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PREFACE

My duty as the temporary acting Editor-in-Chief of NECTEC Technical Journal ended
with the closing of this issue. I agreed to take on this duty during June-August of 1999
when our EIC had to be away. During this 3 months, I have learnt that running the newly

born bi-monthly technical journal is much harder than I thought.

As you may notice, this issue of NTJ is quite late and thin. Coming to technical research,
people would like to publish their works in the journal with well-established reputation.
It is totally understandable. Thus make it hard for the new journal like NTJ to collect
papers and go through all reviewing process in every 2 months. Aiming to make it a hi-
quality journal is our first directive and certainly makes the job harder in the beginning.
Nonetheless, we believe that in the end we will become one proud recognizable journal,
which provides the solid floor to Thai researchers in multidisciplinary fields related to
electronics and computers. How fast can we become? That will depend on the
contributions from you all, whose works are within the scope of this journal. I would like
to encourage you, your colleagues, and friends to continually share the knowledge,
submit papers, and get to know us better. We promise to do our part and to work hard to

achieve what we would like to see.

For any flaws of NTJ that may have happened during my short term of inexperience, I

sincerely apologize.

Piyawut Srichaikul
Acting Editor-in-Chief

June-August 1999
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A Current-Tunable Sinusoidal Quadrature Oscillator
Using Signal-Differencing All-Pass Filters
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ABSTRACT - an integrable current-tunable sinusoidal quadrature oscillator is presented. A
current-tunable all-pass filter is used as the frequency-selective network. The implementation is fully-
balanced so as to enable accurate quadrature signals with symmetry. The oscillation frequency is current-
tunable over a wide-freqency sweep range of approximately three orders of magnitude. The quadrature
signals possess the amplitude matching and the quadrature phase matching of better than 0.004 dB and
0.15°, respectively. The maximum useful frequency of oscillation is in excess of § MHz, and total harmonic
distortions can be adjusted easily to be approximately 0.5 percent.

KEY WORDS - Sinusoidal quadrature signals, current-tunable all-pass filters.
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1. Introduction inductors, most LC oscillators are however
difficult to tune over wide frequency ranges [7].
On the other hand, sinusoidal quadrature oscillators
using RC all-pass filters have been the counterpart,
but they usually require the use of operational
amplifiers [11, 14]. Although current-mode RC all-
pass filters and other current-mode approaches
have been suggested for such oscillators [12, 15,
16], most of them require switching among
different resistors (or capacitors) for a tunable
frequency range. Techniques of a current-tunable
bandpass filter have been reported for a wide-
tunable frequency range and such switching is not
necessarily needed [13].

Quadrature oscillators typically provide two
sinusoids with 90° phase difference for a variety of
applications such as quadrature modulators and
carrier recovery circuits. Integrable quadrature
oscillators based on relaxation [1] and ring
oscillators [2] have been reported. However, both
types of oscillators are generally classified as
nonlinear oscillators where periodically switching
mechanisms are employed and therefore outputs
may not be readily low-distortion sinusoidal
waveforms [3]. Although two-integrator oscillators
have also been suggested for integrable quadrature
oscillators, they usually include some forms of

relaxation [4, 5] or ring oscillators [6]. In this paper, a new realisaton of an integrable

current-tunable sinusoidal quadrature oscillator is
presented using r. tunable signal-differencing all-
pass filters as the frequency-selective network,
where r. is the small-signal dynamic resistance of a
forward-biased based-emitter junction of a bipolar
transistor. The implementation is fully-balanced so

In constrast, linear oscillators employ frequency-
selective networks such as LC or RC circuits and
therefore low-distortion sinusoidal outputs can be
readily generated [3,7]. Recently planar inductors
[8], underetched coils [9] and bonding wire
inductors [10] provide a good basis for integrable



as to enable accurate quadrature signals with
symmetry. The oscillation frequency is current-
tunable over a wide-freqency sweep range of
approximately three orders of magnitude. The
quadrature signals possess the amplitude matching
and the quadrature phase matching of better than
0.004 dB and 0.15° respectively, and total
harmonic distortions of approximately 0.5 percent.
The maximum useful frequency of oscillation is in
excess of 8§ MHz.

2. Circuit Descriptions

Figure 1 shows the basic circuit configuration of
the current-tunable sinusoidal quadrature oscillator
consisting of two identical stages in series. Each
stage is formed by a fully-balanced current-tunable
all-pass filter connected with a differential
amplifier. For the first stage, the all-pass filter is
formed by ten matched transistors (Q1 to Q10), a
capacitor C and two current sinks I and Iy, where
the small-signal, differential, input voltage Vg is
applied to the bases of Q1 and Q2 between nodes
A and B, and the small-signal, differential, output
voltage Vg is taken across the emitters of Q9 and
Q10 between nodes G and F. The current I /2
biases the (Q3, Q9) and the (Q4, Q10) branches,
whilst the frequency setting current Ir /2 biases the
(Q1, Q8, Q7) and the (Q2, Q5, Q6) branches. The
differential pair (Q21 and Q22), functioning as a
voltage-to-current  converter, constitutes the
required loop gain controllable by the loop-gain
setting current I to initiate and to sustain steady-
stead oscillations.

Similarly, for the second stage, the all-pass filter is
formed by ten matched transistors (Q11 to Q20), a
capacitor C and two curent sinks I and Ir, where
the small-signal, differential, input voltage Vy is
applied to the bases of Q11 and Q12 between
nodes M and N, and the small-signal, differential,
output voltage Vop is taken across the emitters of
Q19 and Q20 between nodes O and P. The current
I /2 biases the (Q13, Q19) and the (Q14, Q20)
branches, whilst the frequency setting current I /2
biases the (Q11, Q18, Q17) and the (Q12, QIS5,
Q16) branches. The differential pair (Q23 and
Q24) constitutes the required loop gain
controllable by the loop-gain setting current Ig to
initiate and to sustain steady-stead oscillations.

It can be seen from Figure 1 that the input of the
first stage Vg, at nodes A and B, is connected to
the output of the second stage, at nodes A’ and B’,
but they possess the opposite polarities. On the
other hand, at nodes M and N, the input of the
second stage Vy is connected to the output of the
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first stage, and they possess the same polarities.
The circuit is fully-balanced so as to enable
accurate quadrature signals with symmetry. The
circuit is also relatively simple and integrable as
devices can be fabricated on-chip.

3. Ideal Analysis

The analysis of Figure 1 assumes that each
transistor acts as an idealised voltage-controlled
current source (VCCS), where the collector current
is simply equal to the small-signal voltage across
the base-emitter nodes divided by r., where r. is the
usual ratio of the thermal voltage and the emitter
bias current. The common-emitter current gain
factors (B's) are also assumed to be infinite. As the
two stages of Figure 1 are identical, only the first
stage will be described. For clarity, the all-pass
filter of the first stage can be isolated such that the
inputs of the all-pass filter between nodes A and B
are disconnected from the outputs of the second
stage between nodes A’ and B’, and the outputs of
the all-pass filter between nodes G and F are
disconnected from the inputs of the differential
amplifier between nodes G’ and F'.

For such isolation, it can be assumed for the
moment that the bases of Q9 and Q10 at nodes D’
and E’ are temporarily disconnected from nodes D
and E, respectively. As a result the bases of Q9 and
Q10 at D' and E' are then temporarily connected
together with an appropriate bias voltage say Vyas.
In such temporary cases, let Vo, be the small-
signal, differential, output voltage at node D with
respect to node E, and Vg, be the small-signal,
differential output voltage at node F with respect to
node G. The input voltage Vp results in a small-
signal, differential, output current igyy = Vap / 2r¢;
passing, through nodes D and E, the loading
impedance 4r.; / (1+st) where r.; = (2Vr / If) is the
emitter resistance of either Q1, Q2, Q5, Q6, Q7 or
Q8, Vr is the wusual thermal voltage of
approximately 25 mV associated with a pn junction
at room temperature, and time constant T = 4C r.
Therefore the transfer function Vo; / Vag = 2 /
(1+st) represents a first-order low-pass filter. In
addition, V,p also results in another small-signal,
differential, output current iy = Vap / 21, passing,
through nodes F and G, the loading resistance 2r.,
where 1, = (2V1 / I) is the emitter resistance of
either Q3, Q4, Q9 or Q10. Therefore the transfer
function Vo,/ Vg = 1 represents a buffer.

By reconnecting the bases of Q9 and Q10 at nodes
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Figure 2 : Oscillograms of the quadratrue waveforms Vg and Vi at Ir/ 2 = 700 uA.
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Figure 5 : Harmonic spectrums of the output waveform Vg at I /2 = 700 uA.
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D’ and E’ with nodes D and E, respectively (as
shown in Figure 1), the total output voltage Vgr,
at node G with respect to node F, is obtained
through superposition, i.e. Vgr = Vo1 -V, and
hence the name “Signal Differencing”.
Consequently, the transfer function Vgg/ Vap
represents an all-pass filter with phase angle 6 of

the forms
1 _
VaGr _ 1 ST 1)
VAR + ST
0 =-2tan" (@1) ()

where 6 = -n/2 at ® = 1/1 =1 / (8CVr).

As mentioned earlier, Vg between nodes A and
B and the resulting small-signal, differential,
output voltage V,p between nodes A’ and B’
possess the opposite polarities. Therefore it can

be shown that the relationship between Vg and
V ap' can be written as

2

{o(5%)
1+8T

where G = R / r; and r; = 2V / Ig) is the
emitter resistance of either Q21 or Q22 of the
first stage, or either Q23 or Q24 of the second
stage. For steady-state sinusoidal oscillations to
be sustained, the ratio Vg / Vag must be unity.

Therefore, upon setting (3) to wunity and
rearranging, one obtains

Vap

VaB

3)

(4)

Upon substituting s in (4) with jo,, and setting
the real and the complex parts to =zero
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simultaneously, the required value of G to
sustain steady-state sinusoidal oscillations and
the angular frequency of oscillations ®, can be
written as

I
G=£:R ¢ -1 (5)
I, 2V,
I
coozl: E (6)
t 8CV;

It can be seen from (5) that the required
condition for steady-state oscillations can be set
by adjustments of ;. It can be seen from (6) that
the frequencies of oscillations are linearly
proportional to the bias current Iz and hence the
name “Current-Tunable”. At the oscillation
frequency ®,, as suggested by (2), the phase
angle 0, of Vyyn of the second stage is different
from the phase angle 0, of Vg of the first stage
by 0y - 0; = -n/2. In order words, Vyn and Vap
provide quadrature oscillation of values sin 0,
and cos 0,, respectively, and hence the name
“Sinusoidal Quadrature Oscillator”.

4. Simulation Results

The performance of the circuit shown in Figure 1
has been simulated through SPICE. The npn and
pnp transistors are modeled by QMPS2222A and
QMP3640, where the average transition
frequencies (fr) are at 300 and 500 MHz,
repectively. As an example, the values of
capacitor C is equal to 1000 pF, bias current I
and Ig are approximately 200 uA and 1.2 mA,
respectively, and R = 50 Q. Figure 2 shows the
resulting oscillograms of the quadrature
waveforms Vg and Vyy at, for example, [ /2 =
700 pA where the oscillation frequency is
measured to be 936 kHz. It can be seen from
Figure 2 that V,p and Vy are, as suggested
previously, cosine and sine signals, respectively,
with 90° phase difference. Figure 3 illustrates
comparisons of the plots of oscillation
frequencies and amplitudes versus bias current Ig
/ 2 for cases of ideal analysis and SPICE
analysis. It can be seen from Figure 3 that the
oscillation frequencies are, as suggested by (6),
tunable by the bias current Ir over approximately
three orders of magnitude.

Figure 4 depicts the amplitude matching (dB) in
terms of the ratio Vap/Vun, as well as the phase
matching (deg) in terms of [(phase of Vjup) —
(phase of V)] of the quadrature signals versus
frequency. It is evident from Figure 4 that the

amplitude matchin is 0.004 dB, whilst the phase
matching for 90° is better than 0.15°. Figure 5
shows the power levels (dBm) of the
fundamental frequency and the next harmonics
of the oscillogram V,p depicted in Figure 2
using commercially available fast Fourier
transform (FFT) program. It is clearly seen from
Figure 5 that distortions are due mainly to the
presence of the third harmonics which is
approximately 47 dBm down from the
fundamental frequency, and they remain
essentially at the same magnitude over the entire
operational bias-current range (7 pA to 7 mA).
The measured total harmonic distortions (THD)
of the output waveforms, as shown in Figure 5,
are less than 0.5 percent.

Figure 6 illustrates comparisons of the plots of
oscillation frequencies and amplitudes versus
capacitances, for cases of ideal theory and the
SPICE simulated results, and the bias current I /
2 is fixed at 700 pA. It is seen that, using a
minimum frequency setting capacitances of 100
pF, the upper frequency can be expected at 8§
MHz.

5. Discussion and Conclusions

A new fully-balanced current-tunable sinusoidal
quadrature oscillator has been presented using r,
tunable signal-differencing all-pass filters as the
frequency-selective network. The oscillation
frequency is current-tunable over a wide-
freqency sweep range of approximately three
orders of magnitude. The amplitude matching
and the quadrature phase matching are better
than 0.004 dB and 0.15°, respectively. The total
harmonic distortions are approximately 0.5
percent. The maximum useful frequency of
oscillation is approximately 8 MHz. By using
better transistors of much higher fr (e.g. in the
region of several GHz) and much smaller value
of C (e.g. using stray capacitance), much higher,
more useful, values of the oscillation frequency,
as suggested by (6), may be expected.
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An Investigation of IT Effects on Various Aspects of
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ABSTRACT - By incorporating level of information technology (IT) investment, availability
of hardware and software, computer efficacy of employees, and competency of IT staff in providing
services in the examination of organizational IT, and by assessing organizational adaptability,
productivity, integration, as well as employee cohesion and development, this study found evidence
which indicates positive effects of IT on organizational performance. However, the findings suggest
that the relation between IT and performance is by no means simple and straight-forward. That is, the
study discovered that contextual conditions of particular organizations (e.g., working culture,
competing strategy) appeared to act upon their success in gaining positive IT effects and type of effects
they received.

KEY WORDS - Organizational Effects of IT, IT and Organization, IT Productivity Paradox
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1. Research Purpose and
Importance

Apparently, IT has become an important
component of organizations. However, researchers
have not found an all-agreed conclusion of whether
or not the IT-organizational performance relation
really exists. For example, Brown et al. (1995)
found that firms which were leaders in the
employment of strategic information systems
experienced greater profitability compared to their
industrial indexes. By contrast, Kivijarvi and
Saarinen (1995) did not detect significant
differences in profitability between firms with
varying intensities of information system
investment.

This research investigates the impact of
information technology (IT) on organizational
performance. However, the fundamental purpose of
the study is not to provide a statistically derived
conclusion in regard to the relation between IT and
organizational performance. Rather, its mission is
to gain further understanding to explain the

inconsistency of the previous findings.

For this study, IT refers to the availability
of IT resources within organizations.  These
resources are comprised of not only the IT tangibles
(e.g., hardware, software, and telecommunication
devices) but also the knowledge to effectively
utilize these tangibles. In addition, unlike many
previous studies within the IT-firm performance
research  domain, the term organizational
performance will not restrictively refer to financial
accomplishment of organizations. Instead, the study
utilizes several effectiveness criteria to assess
performance.

Previous studies defined and measured IT
and firm performance constructs, and determined
whether the relation was positive, negative, or non-
existent based on the observed variation (or lack of
variation) in the value of the performance variable
due to the change in the value of the IT variable.
These studies typically involved a large number of
organizations since the principal focus was on the
statistical validity of the relation. As a result, these
studies generally sacrificed the ‘depth’ (i.e., in-
depth investigations within each organization) for
the ‘width’ (i.e., number of organizations included)
of their investigations.

These previous studies employed various
measures and/or  surrogates for IT and
organizational performance constructs. However,
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the one most commonly used surrogate for IT was IT
investment; whereas measures of performance
included, almost solely, those reflecting profitability
of organizations for example, return on investment
(ROI) and return on asset (ROA). Collectively,
previous empirical findings indicated inconsistent
results. Restrictive IT and organizational
performance measures may indeed contribute to the
observed contradiction in the findings. That is, IT
investment does not represent the complete construct
of IT within organizations. For example, user IT
competency and IT staff competency, which may or
may not be induced by the investment, are also parts
of organizational IT. Therefore, they too are likely to
have substantial effects on the IT-performance
relationship. Similarly, profitability cannot invariably
and thoroughly reflect the performance of firms.
Profitability is affected by numerous external factors
(e.g., economic condition, governmental regulations),
therefore it is possible that an operationally effective
organization may not do well financially.

Due to these deficiencies, the study looks at
IT investment, IT capacity, user computer efficacy, as
well as IT staff competence to measure organizational
IT. Similarly, for performance measurement, instead
of using profitability indicators, this study employs
four sets of criteria which reflect organizational
effectiveness. These sets of criteria are adaptability,
productivity, integration, and employee cohesion and
development. Adaptability refers to the ability of
organizations to adapt to changes. Productivity refers
to organizational efficiency in work output planing
and producing. Integration refers to the ability to
integrate and stabilize various internal components
into a collective whole. Lastly, employee cohesion
and development refers to the ability of organizations
to maintain morale and cohesion among the
employees and to help them develop knowledge and
skills.

Furthermore, the impact of IT on
performance of organizations should not be studied
out-of-context as many of the previous studies
typically did. IT effects may vary from one
organization to another since any particular
organization operates within its own environmental
context which differs from that of any other
organization's. Hence, this research does not restrict
its investigation solely to IT and performance. The
study examines the environments of the organizations
as well. Environmental differences may also explain
the discrepancy in the previous findings.
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IT Staff Competence Employee
Cohesion &
Development

Organizational Context
This Study

Figure 1. Research Model

In a nutshell, the propositions of this research are
the following:

Proposition 1 The restrictive definitions of IT and
organizational performance adopted in the
previous studies contributed to the inconsistency
of their findings.

Proposition 2 The previous studies’ omission of
organizational context examination contributed to
the inconsistency of their findings.

2. The Eight Case Studies

2.1 Research Approach

This research encompasses in-depth case
studies of IT effects within eight organizations.
These organizations are located in Bangkok,
Thailand. The organizations being investigated
are in the consumer products' and advertising
industries. All of these companies are well-known
and large in size. Among these companies, the
use of computers is primarily for information
processing and administration. Furthermore, IT
present in these companies is typically mainstream
rather than high-tech. Table 1 summarizes the
characteristics of the eight companies. Due to the
confidentiality agreement between the companies
and the researcher, the companies’ names are
disguised.

Table 1 Participating Companies

Primary Business in
Thailand

Firm Nationality

A Multinational | Consumer Products

B Multinational | Consumer Products

C Multinational | Consumer Products

! soap, detergent, shampoo, toothpaste, etc.

D Multinational | Consumer Products

E Thai Power Drinks,
Pharmaceutical,
Consumer Products,
Confectionery

F Multinational | Confectionery,
Pharmaceutical

G Multinational | Pharmaceutical,
Consumer Products,
Nutrition

H Multinational | Advertising

The study possesses both qualitative and
quantitative characteristics. ~As a whole, the
research is qualitative in the sense that it
involves in-depth examinations of only a small
number of units of analysis (i.e., organizations)
and it is not aimed at statistical hypothesis
testing. However, the quantitative characteristics
of the study are shown in its operationalization
of the IT and performance variables. That is, the
study employs concrete instruments to measure
these variables. Furthermore, the study utilizes
some statistical analyses on the collected data.
Nevertheless, as mentioned earlier, the main
purpose of the study is not to draw a statistical
conclusion for any particular relation. The
results obtained from these statistical analyses
will be coupled with the insights obtained from
the in-depth exploration of the organizational
conditions to produce further understanding
regarding the impact of IT on organizational
performance.

2.2 Research Instruments

The instruments used in this study are
presented in Table 2. These instruments are



packaged in two questionnaires: IT questionnaire
and employee questionnaire. The IT questionnaire
encompasses questions concerning IT investment
and IT capacity. For each participating company,
the chief information officer (CIO) was typically
the respondent of the IT questionnaire. The
employee questionnaire incorporates the questions
regarding user computer ability, IT staff
competency in providing services, and
organizational effectiveness in terms of
adaptability, productivity, integration, and
employee cohesion and development. Within each
firm, approximately 30-50 copies of this
questionnaire were randomly distributed among
office employees. In this study, office employees
came from various hierarchical levels. However,
the group did not include manufacturing labor.

Table 2 Research Instruments

Variable Instrument
Investment [1]1IT Investment per
Employee
[2] IT Expense per Employee
[3] Total IT Budget per
Employee (Invest.+Exp.)
IT Capacity [1] Computer per Employee

Ratio
[2] Variety and Novelty of
Application Software

User Measured by Computer Self

Competence Efficacy Instrument
(Compeau and Higgins, 1995)
IT Staff Measured by the Performance
Competence Compartment of SERVQUAL
Instrument (Pitt et al., 1995)
Adaptability Measured by Modified
Productivity Organizational Effectiveness
Integration Instrument (Rohrbaugh, 1981)
Employee Note: The instrument includes
Cohesion & adaptability, productivity,
Development | integration, and employee

cohesion and development
compartments.

Nevertheless, it is not the intention of the
study to only rely on the quantitative data
collected via the questionnaires to determine IT
and organizational performance.  The study
attempts to accommodate these data with more
profound qualitative exploration as appropriate.
Please note that the data collection period of this
study began in September 1997 and ended in June
1998. During the course of the data collection,
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Thailand as well as many other countries in the
region were facing a serious economic crisis.

2.3 Examination of Organizational
Context

As mentioned earlier, this research does
not study the IT-performance relation out-of-
context. That is, the investigation of the relation
also involves an exploration of the organizational
environment in which the relation takes place.
The primary purpose of the exploration is for the
researcher to be aware of organizational
conditions which may affect the relation. These
conditions include stage of the life-cycle?,
current competitiveness, managerial emphases,
working culture, domain of business, and so on.
Though these conditions are seemingly non-IT,
they too are parts of the collective organizational
environment, and are likely to have influences on
everything that happens within that environment.

This qualitative exploration is also
intended to capture additional insights regarding
IT conditions of organizations. As mentioned
earlier, this additional qualitative information
will be used to augment the quantitative data
obtained from the questionnaires. Moreover, this
qualitative  exploration also enables the
researcher to extend the study investigation to
include other IT elements which may not be as
easily quantifiable as those identified in the
research model. (shown in Figure 1) Examples
of these elements are tension (if any) between IT
staff and wusers, characteristics of IT use,
organization of IT department, overall
configuration of IT systems, and recognized
significance of IT within organizations. Semi-
structured, in-depth interviews with IT and user
staff, ~examination of documents (e.g.,
newsclippings, corporate documents), and direct
observations are data collection techniques used
in obtaining this qualitative information.

2.4 Brief Guidelines for Data Analyses

Within each company, linear
regressions are conducted between the multi-
valued IT variables (i.e., user competence and
IT staff competence) and each of the four aspects
of organizational effectiveness (i.e., adaptability,
productivity, integration, and employee cohesion
and development). A simple rule of thumb is

? Based on the life-cycle model of Quinn and
Cameron, 1983
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that if the regression significance is less than 0.05,
the regression is statistically significant.
Therefore, one can conclude that the independent
variables have statistical significance to predict the
dependent variable. Simply put, the regression
significance of less that 0.05 suggests that the
independent variables (i.e., the two multi-valued
IT variables) have an effect on the dependent
variables (i.e., one of the four aspects of
organizational performance). The observed
effects (or lack of effects) of IT on particular types
of performance within each company, are then
explained by level of IT investment, IT capacity
(i.e., availability of hardware and software), and
all other IT and organizational conditions present
in that company.

3. Results

As mentioned earlier, for each
organization, the study performs linear regressions
between the two multi-valued IT variables and
each of the four performance aspects. The
regression results are summarized in a graphical
form in Figure 2.

Employee Adaptability
Cohesion &

Development

Integration Productivity

O|o u| |

L0
i

Firm G Firm H

Figure 2 Regression Results

Each quadrant represents a particular
aspect of organizational performance included in
the research model. That is, the top-right
quadrant represents adaptability performance, the
bottom-right quadrant represents productivity
performance, the bottom-left quadrant represents
integration performance, and lastly the top-left
quadrant represents employee cohesion and
development performance. The existence of a
box indicates that the two IT variables, together,
have statistical significance (i.e., the regression
significance is less that 0.05) to predict the
particular performance. In other words, the IT
variables have a statistically significant effect on
such performance. For example, at company H,
the user competence and IT staff competence
variables, together, have a statistical significance
to predict only the productivity effectiveness of
the company. In other words, the findings
indicate an effect of IT on only the effectiveness
of the company in its productivity performance.
The box in the bottom-left quadrant of firm C is
drawn using a dotted-line because the
significance of the IT-integration performance
regression of firm C is equal to 0.057.
Obviously, this significance value is not less
than, yet very close to, the 0.05 cut-off point.

As discussed earlier, the observed IT
effects or lack of effects will be explained by IT
and organizational conditions of particular
companies. To make the rationalization easy to
comprehend the regression results, values of IT
variables, and other observed conditions are
summarized and reported in Table 3. The table
looks rather simple, however its content is
actually a result of long and demanding research
investigations.
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Table 3 Summary of Results
firm | invest | PC | soft | user | IT | stage outstanding performance effects
ment ware staff characteristics
A Aggressive Excellent due to
100 0.8 A 317 | B 3 competitor, aggressive 0| g
(60+ Versatile and marketing strategy
40) Initiative focused | enabled by strong O
Company financial power
B Persistent and Starting to take a
103 | 0.63 A 289 | A 3 Conservative lead in certain O
(6+ Competitor, segments
97) Stable rather than org
Versatile company
C Have a highly Facing stagnation
114 1 A 372 | B 3 competitive in sales growth
51+ working but having many O
63) atmosphere more —T
opportunities in g
the horizon
D 100 Have a noticeable | Notably
40+ | 0.8 A 372 | C 4 tension between dissatisfactory due
60) IT and user staff to the difficultyin | __{
changing their 0
trade practice
E 27 Has expanded into | Hindered by the
7+ ] 0.21 A 338 B 4 many different current economic | 1 | 1
20) business domains | meltdown but still | = [ —
surviving O
F 108 Had a recent Somewhat 010
29+ | 056 | B+ 349 | B 4 market hindered by the —_ -
79) repositioning of a | economic drop but N
major product continues to
maintain a strong
competitive
position due to
market
repositioning of a
major product
G 49 Have significant Having high
20+ | 058 | A |339| B 3 differences in growth in recent 0| g
29) business practice years but facing <~7
across divisions substantial drop oo
this year due to
governmental
regulations
H No Have a high Somewhat
data | 0.73 A 346 | A 4 concern for data hindered by the
confidentiality economy but

continues to
maintain a strong
competitive
position

Unit Investment (present year) = thousand bath per employee

PC (including all types of end-user computer) = computer per employee




€2 Techiiical Journal
QUSR] 1 Mo, 3, July-August 1999

User = user computer competency scores (0 = inability 5 = excellence)

The ‘investment’ column reports IT budget
per employee of each firm. The two figures in the
parenthesis refer to IT capital investment per
employee and IT expense per employee
consecutively.  Please note that the investment
figures are reported in thousand baht. The ‘PC’
column reports end-using computer per employee
ratios of particular firms. In the ‘software’ column,
letter grades are used to illustrate software variety
and novelty of the firms. Apparently, the eight
companies being studied do not have much
difference in terms of its software advancement.All
of these firms have all the common office
applications such as word processor, spreadsheet,
presentation software, e-mail, etc. available. Some
of these companies have video conferencing
technology in place. Also, customized data queries
are available to the employee users in many of these
firms.In comparison to other business companies in
Thailand, these eight companies are quite advanced
in regard to their IT technology. However, among
these eight, firm F is slightly less advanced in its
software variety and novelty.

The figures shown in the ‘user’ column are
the mean scores of user computer efficacy measured
by the computer self-efficacy scale. The possible
score range is from 0 to 5.Zero represents inability;
whereas 5 represents excellence. The ‘ITstaff’
column displays, in letter grades, the user-perceived
competencies of the IT staff in providing IT
services.  Apparently, firm D is considerably
inferior in this respect. Within firm D, data
collected via the employee questionnaires indicate
substantial dissatisfactions of the users towards their
company’s IT staff. Additional insights collected
through the interviews are consistent with the
questionnaires’ results.The ‘stage’ column describes
the stage of the life-cycle of each organization. The
number ‘3’ refers to the stage of formalization and
control (growth); whereas the number ‘4’ refers to
the stage of elaboration of structure (maturity). The
‘outstanding characteristics’ column summarizes
observed characteristics of individual organizations.
The ‘performance’ column describes current
business performance of the eight firms. Finally,
the last ‘effects’ column displays, in a graphical
forms, the IT effects appeared in particular
organizations.

4. Discussion

4.1 Pattern of IT effects

Referring to Table 3, one can see that
all of the companies succeed in gaining IT
effects on at least one of the aspects of
performance effectiveness. Evidently, the
pattern of IT effects of a particular organization
is generally different from that of another
organization. That is, of all the -eight
participating companies, only two of them (i.e.,
A and E) obtain the same pattern of IT effects.

Most interestingly, the study finds
evidence which indicates that there are
associations between organizational practices,
resulting effects of IT, and business performance
of organizations. For example, within firm A,
there appears to be an alignment between the
obtained IT effects and the business emphases of
the company. That is, as mentioned in the table,
A is an aggressive market competitor.
Furthermore, within the company, initiatives are
encouraged and valued. Therefore, it is not
surprising to find that within this company, IT is
not used in a way that results in integration
enhancement. Reasonably, integration
effectiveness, which has its focus on stabilization
and control, should not be of substantial interest
to the company that largely values inventiveness
and readiness to compete aggressively in its
market.

Besides firm A, firm B is the other
company that still is doing exceptionally well
despite the current national economic slump. As
one may see, the pattern of IT effects of firm B
differs from that of firm A. For firm B, the
effects are on productivity, integration, and
employee cohesion and development but not
adaptability effectiveness. Though both
companies are doing well, they are distinctively
different with regards to their competing
schemes. That is, firm A is a speedy attacker;
whereas firm B is a persistent player.
Furthermore, these two opponent companies are
also substantially different in their internal
working tradition. = That is, for A, cross-
functional job rotation is more or less a company
norm; whereas for firm B, it is rare. For
example, the current HR director of firm A
actually had his education in mechanical
engineering and initially began his career with
the company in the manufacturing function.
Conversely, in firm B, it is unusual to find an
employee with an educational background that is
inconsistent with her/his job position. The HR
director of firm B stated that the company
believes in finding the right person with the right



educational qualification for the job and once a
person is appointed to a certain position within a
certain function, she/he will normally be staying
within that function. The difference in job rotation
practices further indicates the difference in
organizational characteristics between these two
firms. By and large, firm A is a versatile
organization; whereas B is a more stable business
entity. Due to the company's marketing practice
(i.e., persistent player as opposed to speedy
attacker), and internal organizational characteristics
(i.e, stability as opposed to versatility focus), it is
not surprising that within firm B, IT is not used in a
way that would result in an enhancement of the
adaptability effectiveness of the firm. Again, the
findings of firm B indicate an alignment between
organizational practices and the resulting IT effects.

An opposite case is firm D. It is a
company  with an  unfavorable  business
performance. Apparently, the present unsatisfactory
performance is a result of the company's inability to
effectively respond to a major change in the market
environment (i.e., from traditional-trade market to
modern-trade market). Evidently, the regression
results of firm D indicate that there are IT effects on
only integration and not any of the other three
aspects of effectiveness. In other words, the
detected IT effects imply that, within firm D, IT is
used to enhance organizational stability and control.
However, to get through this displeasing business
situation, stability and control are the least
important values onto which the company should
hold. To survive, firm D would need to redefine
its business practices and make changes instead of
stabilizing and controlling existing business routine.
This misalignment between the appropriate practice
the company should adopt and the actual IT effects
the research found may help to explain the poor
business performance of the company.

The IT-performance regression findings of
firm C and firm H also give additional evidence
which indicates that organizational practices
influence how IT is used, which in turn, determines
types of IT effects organizations receive. As
mentioned in the table, competition among
employees within C is very intense. Therefore, it is
not surprising to find no IT effect on the employee
cohesion and development effectiveness of the firm.
Since the employees of firm C perceive one another
more or less as competitors, it is therefore unlikely
for them to use IT to promote employee adherence.

Confidentiality is a central concern of firm
H. As an advertising agency, it has to do all it can
to protect its clients’ information. A fundamental
strategy of firm H is to limit access of any
confidential information only to those who really
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need them. Therefore, there is not much
information sharing across the company
network. As a result, computers are generally
used for producing individual work outputs such
as artwork, client reports, and presentation
materials.  Correspondingly, the research
findings indicate effects of IT only on
productivity (i.e., output planning and
producing) effectiveness of the company.

Referring to Table 3, one can see that
firm G is the only company that succeeds in
gaining positive IT effects on all of the four
aspects of performance. Nonetheless, of all the
eight companies included in the study, it is not
the company with the best business performance.
There are two main reasons for their under-
expected performance. First, many of the
medicine products of firm G are imported,
therefore the company sales are hindered by the
new governmental restriction against imported
medicines. Second, one of its very successful
product, baby formula, is also imported. Due to
the recent devaluation of Thai baht, its costs have
dramatically increased.  Unfortunately, baby
formula pricing is under governmental
regulation. As a result, firm G cannot instantly
and freely adjust the price according to the new
costs. With an attempt to maintain the product
presence in the market, the company decides to
sell this product even at less than costs. The
findings of firm G suggest that the success of an
organization in gaining substantial IT effects on
its performance effectiveness is definitely not an
adequate determinant of its success in the
business competition. Obviously, there are many
more factors that can affect the business success
of a firm.

By and large, the research finds that
organizational characteristics, to an extent, help
explain the pattern of IT effects of organizations.
The phrase "to an extent" is emphasized because
within this study, the researcher is able to
explain patterns of IT effects of some, but not all,
of the organizations. In the case of firm F, for
instance, it is not obvious to the researcher why,
within this company, there are no effects of IT
on productivity performance of the firm.
Similarly, in the case of company E where the
pattern of the effects is identical to that of A, the
researcher found no profound evidence to
explain why the pattern is as it is. The only clue
the researcher has is that this company has been
expanding into many new business domains
since its establishment a century ago.  This
history of many domain expansions might have
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made integration an unimportant value to the
company.

The study cannot use organizational
practices to explain all of the patterns of IT effects.
Yet, by and large, the evidence which indicates the
association between organizational practices and IT
effects is too substantial to ignore. In certain
organizations where the researcher cannot relate the
pattern of the effects to certain organizational
factors there is perhaps no dominating
characteristic. Instead, many factors might have
been simultaneously and equally playing a role in
shaping the company's use of IT. In such cases, it
would be difficult to associate the resulting IT
effects to any particular factors.

To summarize this
following suggestions are drawn:

discussion, the

1.0rganizational practices(e.g.,competing
strategy, working tradition, employee disposition)
influence how IT is used, which consequently
determines the type of effects an organization
obtains. This statement is graphically presented in
Figure 3. As mention earlier, during the course of
the data collection (from September 1997 to June
1998), Thailand was facing a critical economic
setback. It is possible that this economic crisis
increased the chance of this cross-sectional study to
detect the organizational practices-IT use/effects
association.  The organizational practices-IT
use/effects turnaround time might have been
shortened by the urgent need to survive.

2. Misalignment between the type of
performance effectiveness that IT enhances and the
desired type of effectiveness the organization seeks
(i.e., as found in firm D), contributes to poor
business performance.

3. The success of an organization in
gaining positive IT effects on its performance
effectiveness is not an adequate determinant of its
success in business competition. There are many
more factors besides IT (e.g., product cost structure,
govermental regulation, economic condition) that
affect business outcomes of organizations.

4.2 Ingredients of IT Success

The study found no evidence to suggest
that either IT investment, availability of user
computers, or efficacy of employees in using
computers alone can predict the success of
organizations in gaining IT effects (see
‘investment’, ‘PC’, ‘user’, and ‘effects’ columns
of Table 3). In other words, there appears to be
no association between any of these variables or
ingredients and the success of organizations in
gaining IT effects. For example, firm A and firm
D are the two firms with exactly the same level
of IT investment, however they are very different
in their IT success. That is, firm A receives IT
effects on three of the four performance aspects;
whereas D receives the effects on only one of the
effects. Nonetheless, one limitation of this study
is that it considers only the present year
investments of the companies; whereas
accumulative investments are not included in the
investigation.

Likewise, neither computers per
employee ratio nor employee computer efficacy
is a determinant of IT success. With regard to
software advancement, due to the lack
substantial differences among the firms, the
study cannot draw any specific conclusion.

Interesting findings lie in the influence
of quality of IT services on the effects of IT on
organizational performance. The study results
suggest that the quality of IT services is one
ingredient that has a substantial consequence on
IT effects. By comparing the seven marketing-
manufacturing firms (firm A to G) with a similar
nature of IT use, one can clearly see that
company D has the least success in achieving IT
effects.  The user-perceived quality of IT
services of firm D is distinctly lower than those
of the other firms. It is reasonable to suggest
that this deficiency of IT service quality
contributes to the downfall because firm D is not

Organizational Practices

—— Characteristics of IT Use

Type of IT Effects

Figure 3 The Influence of Organizational Practices

inferior to other firms with respect to the
availability of any other ingredients such as

investment, hardware, software, and computer
efficacy of employees.



Besides IT service quality, the study
detects that organizational characteristics are also
key to IT effects. As discussed earlier in the
pattern of IT effects sub-section, organizational
practices influence characteristics of IT use,
which in turn, influence type of IT effects. In the
case of firm H, there are IT effects on only the
productivity aspect of performance. However
this observed scarcity of IT effects is not caused
by a deficiency in any of the direct IT
ingredients.  Rather, it is a result of the
restriction on the use of IT due to the
information confidentiality concern of the
company.

Evidently, the research findings do not
suggest that an organization's stage of the life-
cycle can predict the pattern of IT effects. That
is, there is no similarity in the pattern of effects
among the firms at the same stage. Moreover,
some firms at a different stage (i.e., A versus E),
indeed, have an identical IT effect pattern.

Same-staged organizations may be
different in their characteristics. For instance, A
and B, which are both in a formalization and
control (growth) stage, are substantially different
in their business practices. Therefore, it is not
necessary that same-staged organizations would
use IT in the same manner and consequently
receive similar patterns of IT effects. Likewise,
different-staged companies may share some
characteristics in common. Therefore, it is
possible for different-staged organizations to use
IT in a similar manner and receive similar
patterns of IT effects.

5. Concluding Remarks

By not restricting the definitions of IT
and performance to IT investment and profit
attainment, the study found positive IT effects.
More interestingly, the study detected that the
contextual conditions of particular organizations
have influences on the organizations' success in
gaining IT effects and type of effects they
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received. The evidence found implies that IT
seems to have become an integral and indivisible
element of a compound organizational entity.
Therefore, it is noticeable that the use of IT
within any particular organizations is shaped by
their overall practices and behaviors.

These research findings stimulate the
need to include more composite IT and
performance measures and examination of
contextual conditions to study the IT-
organizational performance relation. The
evidence found suggests that restrictive measures
of IT and organizational performance, as well as
omission of contextual exploration may have
contributed to the discrepancy in the previous
research findings.
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Machine Vision for Automated Visual Inspection of
Cotton Quality in Textile Industries Using
Color Isodiscrimination Contour
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ABSTRACT - Application of machine vision for automated visual inspection of cotton quality in
textile industries is proposed. This automated visual inspection can be done by analysis of cotton image. The
analysis involves color discrimination between cotton and impurities. Colors can be quantitatively described
by color coordinates. Generally, human observers cannot discriminate between two colors if they can be
described within an isodiscrimination contour. To inspect the quality of cotton, the cotton image will be
analyzed for impurities using this isodiscrimination contour. The issues of signal processing and
illuminations will also be discussed. These factors can contribute to errors in the inspection system. Also, a
method for significantly improving speed of image processing will be mentioned.

KEY WORDS - Machine Vision, Color Identification, Isodiscrimination Contour, Textile Industry,
Automated Visual Inspection, and Color Lookup Table
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product. The analysis involves color
discrimination between cotton and impurities.
Colors can be quantitatively described by color
coordinates.Criterion for color discrimination

1. Introduction

Applications of automated visual inspection of
color images have been limited by several
factors for use in industry. Those factors are

hardware complexity, high cost, large memory
requirements and long processing time [1,2].
The application of low-cost machine vision for
automated visual inspection of cotton quality in
textile industries is proposed. This inspection
of cotton quality can be done by identifying
cotton and impurities using color image
processing.  Impurities should be separated
from cotton before processed to the final

or identifying impurities will be based on the
Commission Internationale de I’Eclairag(CIE)
standard. Then CIE-Luv color coordinates will
be used.

2. Identifying Impurities

The automated visual inspection system of
cotton quality consists of color video camera
and an image acquisition board working within



a personal computer (PC). The color camera
transfers the color video signals to the image
acquisition board. This board provides
conversion of images to an RGB format. We
apply a CIE-Luv criterion, which bases on
perception of human observer that cannot
discriminate between two colors if they can be
described within isodiscrimination contour.
Firstly, the qualitative description of color in
RGB and CIE-Luv coordinates will be
discussed. Secondly, the fundamental of CIE-
Luv isodiscrimination contour will be
calculated for the inspection of cotton quality.
Finally, a lookup table of cotton color will be
created isodiscrimination contour for cotton
color identification.

One of popular color coordinates for computer
applications is RGB coordinate. However, an
Euclidean distance in this coordinate cannot be
used for color comparison, while the distance in
the CIE-Luv coordinate can. The RGB to Luv
transformation can be expressed as [3]

116(1)”3 -16 (1) > 0.008856
1) T Y, (1)

Y Y
903.3(— — 0.008856
&) G+
4X
w=13L(— X .2
X+15Y +3Z X, +15Y, +3Z,
9Y
y=130(—F " ).(3)

X+15Y+3Z X, +15Y,+3Z,

where X, Y;,, and Z,, are constants of values
0.358, 1.0, and 1.09, respectively. The
definition of X, ¥, and Z can be described by

X =04306*R+0.3415*G+0.1784* B, (4)
Y =0.2220*R+0.7067*G+0.0713* B, (5)
Z=0.0202*R+0.1295*G+0.9394* B, (6)

where R, G, and B are values of red, green, and
blue, respectively, in the RGB coordinate.
Each prime color (R, G, or B) has 256 different
values (ranging from 0 to 255) or 2% and can be
represented by 8 bits of binary data in
computer. The 24-bit (three 8-bit
representations of R, G, and B) RGB color
coordinate will be used for our system. Color
images of inspected cotton, consisting of piece
(s) of cotton and background, are transferred to
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the PC. Then, color of each image pixel will be
processed and identified whether it is cotton,
impurities, or background color.

Criterion for the Same Color: Isodiscrimination
Contour

The Euclidean distance of two colors (between
reference and measured color) in CIE-Luv
coordinate is given by

AE,,, =[(AL)? +(Au)* +(Av)*,  (7)

where A quantities on the right hand side of the
equation represent differences between the
corresponding coordinates of the two colors.
For color comparison, if value of the Euclidean
distance in CIE-Luv coordinate, which was
shown experimentally for color discrimination
of human perception, is 3, two colors can be
reliably discerned by a human observer. We
can generate CIE-Luv values, within the
threshold distance of 3, into a lookup table
(LUT). It is also known as isodiscrimination
contour. The identifying impurities can be
done by comparing the color of each pixel (in
RGB coordinate) to all possible colors of cotton
in the lookup table. If the color of the pixel is
not in the lookup table, it is determined as
impurities. Therefore, the more the number of
RGB values in the lookup table, the more
accurate the identifying but the longer the
processing time.

For example, calculation of lookup table can be

done as follows:

I. A color with RGB coordinates of
R=255,G=249, and B=255 or (255,249,255) is
chosen as cotton color because of its the most
frequently occurring of cotton color.

II. Transformation of RGB to CIE-Luv
coordinate. Substitute R=255, G=249, and
B=255 in equations (4), (5), and (6) to
obtain the values of X, Y, and Z. Then,
applying the values of X, Y, and Z in
equations (1), (2), and (3) results in
L=99.35,u=1.42, v=-1.71, respectively.

I1I1. Euclidean distance (AEy,,<3) results in

isodiscrimination contour shown below
Ranges of L, u, and v are as follows:

L is between 96.35 and 102.35, u is
between —1.58 and 4.44, and v is
between —4.71, -1.29, respectively.
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IVv. Values of CIE-Luv  coordinate
satisfying III and equation (7) will be
converted to values of corresponding
RGB coordinates. These values will be
in lookup table used for recognition of
cotton color of our automated
inspection system. Calculate the valid
Euclidean distance among the range of
L, u, and v by varying the increment of
0.5.

V. After the isodiscrimination contour in
CIE-Luv lookup table is prepared,
conversion to RGB (the format used in
color comparison of the system) lookup
table.

VL Transformation from CIE-Luv to RGB
coordinate, the format obtained from
the image acquisition board, can be
done as follows:

Firstly, CIE-Luv can be converted to
XYZ coordinate by equation (1) and
2).

Finally, XYZ can then be transformed
to RGB coordinate by following
relations:

R=3.0633* X -1.3933*Y —0.4758Z, (8)
G=-09692* X +1.8760Y —0.0416:Z, (9)
B=0.0679* X —0.2288*Y —1.0693*Z, (10)

VII.  There are 450 different values in the
final RGB lookup table. These
numbers affect signal processing speed
and accuracy of identifying impurities.

3. Implementation and Results

Automated visual inspection shown in Fig. 1
consists of color video camera, image
acquisition board working within a PC, and a
lighting system. The cotton is illuminated by
daylight (D65- one of standard light sources
using by CIE) lamps inside controlled
environment because illumination or color of
the light source affects apparent cotton color.
Image acquisition board converts color signals
from video camera to RGB format and then the
computer identifies impurities in cotton by
color discrimination between cotton and
impurities using isodiscrimination contour
mentioned earlier. Cotton with high impurities

will be rejected and put in a collecting bin by
rejection mechanism such as a separation flap
shown in Fig. 1.

Images captured from cotton in motion (under
illumination controlled environment) as shown
in Fig. 1 are in 24-bit RGB format. Each image
contains 180 by 126 pixels and occupies 16 by
11.25 centimeters in length and width,
respectively. The resolution of each pixel is
0.089 cm (16 cms/180 pixels). Image analysis
includes edge detection and finding area of
cotton and identifying impurities. Fig. 2-a
shows image of cotton at the center surrounded
by background (dark color). We use purple as
our background color to be easily
distinguishable from color of cotton and
impurities such as loose threads, plastics,
cottonseeds, leaves, and efc. Impurities are to
the right of the center of the image.

Threshold size of impurities is set to 0.1 cm” or
13 square pixels, calculated from 0.1cm?/
[(0.089 cm)” for 1 square pixel]. A spot of
impurity is defined as at least 13 pixels
connected together (one pixel can connected to
eight possible adjacent pixels). If less than 13
pixels and the color is not background, the spot
is regarded as noise (too small a size for a spot
of impurity). Cotton is identified and assigned
black color in Fig. 2-b. Background and
impurities are assigned different colors (purple
and white, respectively) but are shown in white
color in Fig. 2-b. To identify cotton color a 24-
bit RGB lookup table is used. A better method
for color identification is using a 3-dimensional
lookup table (3D-LUT) array to identify cotton
color. The LUT is a block of random access
memory (RAM) whose address inputs are
corresponding to three independent coordinates
of red (R), green (G), and blue (B) [1]. In the
memory array, a three dimensional area of 450
values (in isodiscrimination contour) can be
defined by setting the contents to logic 1. The
remaining locations within the ‘color cube’ are
set to 0. Using RGB coordinates in LUT would
result in very large ‘color cube’ (256*256*256
bytes or 16 Megabytes of memory).

We observe the range of values in the original
lookup table and come up with the minimum
threshold of each color coordinate. From these
values, we design an equally accurate but



smaller lookup table which results in a smaller
memory array of 15,625 bytes (25%25%25
bytes). The speed of image processing is
greatly improved and memory requirement is
greatly reduced.

vision
+
control
unit

g

+—PASSED « OUT (S — N
ey 000 ®
1. mirror 4. color video camera
2. cotton 5. separation flap
ST 3. lights 6. collecting bin
6 g

Fig. 1 Experimental setup

(2-b)

Fig. 2 Cotton image (a) before and (b) after
identifying impurities using color isodiscrimination
contour.

Fig. 2-b shows satisfying result. However,
some scattered white points in cotton indicates
that some of the cotton values are not in the
lookup table, which may result from relative
large increment size of 0.5 of the
isodiscrimination contour and some shadows
because cotton surface is not flat. Some factors
contributing to errors in the inspection system
are:
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L lighting system includes illumination,
brightness, and color spectrum of light
source.

II. number of elements in 3D-LUT
involves Euclidean distance and Luv
step  increment for  generating
isodiscrimination contour. There is
trade-off between accuracy and
processing time. The optimum number
of elements is 450 and Euclidean
distance of 3 and Luv step increment of

0.5.

1. resolution or size of each pixel in the
image

Iv. types of impurities such as color,
surface reflectance, and size.

V. video camera setting such as exposure

control, f-stop, and frame rate.

4. Conclusion

The automated visual inspection of cotton
quality makes use of color isodiscrimination
contour criterion. The important factors for
color image processing are lighting system
(under controlled environment), video camera
setting, and image processing algorithms such
as edge detection and reduced 3D-LUT
technique.
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