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The signal-to-noise ratio (SN ratio) is a measurement scale that has been used in
the communication industry for nearly a century. A radio measures the signal or
the wave of voice transmitted from a broadcasting station and converts the wave
into sound. The larger the voice sent, the larger the voice received. In this case,
the magnitude of the voice is the input signal, and the wvoice received is the output.
Actually, the input is mixed with the audible noise in the space. Good measuring
equipment catches the signal and is not affected by the influence of noise.

The quality of a measurement system is expressed by the ratio of signal and
noise. SN ratio is expressed in decibels (dB). For example, 40 dB means that the
magnitude of the output is 10,000 times the magnitude of noise. For example, if
the SN ratio of a transistor radio is 45 dB, the power of the input is about 30,000
times the magnitude of noise. The larger the SN ratio, the better the quality.

Taguchi has generalized the concept of SN ratio as used in the communication
industry and applied it for the evaluation of measurement systems as well as for
the function of products and processes.

11.2. Traditional Approach for Variability

Traditionally, the analysis of data for variability has been traditionally studied by
decomposing data into deviation and variation. Such an approach is applicable
only when one object is to be measured. Using a watch as an example, say that we
want to measure the variability after 24 hours. But that is not the best way to
measure. It is important to determine the error within a certain range. We would
want to measure the variation of the watch from actual time at any time. This same
principle is true for a scale, which has a smaller error when objects of different
weight are measured. The quality of any measurement system must be evaluated
using the dynamic characteristics of the items measured.

In the automobile industry, the quality of measurement systems is traditionally
evaluated by studying repeatability, reproducibility, and stability. Repeatability is the
variability when the same person measures the same sample repeatedly. Reproducibility
is the variability when different persons measure the same sample. Stability is the vari-
ability when the same person measures the same sample repeatedly at different times.
But those three types of variability belong to one category: noise. Using quality
engineering, there is no necessity to study these three types of variability separately.
It is only necessary to conduct a study including signal.

11.3. Elements of the SN Ratio

Conceptually, the SN ratio is the ratio of signal to noise in terms of power. Another
way to look at it is that it represents the ratio of sensitivity to variability.



11.4. Benefits of Using SN Ratios

In a measurement system, the input-to-output relationship is studied. The true
value of the object is the input, and the result of measurement is the output. In
a good measuring system, the result of measurement must be proportional to the
true value; thus the input/output relationship must be linear. A good measure-
ment system must also be sensitive to different inputs (whatever different objects
are measured); thus, the slope showing the input/output relationship must be
steep. Of course, the variability must be small. When an SN ratio is used to evaluate
a measuring system, the three elements sensitivity, slope, and variability are com-
bined into a single index. As a result, engineers can easily evaluate and improve
a system by using SN ratios. Figure 11.1 shows the three elements in the SN ratio.

There are two modes in the SN ratio: dynamic and nondynamic. The measure-
ment system described above belongs to the dynamic mode. In the design of a
product for a fixed target, there is no need to adjust the target from time to time.
For example, we may want to design an electric circuit having an output of 110 V.
Once the product is designed and put into production, it is not necessary to
change the output voltage as long as we want to manufacture and sell this partic-
ular product only. In a nondynamic mode, therefore, mean is considered as being
equivalent to sensitivity and is placed in the numerator of the SN ratio. In this
case, the SN ratio is the ratio of average to variability in square terms. But in a
dynamic system, such as a control system, there is always a need to adjust the
output to the target by varying a certain input signal. In such a case, adjustability
becomes critical for the design. Here it is important that the input/output rela-
tionship be proportional, or linear. In other words, linearity becomes critical for
adjusting systems. The better the linearity and the steeper the input/output rela-
tionship, the better the adjustability. Therefore, the slope is used as being equiv-
alent to sensitivity and is placed in the numerator of the SN ratio.

The concept of the dynamic-type SN ratio evolved further in the area of tech-
nology development. The activity is defined by the development of technology for
a group of products instead of developing a particular product with a fixed target,
so as to avoid redundant research and thereby reduce research and development
cycle time. (For technology development, see Chapter 14.)

11.4. Benefits of Using SN Ratios
There are many benefits to using SN ratios in quality engineering, as discussed

below.

The SN ratio is defined as follows:

SN ratio — PoWer of sigr'lal _ (sen'siti'vi'ty)z _ B_j (11.1)
power of noise  (variability) o

As seen from equation (11.1), the SN ratio is the ratio of sensitivity to variability
squared. Therefore, its inverse is the variance per unit input. In the loss function,
the loss is proportional to variance. Therefore, monetary evaluation is possible.
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11.4. Benefits of Using SN Ratios

In the early days of quality engineering applications, research for robustness was
conducted by discovering the interactions between control and noise factors.
When there is a significant interaction between a control and a noise factor, it
shows that different levels of a control factor behave differently under different
noise factors. If this is true, there is a possibility that robustness can be improved.
Such a study method was called direct product design, where the experiment was laid
out in such a way that every interaction between a control and a noise factor may
be calculated. But such calculations were so tedious that many people had to work
full-time on them. By using the SN ratio, such calculations are no longer necessary.
Instead, a comparison of SN ratios between control factor levels is made, and the
one with a higher SN ratio is selected as the robust condition.

This is one of the most important benefits of using the SN ratio in product or
process design. Using traditional methodology, engineers tend to design a product
or a process by meeting the target first instead of by maximizing robustness first.
This “hitting target first” approach is very inefficient, for the following reasons.
After the target is met, the engineer has to make sure that the product works
under noise conditions: for example, temperature.

If the product does not work at a certain extreme temperature, the engineer
has to change or adjust the design parameters to meet the target. But while study-
ing the effects of temperature, the engineer needs to keep other noise factors,
such as humidity, fixed. If the product does not work in a certain humidity envi-
ronment, the engineer tries to vary some parameter levels and change parameter
levels again to meet the target. In the first trial, where the aim was to meet the
target at a certain temperature, the control factor levels selected would probably
be different from the control factor levels selected in the second trial, where the
aim was to meet the target at a certain humidity condition.

To meet the target under a certain temperature as well as under a certain
humidity condition, the study must be started again from the beginning. The en-
gineer has to do the same for any other noise conditions that ought to be consid-
ered. Generally, there are a lot of noise factors. Not only is this type of approach
tedious and time consuming, it is not always successful. Designing in this fashion
is similar to solving many simultaneous equations, not by calculation but by trial-
and-error experimentation on hardware.

In contrast, use of the SN ratio enables the engineer to maximize robustness
simply by selecting the levels of control factors that give the largest SN ratio, where
many noise factors are usually compounded into one. After robustness is achieved,
the next step is to adjust the mean to the target by adjusting the level of a control
factor, the factor having a maximum effect on sensitivity and a minimum effect on
robustness. In this way it is possible that meeting the target will have scant effect
on robustness. Very often, the efficiency of research can be improved by a factor
of 10, 100, or 1000.

Linearity, one of the three elements in an SN ratio discussed earlier, is very im-
portant for simplifying adjustment in product or process design and for calibration
in measurement systems. Because the relationship between the value of an SN
ratio and linearity is so simple and clear, adjusting the output of control systems
and calibration of measurement systems is easier than when traditional methods
are used. When the input/output relationship is not linear, deviation from linearity
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is evaluated as the error after the decomposition of variation. Therefore, the SN
ratio becomes smaller.

In a measuring system, there are two types of calibration: zero-point calibration
and slope calibration. Zero-point calibration is used to calibrate the output to zero
when the input is equal to zero (when nothing is measured). Slope calibration is
used to calibrate the input/output ratio (slope) to 1. Since the slope of the input/
output becomes 1, the inverse of the SN ratio is equal to the variance of the
measuring system. Such estimation is possible without conducting physical calibration.
This greatly improves the efficiency of measurement system optimization.

An SN ratio is written and calculated based on the ideal function of a product or
process. When the input/output relationship of the ideal function is related to
energy, the effects of control factors are cumulative (additive).

While interaction between a control factor and a noise factor enables us to find
a robust condition, interaction between control factors shows the inconsistency of
conclusions. If the conclusions are inconsistent, the conclusion obtained from a
study might be different when control factors change. How to deal with or avoid
interactions between control factors is one of the most important issues in quality
engineering.

Various case studies in the past have shown that using SN ratios based on the
ideal function that relates to input/output energy transformation enables us to
avoid interactions between control factors. This means that the conclusions ob-
tained in a small-scale laboratory study can be reproduced downstream in a large-
scale manufacturing process and in the marketplace. That is why using dynamic
SN ratios can reduce product/process development cycle time.

Traditionally, research is conducted every time a new product is planned. But for
a group of products having the same function within a certain output range, it
would be wasteful to conduct research for each product. Instead, if we could es-
tablish an appropriate SN ratio based on the ideal function of a group of products
and maximize it, the design of a specific product with a certain output target would
be obtained easily by adjusting the input signal. This approach, called robust tech-
nology development, is a breakthrough in quality engineering. It is believed that such
an approach will soon become the core of quality engineering.

11.5. Various ldeal Functions

The traditional problem-solving approach generally brings about quality improve-
ment. In the problem-solving approach, root-cause analysis is important, and the
engineer analyzes whatever data are measured (such as symptoms or defect rates,
called responses). There is no consideration of what type of data should be avoided
and what type of data must be analyzed. In the Taguchi Methods Symposium held
by the American Supplier Institute in 1989, the theme was: “To get quality, don’t
measure quality.” This meant that to improve quality, do not measure and analyze
“response,” because the conclusions obtained from such analyses are not repro-
ducible in most cases.

Instead, we should try to think about the ideal function and use for analysis the
dynamic SN ratio based on that ideal function. It is not an easy task to determine



11.5. Various Ideal Functions

the ideal function, and it takes a lot of discussion. The ideal function is different
from product to product, from one system to another, and there are no general-
izable approaches or solutions. Ideal functions must be discussed case by case.

Generally, it is desirable that the ideal function be identified based on the
product function, which is energy related, since energy has additivity. This type of
ideal function is called a generic function. A generic function can be explained in
physics, for example, by Ohm’s law or Hooke’s law. In some cases, however, the
data to be collected for the study of such relationships are not available, due to
lack of measurement technology. In such cases, a function that describes an ob-
jective may be used. This is called the objective function. Many published cases are
available for engineers to use as a reference to establish an ideal function. Follow-
ing are some examples.

In a machining process, the dimensions of an actual product are traditionally
measured for analysis. To reduce error and to optimize the process to cover a
range of the products the machine can process, it is recommended that test pieces
be used for study.

In a study entitled “NC Machining Technology Development [1], the concept
of transformability was developed. The ideal function in this case was that product
dimension be proportional to programmed dimension:

y = BM,

where y is the product dimension, 3 a constant, and M the programmed dimen-
sion. The function of machining was studied using different ideal functions [2].
There were two functions in the study: function 1, y = BM, where y is the square
root of total power consumption and M is the square root of time (per unit prod-
uct); and function 2, y = BM, where y is the square root of total power consump-
tion and M is the square root of total amount removed. The objective of the first
function is to improve productivity, and the second is to improve machining

quality.

In the injection molding process, quality characteristics such as reject rate, flash,
or porosity have traditionally been measured. In a study of a carbon fiber—
reinforced plastic injection molding process [3], the following function was stud-
ied: y = BM, where y is the product dimension and M is the mold dimension. In
a study of an injection molding experiment [4], the function above was used to-
gether with another function, y = BM, where y is the deformation and M is the
load. In this case study, the former function was the objective-related function,
whereas the latter belonged to the generic function.

An automobile’s fuel delivery system must provide a consistent supply of liquid
fuel in the expected operating range, regardless of external (environmental) con-
ditions. Traditionally, symptoms such as difficulty of starting, rolling engine idles,
and engine stumbles have been measured. In a study conducted by Ford Motor
Company [5], the ideal function was defined as follows. The pump efficiency is
defined as

or

pump efficiency = VI
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where Q is the fuel pump flow rate, P the fuel system back pressure, V the fuel
pump voltage, and I the fuel pump current. Letting the fuel pump flow rate be y,
the system input signal be M (= VI), and the adjustment signal be M* (= P), the
output response, y, is rewritten as

_ M
=

Idle quality is a major concern on some motor vehicles. It contributes to the vi-
bration felt by vehicle occupants. A commonly used process for evaluating engine
idle quality involves running an engine at idle for several cycles and collecting
basic combustion data, such as burn rates, cylinder pressure, air/fuel ratio, and
actual ignition timing.

In a study conducted by Ford Motor Company [6], it was considered that in-
dicated mean effective pressure (IMEP) is an approximately linear function of fuel flow
at idle when air/fuel ratio, ignition timing, and some of the engine combustion
parameters were held constant under steady operation: y = M, where y is the
IMEP and M is the fuel flow.

The function of a wiper system is to clear precipitation (rain, snow, etc.) and
foreign material from a windshield to provide a clear zone of vision. An annoying
phenomenon that affects the performance of a windshield wiper system is wiper
chatter. Chatter occurs when the wiper blade does not take the proper set and
“skips” across the windshield during operation, potentially causing deterioration
in both acoustic and wiping quality.

The characteristics measured traditionally to improve the quality of a wiper
system are chatter, clear vision, and uniformity of wiper pattern, quietness, and
life. The ideal function in a study [7] was defined as “the actual time for a wiper
to reach a fixed point on the windshield for a cycle should be the same as the
theoretical time (ideal time) for which the system was designed,” expressed as

y=BM,

where y is the actual time and M is the theoretical time (1/rpm of the motor).

In welding processes, traditional measurements include appearance, maximum
strength or reject rate, and so on. A study conducted for a welding process [8]
defined the ideal function as y = BMM¥*, where y is the force, M the displacement,
and M* the length. In a study of spot welding conditions [9], the ideal function
y = BM, where y is the current and M is the voltage, was used. This means that if
the welding is performed ideally, the welded unit is as uniform as the material
itself; therefore, the voltage—current relationship must be proportional.

In the manufacture of chemical products, the determination of conditions favoring
synthesis reactions greatly affects quality and cost. Traditionally, yield of product
has been used as the quality characteristic. Such digital-type characteristics are not
recommended in quality engineering. One of the most important issues in chem-
ical reactions is to control reaction speed.

Figure 11.2 shows the case of a chemical reaction with side reactions. In the
figure we have
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When there are side reactions, the fraction of side-reacted products is written as

1—[9—(1:@’52'[‘

Setting

B 1
the fraction of side reactions is written as

M, = B,T

In a study by Toa Gosei Chemical Company [10], the equations above were
used for calculation of the SN ratio. As a result, the reaction was increased 1.8-
fold above the current condition, which means that the reaction time can be cut
approximately in half.

The dry developer used for electrophotographic copiers and printers consists of
toner and carrier. The particle size of the developer is one of the physical prop-
erties that has a strong influence on image quality.

Size distribution typically was analyzed as classified data. Quite often, yield was
used for analysis. In a study of developing a technique for improving uniformity
and adjusting particle size conducted by the Minolta Camera Company [11], the
ideal function was y = /M, where y is the particle size and M is the grinding
energy. In a later study [12], conducted by the same company, a different ideal
function was used. Since particles are ground by high-pressure air, the collision of
particles in the grinding process is similar to the collision between molecules in
chemical reactions.

In this case, the portion with a particle size larger than the upper specification
limit was treated as unreacted, and the portion with a particle size smaller than
the lower specification limit was treated as overreacted. The ideal functions, similar
to the chemical reaction (i.e., the total reaction and side reactions) were used to
optimize the grinding process.

Intercoolers are used with turbochargers to increase the output power of car en-
gines. The output power of an engine is determined by the amount of mixed gas
that is sucked into the engine cylinder. The more gas sucked in, the higher the
feeding efficiency by compressing the mixed air and consequently, raising the air
pressure above the atmospheric pressure.

When the airflow resistance inside the cooler is high, the cooling efficiency is
reduced and noise is often noted. Before this study, the problem-solving approach
has been to detect causes by measuring audible noise level, but without success.
From the viewpoint of the product function, it is required that the airflow resis-
tance be low and the flow rate be uniform. The engine output power varies with
driving speed. The airflow changes as the accelerator is pushed down. Therefore,
it is ideal that the airflow rate in the intercooler be proportional to the amount
of air. As the rpm rate of the turbocharger varies under different driving condi-
tions, it is also ideal for the airflow rate to vary proportional to the rpm rate of
the turbocharger. The ideal function was defined as y = BMM*, where y is the
airflow speed of the intercooler, M the amount of airflow, and M* the rpm rate
of the turbocharger.
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In the manufacture of high-density printed circuit boards, quality characteristics
such as bridge or nonsoldering have been used to improve quality. The yields of
these characteristics were studied. In the early stage of quality engineering, non-
dynamic characteristics such as smaller-the-better and larger-the-better SN ratios
were used. These two characteristics were combined to be the nondynamic operating
window SN ratio.

In this study, voltage and current relationships were used as the ideal function.
The relationship between current and cross-sectional area was also studied. Thus,
there were two signal factors. To maximize the SN ratio of the voltage—current
relationship is to optimize the product function. To maximize the SN ratio of the
current and cross-sectional area is to optimize manufacturability. In this way,
product- and manufacturing-related functions can be studied simultaneously using
only one index: an SN ratio with double signals. It is truly a simultaneous engineering
or concurrent engineering approach, as shown by y = BMM?*, where y is the current,
M the voltage, and M* the cross-sectional area.

Magnetooptical disks are used as computer memory components. In early versions
of the products, information already recorded had to be erased before rerecord-
ing, taking a long time. To save on recording time, developers tried to develop
direct-overwrite MO disks. However, disks consisted of multiple complicated layers.
After years of work, there was little success.

Using the quality engineering approach, the ideal function was defined as fol-
lows: “The length of magnetic mark is proportionally transformed to the time of
light emitted from the laser.” In the past, interactions between control factors had
been studied. By use of the SN ratio based on the ideal function as defined, the
time required for development was greatly reduced.

One of the most important quality items for amplifiers is that the gain of frequency
is flat. However, it is not quite flat for amplifiers with a wide frequency range. To
make the response flat, a circuit called an equalizer is connected to compensate for
the declining gain.

Using two-stage optimization, the robustness of the equalizer was optimized; the
control factors that least affect SN ratio but were highly sensitive were used to tune
them so that the gain became flat. The ideal function is that the output voltage
(complex number) is proportional to the input voltage.

Transparent conducting flat films are used as flat displaying devices for computers.
This type of film is used because of its high conductivity and good pattern quality
following etching.

In manufacturing, an electron-beam-heating vacuum deposition process was
used. Traditionally, resistance and transparency were used for quality measure-
ment. In this study, the ideal function was defined as y = BMM?*, where y is the
current, M the film thickness, and M* the voltage. The result showed that the
standard deviation was reduced by the fraction 1.83, and conductivity was increased
1.16-fold.

In the design of ac circuits, root mean squares have traditionally been used. By
using complex numbers in parameter design, the variability of both the amplitude
and phase of the output can be reduced. Therefore, a system whose input and
output are expressed by sine waves should use complex numbers.
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In the study, amplitude was varied under a fixed frequency, and the propor-
tionality between the input and the output in complex numbers was measured to
optimize the stability. After optimization, a 3.8-dB gain was confirmed.

A power MOSFET is used as a reliable switching device in automobile electronics.
It is required that the on resistance be low so that the unit may be miniaturized.
Traditionally, quality characteristics such as film thickness or bonding strength
were measured. In this study, the ideal function was defined as y = BM, where y
is the voltage drop and M is the current. From the results, the standard deviation
was reduced by a factor of 8, and the resistance was reduced by a factor of 7.

Voltage-controlled oscillators are used in wireless communication systems. The per-
formance of those oscillators is affected by environmental conditions and the var-
iability of component parts in printed circuit boards. Traditionally, quality
characteristics such as transmitting frequency or output power were used for eval-
uation. In this study, the function y = BMM?¥*, where y is the output (complex
number), M the dc voltage, and M* the ac voltage, was used. A 7.27-dB gain was
obtained after tuning.

An encapsulant is used to isolate the elements in a night-vision image intensifier.
In the past, cycle testing was used to evaluate reliability. In this study, the following
ideal function, y = M/ M¥, where yis the current leakage, M the applied voltage,
and M* the electrode spacing, was used. The SN ratio of the encapsulation system
was improved by 3.8 dB compared to the standard conditions, and the slope was
reduced to 80%.

In the development of ink used in digital printers, characteristics such as perme-
ability, stability, flow value, and flexibility have commonly been used. But the results
of the use of these characteristics were not always reproducible.

In a digital printer, a document is scanned and the image is converted to elec-
tric signals. The signals are then converted to heat energy to punch holes on the
resin film, which forms the image on paper. The ideal function for the ink devel-
opment is that the dot area of the master is proportional to the dot area printed.

of SN Ratios

There are two types of data: continuous variables and classified attributes. Voltage,
current, dimension, and strength belong to the continuous variables category. In
quality engineering, classified attributes are divided into two groups: two-class classi-
fied attributes and three-or-more-class classified attributes. The SN ratio equations are
different for different types.

From the quality engineering viewpoint, it is recommended that one avoid us-
ing attribute data, for the followings reasons. First, attribute data are less infor-
mative. For example, if a passing score in school is 60, students having scores of
60 and 100 are classified equally as having passed, whereas a student with a grade
of 59 is classified as having failed. There is a big difference between the two stu-
dents who passed, but little difference between a student with a score of 60 and
one with a score of 59.
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Second, attribute type data are inefficient. In athletic competition, it is difficult
to draw a conclusion from the result of two teams playing only one game. We do
not conclude that the winning team is going to have a 100% chance to beat the
defeated team. In tennis, for example, a champion is commonly declared after
one player and wins two of three sets or three of five sets.

The third, and most serious, problem encountered when using attribute data
is the possibility of developing interactions. In one study of a welding process, yield
was studied. Yield looks like a continuous variable, but it is the fraction represented
by the number of nondefective pieces divided by the total number of pieces. A
nondefective piece may be counted as 1 and a defective as 0. For example, a one-
factor-at-a-time experiment was conducted to compare two control factors, A
and B.

AB: yield = 40%
AB, yield = 70%
AB, yield = 40%
A\B, yield = 80%

From the results, one might conclude that the best condition would be A,B,
and the yield might be over 90%. But one might be surprised if a confirmatory
experiment under condition A,B, resulted in less than 40%. This shows the exis-
tence of an interaction between A and B. Let’s assume the following levels of A
and B:

A;: low current

Ay: high current

B;:  short welding time
B,: long welding time

Condition A;B, was low current and short welding time; therefore, too little
energy was put into the system, and the result was: no weld. Conditions A,B, and
A, B, have more energy going in and the yields are higher. But under condition
AyB,, high current and long welding time, the yield was low because too much
energy was put into the system and the result was: burnthrough. It is seen that if
0-1 data were used, the two extremely opposite conditions are considered equally
bad. It is also seen that the superiority and inferiority of factor A is inconsistent,
depending on the condition of another factor, B, and vice versa. The interactions
between control factors indicate inconsistency of conclusions. We should avoid
using 0-1 data. But in some cases, continuous data are unavailable because of a
lack of technology. In such cases it is necessary to convert the data so that inter-
actions may be avoided.

Following is an example of data collection. In the case of welding, samples are
collected from each welding condition. From each sample, load and deformation
are considered as the input and output, respectively. The SN ratio is calculated
from the relationship above. There will be SN ratios for A, B, A;B,, A|B,, and A,B,.
The effect of A is compared by the average SN ratios of (A;B;, A;B,) and (A,B,,
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AyB,), and the effect of B is compared by the averages of (A,B,, A,B,) and (A,B,,
A;B,).

There are two types of SN ratios, based on intention: passive and active. The SN
ratio used in measurement is called passive. An object, the input signal, is mea-
sured, and from the result, the true value of the input signal is estimated. That is
why the SN ratio is called passive. For the passive type we have:

[ Input: true value to be measured

1 Output: measured value

In the active type, a signal is put into a system to change the output:
d Input: intention

d Output: result

For example, a steering wheel is turned to change the direction of a car. The
output is changed by intention, so it is an active output. In control systems or
product/process design, the parameters for tuning are of the active type. The
difference is in the way that the signal factor is considered. Although the intentions
are different, the equations and calculation of the SN ratio used are the same.

Dynamic SN ratios are used to study either multiple targets or a certain range of
targets, whereas nondynamic SN ratios are used to study a single target. The for-
mer includes three aspects: linearity, sensitivity, and variability. The latter includes
two aspects: sensitivity and variability.

In earlier stages of quality engineering, nondynamic characteristics were com-
monly used. There are three types of nondynamic characteristics: nominal-the-best,
smaller-the-better, and larger-the-better. Nominal-the-best characteristics are used to hit
the target after reducing variability. The output is ideally equal to the target.
Smaller-the-better characteristics are used to reduce both average and variability. The
output is ideally equal to zero. Larger-the-better characteristics are used to maximize
average and minimize variability. Ideally, the output is equal to infinity.

Dynamic SN ratios are more powerful and efficient; therefore, it is recom-
mended that one use them as much as possible.

As described earlier, quality characteristics are classified as continuous variables,
and discrete or classified attributes, the latter also being referred to as digital. SN
ratios are classified into the following four cases:

Case Input Output
1 Continuous variables Continuous variables
2 Continuous variables Digital
3 Digital Continuous variables
4 Digital Digital

Case 1 is the type that occurs most frequently. Driving a car, for example, the
steering wheel angle change is the input and the turning radius is the output.
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Case 2 occurs in digital functions, such as an on-off system using temperature as
the signal. For case 3, such as a transmitter in a communication system, the input

is
ch

digital (mark and space) and the output is voltage. Case 4 occurs often in such
emical processes as separation, purification, and filtration.

SN ratios can be classified based on the number of signal factors: single signal
factors, double signal factors, multiple signal factors, and no signal factors. SN
ratios with single signal factors occur most frequently. These without signal factors
are of the nondynamic type. In Chapter 12, we illustrate the most important and
frequently applied case: the SN ratio for continuous variables.
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