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Abstract. The authors offer a synthesis method of state
observers with high-order astatism. There are no errors caused
by the action of arbitrary external disturbances in reduced
variables of such observers. The observers also restore the
instantaneous values of disturbances. The authors present a
calculation method of ultimate realizable dynamics of observers
during their realization in microprocessor control system which
calculates in numbers with fixed point without overflowing of
variables. The description of experimental installation and
softwareisgiven.
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|. INTRODUCTION

The task of ensuring "informational transparencyttee
controlling object is one of the problems while atieg
energy-efficient electromechanotronic modules apstesns.
Its solution can be obtained either using multipésmsors or
using computing devices for calculating the indireariables,
which include state observers [1]-[3].

Constructive, technical and economic
impossibility of measurement of some important afales by
means of sensors, entering inadmissible static dymamic
errors by sensors are obstacles of sensor utdizati

State observers allow to get information about dbgect
state and disturbances according to affordabletiapd output
information, as well as the parameters of its mattecal
model [4]-[6].

Development tendencies of electromechanotronicesyst
relating to the observers, are: expended usingosémvers in
the construction of control systems of various otsie
improving the quality requirements for the estimgtiof the
variables (accuracy, speed, range), increasing sifsems
noise immunity, detailing the object mathematicasatiption
[7].

Intensive using of the observers and the incorpmrabf
new complexity factors while describing the contoijects
and modes of their work attach the researchergrast to
methods, techniques, synthesis algorithms and wbser
setting up, improving the quality of objects’ comates
estimation. The significant impulse to expand teag of the
observers in electromechanotronic systems, paatigulin
high-speed AC drive systems, made the transitionouwitrol
devices on the digital, microprocessor elements&3i

At present,
microcontrollers for motor control allow to realitiee digital
implementation of state observers,
continuous systems.

productivity and performance of DSP

synthesized e t

[I. SYNTHESISMETHODOLOGY OF THEOBSERVERS

The presence of external disturbances in the objaées a
forced component in the transition process of edion a
variable by the state observer. When disturbasasonstant,
the static error of recovering the variable takese that is
increased linearly with the growing disturbancesithia
capital fluctuation the static torque error varasording to
the harmonic. Errors in the feedback channel asbiect can
lead to unacceptable errors in the management aif st
facilities.

The authors suggest a method of assessing thevabgity
and the synthesis of astatic observers with thoraan the
object of unlimited number of both permanent andalde
disturbances [9], [10]. The methodology is based on
formalization of information pertaining to the digbancein
the form of a mathematical model and expansiomefhodel
of object management through the model disturbance.
Depending on the objectives assigned to the costysiem,

restrictionghe disturbancesan be represented with varying degrees of

detail.
For example, the model of quasi-stationary scalar
disturbances d z(t)/ dt =0, the model of scalar disturbance

with quasi-stationary speed of change dsx(t)/ dt=0 or

d2Zt)/dt? =0, and etc.

In general, when the vector (multivariate) natufeeach
types of disturbancemfluencing on the object is added the
object model of well-known state equations [5] adlas state
equation of disturbance. As a result, the stateatgu and
equation of output will be presented as block maesi of
parameters and an extended state vector, whiclidecthe
vectors of each type of disturbance:

O] [A{F 0 Fpi[x0) (8] 1 @
ZO] |01010 0 i..||z0| 0
% %2(0 = oiT 0 iTo oji : %Z(t) +o|-Ug)
O] 101011 0 1150 10
A [ [P0 PR PO VP VO I )

Y(t)=[ci0}0 OI...]~[>?(t)iZl(t)iEZ(t) 22(t)i...]T

_ Wwhere Z;(t) and F; are the vectors of quasi-stationary
disturbancesnd the matrix of its dimension parametersk ;
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Z5(t) and F, are the vector disturbancedth quasi-

speed changes and the matrix of its dimension peteam
nxl| .

For example,

ALFLi0 Faiel [BP
0,00 O} 0
A N T -

Az=|01 010 0. B,=0
0,011 0. Y
[ ] -

C,=[cioio 0}.] @)

Then the Kalman observability matrix [5] is for thgstem
(1) with using (2):

®3)

| | 2 |
T ATeT (AT )PcT |
vz=[c:Z azeq (A7) el |

) E (A.ZI.)(n+k+l)—1C;.]

Observability condition is the equality of the ohsbility
matrix rank and the sum of the objects orders amel
dimensions of the disturbaneectors

(4)

ransz =n+k+I+...0

It allows to estimate the recovery opportunities dbject
state vector and all the disturbance vectors.

The synthesis of astatic state observers with istarthance
model can be made by the method of standard ceffg[5].
The equation of state and the characteristic eguatf astatic
observer have the form:

Ll - | (5)
%[)?(t) 1 21(1) 1 2p(1) Zy(1) | F =
:AZ~[X(t) 1 21(1) 1 25(1) Zy(1) | F +B,-U(t)+
+L-[V(t)—CZ-[X(t) | 2,(1) 1 3o(1) Zp(1) ] U
det(s 1 ~A, +L-C,)=0. (6)

Here, as in the control devices we can apply theept of
astatism degree. Then the observer with the mofdguasi-
stationary disturbances is called as a state obsevith the
first order astatism (SOAL), the observer with disturbance
model of quasi-stationary speed of change is & sthserver
with the second order astatism (SOA2) and etc.

The state observer with the second-order astatiss w
viscoelastic two-mass electromeachan

synthesized for
system using the method described above. The llagkam
of the observer is shown in Fig. 1.

152

Fig. 1. The block diagram of the observer with deeond-order astatism.

The use of state observers with a high (second,tbic.)
order astatism theoretically gives no errors inrggdue of an
observer while appropriate type of load acting ba object
(ramp, parabolic changing, etc.). Furthermore, itfeeeasing
of the observer order astatism can reduce the o&its speed
to the regulator speed, and it allows to incredme dystem
bandwidth.

In addition, the proposed observers provide ansassent
of the instantaneous value of mechanical load enelectric
drive shaft when it is changed by an arbitrary lawwwith a
specific frequency band, which gives the way faplging the
combined control principles with using the feedback the

Udisturbance.

I1l. OBSERVERS MPLEMENTATION IN MICROPROCESSORS

To implement the observer in the digital controsteyn of
electric drives, we have to calculate the equatiop®ne of
the numerical integration methods. For exampletHerEuler
method differential equation of the observer witte t2-nd
order astatism (Fig. 1) in standard coordinateatmats of the
electric drive and the observer coefficients, hidneeform (7).

In (7) initial values are givenél(O), I\./VI e(0), 62(0),

The calculation perioce is determined by calculating the
observer permissible error of calculations.

To calculate (7) in the microprocessor
determined:
dimension of variables;
scaling factors used for operations with variabtds
different dimensions;

it must be

— coefficients in (7), used in the calculation in the
microprocessor.
The dimension of the variables determines the

characteristics of digital implementation:
accuracy of variables reconstruction;
bandwidth of the observer, in which an overflow of
microprocessor registers, which means the variabfes
the observer, does not occur.
On the other hand, to realize the bandwidth ofabgerver
we can determine the required dimension of theabsdes. So,
there are direct and inverse approach to the diefinbf the
variables dimension and the calculation of the fidehts in
differential equations.
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=M1 (k))+13(Q1(k)-Q1(k))); x -
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~ ~ M k+1)=Me(k+1)+
1b-(Q1(k+1)-Q2(k+1)); ev(k+1)=Me(k+1) .
M| (k+1)=dM | (k)+ +kaa(Qu(k+1)-Q2(k+1));
+1-14-(Qq1(k)-Q1(K)); M (K+1)=dM | (k)+kay(Q7 (K)=Q1(K));
-~ nd -~ * * *
MI(k+1)=M|(k)+dM|(k+1)+ M (k1) =M (K)+dM | (K+1)+
+1-le -(Qq(k)-Q1(K)), . -
5 1
+koe(Qq (k)-Q1(k)),
where t — observer calculation period; 052 (k)= (k)
k, k+1 — numbers of calculation step.
To implement the observer in the digital contradteyn it is mo 7t . mg 1t
: wherekpg =—=—; Kmp=——;
necessary: my  Jq my Jo
— to calculate the coefficients in (7); m m m
~ to identify bandwidth above which the restrictiohtbe kot =—Y.1.¢; Koy =—"1ly; koz=—4h;
Mo Mg Mq

variables are.
We obtain system (8) using the microprocessor daioss
for variables in equations (7).

To determine the maximum possible bandwidth of the
observer fi,,max@t a given period of calculation and the

dimensions of the variables the authors have dpeeloa
program in one of the systems of computer mathesati

The program takes into account the ratio of thed mean
squarewgs and bandwidthfy, for a binomial distribution of
the roots of the observer characteristic equatldp. [

When the objects parameters aré1:0,055kgm2,

Jo =0277 kgm2 , ¢=553633Nm/ rad and

b= 083Nms/ rad, the calculation period is = 1:10 s and
dimensions of the variables 2 : 0,000488rad/s (4-byte sign

variable), M : 119210~ Nm (4-byte sign variable), the

. ) SOA2

following values are: fowmax = 97 Hz and
SOA2 -1

® e max = 188s .

m m
Kag=—tly; kos=—lg;
Mo Mq

kﬂ_ :‘L'll; sz :‘L'|3;
my, - torque dimensionng, — speed dimension.

Similar calculations performed for full state obhsss and
observes of the first order astatism [9], have wivalues for:
SOF

SOF -1
fmeaX =3292 Hz, Os max = 4064s and
SOAL SOAL -1
fbwmax =462 Hz, 05g e = 70157,

As we see, it has to reduce the bandwidth at timieie
increasing the order of the observer to complydbeditions
of its work in linear zone. At this time it cannfulfill the
specifications requirements for the dynamics arai@cy of
recovery variables. The solution is to increasedimension
of the variables, or reduce the period of calcatatBoth ways
are connected with the higher cost of the hardveanatrol
system. In this way, it is rational to use not omhore
powerful microcontroller, but the transition toladting-point
computation. Recently, the products, including tilog point
unit, have appeared on the market of DSP-microotets.
Texas Instruments (TI) is the leader company is thay. A
series of TMS320F2833x microcontrollers has a ciapaxt
up to 300 million floating point operations per sed.

153



Scientific Journal of Riga Technical University
Power and Electrical Engineering

2010
Volume 27

Therefore, DSP-microcontroller TMS320F28335 wasseimo
for the creation of the experimental setup (Fig3)2,

PC + hiegrated
Development Envio nment

Contoler Kt

JTAG-emulator
(BukrDevice)
Supply

= — zzzt

Fig. 2. The functional diagram of the experimesttup.

/4

Power

Fig. 3. The experimental setup.

IV. EXPERIMENTS

The aim of experimental research was to test pmdace
and properties of the observers, as well as thesasgent of
their applicability in the real electromechanotmmiodules.
The main element of the experimental setup is aiglatard,
which on the one hand is connected to DC powerlguppd
on the other hand is connected to a personal cangubugh
an intermediate device (JTAG-emulator or conveft¢EB-
CAN"). Development of software for the experimentas
carried out in two stages. First, using a Embedbadet for
Tl C2000 DSP tool simulation model of "object —tsta
observer" has been translated to code in C langwagkthen
adjustment of received code was carried out acagrth the

debug board and TMS320F28335. Researches madasin 1

field have confirmed the efficiency and quality die
observers, obtained by the proposed techniques.

V. CONCLUSIONS

The use of described astatic state observers mewm
errors in the estimated state values including toague while
appropriate type of load acting on the object (rapgrabolic
changing, etc.). Such observers can be appliedldotrie
drives with significant mechanical load on the shdien it is
changed by an arbitrary law, for applying the camabli
control principles. The experimental sample of tistatate
and load observer, based on Tl DSP-microcontrolee
been developed, tested and analyzed.
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