == graphOptionListf3plectedGraphNum = 3;}
else if(selectedGraphString == graphOptionListfgplectedGraphNum = 4;}
if(selectedGraphNum != 4) {
portOpen();
sendMessage("CS" + selectedGraphNum + ".");
System.out.printin("Graph option" + selectedGisipimg);
graph10On = true;
graph20n = true;
graph30n = true;
repaint();
else {
graph10n = false;
graph20n = true;
graph30n = false;
for (inti=0;i<realAcount-2; i++) {
graphBI[i] = graphCli] - graphA[i];}
repaint();
}
}else if(event.getSource() == serialPortList) {
System.out.printin("Serial Port" + serialPortSgsfserialPortList.getSelectedindex()]);
}else if(event.getSource() == graphColorList[0])}{
graph1Color = colorArray[graphColorList[0].getSetledIndex()];
graphlLabelBar.setBackground(graphlColor);
graphlLabel.setText(graphLabelText[0].getText());
if (graph1Color == Color.white) graph10On = false;
else graph1On = true;
System.out.printin("Graph 1: " + colorStrings[gh&plorList[0].getSelectedIndex()]);
}else if(event.getSource() == graphColorList[1])}{
graph2Color = colorArray[graphColorList[1].getSetledIndex()];
graph2LabelBar.setBackground(graph2Color);
graph2Label.setText(graphLabelText[1].getText());
if (graph2Color == Color.white) graph20n = false;
else graph20n = true;
System.out.printin("Graph 2: " + colorStrings[gh&plorList[1].getSelectedIndex()]);
}else if(event.getSource() == graphColorList[2])}{
graph3Color = colorArray[graphColorList[2].getSetledIndex()];
graph3LabelBar.setBackground(graph3Color);
graph3Label.setText(graphLabelText[2].getText());
if (graph3Color == Color.white) graph30n = false;
else graph30n = true;
System.out.printin("Graph 3: " + colorStrings[gh&plorList[2].getSelectedIndex()]);
}else if(event.getSource() == backgroundColorlist)
backgroundColor = colorArray[backgroundColorList8electedindex()];
System.out.printin("Back Ground Color: " + colai8gs[backgroundColorList.get
SelectedIindex()]);
}
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}

public class sliderListener implements ChangeListgn
public void stateChanged(ChangeEvent event) {

JSlider source = (JSlider)event.getSource();

if(source == timeScaleSlider) {
timeRate = source.getValue();
rangeX = timeRate * 100;
timeScaleULabel.setText(Integer.toString((inthgax/6)) + "uSec");
repaint();

}else if(source == voltScaleSlider) {
voltRate = source.getValue();
rangeY = voltRate * 100;
voltScaleULabel.setText(Integer.toString((inthgaY)) + "mV");
repaint();

}else if(source == timePositionSlider) {
positionTimeRate = source.getValue();

timePositionULabel.setText(Integer.toString((iphéitionTimeRate*(rangeX/6))) + "uSec");
repaint();

}else if(source == voltPositionSlider) {
positionVoltRate = source.getValue();
voltPositionULabel.setText(Integer.toString(({ipdsitionVoltRate*rangeY)) + "mV");

repaint();
}
i
public void portOpen() {
try {

portname = serialPortStrings[serialPortList.getBiddIndex()];
portld = CommPortldentifier.getPortldentifier(poaime);
serialPort = (SerialPort) portld.open("SimpleRepdA 2000);
inputStream = serialPort.getinputStream();
outputStream = serialPort.getOutputStream();
serialPort.addEventListener(this);
serialPort.notifyOnDataAvailable(true);
serialPort.notifyOnCT S(true);
serialPort.notifyONDSR(true);
serialPort.setSerialPortParams(115200, 8, 1, 0);
serialPort.setFlowControlMode(0);

} catch (Exception e) {

}

public void portClose() {

try {
serialPort.notifyOnDataAvailable(false);
serialPort.setRTS(!serialPort.isRTS());
serialPort.setDTR(IserialPort.isDTR());
serialPort.removeEventListener();
serialPort.close();

} catch (Exception error) {

}

public void sendMessage(String message2send) {

try {
outputStream.write(message2send.getBytes());
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} catch(Exception e) {
}

public void serialEvent(SerialPortEvent event) {

int numSign = 1;

int dataReceived = 0;

int intData = 0;

String inString = "";

boolean signalData = false;
boolean signalA = false;
boolean signalB = false;
boolean signalC = false;
boolean commandData = false;
boolean commStart = true;
boolean textData = false;
while((dataReceived = -1) && (event.getEventTypet

SerialPortEvent. DATA_AVAILABLE)) {

get

try {
dataReceived = inputStream.read();

if([dataReceived == -1) {break;}
else if (commStart && (char)dataReceived == G)

signalData = true;
commandData = false;
textData = false;
commsStart = false;

/I Signal number inable to

}else if (commStart && (char)dataReceived == 'C") /I command charactor inable to get

signalData = false;
commandData = true;
textData = false;
commsStart = false;

}else if (commStart && (char)dataReceived =={[") /I command charactor inable to get

signalData = false;
commandData = false;
textData = true;
commsStart = false;
} else if (signalData && (char)dataReceived ==)'A’
signalA = true;
signalB = false;
signalC = false;
} else if (signalData && (char)dataReceived =38
signalA = false;
signalB = true;
signalC = false;
} else if (signalData && (char)dataReceived =3'C
signalA = false;
signalB = false;
signalC = true;
} else if (signalData && (dataReceived == 45)) {
numsign = -1;

} else if (signalData && (dataReceived >= 48) &8idtaReceived <= 57)) {

intData = num2Int(intData, dataReceived-48);
} else if (signalA && (char)dataReceived =="") {

graphA[gACount] = numSign * intData;

numsSign = 1;

realAcount = gACount;
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if (JACount >= bufLength-10) gACount = 0;
else gACount++;

if (commTextDispOn)
commTextDisp += "SignalA" + Integer.toString((imtData) + "\n";
intData = 0O;
commStart = true;
signalA = false;
signalData = false;

} else if (signalB && (char)dataReceived =="") {
graphB[gBCount] = numSign * intData;
numsign = 1;
realBcount = gBCount;
if (gBCount >= bufLength-10) gBCount = 0;
else gBCount++;

if(commTextDispOn)
commTextDisp += "SignalB" +Integer.toString((imtData) + "\n";
intData = 0;
commStart = true;
signalB = false;
signalData = false;

} else if (signalC && (char)dataReceived =="") {
graphC[gCCount] = numSign * intData;
numsSign = 1;
realCcount = gCCount;
if (gCCount >= bufLength-10) gCCount = 0;
else gCCount++;

if(commTextDispOn)
commTextDisp += "SignalC" +Integer.toString((intpata) + "\n";
intData = O;

commStart = true;
signalC = false;
signalData = false;
repaint();
} else if (commandData && (char)dataReceived '
inString += (char)dataReceived,;
commsStart = false;
} else if (commandData && (char)dataReceived 3.
if(commTextDispOn)
commTextDisp += inString;
inString =",
commandData = false;
commsStart = true;
} else if ((textData) && ((char)dataReceived !3)'{ I/l if ((lcommandData) &&
(IsignalData) && (‘commStart)) {
if(commTextDispOn)
commTextDisp += (char)dataReceived,;
} else if ((textData) && ((char)dataReceived =%)'{
textData = false;
commsStart = true;

}

if (commTextDispOn){
textArea.append(commTextDisp);
textArea.setCaretPosition(textArea.getDocumegef).ength());
commTextDisp ="";

}

} catch (Exception error) {
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}
}

public int num2int(int num1, int num2) {

}

numl = num1*10 + num2;
return numil;

public int convertNumber(double num) {

}

inti=0, exp =0, mant =0;

if (num >=2){

while ((num >=2) && (i < 127)) {
num = num/2;
i++;

}
} else if (num < 1) && (num > 0)){
while ((num < 1) && (i > -127)){
num = num*2;
i

} else if (num == 0) {
i =-127,
num = (double)1.0;

}
if (I >=127) {
exp = (int)(255 * Math.pow(2,23));
mant = 0O;
}else if (i <=-127) {
exp =0;
mant = 0O;
}else {

exp = (int)((i + 127) * Math.pow(2,23));
mant = (int)((num - 1) * Math.pow(2,23));
}

return exp + mant;

private static void createAndShowGUI() {

}

JFrame.setDefaultLookAndFeelDecorated(true);

JFrame frame = new JFrame("Cact");
frame.setDefaultCloseOperation(JFrame.EXIT_ON_CEDPS
JComponent newContentPane = new Cact();
newContentPane.setOpaque(true);
frame.getContentPane().add(new Cact(), BorderLa@&NTER);
frame.pack();

frame.setVisible(true);

public static void main(String[] args) {

javax.swing.SwingUtilities.invokeLater(new Runne)l{
public void run() { createAndShowGUI(); }
D



