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A PREDICTIVE CONTROL SCHEME FOR
DEAD-TIME PROCESSES USING
A LEARNING METHOD OF PROCESS
IDENTIFICATION

M. S. Beck University of Bradford, England.
P. R. Birch University of Bradford, England.
N. E. Gough University of Bradford, England.
A. Plaskowski Research Centre for Automatic

Control in the Chemical Industry, Warsaw.

1. Introduction

The theoretical advantages of predictive control loops for use in
processes possessing large dead-times are well-known. Mathematical
verifications of the effect of dead-time on stability have been given
by Qin Yuan-Xun et all and Choksy? . Oetker? has shown that for a
prescribed state of stability to be obtained with three-term control,
it is necessary to lower the gain to such a degree that control may become
wnsatisfactory. Buckley“ lists several methods for overcoming these
problems and Weiss® has given a comprehensive bibiliography. All theory
seems to point to the use of an accurate model for predicting optimal
control signals in the face of load disturbances. However, the way in
which the model is to be determined and implemented has been a matter of
conjecture. Few successful applications have been reported.

It is the opinion of the authors that, since accurate prediction
requires an on-line computer model, the potential of the model should be
used to the full by the introduction of adaption and optimisation. A
" time domain model is used rather than a frequency domain model for the
following reasons - X
a). There is no need to transform between the time domain and the

frequency domain which is a complex procedure for a high-order model.
b). The time domain model can be completely specified by the impulse

response as discussed in section 4.

This paper describes the vofk which is being carried out at Bradford on

a pilot-scale process controlled by an Argus 40O digital computer.
Predictive control is employed by operatiné the model as faster than

real time and a feedback loop is used to remove the drift in the process
output which is caused by differences between the model and process dynamic
responses. The way in which the model accuracy affects the process response

6

has been shown by Wheater® for four types cf dead-time cormpensaticn.
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Results showed that the sensitivity to model inaccuracy tends to increase
with the adoption of more sophisticated methods of predictive control.
Consequently, experiments are being carried out using a new learning
method of process identification employing pseudo-random sequence
perturbations, so that the model can be periodically updated. A hill-
climbing procedure then optimises the model performance and gives an
optimal control sequence which is blended with the feedback control signal.
Also, optimal feedback control settings are obtained by the use of a
procedure which involves a new method of computing controllability using

the mean square error criterion.

i 2. The Experimental Plant
Figure 1 shows the pilot-scale water heating process which incorporates
the facilities for demonstrating feedback/predictive computer control. This

process is representative of a broad class of industrial processes involving
load disturbances and dead-time, including for example, rotary solids driers?.

Depending on the settings of solenoid valves SV1 and SV2, either hot
or cold water is fed through a section of pipe which constitutes an input
time delay, to a stirred vessel. Here the water is heated by a 3kw
electrical heater and passes along the outlet pipe to drain. The feedback
control loop involves the measurement of the tank temperature T2 using a
thermocouple; the output signal from the computer controls the power to
the heater using phase angle control of two thyristors in inverse parallel
configuration. As mentioned above, time delay in the control loop is a
serious problem on many processes. In order to study this situation
thermocouple T3 is used instead of T2 for control purposes and the section
of pipe after the vessel then constitutes a measurement time delay.

Poor control associated with the dead-time in the feedback control
loop is ameliorated by measuring the load temperature disturbances at Tl
and computing a predictive control signal. This signal is then blended
with the feedback control signal. Load disturbances are produced by
switching the solenoids from a random sequence generator which uses a
novel arrangement of Geiger-Miiller tubes fired by cosmic radiation
(see appendix 1).

In order to measure the dynamic properties of the heater and stirred
vessel without seriously affecting the normal process operation, provision
is made for modulating the heater voltage with a : 1% pseudo random binary
sequence perturbation. A maximum length sequence of length L = 27-1 = 1=T
is generated by a seven stage shift registere. The sequence generator

output is connected to relay RL1l which shortcircuits a resistor

in the heater power supply.
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Knowledge of the input time delay is also necessary for accurate
predictive control. This can be inferred from the water flowrate and
turbine flowmeter F1 is used for this purpose.

3. The Control System
3.1l. Predictive - Exploratory Control
It has been shown earlier by Beck and Gough?’? that effective

disturbance reductions can be achieved using a search technique on a model.

Referring to Figure 2, which shows a block diagram of the process

described in section 2 together with the control system, the principle

features are:

a). The load disturbance, n, is sampled with period T secs.

b). The response of the process is predicted using an impulse response
model which excludes the process dead-time. By omitting the time
delay, a sequence of optimal control signal estimates can be computed &

and held until the time to actuate the control element occurs. In order
to do this, the system response y, is regarded as a linear combination
of the outputs of the process and load transfer functions, Gp and Gl
respectively. For a control signal u the model response is thus:

Y(s) = U(s) GP(s) + N(s) G'(s) 3.1

where upper case letters are used to denote Laplace transform variables.
In fact the transfer functions are not required since the response is
computed using impulse responses, hp and hl. Thus, the response due to
the load disturbance is given by the scalar convolution:

k
yy(kT) = T 'Zon(k'l‘-n'r) h, (nT) 4 3.2

where k is the sampling instant. Experiments have shown that if the
sampling interval T satisfies the inequality T'>10T vhere T, is the dominant
system time constant, then the summation gives an adequate representation
of the system response?

c). A cost function performance criterion, g, is computed based on the
response of the model and m economic or safety requirements of the process,

X which may be time varying:
g=1t E’“‘T""i] si®l,conce,m 3.3

d). A fast search is carried on the model using an iterative decision
algorithm in order to minimise the cost function.

A preliminary simulation of this scheme using a simple cost-function
showedqthat a suitable stepping sequence is:

Wewt g sign (g‘]-g')-l) sign pt 3.4
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where u‘j is the sub-optimal control signal and t\‘i is a variable scaling
factor. As a result, an optimal control sequence u*(o), u*(1),.c.e.,u*(k)
was obtained which minimised the criterion g. Since the control power
is limited in practice u may appear in the cost function and the signal
is also constrained tc lie between the high and low limits

u *(k) € ur(k) € ur(x) 3.5
For a simulation of a first order system, it was found that optimal control
sequence estimates could be computed in an average time of ll.lmsecs and a
maximum time of 24k.9 m sec*using an Argus 40O process control computer?®.
e). The control signal estimates are then stored for the duration of the
input dead-time end blended with the direct feedback control signal. This
trimming action overcomes drift due to mismatch between process and model
characteristics and reduces the effect of unmeasured process disturbances.

3.2. The Feedback Loop
In the work described in this paper, an incremental control signal

is produced using a standard control algorithm, reproduced by permission of

Ferranti Limited, of the form: '
L | 1 ' - ¥ e d
K, [_("k Veer) ¥ Eopo¥i ¥y *+ (0 (K G-y ) UG, 3.6
L 3

where yl'c is the process output at sampling instant k

Uk is the feedback control signal

Ko = 100/P.B
P.B = Proportional band
- m
K, T/J.I
’1‘18 Integral action time constant

Kl = TD/T

TD = Derivative action time

A' = a smoothing constant

- - \ U
7k = (1 =12) Y +A Ye-1 3T
Ug‘_l is the last full value of the derivative term.

In this particular application the derivative term is not used for the
feedforward predictive control scheme, although the 3 term standard routine
would be used with other control loops. The reasons for not using the
derivative term are -

i). Power limitations are included in the feedforward control model

(section 3.1d). Derivative action tends to produce large short -
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term power requirements, which cannot be allowed for in the predictive
control algorithm, and would invalidate the optimising procedure.
ii). In any case there is no real advantage in including derivative action
. in a system where transient errors should be eliminated by feedforward
control.

Acceptable controller settings are determined using a procedure which
computes the normalised integral - square - error criterion ot; process
controllability. By this means the best trimming action of the feedback
loop on the predictive signal is obtained without fear of instability.

This program, Epton and Gough!®?ll, is described in -Appendix 2. The
I.S.E. criterion is set up as a function of process parameters and includes
time delays written as i adé polynomial approximations. Avoidance of the
complex standard integral tables is.achieved by solving the integral in the
general case using a matrix formulation. The criterion is plotted as a
function of proportional, derivative or integral constants ‘and clearly
shows the values of minimum controllability and the .onset of instability.
Figure 3 shows a typical set of controllability curves plotted as a
function of controller gain for a second order process with varying time
delays 12,

k., Process Identification
4,1. Direct Correlation

Process identification has been obtained by .using a pseudo-raniom
binary sequence perturbation and correlating the sequence x with the tank
temperature, (T2),8°13, « The correlation equation is

P
h(mr) = ¢ I y(&)x(k-m) k.
k=kp-.2L e
where h(mt) is the impulse response.
C is a constant.
1= A\/2 = samplipg interval, where A is the basic sequence time interval.
kp is the present sampling instant. ;
The sampling period 1 is chosen as half the basic sequence time interval
in order to satisfy the Nyquist sampling theorem!“.

Figure 4 shows an irpulse response relating changes in heater power
to tank temperature, measured using a e 2% .voltage perturbation and an
integration period of approximately 7 times the major process time
constant.

On-line correlation does present some difficulties since in order to

directly measure the open-locp impulse response the correlation must be
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completed when the feedback control signal is inoperative. In many
processes there are periods of time when the process state is sufficiently
close to the optimal state for the feedback control loop to be disconnected.
Tnis condition can be detected by the computer and the identification
then carried out. Since the predictive control is still in operation
during the identification period, the process state should not deviate
far from the optimal state. If unmeasured process disturbances occur,
the computer can detect the resultant deviation in the process state,
automatically terminate the identification and close the feedback loop.
Experiments are being carried out to implement such a scheme which enables
the computer to decide the most convenient times for system identification.
4.2, The Learning Method of Process Identification

It is thought that more accurate and rapid identification can be

achieved using a method devised by Beck!S5., The essential feeture of
this learning method is to take an initial process model, prepared from
an estimate of the dynamic properties of the process, and to update this

model using experimental data. The updating procedure corrects for
any inadequacies in the initial model and allows periodic updating of the

model. for time-varying processes. A particular advantage is that the
experimental procedure has only to determine part of the process model.
Thus, the signal-to-noise ratio is better than that obtained using a
direct experimental correlation where the whole model must be determined.
Alternatively, a more rapid identification can be achieved for the same
signal-to-noise ratio.

Refer to figure 5. The process has an impulse response h(y) and an
inpus x(t) comprising the normal process signal n(t) and P.R.B.S. test
input xi(t). x(t) is monitored and the initial process model h(y) is
used to compute the respogse a(t) to x(t) using the comvolution

q(t) = J x(t-y) B(y) dy k.2

Y=o
This is expressed as a scalar convolution which involves matrix

multiplication in order to obtain the q vector

Ced = ExJE] . A3
The period of integz-ation'is taken to be

s:f’Tldbtp h.h

where Tp is the process time delay

Tl = dominent time constant of process
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Next, the measured process cutput y(t) is correlated with the model output

q(t) using
(4
P&
g _(8) =

- yv(t) q (t-g)at 4.5

hlp-:

/

t=o0

which agein is achieved digitally by matrix multiplication
® = !] [Q ] L.6
QY - B

Also, the autocorrelation of the model output is given by

g
1
Snd .
¢qq(s)- c J q(t) q(t-Bldt

B[] - Col Cel, o

These correlation functions enable the updating model h(y) to be compensated

9,8 = f n(y) Bog (B-Y) av

or kl:OQY] - [a_'] [.QQ] 6.8

and H is found by matrix inversion using Gaussian elimination.
Finally, the initial model and the updating model are combined to
give the updated model
R

B (v) = B(t) b (y-t)dr

¥
o [8,] =[] "] b9

The above equations (4.3, 4.6, 4.7, 4.8 and 4.9) have been programmed
using & conversational language to e remote computer connected by telephone
lines to the user terminal. A flow-diagram is shown as Appendix 3.

(This method of progremming has been particularly useful for the rapid
development of the program).

Some results of using the learning method for a typical process are
shown in figures 6 and T. A P.R.B.S. test signal of length L = 15 (fig.6a)
was applied to a noise-free process having the impulse response shown in
fig. 6b. Fig. 6c shows the resultant process output. A rough rep-
‘resentation of this process was used as an initial model (fig. 6d).

The program output included the autocorrelation, cross-correlation, and

updating model as well as the final updated model, all shown in fig. 6.



Fig.T shows corresponding results for the same process with spurious
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noise (fig. Te) added to the process output.
The diagrams cleary show that the leaning method has been
successful in forming a reasonably accurate updated model in both the
noise free and noisy cases. Values of a dispersion cofficient (D.C.)
for the appropriate data are shown in table I.

able I.

Performence of Learning Method

Noise Free

With Spurious

R R

Noise
D.C. of process output -2
from noise free value g I.k x I0
D.C. of updated model 4.9 x 1072 2.1 x 1072

from true process
impulse response

Where

& [
Refint ig(xm i (AP
=0

) & [eta)]”

x(i) =Observed values of variable

xt(i) =Trues values of variable

P = Number of observations
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5. Discussion

This paper indicates how some of the new and powerful control
techniques may be applied to a linear process with dead time where
accurate control is essential. The computer storage requirements for
the implementation of the basic scheme using combined feedback/predictive

control and simple correlation identification are approximately as follows:

Predictive control with simple cost function : 2000 words
Feedback control 200
Correlation identification (127 length sequence) 1500

TOTAL 3700 words

Calculation times for an Argus 400 computer are:

e s (average 11.4 m.sec.
Predictive Control ORER R el
Feedback control G.T m.sec.
Correlation Identification 2 seconds whenever an identification

is required

Since many of the routines could be held in a backing store so that
only a small immediate access store is required, the cost of storage will
be quite modest. In addition these routines can be used with a large
number of control.loops since the calculation time per loop is quite small.

The above basic scheme should be satisfactory for many purposes.
However, it is anticipated that a fuller scheme would use a multidimensional
cost function requiring a general minimisation procedure, the learning
method of identification requiring matrix inversion and the integral-square-
error program for determining optimal feedback control settings. The
computer storage and calculation time requirements would then be several
times larger than those of the basic scheme. This type of work is best
suited to a hierarchical computer system and the Bradford University Argus
400 computer is being linked to a large ICT 1909 scientific computing
installation to implement such a scheme. This high-speed data link offers
the facilities of conversational mode and fast data transference between the
computers, using direct stcre access. Hence the Argus 400 will carry out
the basic operations of closed loop control and alarm monitoring and will
interrupt the ICT computer, which will then carry out the higher level
; operations of identification, prediction and optimisatiom.

Acknowledgements
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Appendix 1
The Random Binary Sequence Generator
Figure Al shows a schematic diagram of the random sequence generator.
Two Geiger-Miller tubes are used in a coincidence circuit in such a way that

the instrument only gives an output pulse if cosmic particles strike the
tubes Gl and G2 successively within a certain time, this time being equal
to the time constant of a monostable multivibrator. The output of the
monostable is gated (using a logical NAND) with the signal from the
second tube, G2. By varying the time constant of the monostable, the
average switching rate of the sequence can be varied from 3 - 1500 secs.
The gated signal operates a bistable unit and the output finally switches
a relay.

Tests have been made on the instrument in which the observed frequency
distribution of the sequence was compared with a Poisson distribution. The
goodness of fit was tested using a chi-squared distribution and the results
gave us reason to believe that the distribution follow a Poisson
distribution.

Appendix 2
General Procedure for Evaluating the Controllsbility of Time Delay Feedback
Control Systems!0®!1,

This procedure considers a feedback control system which includes
process and load transfer functions and time delay of any order, together
with a three-term control equation. All the process parameters are fed to
the cbmputer as data and the folloiring operations are carried out in order
to compute the I.S.E. criterions of controllability: ,

a). The error-to-load transfer function H(s) is expressed as the ratio
of two polynomials in complex pulsatance, S. To do this, the process
and load factors are multiplied together. Polynomial multiplication
and addition routines are required. of

b). Time delays are written as Padé polynomial approximations/any order
and these are multiplied into the polynomials, giving the I.S.E. in
the standard form:

J 2 ;
I.5.E. = 1— I I sl l % s
27;
where 3w
H(s) = c(s) /als)
n-1 X n K
for e(s) = ] ¢s and d(s)= ] 4s
k=o k=0

c). Standard tables for high order integrals are not available and hence
a matrix formulation is used to solve the above integral. To do this

the c(s) and d(s) coefficients are built up into two matries, ECJ and
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[D] respectively. Theory shows!0’!l that these matrices are related by

an equation of the form

[e]- (10 ] x
and the value of the nth order integral is given by

I =a

n n-1 /dn A3

whereo is an element of . Hence, the matrix equation A2 is solved

1

using Gaussian elimination in order to findun_ and In may then be found

from equation A3. f

d). This procedure is repeated, incrementing one of the control parameters
and computing Iu until the value goes negative or infinite, indicating
that a region of instability has occurred.

e). L Graphplot routine can be called which plots out the normalised

curves showing the I.S.E. against the control parameter.
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Single-Stage Learning: Program Flowchart
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1: Introduction.

During the years several methods for the control of
systems with tim= delay have been proposed. Examples are
I, PI and PID control, Smith linear predictor, complementary
feedback and some sampled methods.

In many books and papers the advantages of the more
complicated methods have been claimed, but as far as it is
possible to see from publications, these methods have only
in a very few cases been put to use on actual processes.

In order to find out if this is because of short-
comings of the methods or because of conservatism of the
practical control engineers, it has been undertaken to eval-
uate and compare the different methods on a quantitative
basis? A summary of the findings is given in this paper.

The control of two types of systems has been tested,
the transfer functions being f, = e'Ts/(1+Ts) and
f, = e_Ts/(1+ts)2 respectively. The results are given as
functions of the ratio T/(T+gt), which roughly speaking
is the ratio of the delay T to the system's total lag (T+rT).
For convenience this ratio is named the system's 'relative
delay'. When it is zero the system has no delay, and when
it is one it has delay only.

In order to make the comparisons quantitative, a
performance criterion is used. As will be seen, there are
certain conceptual advantages in choosing the IAE-index, and
besides, it mostly results in good controller settings.
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If the system has the transfer function

-sT 2
f=e /1 (1+s7y) ; C1:1)
i=1
it is possible to evaluate the value I of the IAE-index for
the uncontrolled system with a unit step input. All poles
are real, and the error will then have no zero crossings:

-
[}

0 T 0
at = [ 1 dt 12
jole] t Io at + ITe(t) (1.2)

T o+ I e(t,)dt, t4=t-T
o]

The Laplace transform of e(t1) is

n(1+s7;)-1
e(s) =W (1~3)
and by using the final value theorem:
) o(1+st;)-1
o = 1im .3 i Iy
I="1+ Ioe dty = T + oL sxz =% e 43T, (1.4)

One of the purposes of introducing feedback is to make
the response faster, that is the index value lower. To
measure how well this is obtained, the performance index is
normalized by dividing by the index value of the uncontrolled
system i.e. by T+zti. Normalized index values greater than
one then means that the feedback actually makes the systenm
slower.

2: Ordinary I, PI and PID-control.

a) Reference step changes.

For the systems the controller settings are adjusted
to obtain minimum value of the performance index. Fig. 2.1
shows the values of the normalized index as a function of
the relative delay for the two systems, and the three differ-
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s

ent controllers. The response is well damped except in some
cases for small values of the relative delay.

b) Load step changes.

In the same way we adjust the settings tc minimum index

value and obtain the curves fig. 2.2. The open loop index
value is here infinite, so we normalize by dividing by T+t
as for the reference step change. The load is entering the
process in the frontj if it does enter later, the results
will fall somewhere between figs. 2.1 and 2.2.

It is seen that only minor amounts of delay increases
the index value very much, and for large values of the
relative delay, feedback control actually slows the system
down. )

It is also seen that I-control is poor,'and that the
difference between PI and PID decreases much as the relative
delay increases. If for instance the relative delay is above
75% a PID-controller will only decrease the index by 18% or
less from the value obtained by a PI-controller. This is
true for both reference and load step changes, and it means
that for these processes it is seldom worth while taking
the trouble to tune one more controller mode.

A rather interesting result can be seen from fig. 2.2.
It relates to the curves 1-2, 1-3 and 2-3; it is seen that
for relative delays lower than a certain value, the index
decreases faster than proportional to the relative delay.
This means that a lower index value may be obtained by
increasing the system's time constant(s). The effect is
easier to see when redrawing the curves in another diagram
fig. 2.3. Here the index is not normalized, and as abscissa
is used nt(T=1). In this way the effect on the system of
increasing the lags is immediately seen.

The large improvement obtainable in this way has to
be paid for by a slower control for setpoint changes. As
load changes often are much more important than setpoint
changes, an improvement along these lines may well be worth
considering. It should be noted however, that this method is



‘ 28

not a special control method, but a modification of the plant
to make it easier to control.

3: Smith predictor.

This was proposed by 0. J. Smith8 in the late 50's. The
method has later been much discussed but few applications
have been publisheds.

The method may best be described with the help of fig.
b 1 I

C(s) is a common controller. It is seen that the scheme
includes a minor feedback loop around the controller. The
transfer function becomes:

-sT -sT -sT
gy r(CHe )+1$$CH (1+CcH(1-e""7)) _ (3-1)

It follows that the predictor removes the term e—ST

from the denominator, thus making faster control possible.
We will first discuss the method for setpoint changes.
The transfer function is then

Apparantly the delay is moved outside the closed loop.
If the controller C is very good the closed loop can be made
infinitely fast, and the value of the index is T as the error
e=r-y will be 1 until the time T and then drop to zero.

This result is shown as a curve in fig. 2.1 marked s.
It is seen that for a relative delay of 1 the improvement
(28% better than PI, 18% better than PID) is useful but not
startling. For lower values of the relative delay the im-
provement is better. For a value of .5 the improvement is
of order 42-57% compared to PI and 31-44% compared to PID
depending on the plant transfer functions. This is con-
tradictory to the general recommendation, that the Smith
predictor is for systems with high relative delays. How-
ever, we have supposed ideal control of the CH-loop, and
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since this cannot be acnieved in practice, the improvements
will be smaller, especially for lower values of the relative
delay.

For load changes things are more complicated as may
be seen from the transfer function
cne'sT)

. (3.3)

y = 1He ST(1 -

However, it can be shown that the minimum index value,
when using an infinitely good C-controller will be T as for
step changes. This value is shown in fig. 2.2. Whereas this
value is the lowest possible for setpoint changes, it is not
so for load changes. This is also seen from fig. 2.2. For low
values of the relative delay, PID, and sometimes even PI-
control, are better, and as we have seen above, if the plant
itself may be modified by adding a large lag, then PID or
PI-control can be made to perform better than the Smith
predictor for all values of the relative delay of the original
system.

It must be concluded that for load changes, the Smith
predictor is of little value. Furthermore it is complicated
to construct, so it is not surprising that it has not been
used much for process control.

If the control loop mainly is exposed to. reference
changes, then the predictor may be of interest. In this case
it is necessary to discuss the realisation of the delay which
is used in the minor loop. If a control computer is used, the
input signal can be stored'during the time T, but this will
require 20-50 memory locatiors to obtain reasonable accuracy.
Another possibility which is acceptable also when using
analog hardware, is to use some finite order transfer function
as an approximation. If a first order Padé approximation is
used, the control will deteriorate somewhat. Generally it has
been found that the control, when adding a pﬁfdictor with
this approximation, did not improve more than when adding
one more controller mode, which is of course much easier
to do.

The second order Padé approximation worked as well as the
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exact delay and should therefore be used.

At the same time as Smith in U.S. proposed the Smith pre-
dictor, Wolman and Giloi in Germany came up with a control
scheme which they named 'Complementary feedback'z’ o It ey
however, easy to transform one of the methods into the other,
and what has been said about the predictor is therefore
applicaple to the complementary feedback too.

4: Sampled data control.

In several places1’4’6’9’10 it has been stated, that
sampled data control may perform better for plants with dead
time than does continuous control. As the introduction of a
sampler generally means that information is lost, this is
surprising, and has to be investigated carefully, before it
is accepted.

The general recommendation is to sample at such a rate,
that the dead time T becomes a multiple of the sampling time
T1, T = mT1. A controller wvhich gives dead beat response to
a step reference input is then constructed. There are now
two approaches. One of them, interrupting control?’9’1o uses
no hold after the sampler which is assumed to close during
the time AT. The plant is here taken to be of first order.
By using correct settings of a PI-controller and a sampling
time equal to T, it is now possible to obtain a response,
where the error is 1 until time T, and then during the time
AT, changes to zero. The index value should then be a little
more than T, or about the same as for the Smith predictor.

It is, however, easy to see the disadvantages of this
method. The control is obtained by short pulses, and accord-
ingly the peak valﬁes are very high. The <ns1:XMLFault xmlns:ns1="http://cxf.apache.org/bindings/xformat"><ns1:faultstring xmlns:ns1="http://cxf.apache.org/bindings/xformat">java.lang.OutOfMemoryError: Java heap space</ns1:faultstring></ns1:XMLFault>