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ELECTRONIC CI RCUI T BOARDS. This inventign relates to an auto-tygi 19
controller for tuning electronic cifcuit boards, for which the rel awmnshl p
governing the control paramet er(s) and t he control led variable(s) is time
invariant during the course of tuning. Although the invention is directed
towards boards with a stat | onary charagteristic, this does not preclude the
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circuit boards in a mass productlon envxronment represents a suitable candidate for
- application of this invention. In this task domain, accurate tuning must be accomplished
within a short time interval. The difficulty is further compounded by variations
introduced during the manufacturing process. A preferred embodiment of the invention
describes a system that adjusts the brightness, contrast, tint and color settings of TV's
chassis boards by the manipulation of a set of associated registers. |

'BACKGROUND AND PRIOR ART

In the manufacturing industry, the tuning of electronic circuits is still largely
performed by experienced human operators. When multiple control items are involved,
the tuning process usually proceeds in a sequential manner. The order of adjustment of
the various control items to be adjusted is virtually determined by human perception, and
the magnitude of each adjustment is a rough approximation of the deviation involved. A
system to dynamically improve TV picture qualities that used a combination of fuzzy
rule based reasoning and neural network techniques has been described in U.S. Pat No.
5,327,228. In the preferred embodiment of that patent, the distribution of facial and
non-facial tones in a TV picture are analysed. The necessary control is then
accomplished through the use of neural network techniques coupled with a set of pre-
determined fuzzy reasoning rules.

Akio Ukita, et. al. described a method te tune microwave circuit boards in the
article "Automated Tuning of an Electronic Circuit Board Using the Artificial Neural
Network Approach”, Journal of Intelligent Manufacturing Systems, Chapman & Hall,
1996. The adjustment process is divided into two distinct portions namely trimmer
selection and trimmer rotation. Separate neural networks are assigned to handle the
respective tasks. '
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' 2, pp 359-399, 1989 proved that feedforward neural networks with sigmoidal aétivation
functions in the hidden layers are universal function approximators. Recently, Radial
Basis Function networks have also been shown to be capable of exhibiting desirable
properties just like feedforward networks with sigmoidal activation functions in the
hidden layers. A notable article is "Multivariable Functional Interpolation and Adaptive
Networks", Broomhead and Lowe. Complex Systems, Vol. 2, pp 321-355, 1988. The
application of neural networks for control problems can also be found in literature like
"Neural Networks for Control", Miller et. al., MIT Press, 1990 and "A Multi-Layer
Neural Network Controiler", Psaltis et. al., EEE Control Systems Magazine, pp 17-21,
April 1988. |
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PROBLEMS THAT THE INVENTION IS TO SOLVE

The main object of this invention is to provide a means for automated, fast,
accurate and reliable tuning of multiple electronic circuit boards with time-invariant
characteristics. In contrast to manual tuning methods, the proposed method tunes
multiple control parameters in parallel. Tuning accuracy is enhanced by employing
powerful neural network techniques instead of relying on imprecise human adjustments.
The electronic circuit boards involved are expected to share some basic common
characteristics, but can, and normally do, differ from one another due to idiosyncratic
deviations.

Sequential tuning of multiple control parameters is both inefficient and slow
when a strong cross-correlation exists between the control items. Altering the value of a
particular controlled variable by simply tuning its corresponding control parameter will
not only change the intended controlled variable, but other variables will also be affected
accordingly. Thus a natural solution is to adjust all control parameters in parallel, which
is the inherent mode of operation in neural networks. Moreover, a substantial amount of
time can be saved by tuning in parallel.
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training data.

Using neural network techniques, an electronic circuit board with a non-linear
input-output relationship can be controlled. Requirements of linearity, or piecewise
linearity, at the region of operation need not be obeyed. The neural network based
controller is trained to model the input-output mapping over the extent of the entire
space, thus allowing any arbitrary starting values for the control parameters.

i

SUMMARY OF THE INVENTION

The application of neural network techniques endows this invention with the
following desirable attributes: -

1. The capability to control electronic circnit board(s) with non-linear

input-output characteristics.
2. The ability to adapt with moderate shifts in electronic circuit boards'

behaviour, which is useful when a plurality of boards are to be adjusted to an identical
desired response.

3. The fast, simultaneous tuning of a plurality of cbntrol_parameters as a
result of inherent parallel execution of the neural network algorithm. Using Conjugate-
Gradient weight optimization, the training process is shown to converge in a shorter time
than the standard Backpropagation algorithm as outlined in "Restart Procedures for
Conjugate Gradient Method", Powell, Mathematical Programming, Vol. 12, pp 241-254,
1977.

To achieve the goal of on-line adaptation, an efficient data management method
for training pairs is required to maintain superior generalization in the neural network
based controller. This is significant because live streams of data are presented to the



characteristics. In contrast to manual tuning nethods, the proposed nethod
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More specifically, in accordance with the present invention there is disclosed 1
an on-line adaptive controller for sequentially tuning a plurality of electronic circuit
boards, said controller comprising:

(@) A reference signal generator for generating a desired response for at

least one variable to be controlled;
®) an error signal generator connected to said reference signal generator

and the circuit board to be tuned and arranged to output an error signal indicative of the
difference between said desired response and the actual value of said variable(s) to be
controlled; N

©) an adjustment calculator including a neural network, said calculator
being connected to said error signal generator, and arranged to output a weighted control
signal to said circuit board in response to the error signal and the current value of the
control signal;

(@ a training pair manager connected to said circuit board and said
adjustment calculator to receive said weighted control signal and the actual value of said
variable(s) to be controlled, and outputting to a neural network based learning network a
corresponding updated training set including new and aggregated training pairs;

© said neural network based learning network being independent of, but
having substantially identical architecture to, the neural network of said adjustment
calculator and being connected to said adjustment calculator to determine the transfer
function of its neural network by updating its internal weight parameters; and

® synchronising means interconnecting said learning network and said
adjustment calculator to synchronise said weight parameter updating.

Furthermore, there is also disclosed a method of sequentially tuning a plurality
of electronic circuit boards, said method comprising the steps of:

@) calculating an adjustable weighted control signal based upon a
generated error between a reference signal and an actual value of at least one variable to
be controlled;

(b) using a first neural network in the calculation of said control circuit;
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‘inadvertent occurrences in manufacturing industry. These factors
contribute to considerabl e deviations commonly found in electronic circuit
boards of the sane nodel. Controllers which are desi gned using conventi ona
rul e reasoning, are not flexible and cannot cater for such di screpancies.
Even neural network based solutions that are trained offline will be
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An embodiment of the present invention will now be described with reference to
the drawings in which:

FIG. 1 is a block diagram showing the generic configuration of the adaptive
neural network based controller for tuning of a controlled electronic circuit board 10.

FIG. 2 is a flowchart describing the operations of the neural network controller
in a typical control process where electronic circuit boards are to be tuned. |

FIG. 3 shows graphically the "bins" updating mechanism employed in the
training pair manager 38 depicted in FIG. 1.

FIG. 4 is a block diagram showing the preferred embodiment for the invention.

FIG. 5 shows three voltage waveforms measured from the TV chassis board 10
and the interpretation of these waveforms to form four TV signal readings: Brightness,
Contrast, Tint and Color.

FIG. 6 shows the implementation of the signal offseter 14.

FIG. 7 shows the implementation of the normalizer 1 15, which normalizes the
error signal e(k) and register values u(k).

FIG. 8 illustrates the feedforward, layered structure of the neural network
utilized for the implementation of the adjustment network 16 and learning network 35. '

FIG. 9 shows the implementation of the denormalizer 17. '

FIG. 10 shows the implementation of the register offseter 18.

FIG. 11 describes the implementation of the set-point database 32 using a
dynamic list to store observation pairs (u(k), y(k)) acquired from measurements in TV
chassis board 10. | |

FIG. 12 shows the interaction between the set-point database 32 and training
pair generator 33. New training pairs are created by computing the vector difference
between the latest observation pair and the contents in the dynamic list of the set-point

database 32.
FIG. 13 shows the implementation of the normalizer 2 designated 34.
\
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2. The ability to adapt wth noderate shifts in electronic circuit
boards' behaviour, which is useful when a plurality of boards are to be
adj usted to an identical desired response. 3. The fast, sinultaneous
tuning of a plurality of control parameters as a result of inherent
paral | el execution of the neural network al gorithm Using Conjugate-

Gradi ent weight optim zation, the training process is shown to converge in
a shorter tinme than the standard Backprogagati on al gorithmas outlined in
"Restart Procedures for Conjugate G adient Method", Powell, Mathemati cal
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board 10 in the preferred embodiment; and

FIG. 16 is a flowchart describing the operations of the individual components
within the adjustment learner 40 during a typical learning cycle for a TV chassis board
10 in the preferred embodiment.

DETAILED DESCRIPTION

Described below with reference to Fig. 1 is the typical operation of the neural
network based controller in the generic configuration. An adjustment controller 20 and
its related components provide appropriate control s1gnal(s) to a controlled electronic
circuit board 10 such that a user-specified desired response can be achieved. The
controlled electronic circuit board 10 in Fig. 1 encompasses relevant measurement
modules required for actual physical realization of this embodiment. As the output of
y(k+1)the controlled board 10 cannot be exactly equivalent to the reference signal y°
produced by a reference signal generator, a pragmatic approach is to spec1fy a tolerance
level for the controller 20 to achieve.

In the following paragraphs, the roles of the major components involved will be
discussed. Two distinct operating phases can be identified namely an adjustment phase
and a training phase. The reference numerals 90 and 91 in Fig. 2 denote the steps
involved in the adjustment phase and training phase respectively. Though shown to be
operating in sequential manner, these two phases can proceed concurrently and are
handled by the adjustment controller 20 and an adjustment learner 40 (Fig. 1)
respectively. These are described separately below and the relationship between the
components 12, 35 and 38 will also be explained with the aid of Fig. 1.

The controlled electronic circuit board 10, has input and output signals
designated as u(k+1 ) and y(k+1 ) respectively. The indices k and k+1 indicate
discrete time steps during tuning and z-! denotes a unit time delay element 55. The bold
typeface associated with the signals indicate that they are generally vectorized quantities.
A reference signal generator 60 provides the desired response denoted by y°. This
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| earning in the neural network controller. The training set is then updated
selectively by virtue of the regions in the input space occupied by the new
training pairs. According to one aspect of the present invention there is

di scl osed an on-line adaptive controller far sequentially tuning a
plurality of electronic circuit boards, said controller conprising: (a) a
reference signal generator for generating a desired response for at |east
one variable to be controlled; (b) an ergor signal generation neans

i nterconnecting said reference signal generator and said circuit board to
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connected to said error signal ns, and arranged to P?ngt a

correction to the current value of he cont ol signal in response t he
said error signal and the current value of the control signal; (d) an
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for u(k) to reduce e(k). In this ifnplementation, the adjustment calculator 12 preferably
houses a layered, feedforward neural network just as the structure described in
"Learning Internal Representation by Error Propagation”, Rumelhart et. al., in "Parallel
Distributed Processing: Explorations in Microstructure of Cognition", MIT Press, 1986.
Simple processing elements are arranged in layers, with full inter-connections between
two adjacent layers. The computation of Au(k) proceeds quickly since only a forward
propagation of the input s1gnals is required.

During this process, the weight parameters of the neural network in the
adjustment calculator 12 denoted by W remain fixed. The new value of the control
parameter u(k+1 ) is calculated as :

uk+1) = uk) - Auck) @

The new setting for the control parameter is then imposed onto the controlled
electronic circuit board 10 which produces a response y(k+1) accordingly. This
completes the adjustment phase 90 in the overall control process. The control process is
repeated until the error e(k) falls below the tolerance specified.

The behaviour of the adjustment controller 20 is shaped by an on-line learning
strategy. This implies that the adjustment calculator 12 will constantly adapt its internal
weight parameters by observing a stream of signals u(k) and y(k). To accomplish this
mechanism, a neural network of identical architecture to that of the adjustment calculator
12 is required. This neural network is called the learning network and denoted as 35 in
Fig. 1.

During the training phase 91, the learning network 35 retrieves training data
from the training pair manager 38. The training pair manager 38 stores the previous
history of u(m) and y(m) for m = {k-p, k-p+1, ...., k}, where p indicates the depih of
memory. When the latest observation pair (u(k+1), y(k+1)) is presented to the



(e) a training pair manager connected to said circuit board and said
updat ed control signal generation neans to receive said updated control
signal and actual value of said variable(s) to be controlled, and
outputting to a neural network based | earning network a correspondi ng
updated training set including new and aggregated training pairs; (f) said
neural network based | earni ng network being i ndependent of, but have.
essentially identical architecture to, tRe neural network of said
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SHEET  pair manager 38. This method is illustrated in Fig. 3. The rationale behind the adoption
of this approach is to ensure uniform approximation in the input space of the learning
network 35 and adjustment calculator 12. In this method, the input space formed by a
concatenation of signals u(k), Ay(k) is divided into discrete, disjoint partitions called
"bins". All bins house a single training pair, but their size may not be equal as shown in
Fig. 3. In Fig. 3, u(k) and Ay(k) are represented as uni-variate signals for simplicity of
illustration only.. In physical applications, they can be multi-dimensional quantities.

At any time step k, new training pairs such as A', B' and C' wiil be
dynamically created from the subtraction between latest observation pair (u(k), y(k)) and
. existing observation pairs found in the training pair manager 38. If the correspoilding'
bin is occupied by a previous training pair, the new training pair will overwrite it as
shown by replacements between A and A', B and B'. On the other hand, if a new
training pair C’ is generated with its associated bin unoccupied, it will be directly stored
in the database. This mechanism helps to preserve superior approximation by attempting
to distribute training pairs evenly, without an exponential increase in the number of
training pairs. The distribution of bins over the input space can be determined
adaptively through some means. As shown in Fig. 3, the density of distribution
decreases with increasing distance from the centre of the input space at D(0.5, 0.5; 0.5).
This strategy is to bias the neural networks found in the learning network 35 and
adjustment calculator 12 towards better generalisation near the target region, where
adjustments have small magnitudes.

Once the updating of the training pair manager 38 is completed, all training
pairs existing in occupied bins will be aggregated to form a training set. The resulting
training set is then presented to the learning network 35 for Conjugate Gradient training.
At the end of the learning process, an active RDY signal is sent to the adjustment
calculator 12 signifying that its internal weight parameters W are to be réplaced by new
values labelled collectively as W' in Fig. 1. As the discrete time step increments from k



5 (b) using the first of two neural networks for the cal culation of said
updated control signal; (c) refreshing the training set for the second _
neural network by using the said updated control signal and variables to be
controlled; (d) training the second neural network which is, independent of
but structurally identical to said first neural network, to adjust its

I nternal weight paranmeters using the refreshed training set; and (e)
overwiting the internal weight paranetegs of the first neural network with
t he correspondi ng paraneters in the second neural network. BRI EF
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based controller for tuning of a controlled electronic circuit board 10.

Fig. 2 is a flowhart describing the operations of the neural network
controller in a A typical operation can be summarized with the aid of a flowchart shown in’

Fig. 2. Steps 81, 82, 83, 84 and 85 constitute the adjustment phase 90, while steps 86
and 87 are operations pertaining to the training phase 91. Firstly, the discrete time
index k is initialized to O at step 80. The current response of controlled electronic
circuit board 10 is then measured and the deviation from target e(k) calculated at step
81. A decision is made at step 82 to determine whether the error is acceptable. If
further adjustments are required, a corrective control signal will be computed using the
adjustment calculator 12 in step 83. The adjustment calculator propagates the signals
u(k) and Ay(k) through its layers and produces Au(k). The new value for control
parametet u(k+1 ) is computed using equation (2) in step 84. The corresponding
response of the electronic circuit board 10 y(k+1 ) is then measured in step 85. At this
stage, one cycle of adjustment phase has 90 been completed. -

The operations labelled 86 and 87 are parts of the trairﬁng phase 91. In step 86,
new training pairs are created from the training pair manager 38 by computing the
difference between the latest observation pair (u(k+1), y(k+1 )) against previously
stored p pairs. All "bins" affected are updated with the new training pairs. Next, the
learning network 35 retrieves the training data from the training pair 'manager 38 and
initiates the Conjugate-Gradient training process in step 87. Once training terminates,
the signal RDY will be pulled high for a period of time to enable transfer of weight
parameters W' from the learning network 38 to replace the corresponding weight
parameters W in adjustment calculator 12. The training phase 91 is now completed and
the next adjustment cycle can repeat at step 81 after the system increments the time index
by 1 in step 89. As mentioned previously, the training phase 91 and adjustment phase 90
can proceed in a concurrent manner, but they are depicted as serial operations in Fig 9.

Fig 4. shows the block diagram of the preferred embodiment of this invention.
In this embodiment, the adaptive on-line neural network based controller is applied to
dynamically tune three 7-bits and one 8-bits registers, which directly control the settings
of four TV signals: Brightness yu(k), Confrast ye(k), Tint yu(k) and Color ys(k)
Collectively, we shall denote these four signals as a vector y(k). As in the previous
section, k indexes the discrete time step. The reference numeral 10 represents the
controlled electronic circuit board. hereinafter called the TV chassis board.



typi cal control process where electronic circuit boards are to be tuned.
Fig. 3 shows graphically the "bins" updating nechani sm enpl oyed in the
training pair manager 38 depicted in FIG 1. Fig. 4 is a block diagram
showi ng the preferred enbodi ment for the invention. Fig. 5 shows three
vol t age waveforns nmeasured fromthe TV chassis board 10 and the

I nterpretation of these waveforns to formfour TV signal readings:
Brightness, Contrast, Tint and Color. Fijg. 6 shows the inplenentation of
the signal offsetter 14. Fig. 7 shows the inplenmentation of the normalizer
1 15, which normalizes the error signal e(k) and register values u(k). Fig.
8 illustrates the feedf orward, |ayered structure of the neural network
utilized for theA ipnticaleimplementatidn ofi this cinbediment imhxdmnhnﬂ@rhlgjtﬂeamumlng
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must model the general characteristics of a particular chassis type. By virtue of its
superior function approximation capabilities, a neural-network based controller is the
most suitable candidate for this task. To capture significant deviations over multiple
chassis, the adjustment controller 20 must be adaptable during the tuning process. This
requirement is addressed by an on-line learning strategy provided by the adjustment
learner 40.

To interface the TV chassis board 10 to the neural network based controller,
electronic circuitry is required which is represented by the measurement interface
denoted as 8. Fig. 5 shows how the four TV signal settings: brightness yv(k), contrast
ye(k). tint y«(k) and color ys(k) are measured from the TV chassis board 10 using the TV
signal digitizer 2. Firstly, a test pattern comprising color bars and rainbow is injected
into the TV chassis board 10. By measuring the resulting voltage levels of the TV
chassis board 10 at various vertical scan positions, three waveforms are captured. They
are shown in Fig. 5. By sampling the waveforms at designated timings and measuring
the voltage levels, the TV signal digitizer 2 acquired the readings A, B, C, D and E
indicated in Fig. 5. Readings A, B and C correspond to the TV signal settings for
brightness yv(k), contrast ye(k) and color ys(k) respectively, while the ratio of D over E
gives the tint y«(k) setting. Examples of values for desired settings and tolerances are
included in Fig. 5. Integrated circuits which can perform the functions of TV signal
digitizer 2 are commonly used as instrumentation devices and are well known to those
skilled in the art. The control parameters ub(k), uc(k), u(k) and us(k) (vectorized as
u(k)) in this embodiment are data available from EEPROM memory in the TV chassis
board 10. Using a micro-controller 7, this piece of information can be transferred to
both the adjustment controller 20 and adjustment learner 40 via the Inter-IC (12C) bus 3.
Writing of data to the EEPROM memory can also be accomplished through the interface
provided by the I>)C bus 3 and micro-controller 7. The working principles of I2C-bus and
its protocols are common features in TV receivers, and hence they should be familiar to
technicians and engineers skilled in this area.



generator 33. New training pairs are created by conputing the vector

di fference between the | atest observation pair and the contents in the
dynami c list of the set-point database 32. Fig. 13 shows the inplenentation
of the normalizer 2 designated 34. 6 Fig. 14 presents the timng

di agrans explaining the role of a RDY signal for the synchronization of the
wei ght paraneters between W' and W2' in the |earning network 35 and WL and
W2 in the adjustment network 16. Fig. 15;is a flowhart describing the
operations of the individual conmponents within the adjustnent controller 20
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the start of a typical adjustment cycle. Firstly, we shall describe the adjustment

controller 20 and its components. The function of the signal offseter 14 is to compute
the error signal e(k) by subtracting from y(k) the target y°. The operation performed in
14 is pictured in Fig. 6. In Fig. 7, reference numeral 15 shows a normalizer 1 which
scales two inputs e(k) and u(k) to compatible ranges for processing in an adjustment
network 16 (Fig. 4).

Fig. 7 illustrates the normalization process, showing signals e(k) and their
associated registers u(k). Note that the quantities shown in Fig. 7 are vectors comprising
four elements each, the multiplication and addition operations are applied individually to
each element. In Fig. 7, ¥min: Ymax> Ymin and Umayx represent thc minimum and
maximum values of the TV signals, the minimum and maximum values of the registers
values respectively. Umin and Uymax are determined by the number of bits used to
represent the register values, while ymin and ymax are set to the extreme readings
possible for the TV signal settings. During system start-up, all 16 quantities are loaded
into the memory of normalizer 1 15 by reading from a disk file. The equations
governing the normalization process in normalizer 1 15 are set out below:

e(k) - Aymin
Aymax - Aymin

e®

= e(k) - (ymin - ymax)
(ymax - ymin) - (ymin - ymax) - 3

= e(k) - ymin + ymax

2(ymax - ymin )

k) uk) -umin

umax - umin 4)

The outputs of normalizer 1 15 comprise vectors é(k) and fi(k) which become
the inputs to the adjustment network 16. The purpose of the adjustment network 16 is to
compute a normalized corrective signal fi(k) to reduce the error &k). No training is



Descri bed below with reference to Fig. 1 is the typical operation of the
neural network based controller in the generic configuration. An adjustnent
controller 20 and its related conponents provide appropriate control

signal (s) to a controlled electronic circuit board 10 such that a
user-specified desired response can be achieved. The controlled electronic
circuit board 10 in Fig. 1 enconpasses relevant neasurenent nodul es
required for actual physical realizatiomngof this enbodi nent. As the out put
y(k+ 1) of the controlled board 10 cannot be exactly equivalent to the

(of er enoe IRy hPi pRSRRK Rl RorAnShRRENR 3 BT LB 3B ¢
achi eve. lognfiguration |05\ﬁ,hmgdjpetmgt apqwrk tlRds pistured dn Figie8,nwihish is arthreedayer
narely an S et R o T R
and 91 in %8§ Ebr@erﬁﬁ » F*}%Q ﬁ(gbénql 39‘81 9‘%&&@%‘% valpese Be(Kh ity Bp(k),
training rﬂa@t;h © Tis pachéry ey fourhaoxgialized Wharige nbetlherreglgﬂer rvgluem m@em(a)
manner, t a concurrent and are
adj ust rrentEs@‘At ?@‘f(?ﬂ S%%hctﬁfﬁl t@‘i&) T‘%’s?‘r‘r‘?ﬁ'i a,ygapﬁ%goniéls? % SIgBOI‘F SefiVarioh®
respect i vdpctiohheWeights tetwesn hmutsmpzlmmnl Laytleland/ hiddert Ite outputt ilayes halp
bet ween t i
‘Fig. 1. T% 1%8%? P?'nga E%c?@oﬁjlmcjvg? | t b(}z a‘i]?g%cﬁas In ut an&ﬁoutglh
si gnal s ddBitgiges ggween e learning network 35 and adjustment network 16 is triggered by a
change of state from low to high in signal RDY. Once this condition occurs, new
weights W1' and W2' calculated from learning network 35 will be downloaded into W1
and W2 respectively.

A denormalizer 17 (Fig. 9) then converts Afi(k) to unnormalized values Au(k),
which functions inversely to normalizer 1 indicated at 15 in Fig. 7. Fig. 9 shows the
computations involved in the denormalizer 17. To obtain the new values of the
registers, the current register values are offseted by an amount Au(k). This task is
accomplished by the block labelled 18 and Fig. 10 illustrates this simple process. Once
all four new register settings uv(k+1), ue(k+1), u(k+1) and us«(k+1) are available, the
micro-controller 7 will request a "data write" to the I2C bus. If bus-mastering is
successful, data in the EEPROM memory on the TV chassis board 10 will be
overwritten by the new values u(k+1). Following this, the next adjustment cycle can
ensue.

The on-line learning mechanism is instilled into the circuit through the use of
the adjustment learner referenced as 40 in Fig. 4. Respective components residing in the
adjustment learner 40 will be described next. The set-point database 32 provides a
storage of p latest observations organized as (u(k), y(k)) pairs. Internally, the database
is implemented as a list of depth p. Fig. 11 depicts the list continuously accepting the
latest observation (u(k), y(k)). If the current time index k is less than p (where k starts
from 0), (u(k), y(k)) will be inserted into the head of the list. Otherwise, a deletion of
the pair (u(k-p), y(k-p)) from the tail of the list will follow in addition to the mentioned
insertion. Therefore, the set-point database 32 will not experience an increasing amount
of data as time progresses.



as u(k+1l) and y(K+1) respectively. The indices K and K+1 indicate discrete
time steps during tuning and z[err] denotes a unit tine delay el enent 55.
The bol d typeface associated with the signals indicate that they are
general ly vectorized quantities. A reference signal generator 60 provides
the desired response denoted by y[err]. This 7 signal is conpared

agai nst the current output y(k) of the controlled electronic circuit board
10, their difference produces an error sjgnal e(k): e(k) = y(k)-y[err]

(1) During the adjustnment phase 90, .the adjustnment cal culator 12 conputes
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Cogni ti OnHfhf: NH-/ cF:)ﬁa%?iE’bo]a%? 61'0 remains unchanged between two successive time steps Kk,
STATUS FLAG 353 is held low. The switch in Fig. 11 will be at position Q, allowing
the latest observation pair (u(k), y(k)) to be added to the list. The reason for this
mechanism is to ensure the integrity of the training set, so that a particular training pair

will not originate from two different TV chassis boards 10.

Following the storage of set-points (u(k), y(k)), the training pair generator 33
will create a new set of training vectors in the form (y(k-q)-y(k), u(k-q); uk-q)-u(k)) for
q = 1 to p. Therefore, a total of p training pairs will be generated in every time step k.
This process is illustrated in Fig. 12, showing that the resultant training pairs are stored
in an array. For the training pairs to be usable by the learning network 35, they have to
be normalized first. Normalizer 2 designated by 34 accomplishes this task in an almost
identical manner as Normalizer 1 designated 15 in Fig. 7, except that number of inputs
bave increased. The diagram in Fig. 13 presents the actual calculations involved in
normalizer 2 designated 34.

The training pair database 36 of Fig. 4 is implemented as a collection of "bins",
which are discrete, disjoint partitions in the input space formed by the vectors Ay (k) and
(k). Since both A¥ (k) and Gi(k) have four dimensions, and are unit-normalized, the
input space is a unit-volume hypercube in R® space. The hypercube is made up of
individual "bins" which house either one or no training pair. The size of each "bin" is
determined by the respective boundary values, and hence may not be equal. A training
pair--will reside in a particulér bin if its input vector formed by the concatenation of
Ay (k) and #(k) is within the bin's boundary values. At a given time step k, all training
pairs in the occupied "bins" will constitute the training set in the training pair database
36. As new training pairs are generated, the "bins" that correspond to the new training
pairs will be identified. These bins are then checked to see if they house any existing
training pair. If no, the new training pair will be added to the particular bin.
Otherwise, the new training pair will overwrite the existing training pair present in the
bin. With this method, training pairs in the training pair database 36 can originate from



Simpl e processing elenents are arranged in layers, with full

I nter-connections between two adj acent |ayers. The conputation of Au(k)
proceeds quickly since only a forward propagation of the input signals is
required. During this process, the weight paranmeters of the neural network
in the adjustnment cal culator 12 denoted by W renain fixed. The new val ue
of the control paraneter u(k+l) is calculated as: u(k+ 1) = u(k) -
[err]u(k) (2) The jgew setting for the control
paraneter is then inposed onto the controlled electronic circuit board 10
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data minimum number of training pairs is available. n this embodiment, the value is set at
60% of the total number of bins available. The signal CNT from the training pair
database 36 keeps track of the number of training pairs available. Once CNT reaches
60% of the total number of bins, training in the learning network 35 is allowed to
proceed.. This strategy is to prevent the neural network from attempting to control a TV
chassis board 10 whose relationship cannot be faithfully represented by a small set of

data-points.

Since the adjustment network 16 copies its weight parameters W1 and W2 from
W1' and W2' in learning network 35, some form of synchronization has to be
incorporated for a successful transfer. Signal RDY caters for such a purpose. Fig. 14
illustrates how the signal RDY relates to major activities involving the TV chassis board
10 and measurement interface 8, adjustment controller 20 and adjustment learner 40.
Fig. 14 also serves the purpose of explaining the concurrent operations involving the
components of the invention. The vertical dotted lines in Fig. 14 represent the
boundaries of the discrete time steps k. Four time steps are shown from k=m to
k=m+3.

All activities involved are described with reference to the individual timeslots in
Fig. 14. Time-slots without a character inserted therein denote "no operation" in the
corresponding component. A complete adjustment and learning cycle commences with
the termination of training in the learning network 35, signified by the end of activity in
time-slot L2. Following this, RDY will become active (high) for a short period of time
before reverting to the inactive state again. During this period of active state, weight
parameters W1' and W2' in the learning network 35 are transferred to adjustment
network 16. The processes responsible for the function are denoted as C4 in the
adjustment controller 20 and L3 in the adjustment learner 40. While the weight
parameters are transferred, new values for the four registers uv(k), uc(k), u(k) and us(k)
previously computed are written onto the I2C bus 3 using the micro-controller 7. Time-



fromthe traini ng pair manager 38. The training pair manager 38 stores the

previous history of u(m and y(m) for m= {k-p, k-p+1,..., k}, where p
i ndicates the depth of nmenmory. When the | atest observation pair (u(k+ 1),
y(k+ 1)) is presented to the 8 controller, the training pair nanager 38

conputes the difference between (u(k+1l), y(k+1l)) and the p pairs of data
stored. This results in the creation of p new supervised training pairs of
the format (u(k), [err]y(k); [err]Ju(k)) here ; delimts the input signal
fromthe teacher signal. A novel approach is adopted here to update the
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but their size may not be equal as shown in F| g. 3. In Fig. 3, u(k) and

Ay(k) are repr esﬂpetne%ea%e& regls%rris 1 %:ing r}ralléa ured ' ard tr%sfe%reﬁyto tile adjustment
controller 20 and adjustment learner 40 during C1 and L1 respectively. Operations in
the adjustment controller 20 proceed independently of the adjustment learner 40. In
time-slot C2 of the adjustment controller 20, the error signal e(k) is computed and then
normalized together with u(k) before being fed to the learning network 16. During C3,
the adjustment controller 20 determines the new register values us(k+1), uc(k+1 ),
uk+1) and us(k+1 ) and load the values into the micro-controller 7. While operations
in C2 and C3 take place in the adjustment controller 20, the adjustment learner 40 runs
the operation specified in time-slot L2. The training sets are updated and the learning
network 35 performs Conjugate-Gradient training in 1.2. The adjustment and leaning
cycle will restart again when the training ends.

ch

The criteria for termination of adjustment of a particular TV chassis board 10 is
specified by the TV manufacturer. Once the absolute value of the error signal e(k) drops
below a specified tolerance, the TV chassis board 10 is deemed to have been tuned
successfully. Fig. 15 shows a flowchart summarizing the steps performed by the
adjustment controller 20 during a typical adjustment cycle for TV chassis boards 10.

When a new TV chassis board 10 is presented, the time index k is reset to O as
shown in step 101. In step 102, the signal RDY is monitored to determine whether
weights represented by W1 and W2 are to be updated by W1' and W2' from learning
network 35. Measurement of the latest register values u(k) from the PC bus 3 is
accomplished in step 103. Next, the TV signals y(k) are captured from the TV chassis
board 10 in step 104. Error signal e(k) is calculated from the difference between y(k)
and y° in step 105. When e(k) is available, its magnitude is tested against a user
specified tolerance in step 106. If magnitude of e(k) falls below the tolerance set, tuning
is completed and step 107 is executed. In step 107, STATUS FLAG 53 is pulled high to
show that the next in-coming TV chassis board 10 is a new one. Otherwise, the TV
chassis board 10 remains in place and both the &(k) and (k) are normalized in step 108.
In step 109, the corrections to the register values Au(k) are determined by propagating
u(k) and e(k) through the adjustment network 16 and denormalizer 17. To arrive at the



illustration only. In physical applications, they can be multi-di nensi onal
quantities. At any tine step k, newtraining pairs such as A, B and C
will be dynamically created fromthe subtracti on between | at est observation
pair (u(k), y(k)) and existing observation pairs found in the training pair
manager 38. If the corresponding bin is occupied by a previous training
pair, the newtraining pair will overwite it as shown by repl acenents
between A and A, B and B . On the otherigand, if a newtraining pair C is
generated with its associated bin unoccupied, it will be directly stored in
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116 and the set-point database 32 is then emptied in step 117. On the other hand, if the
STATUS FLAG 353 signifies that TV chassis board 10 remains unchanged from the one
in previous time step k-1, steps 116 and 117 are bypassed in the algorithm. In step in
118, the latest register values u(k) on the 2C bus 3 are captured using the
rnicrocontroller 7. Next, the TV signals y(k) are measured from the TV chassis board
10 in step 119 using the TV signal digitizer 2. In step 120, the newly acquired
observation pair (u(k), y(k)) is added to the set-point database 32. By performing vector
subtraction, new training pairs in the format (y(k), u(k); u(k)) are created by the training
pair generator 33 in step 121. All newly created training pairs are normalized by the
normalizer 2 circuit 34 in step 122. The corresponding "bins” for the new training pairs
are then identified and their contents updated accordingly in step 123. Since the training
pair database 36 encompasses training pairs in all "bins", its contents are also refreshed.
At the same time, CNT counter is incremented to reflect any addition to the training pair
database 36. In step 124, CNT is checked to see if it is greater than 60% of the total bin
count. If not, steps 125 to 128 are bypassed and k is increased by 1 in step 129 before
restarting at step 115. Otherwise, the learning network 35 is allowed to undergo
Conjugate-Gradient weight optimizations based on the updated training set in step 125.
When training terminates in the learning network 35, the signal RDY is set to active
state (high). This is done in step 126. The purpose of RDY is to inform the adjustment
network 16 within the adjustment controller 20 that weights W1' and W2' in the
learning network 35 is ready for transfer to weights W1 and W2 in adjustment network
16. The weight transfer is carried out in step 127, and RDY can revert to inactive state
(low) subsequently in step 128. The learning cycle is completed after incrementing k by
1 in step 129. The next cycle then starts at step 115 again.




At the end of the |earni ng process, an active RDY signal is sent to the
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2 signifying that its internal weight paraneters W
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are to be rﬁjﬂ aced by new values | abelled collectively as W in Fig. 1. As

mnﬂnum_,umremsnts fromk 9 to k+ 1, the weight
rred fromthe | earning netvvork 35 to the

paraneter

adj ust nent ca cul at®or 12* This conpl etes one cycle of the training phase
91. A typical operation can be summarizeggywith the aid of a flowhart shown
in Fig. 2. Steps 81, 82, 83, 84 and 85 constitute the adjustnment phase 90,
while steps 86 and 87 are operations ?Mglng to the training phase 91
Firstly, the discrete tine index k is initialized to O at step 80. The

current response of controlled electronic circuit board 10 is then neasured
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an error signal generator connected to said reference signal generator
and the circuit board to be tuned and arranged to output an error signal indicative of the
difference between said desired response and the actual value of said variable(s) to be
controlled;

(©) an adjustment calculator including a neural network, said calculator
bemg connected to said error signal generator, and arranged to output a weighted control
signal to said circuit board in response to the error signal and the current value of the
control signal;

(@ a training pair manager connected to said circuit board and said
adjustment calculator to receive said weighted control signal and the actual value of said
variable(s) to be controlled, and outputting to a neural network based learning network a
corresponding updated training set including new and aggregated training pairs;

(e) said neural network based learning network being independent of, but
having substantially identical architecture to, the neural network of said adjustment
calculator and being connected to said adjustment calculator to determine the transfer
function of its neural network by updating its internal weight parameters; and

@ synchronising means interconnecting said learning network and said
adjustment calculator to synchronise said weight parameter updating.

2. The controller as claimed in claim 1, wherein the training pair manager includes
means for storing new observation data from different electronic circuit boards to be
tuned, means for generating new training pairs by computing the vector difference
between the latest observation and those previously stored, and means for updating the
training set by overwriting existing training pairs with new training pairs or appending
Dew training pairs.

3. . The controller as claimed in claim 1 wherein said training pair manager receives
as inputs the current value of said control signal, the difference between said variable(s)
to be controlled measured at two different discrete time steps, and a teaching signal
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bararreter u(k+l) is corrput ed using equation (2) in step 84. The

I's then
nmeasur ed h| s stage, one cycle of adjustnment phase has 90
been co ‘ IE tlons | abel I ed 86 and 87 are parts of the training
phase 9 S new training pairs are created fromthe training pair

manager 38 by conputing the difference between the | atest observation pair
(u(k+1l), y(k+1)) against previously storegl p pairs. Al "bins" affected are
updated with the new training pairs. Next, the | earning network 35
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6. The controller as claimed in any one of the preceding claims including means to
preserve said training set between successive circuit boards.

7. - A method of sequentially tuning a plurality of electronic circuit boards, said
method comprising the steps of:

i @ calculating an adjustable weighted control signal based upon a
generated error between a reference signal and an actual value of at least one variable to

be controlled;
®) using a first neural network in the calculation of said control circuit;
(c) using an independent, but substantially identical neural network based

learning network to vary the weighting of said control signal; and;

(d) training said learning network with the weighted control signal and the
actual value of said variable(s) to be controlled to adaptively vary said control signal
weighting.

8. A method as claimed in claim 7 wherein said circuit boards are TV
circuit chassis boards, said method comprising the steps of:

@) measuring the readings for controlled variables from TV chassis boards
using a TV digitizer circuit;

®) reading the values for the control parameters from TV chassis boards
using a micro-controller interfaced by the Inter IC (12C) bus;

©) converting the controlled variables to error signals;

@ normalizing the current values of control parameters and error signals,
deriving the corrections to the control parameters using neural network based controller
and denormalizing the resultant corrections; .
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6f four TV signals: Brightness yb(k), Contrast yc(k), Tint yt(k) and Col or
ys(k) Coll ectlvely we—shatl denote these four signals as a vector y(k). As

in the pr i ndexes the discrete time step. The reference
numer al ﬁ“mm #Im mcont rolled electronic circuit board. hereinafter
called the*T\W c SH S 10 A practical inplenentation of this '
enbodi nent includes configuring the neural network controller as part of a

picture quality adjustnment station foundjglong TV production lines. In this
scenario, a plur aI ity of TV chassis boards will be sequentially presented

o the station T g tUn:igherldliR EREARD EY LMo SARIASLE b Seh Sules for

I ndi vi dual ChaSSI boar onponent ues
adj ust ment thegrenizel paanRErsust nDdeI the general characteristics of a

particul ar chassig typeritRy e "nEWEkeﬁfngb kS t‘ﬁb‘ REhtr&l paratiétbshtG RS P¥ (HRLLION
capabi l'iti Ss, a neural ; ngtwo basec H}trf}qﬁ i‘?f rtfi E(ge nost suitable
candi dat e PP3Tds ySEEAICIo-¢on B’Fd‘?t@r yithe dpter Me () P¥ns over multiple
chassis, the adjustment controller 20 nust be adaptable during the tuning
process. T8is, feeg*g,]' LR o a R 2080 PahPDbeRisdg e RN s B! 21 20V
deciding to ecither reset or update a dynamic list based upon a
monitored status,
(h) organising the control variables and read variable values as observation
pairs and storing them in said dynamic list;
@) creating new training pairs by computing the vector difference between
observation pairs in the said dynamic list and the most recent observation pairs;
()] normalizing all training pairs duly created in step (i);
&) updating the relevant partitions occurring in the input space which
correspond to the newly created training pairs;
() updating a count;
(m) determining whether the count is greater than a pre-defined percentage
of the total number of partitions allowed in the input space;
) optimizing the performance of said neural learning network using
Conjugate-Gradient learning; and

(0 altering the weighting of the adjustably weighted control signal by
over-writing current first neural network values with new values obtained in step (n).

\
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| earner 40. To interface the TV chassis board 10 to the neural network
based controller, electronic circuitry isrequired which is represented by
t he neasurenent interface denoted as 8. Fig. 5 shows how the four TV signal
settings: brightness y[err](k), contrast y[err](k). tint y[err](k) and
color y[err](k) are measured fromthe T\2ochassis board 10 using the TV
signal digitizer 2. Firstly, a test pattern conpr|5|ng col or bars and

rainbow is jinjected into the TV chassis board By neasuring the
resul ting tABANIIYE NEJRAL NETWORKBAS EBa@QMld{QLLF&F MACHINE

scan positions, three in Fig. 5. By
sanpling the wavef or m%hﬁéﬁﬁ%@ﬁmcﬁg:m&w\?he vol t age

| evel s, the TV signal digitizer 2 acquired the readings A, B, C, D and E-
indicated in Fig. 5. Readings A, B and C correspond to the TV signal

settings f BSW”ESS ylerr](k), contrast y[err] (k) and col or ys(k)
respectively, ITe the ratio of D over E gives the tint yt(k) setting.

Exanpl es of VaAUﬁ&u&Prneﬁﬁi-kr Babed Sddnirotsr 39 didcRsed KR 8" &es Uﬂﬁ“éohﬁ'ol':' g.
5. Integrated circuits which can performthe functions of T I gnal
digitizer guBiple CE8GHEMIY difcRt ®Sardss {10Y"Whicht isRatedan i oﬁmt@rm Webutphn OWn
to those skilled in the art. The control paraneters u[err](k) err]t?

uferr] (k) miwionsi{is) Howexen) thessibaerdsi(10) hsuamytduviateﬁ‘onﬂomamthﬁrehﬂabahlfts

avai l abl e from EEPROM nenory.in the TV chassis board 10. Using a

m cr o- contaml neise 7foundhiisadiegtentlyfini théiorrespective campbrents. antlie meeral tnetwork
controller described operates in an on-line manner i.e. weights of the associated neural
networks are adaptively altered for optimum generalization performance while the
control process runs concurrently. The on-line mechanism enables the neural network
controller (20) to detect any significant change in the board's characteristics, hence
generating appropriate control actions. In order to ensure good approximation
capability, a novel method for management of training data is emf)loyed in which the
input space is segmented into discrete, disjoint partitions and only one training pair is
allowed to occupy the designated partition. By using a neural network, complex and

non-linear relationships in circuit boards such as TV chassis boards (10) can be mass

produced.

Fig. 4



both the adjustnent controller 20 and adjustnent |earner 40 via the
Inter-1C (I[err]C) bus 3. Witing of data to the EEPROM nenory can al so be
acconpl i shed through the interface provided by the I[err]C bus 3 and

m cro-controller 7. The working principles of I[err]Cbus and its protocols
are common features in TV receivers, and,ﬁgnce they should be famliar to
techni ci ans and engi neers skilled in this area. During a "read"
operation fromthe TV chassis board 10, the value for the four TV signals
brightness y[err](k), contrast y[err](k), tint y[err](k), color y[err] (k)
and the data on I[err]C bus 3 are transferred to the adjustnment controller
20 and adjustnent |earner 40. This nmarks the start of a typical adjustnent
cycle. Firstly, we shall describe the adjustnment controller 20 and its
conponents. The function of the signal offseter 14 is to conpute the error
signal e(k) by subtracting fromy(k) the target y[err]. The operation
performed in 14 is plctured in Fig. 6. In Fig. 7, reference nuneral 15
shows a normali z Gnhlch scal es 3%@ i nputs e(k) and u(RP to conpatlble
ranges for procgssing in an adjustfrent network 16 (Fig. 4).

il lustrates ghe—pormahi zation procéss show ng signal s e(g}/an}Aﬁﬂﬁr4°
Reference Learni Training Pair
Signal ning y
Geng,ato, Network S— | Manager
w
y° : - J/’“ 10
) Controlled
zof- 5 e(k) | Adjustment | AU(K) NS i u(k+1). Electronic
Calculator Circuit
- W . % Board
e T K - |
12 i z y(k+1)
k S/
z'1

FIG. 1



associ ated registers u(k). Note that the quantities shown in Fig. 7 are
vectors conprising four elenments each, the multiplication and addition
operations are applied individually to each elenent. In Fig. 7, y[err],
y[err], u[err] and u[err] represent the m ninum and maxi mum val ues of the
TV signals, the mninmum and maxi num va,yes of the registers val ues
respectively. u[err] and u[err] are determ ned by the nunber of bits used

to represent the regi steémw&%err] and y[err] are set to the
extrene readi ngs possiblle for t¥HERTV signal .settings. During system
start-up, all 16 quantities are ljoaded into the menmory of normalizer 1 15

by reading froma disk fi+le- 'I!;%izeﬁ#la-t—l—gns governing the normalization

process in nornalizer 115 ares@ﬁL ut belfow. efk) 8¢ e(k) - [err]ynin
Aymax - Aymin = e(k) - (ymn - yfaXx) (ymax - ymn) - (ymn - ymax)

(3) e(k) - ymﬂ—#—va—ﬁywax.—-—qr:ﬁn) u(k) = wu(k) -umn umax - umn
(4) The out putjs of inor ngHzer—34 corp++se vectors e(k) and u(k) which

ogr T o7 4+ LT CTOTTITT T4

beconme Measure y(k), y° and A~
_ determine the deviation e(k) 81

— 82

lo(K)l < user

specified tolerance? YES ' l

Nto (. sTop D
Compute corrective .
controtl signal Au(k) - ~— 83

from adjustment calculator 12

y
Calculate new value for
control variable u(k+1) L—~— 84

and set it into the controlied

electronic circuit board 10

Measure the new response y(k+1) | ———~__~- 85
for electronic ciruit board 10

y
Create new training pairs
using latest control parameter | ———
settings u(k+1) and y(k+1)
in training pair manager 38

y

Train learning network 35 with | ——i&__ 87
updated training set

Over-write weight parameters W

of adjustment calculator 12 with P—\_‘ 88

W' of learning network 35 when
RDY goes high

Increment k by 1 89

FIG. 2



the inputs to the adjustnment network 16. The purpose of the adjustnent
network 16 is to conpute a nornalized corrective signal u(k) to reduce the
error e(k). No training is 12 carried out in this network, only forward
propagation is necessary to obtain u(k). -The configuration of the-

adj ustment network 16 is pictured in Fig.4@8 Wiich is a three-layer

feedf orward neural network. The inputs to the network conprise four
normal i zed error signals e[err](k), e[err](k), e[err](k), e[err](k) and
four normalized register, valu ek), uferr](k), uferr](k), uferr] (k).

The teachers are fo el i fed changertent he regi ster val ues
TerrJu[err](k), [eﬁ1ﬂew]“<,[ew]wew]uo [mrhﬂmr“k) Both t he
hi dden and out put er--Rett-ops—ise-+og-st-groi-d-acti-vat-t-on-funct i on.
Wi ghts between input to hidden {ayer and hidden to output liayer are
represented by it W and W2 respectively. iThe synchronizati on of both
wei ght - natrice between the learning network 35 iand adj ustnent network 16
is triggered chpnge of ate frgomlow to high in signal; RDY. Once this
condi ti on®®3¢& g“’new wei ght ®Wi{ and W' galculiated from|darning network
35 will be downl oagefd into W and Vﬂfrespectively.

Jad S l 3 (0.38, 0.61; 0.69)

4 (0.51, 0.42; 0.65)
o [ ® ? ® c
e ;
- D
A <
(0.32, 0.67; 0.72) °
| 3
e °
°
»  u(k)
0.00 0.30 0.45 0.55 0.70 1.00

Notes : Pair A = (0.38, 0.61; 0.69) replaced by A' {0.32, 0.67; 0.72)
Pair B = (0.22, 0.77; 0.91) replaced by B' (0.07, 0.92; 0.88)
Pair C' = (0.51, 0.42; 0.65) added to an empty "bin®
Pair D = (0.50, 0.50; 0.5) denotes zero adjustment
@ Solid Circles : denote existing training pairs

O Open Circles : denote new training pairs created

FIG. 3



A denhormalizer 17 (Fig. 9) then converts [err]Ju(k) to unnornalized val ues
[err]Ju(k), which functions inversely to nornalizer 1 indicated at 15 in
Fig. 7. Fig. 9 shows the conputations involved in the denornmalizer 17. To
obtain the new values of the registers, the current register values are

of fseted by an amount [err]u(k). Thig,4ask is acconplished by the bl ock

| abel l ed 18 and Fig. 10 illustrates thls sinpl e process. _Gace all four new
regi ster settings uferr](k+ 1), ulerr](k+_1)., /’[err](kﬁfp) and.u[err] (k+ 1)
are available, the micro-controller 7.will rdquest_a. "data.wite" to the

I[err]C bus. If bus- nasterlng I s _successf ul jata i ROV menory on
the TV chassis board 10 wi lili bf ovepwgtten Qy neve val ugs u(k+1).
Fol l owi ng this, the next ad]Q§ nmgnt ocyg caﬁ . Tﬁ§ onfli e | earning
mechanismis instilled gnfo he glg gw -.p odg us@ wof he :a Wj ust nent
| earner referenced as 4Q in H “ i ellcoLgponedts rgsi dimg in the
adj ust nent | earner_20 w : Xt & et -P6i nt fjdat aBase 32
provides a st orage,%:oﬁ‘— p | atie ani zed—3 ¢k) . y(k))

pairs. Internally, $he datab $ pl enented as a |l i

[| Qf| depth p. Fig.
11 depicts the |ist/continuo

S
ptlng the | ategt {opsgrivatiion (u(k),
- -+
t

y(k)). 1f8&he currgnt tine i ess—t—hanp( T stats from 0),
(u(k), yE3FP wttipeimserted d Ihead.ab thedlis X|her Wi se, a
del eti on Df t he [palgF—Hk—p) fomthd tail°off g™ st will follow
in addition to {hE-Neniioned 2 | '
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insertion. Therefore, the set-point database 32 will not experience an

i ncreasi ng anount of data as tine progresses. 13 The STATUS FLAG 53 in
this enbodi ment represents a binary signal fromthe transport mechani sm

i ndi cati ng whether a new TV chassis board 10 is currently in place. Wen a
TV chassis board 10 is first presentedsfp the system STATUS FLAG 53 is
pul l ed high. This causes the switch |n Fig. 11 to be at position R hence
all existing data are d+-searded--ap.f-&hawzsﬁ--ln -set-x-poi nt dat abase 32 wil |l
be enptied. On the other hand, if{the TV chassis bgpard 10 renai ns unchanged
bet ween two successive tine steps|k, STATUS FLAG 53 is held |low. The swtch
in Fig. 11 will be at position Q| allow ng| fhe | atésf,Observation pair
(u(k), y(k)) to be added to the |Ijst. The yeason for ifhis nechanismis to
ensure the integrity of the trainjng set, po that particular training.
pair will not originate frlom tjwo dlfferent TV] chafF#4is boards 10. Fol | ow ng
the storage of set-points |(u(k), y(k)), the ttain glﬁ—air generator 33 w |

create a new set of trainimg—~Vvectors in the forT Bg)-y(k), -u(k-q);
u(k-qg)-u(k)) for

GND
Contrast Setting | Brightness Setting
Requirement : A = 3.6V +- 0.05V Requirement : B = 3V +- 0.05V

Color Setting
Requirement : C = 1Vp-p +- 0.05V

: Tint Setting
Requirement :D:E=1:1

FIG 5.



‘q =1to p. Therefore, a total of p training pairs will be generated in
every tinme step k. This process is illustrated in Fig. 12, showi ng that the
resultant training pairs are stored in an array. For the training pairs to
be usable by the | earning network 35, they have to be normalized first.
Normal i zer 2 designated by 34 acconpligges this task in an al nost identical
manner as Nornalizer 1 designated 15 in Fig. 7, except that nunber of

i nputs have increased. The diagramin Fig. 13 presents the actual

cal cul.ations involved in normalizer 2 designated 34.| The training pair

dat abase 36 of Fig. 4 is inplenented ast a 20| 84t i¥6n of "bins", which are
di screte, disjoint partitions in theTnrput—spac py the vectors
[err]y(k) and u(k). Since both [err]y(k)|and pur di nensi ons, and
are unit-normalized, the input éﬁac is @ un bercube in R err] -
space. The hypercube is made up of {ndiv{dua i gh house either one
or no training pair. The size of(kpagh "b|n" 0 by the respective
boundary val ues, .and hence nmay—not—pe—equat pbair will reside in
a particular bin if its input &k O [ enati on of
[err]y(k) and [err] (k) is w thi-A-th apups. At a given tine
step k, all training pairs in th ‘ bnstitute the
training set in the training parl™~dsg Qi NiNng pairs are
generated, the "bins" that correspo 1 y pairs will be
identified. These bins are then ‘ buse any exi sting

U

e(k) u(k)

15 .
umin
ymln |
umnx
ymax
Normalizert




training pair.
particul ar bin.

I f no,

O herw se,
exi sting training pair present

the new training pair wll
the new training pair wll

be

in the bin. Wth this

in the training pair database 36 can originate from
chassis boards 10. Redundant or simlar 4f4aining pairs are systematically

di scarded t hrough the overwiting nechanism while nqve

added to the

overwite the

met hod, training pairs
14 different TV

training pairs are

added. Once the updating of the training set in tradHing pair database 36

is conpl et ed,

the training set wll

be transferred t

35 for supervised | earning through weight optim zati

network 35 has identical
Fig. 8. However, actual
training pairs is availa
the total nunber of bins
dat abase 36 keeps tra
reaches 60% of the tgtal
35 is allowed to profteed
fromattenpting to %7ntr

o the | earning network
on. The | earning

bl e.

architecture as the adjust
raining is del ayed until

a

n this enbodi nent, the

av
h f

al | abl e.
t (m

Tent network 16 shown in

m ni mu nunber of
val ue ifs set at 60% of

CNT f
raj ning pa

mu

nunber
This stra

of

pi ns,2trAning if

D

a TV

u max

Denormalizer

training pair
qi | abl e. Once CNT
t he | ¢arni ng network
eural network
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‘chassis board 10 whose rel ati onship cannot be faithfully represented by a
smal | set of data-points. Since the adjustnent network 16 copies its weight
paranmeters WL and W2 fromW' and W2' in |earning network 35, sone form of
synchroni zation has to be incorporated for a successful transfer. Signal
RDY caters for such a purpose. Fig. 14 ighustrates how the signal RDY
relates to major activities involving the TV chassis board 10 and
measurenent interface 8, adjustnent controller 20 and adj ust ment | earner
40. Fig. 14 also serves the purpose of explaining the concurrent opérations
i nvol ving the onents of tfieaiynventi on. verti cal d lines i

Fig. 14 repres%mtmt he boundaiAi(sH)of the di séra‘g@e tinme steg&sﬂ'ﬂg Four tinme
steps are shown [from k=m to km+3. All acti\Jiti es invol vedjare descri be
with reference tjo the individudl tinmeslots i Fig. 14. Tined4slots withodt a
character |linsertled therein dengte "no operatijon” in the cornfespondi ng
conponent .} A conpl ete adjustnent and | earning cycle commencgs Ww tduduhe
term natign of aining in thellearning netwirk 35, signified by tahe en«T of
activity ijn ti R [ for
a short pgrio again. Duging
this peridd of a¥pwe s 5 AR Z¥% T the | earning

net wor k 35

Hidden

Layer

:} Input-Hidden Layer Weights W1

' . ' input

Layer

28,(K) A8 A8 (k) A8(K) a) G G Gk

Note : function f{x) = 1/(1+e™)

w1, wa!

RDY | FIG. 8



network 16. The processes responsible for the function are denoted as ¢4 in
t he adjustnent controller 20 and L3 in the adjustnent |earner 40. Wile the
wei ght paraneters are transferred, new values for the four registers-
uferr](k), uferr](k), u[err](k) and u[err] (k) previously conputed are
witten onto the I[err]C bus 3 using thegcro-controller 7. Tine- 15
slot P1 is allocated in the neasurenment interface 8 and TV chassis board 10
for this process. Measurenent of the four TV signals gfams] (k), y[err](k),
y[err] (k) and k} fromthe TV chaggis badd 10 ar eFigGeFor med by the TV
digitizer 2 OFAQ—QA‘II’] time-slot P3. Durlng the tinme- };Iot P2, the

adj ustnent controll er 20 andfadjoustmgnt—tearimer—49—are111dl e state. Then,
the new register-signal pair|measyrec are tmvansferred to Rhe adj ust nent
control | er 20 &ftdeatts wesvtent{Tear K9 ng [ eext pctivel y.
Operations in the adjustmnent | cortrelemxd0-pueseed—ndependent |y of the
adj.ustment learner 40. In tifpe-islot C of the adjust néht contfoller 20, the
error signal e(k) Vstheasnputet—3me]t hetk-hoteiil i Zeedt_etolget her Wit h u(k) before
being fed to the learning nefwork 16. During C3,[the adjustjmeht controller
20 determnes the new regi stpr |values ul[err](k+1), uferr] (K+1 ),

> (u(k-2), y(k-2)) Jnext_ptrl

J
/'— —s___ (ufh), y(1) JneFt_ptr ]
32
Lo (u0),y(0)  [rextptr}-
end 7777
of list
STATUS
When k>=p : ‘ u(k) y(k) FLAG 53

list_head = new_ptr —-——b{ (u(k), y(k)) [next_ptr]\f

next ptr = list_ head——————o

list_head L—»t  (u(k-1), y(k-1))  [next_ptr|
J

! (u(k-2), y(k-2)) ] next_ptr]
|

/‘ ! (u(k-3), y(k-3)) | next_ptr |

32
! (u(k-p+1), y(k-p+1)) | next_ptr |-
7777
oldest element P ni‘;vli:rt]d
removed from list old end -
of list

FIG. 11



u[err](k+1 ) and u[err](k+ 1) and load the values into the
mcro-controller 7. While operations in C2 and C3 take place in the

adj ustnent controller 20, the adjustnent |earner 40 runs the operation
specified in tine-slot L2. The training sets are updated and the | earning
network 35 perforns Conjugate-G adient tjggning in L2. The adjustnent and

| eaning cycle will restart again when the training ends. The criteria for
term nation of adjustnent of a particular TV chassis board 10 is specified
by the TV manufacturer. Once the absolute value of the error signal e(k)
drops bel ow a specifi ga-trorerance, the-Tv-Tiassis board 1Ip is deened to
have been tuned succegsful ly. ' inmari zi ng t he
steps perforned by the¢ adjustng ypi cal adj ust nent
cycle for TV chassis hoards 10, 'd 10 is
presented, the tinme ifdex k is|ge b 101. In step
102, the signal RDY i nnnitorvEF i phts represented
by WL and W2 are to b¢ updated|? i net wor k 35.
Measurenent of the | afest regi$ erY]C bus 3 is
acconplished in step 3103. Next, hpt dred fromthe
TV chassis board 10 ih step 104 cul a&ted fromthe
di fference between y(k) and d i s,available, its
magni tude is tested agai nst @ steep 106. If
magni t ude of e(k) fallls belo

FIG. 12
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‘is conpleted and step 107 is executed. In step 107, STATUS FLAG 53 is
pul l ed high to show that the next in-comng TV chassis board 10 is a new
one. O herwi se, the TV chassis board 10 remains in place and both the e(k)
and u(k) are normalized in step 108. In step 109, the corrections to the
regi ster values Au(k) are determ nedifgy propagating u(k) and e(k) through
t he adjustnment network 16 and denornalizer 17. To arrive at the 16 new
regi ster values u(k+ 1), the current register values u(k) are offseted by
an anount Au(k) in step 110. The new register values u(k+l) are witten to
the I[err]C bus 3 using the mcro-controller 7 in step 111. Finally, step
112 i'ncrenents the discrete tine index k before the process starts at step
102 again. In Fig. 16, a flowhart is presentéd to illustrate the
operations pertaining to the adjustnent kearner 40 during one | earning
cycle for TV chassis boards 10. V%en=?reiﬁ_§§ starts, step 115 checks the
STATUS FLAG 53 to determ ne whet her genew J\&¢hassis board 10 is in place.
If affirmative, the tine index k is Enit%?li? dtoOin step 116 and the
set-poi nt database 32 is then enptied™ijns{ep|{117. On the other hand, if

t he

umln

ymin
ul'l'll!

ymax
Normalizer2

34 J
v v v

Ay  Ad Uk-q)

FIG. 13



STATUS FLAG 53 signifies that TV chassis board 10 renai ns unchanged from
the one in previous tinme step k-1, steps 116 and 117 are bypassed in the
algorithm In step in 118, the latest register values u(k) on the I[err]C
bus 3 are captured using the mcrocontroller 7. Next, the TV signals y(k)
are neasured fromthe TV chassis boanzji4l0 in step 119 using the TV signal
digitizer 2. In step 120, the newy acquired observation pair (u(k), y(k))
is added to the set-point database 32. By perform ng vector subtraction,
new training pairs in the format (y(k), u(k); u(k)) are created by the
training pair generator 33 in-g%ep 121. Al newly created tra%nin airs
are normal i &digtnippt t he mal | t 2 cifggui{..B4 i, Btep P
cor r espondiCnagjrotdsi 2§s " ?J(;[r%gthe rzlcg trai %‘i Lrélf; cﬁai rsq;é e thﬁ @[«gp‘ti filed| and
their contents updated accordingly in step 123.: Since the training pair
dat abase 36 enconpasses training pairs in all "bins", its contentis are al so
refreshed. Adjusthent sa tme, qu courftgr is, incrghenteg.fo regfleqgt,any
addi tion toledweré¢ aj ni ng pair| databade {36. 1 n _step 124] CNT is checked to
see if it is greater than 60% of the total bin count. If not, stdps 125 to
128 are bypassed and k is incfeased by 1 in step 129 before restarting at
step 115. edseremerse, the | earning network 35 isi allodwed to _underdo
Conj ugat e- @deﬂ&ﬂ wei ght opt| mifzaki ¢ns basedtngthgzupdated traijnj,
t

Ct

! 1t N9e5el
in step 123 W trpining tefnmijnatesg in-the |elarning hetwork 35, the

si gnal RDY P?‘ B to active state (high). This is done in step 126. The
purpose of RDY is to informthe adjustnent

RDY

<+———k=m > k=m+1 k=m+2 >t k=m+3 ——»

Measurement Interface 8 and TV Chassis Board 10

: *Data Write* operation to 12C bus through mlcro -controller 7
P2 *Data Read" operation from 12C bus and measurement of four TV signals

Adjustment Learner 40

L1 : Capture 12C data via micro-controller 7 and signal values via TV signa! digitizer 2 from TV chassis board 10
L2 : Update training data and perform training in learning network 35
L3 : Transfer new weight parameters W1* and W2"' to adjustment network 16

Adjustment Controller 20

C1 : Capture 12C data via micro-controller 7 and signal values via TV signal digitizer 2 from TV chassis boar d 10
C2 : Compute error signal and normalize all inputs to adjustment network 16

C3 : Output adjustment and write new register values to micro-controller 7

C4 : Update weight parameters W1 and W2 in adjustment network 16 with W1' and W2' from learning network 35

FIG. 14



network 16 within the adjustment controller 20 that weights W' and W2' in
the learning network 35 is ready for transfer to weights WL and W2 in

adj ust mrent network 16. The weight transfer is carried out in step 127, and
RDY can revert to inactive state (low) subsequently in step 128. The

| earning cycle is conpleted after i3mrenmenting k by 1 in step 129. The next
cycle then starts at step 115 again. 17 CLAIM5 1. An on-line adaptive
controller for sequentiall mmmsﬂm of electronic circuit
boards, said controller conprisifggW ¢Hpesisa ref erence signal generator for
generating_a desired response for at|least one variable to be controll ed;
(b) an error signal generat ren—eghRtnRiereon ting said reference signal
generator and said circuit poard t(t)kgeuﬂé ut an/gﬁ’*o.t_,s’i @)ﬂ?ﬁl i ndi cative of
the difference between the desired re¢sponse and the actual value of said
vari abl e(s) to befctontrolTed; (cJ aradj ustment cal cul ator including a
neural network, spid cal cul ptypieebRdigitharameters Wi

and W2 with W1* and W2' from 1\ ___/ 102

learner network 35 if RDY is active

Read register values u(k)

from TV chassis I2C bus 3 /\/ 103

through micro-controller 7

I

Measure TV signal values y(k)

from TV chassis circultry /\_/ 104

through TV signal digitizer 2

Compute e(k) using
signal offseter 14 105

106

; le(k)l < user YES— 107
) specified tolerance? _
1 08 I 4(—)
NO
v C Set STATUS FLAG 53 to active
Normalize u(k) and e(k) using state (high) to indicate a new
normalizert circuit 15 chassis is in place
h
Compute adjustment to registers ( NEXT CHASSIS )
Au(k} using adjustment network
16 and denormalizer 17
109

Compute u(k+1) by using 110-
signal offseter 18 V\_/

Transfer new register values

u(k+1) to micro-controller 7 /\_/ 111

and write data to 12C bus 3

k=k+1 112
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connécted to said error signal
correction to the current value of the control
said error signa
updat ed control

si gnal

generati on neans,

si gnal
and the current value of the control

si gnal ;

(

cal culator and said circuit board,i4t1® out put an updated control

conputed fromthe differe
and the correction

si gnal

a training pair
control sign
actual val ue
neur al netwo

i ncl udi ng ne
| ear ni ng net
architecture
connected to
of its neura
synchroni sin
adj ust nent c¢
updati ng.

Al generation

of said variable(s
rk based | earni

>

nmeans t r

w

Si

and arranged to output a
in response to the

d) an

generati on neans connected to said adjustnent

si gnal

rrent value of the control
to CHETEHM8%Bt val ue of the control
manager connect ed

gnal ;

(e)

o0 said circuit board and sai d updated
ecei ve sai d,ypgat ed control

si gnal and

and outputting to a

0 con ed, i
BATUD FIRE 3~ rresponQEpg updat ed training set

mdlcates a

from TV chassis circultry
through TV signal digitizer 2

v

120~~~ _J

Add (u(k), y(k)) as new set-points
into set-point database 32

v

121 —~

Generate new training pairs
(Ay(k), u{k); Au(k)) using training
pair generator 33

y

122~

Normalize all training pairs
(ay(k), u(k); Aufk))

123 7

Update correspohding bins in
training pair database 36 and
increment CNT if necessary

CNT > 60%
of total bin count?

v and aggr egat trfé Madd P s; (f) sai.d neufal networ k1 6ased'
vor kK bei ng i ndepen 7 but have essentially identical
to, the neural netwomls of said adjustment calgul ator ei ng
sai d adjustnent cal culeat-or—to dﬂtﬂkni‘__THEEEhams er function
netvvor_k by quﬁ’ba& ifstervalD sukLUI nal V\BI }hf parlﬁ'}%t ers, _’”qﬁg)

y Te8n er CONRE6T Inkdgis rosdd © | ear nijng net wor k| and iELE,/
Al cul ator t0 $ynthegomcrsentster d i|nt ernal weight war anet/e

: - Empty the contents of

set-point database 32
Measure TV signal values y(k)

]

124
YES
v
Performs conjugate-gradient
125 77\ weight optimization for learning
network 35
126 7~~~  SetRDYsignaitohigh | NO
Transfer W1* and W2' from
127 77/ learner notwork 36 to W1 and W2
in adjustment network 16
128 7~ A Set RDY signal fo low !
v )
129 7~ ~_ 1L K=k+1 |

FIG. 16
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2. Fhe controller as clainmed in claim1l, wherein the trainj &Ie r
I ncl udes neans for storing new observation data from di fferéma e ét mgﬁ
circuit boards to be tuned, neans_for generating new training pai rﬁ,ogbg/ !
conputing the vector difference betwmeen*the | atest observation and thos
previously stored, and neans for updatindg the training set by overwiting

existing training pairs with new training pairs or appending new training
pairs. 3. cditfolendurig @ic asnifig aproestsi n A Impived nethodr & adopted! for ahisi capspai r

o ont ol SaE i - Riraing RpRol afordl bt iBih et podudf o3 i gl sbf 1@
cont r ol | edlesesisg iw theaneuralmetivorkeqotrollen. sThestraining seBist them updasgsk selegtirely by
e Lo R oahd g eyl popcniagpevanal » rooslr e
of claims 1 toASCORRg & (on8zAsgect @ theoRresert inyentionpiereyis, 4% af oine
chassi s boad#btive ontiellstfdradeyadibially qubiag copluratity of ektonicseiranitebeardsyosatd of
bri ght nesscg%glieggbm%%glinrggst setting, tint setting and col or setting.

(@) areference signzil generator for geperating a desired response for at least one
variable to be controlled;

(b) an error signal generation means interconnecting said reference signal
generator and said circuit board to output an error signal indicative of the difference
between the desired response and the actual value of said variable(s) to be controlled;

N4 (¢) an adjustment calculator including a neural network, said calculator being
connected to said error signal generation means, and arranged to output a correction to
the current value of the control signal in response to the said error signal and the current
value of the control signal; ,

.(d) an updated control signal generation means connected to said édjushnent
calculator and said circuit board, to output an updated control signal computed from the
difference between the current value of the control signal and the correction to the
current value of the control signal; '

(¢) a training pair manager connected to said circuit board and said updated
control signal generation means to receive said updated control signal and actual value of
said variable(s) to be controlled, and outputting to a neural network based learning
network a corresponding updated training set including new and aggregated training'
pairs; '

() said neural network based learning network being independént of, but have
essentially identical architecture to, the neural network of said adjustment calculator and
being connected to said adjustment calculator to determine the transfer function of its
neural network by updating its internal weight parameters; and

- " (g) synchronising means interconnecting said learning network and said
adjustment calculator to synchronise said internal weight parameter updating.

Furthermore, according to another aspect of the invention there is disclosed a
method of sequentially tuning a plurality of electronic circuit boards, said method
comprising steps of: _

(a) calculating an updated control signal using an error value indicating the
difference between a reference signal and an actual value of at least one variable to be

controlled; REPLACEMENT SHEET
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5. s The controller as clained in claim4, wherein each said control signal
represents the setting of a corresponding register of an EEPROM menory in
-said TV circuit chassis board. 6. The controller as clainmed in any one of
the preceding claims including means to‘preserve the integrity of said
trai ni ng set between successive circuit Boards, by virtue of a nonitored
status. 7. A nethod of sequentially tuning a plurality of electronic

circuit boar dS(b)Saﬁsingmhé”I@iﬂstC@mwdu siet] skesuskofor (he) calailatidraof saidanpdatedht ed
control ‘g‘?'g’f? usi ng an error value indicating the difference between a

ref erence AI an actual value of at |east one variable to be

control | ed; ( bﬁc)usreﬁgshlhg the tegining seinforrbe se¢ondenensrl kaetwerk by asing| g said on

of said upggq o GO Qlonsl A aria Eﬁ:ﬁtéﬁé&&ftﬁill@ﬂ the traini ng set for the
r

second neur y using the said .cont.r ol

variabl es to b&cokaining bg;seeend E“?“&"f‘ln‘i“?ﬂﬂo 'é? c‘&n’cﬁ‘dmpﬁq Q%WW"% Meh
' St l ndﬁpe?i&ﬁgcaﬁfto siid! fifst me@ral nsdwork) teadjustéts incernal avelglt paameters ading the
'[]rGaY\Kr)ur Wy Sget&a ﬁwﬁﬁa] ts | Pt er.nal wei ght paraneters using the refreshed
(€) overwriting the internal weight parameters of the first neural network with
the corresponding parameters in the second neural network.
BRIEF DESCRIPTION OF THE DRAWINGS
An embodiment of the present invention will now be described - with reference to
the drawings in which:

-/ Fig. 1 is a block diagram showing the generic configuration of the adaptive neural
petwork based controller for tuning of a controlled electronic circuit board 10.

Fig. 2 is a flowchart describing the operations of the neural network controller in a
typical control process where electronic circuit boards are to be tuned.

Fig. 3 shows graphically the "bins" updating mechanism employed in  the training
pair manager 38 depicted in FIG. 1.

Fig. 4 is a block diagram showing the preferred embodiment for the invention.

Fig. 5 shows three voltage waveforms measured from the TV chassis board 10 and
the interpretation of these waveforms to form four TV signal readings: Brightness,
Contrast, Tint and Color.

Fig. 6 shows the implementation of the signal offsetter 14.

Fig. 7 shows the implementation of the normalizer 1 15, which normalizes the
error signal e(k) and register values u(k).

Fig. 8 illustrates the feedforward, layered structure of the neural network utilized
for the implementation of the adjustment network 16 and learning network 35.

Fig. 9 shows the implementation of the denormalizer 17.

Fig. 10 shows the implementation of the register offsetter 18.

" Fig. 11 describes. the implementation of the set-point database 32 using a dynamic
list to store observation pairs (u(k), y(k)) acquired from measurements in TV chassis
board 10.

Fig. 12 shows the interaction between the set-point database 32 and training pair
generator 33. New training pairs are created by computing the vector difference
between the latest observation pair and the contents in the dynamic list of the set-point
database 32.

Fig.-13 shows the implementation of the normalizer 2 designated 34.
REPLACEMENT SHEET
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(e) ovérwiting the internal weight paraneters of the first neural network
with the correspondi ng paraneters in the second neural network. 8. A
nmethod as clained in claim7 whergin said circuit boards are TV circuit
chassis boards, said nethod conprising the steps of: (a) measuring the
readi ngs for variable(s) to be controlled from TV chassis boards using a TV
digitizer circuit; (b) reading the values for the control signals fromTV
chassi s boards Phgsi Hypresents tite timivig' diageamsi ¢explaidiag ekt inle ofiea RDYesighdl(fo? @he

bus; (c) C%cﬁi&dx% hSe ﬁﬁ?t&zgggffbgiéﬁ{lé'rt%?' E&w&é}} o nﬁ' W2 timg)learnmg

normal i zin e current val ues error st gnhal's
derivi ng t Retwesk 38 @ni INd %Wﬁénéhﬁﬂddléﬂtmgnt@qaﬂ@'kd@ ng neural network based

Co et angero G ARSI JASIL i S e ey
writing thé&? i dhes %ﬁ?f&g’q@{/%@h‘gﬂ 98’&“&& Bpent .czsﬂsﬁg ‘8 qlﬁ%*lSrv
board 10 in the preferred embodiment; and
Fig. 16 is a flowchart déscribing the operations of the individual components
within the adjustment learner 40 during a typical learning cycle for a TV chassis
board 10 in the preferred embodiment. ’
DETAILED DESCRIPTION
Described below with reference to Fig. 1 is the typical operation of the neural
network based controller in the generic configuration. An adjustment controller 20 and
Ny its related components provide appropriate control signal(s) to a controlled electronic
circuit board 10 such that a user-specified desired response can be achieved. The
controlled electronic circuit board 10 in Fig. 1 encompasses relevant measurement
modules required for actual physical realization of this embodiment. As the output
y(k+1) of the controlled board 10 cannot be exactly equivalént to the reference signal y°
produced by a reference signal generator, a pragmatic approach is to specify a tolerance
level for the controller 20 to achieve. _

In the following paragraphs, the roles of the major components involved will be
discussed. Two distinct operating phases can be identified namely an adjustment phase
and a training phase. The reference numerals 90 and 91 in Fig. 2 denote the steps
involved in the adjustment phase and training phase respectively. Though shown to be
operating in sequential manner, these two phases can proceed concurrently and are
handled by the adjustment controller 20 and an adjustment learner 40 (Fig. 1)
respectively. These are described separately below and the relationship between the
components 12, 35 and 38 will also be explained with the aid of Fig. 1.

The controlled electronic circuit board 10, has input and output signals designated
as u(k+1) and y(K+1) respectively. The indices K and K+1 indicate discrete time
stepé during tuning and z-! denotes a unit time delay element 55. The bold typeface
associated with the signals indicate that they are generally vectorized quantities. A
reference signal generator 60 provides the desired response denoted by y°. This |
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chassl S boaréfs using a i cro- controller |nterfaced by Inter 1C(1[err]C)
bus; 9. “u“mmlﬂ rred in tlaim8iand conprising the further steps
of : (g) de “IB“ eset Qr update a dynamc |list based upon a

noni t or ed st*atLFs Y(h) of gam sing the variable(s) to be controlled and the
control signals as observation pairs and'8tore themin said dynamc |ist;

(i) creating new training pairs by conputing the vector difference between
each observation pairs in the said dyndbAEIMS st and the nost recent '

ob e at'o alyl ed.l e
P00 pdati o plibe REDHR: hRENE, tor [ANBAOAPRREY, & PikeBEP B Heodbril 20
OCCUpI ed byll'ﬁlﬁé Wé‘dﬁ sk eqnteadier eempaisiggpai rs; (1) updating a counter to

track the totalg) nuabs{reréa{ce @Fgfilﬂp%&ﬂrzﬂ@f for tgeétatingla UBfiredYespoRsd fRUlt 1S6RAERe
(m determ n| counter 1s greater than a pre-defined

whet her ‘?L{G sai
per cent age V&2 ‘ﬁéo Qe er of partitions available in the entire input
space; (n) op(b)m znnerromesigmi f generatioa n:feamaimtemannﬁcﬂngesmdil refertned lsigial ng

Con 9oL sShaoPdal L Bl DiaRPLAE ko SHOK Vil Bt
neur al net Wetweenhe desired response and the actual value of said variable(s) to be controlled;

(¢) an adjustment calculator including a neural network, said calculator being
connected to said error signal generation means, and arranged to output a correction to
the current value of the control signal in response to the said error signal and the current
value of the control signal; _

A (d) an updated control signal generation means connected to said adjustment
calculator and said circuit board, to output an updated control signal computed from the
difference between the current value of the control signal and the correction to the
current value of the control signal;

(¢) a training pair manager connected to said circuit board and said updated
control signal generation means to receive said updated control signal and actual value of
said variable(s) to be controlled, and outputting to a neural network based learning .
network a corresponding updated training set including new and aggregated training
pairs; | _

() said neural petwork based learning network being independent of, but have
essentially identical architecture to, the neural network of said adjustment calculator and
being connected to said adjustment calculator to determine the transfer function of its
neural network by updating its internal weight parameters; and

(g) synchronising means interconnecting said learning network and said
adjustment calculator to synchronise said internal weight parameter updating.

2.  The controller as claimed in claim 1, wherein the training pair manager includes
means for storing new observation data from different electronic circuit boards to be
tuned, means for generating new ftraining pairs by computing the vector difference
between the latest observation and those previously stored, and means for updating the
training set by overwriting existing training pairs with new training pairs or appending
new training pairs.

3.  The controller as claimed in claim 1 wherein said training pair manager creates
new training pairs with inputs being the said current value of control signal and the
difference between said variable(s) to be controlled measured at two different discrete
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overwitimnmg themw th correspondi ng paraneters fromsaid second neural

net wor k.

T O R

18

time steps, and with teaching signal being the difference between said control signals
measured at the said discrete time steps.

4. The controller as claimed in any one of claims 1 to 3, wherein said electronic
circuit board is a TV circuit chassis board and the variable(s) to be controlled comprise
one or more of brightness setting, contrast setting, tint setting and color setting.

5. The controller as claimed in claim 4, wherein each said control signal represents
the setting of a corresponding register of an EEPROM memory in said TV circuit chassis
board. :

6. The controller as claimed in any one of the preceding claims including means to
preserve the integrity of said training set between successive circuit boards, by virtue of
a monitored status.

7. A method of sequentially tuning a plurality of electronic circuit boards, said

" method comprising steps of:

(@) calculating an updated control signal using am error value indicating the
difference between a reference signal and an actual value of at least one variable to be
controlled; _ _

(b) using the first of two neural networks for the calculation of said updated
control signal; : ;

(c) refreshing the training set for the second neural network by using the said
updated control signal and variables to be controlled;

(d) training the second neural network, which is independent of, but structurally
identical to, said first neural network, to adjust its internal weight parameters using the
refreshed training set; and _

(e) overwriting the internal weight parameters of the first neural network with
the corresponding parameters in the second neural network.

8. A method as claimed in claim 7 wherein said circuit boards are TV circuit chassis
boards, said method comprising the steps of:

(@) measuring the readings for variable(s) to be controlled from TV chassis
boards using a TV digitizer circuit; :

" (b) reading the values for the control signals from TV chassis boards using a
micro-controller interfaced by the Inter ICJ2C) bus;

(c) converting the controlled variables to error signals;

(d normalizing the current values of control signals and error signals, deriving
the corrections to the control signals using neural network based controller and
denormalising the resultant corrections; '

() converting the corrections to the control signals to the updated control

signals; REPLACEMENT SHEET
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(f) writing the values represented by the updated control signals onto the TV
chassis boards using a micro-controller interfaced by Inter IC(I2C) bus;
9.  The method as claimed in claim 8 and comprising the further steps of:

(g) deciding to either reset or update a dynamic list based upon a monitored
status;

(h) organising the variable(s) to be controlled and the control signals as

~ observation pairs and store them in said dynamic list;

() creating new training pairs by computing the vector difference between each
observation pairs in the said dynamic list and the most recent observation pair;

(G) normalizing all training pairs duly created in step i);

(k) updating the corresponding partitions in the input space which are occupied
by the newly created training pairs; |

() updating a counter to track the total number of occupied partitions in the
entire input space;

(m) determining whether the said counter is greater than a pre-defined percentage
of the total number of partitions available in the entire input space;

(n) optimizing the performance of said second neural network using Conjugate-
Gradient learning by adaptively tuning its internal weight parameters; and

(0) altering the internal weight parameters of said first neural network by
overwriting them with corresponding parameters from said second neural network.
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