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Abstract : We discuss what kind of scale is suit-
able for analog signal recording paper from the
viewpoint of human engineering. We show a method
for automatically generating a suitable scale
from the higher and lower limits of the recording
range.

1. Introduction

Microprocessor-based hybrid recorders with
digital printing and waveform recording capabili-
ties appeared in the market some time ago. Some
recorders of this type automatically print the
scale which had previously been preprinted on the
paper. However, the type of scale had to be spe-
cified by the user from a limited selection. Time
was spent investigating what type of scale was
needed, and a new scale selection was required
each time the measuring range changed.

We have developed a recorder which automatica-
lly determines the scale from the measuring ran-
ge, after investigating which type of scale is
easy to read and determining a method to realize
it,

2. Scale

The scale is indispensable for analog display
and analog recording. Since an analog quantity is
continuous, "reading” it from a display or recor-
ding depends on a reference value criterion pro-
vided by scale.

According to JIS Z 8103, "scale” is defined as
a group of lines or points shown along a certain
line to indicate the quantity, and may include
numbers and symbols as required.

That is, the scale is an aggregation of lines
or points indicating a quantity by position with
numbers and symbols for reference. Here the li-
nes or points will be called "scales marks” and

the numbers and symbols “"scale numbers”, In rea-
lity scale marks are arranged in some type of
pattern for easier understanding, for examples,
there may be a major mark called "main scale ma-
rk” and a smaller one called "subscale mark”.

For our purpose we will use a large scale mark,
medium scale mark and small scale mark, named
with respect to their respective sizes of scale
spacing. The spacing between two adjacent scale
marks is called then "scale spacing” and the dif-
ference between maximum and minimum scale mark is
the "scale span”.
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3. Ideal scale
What is required of a scale on the recording
paper of a recorder? Accurate, easy and quick
determination of the value of a certain point of
the recorded waveform.
We now analyze the procedure for taking a scale
reading.

(1) Find the two nearest scale numbers enclosing
the position to be measured,

(2) Find the scale marks associated with the two
scale numbers found in step (1).

If there are no other scale marks between
them, go to (3).

If there are scale marks between them, deter-
mine the values expressed by the two nearest
scale marks enclosing the position to be mea-
sured.

(3) Estimate a value somewhere between the values
of two nearest scale marks enclosing the po-
sition to be measured, This is the so-called
"rule of thumb” method.

For example, with the scaling in Fig.2, step
(1) in the procedure places the value to be mea-
sured between 30 and 40. Four unnumbered scale
narks are present between marks "30” and "40”.
Following step (2) in the procedure, the values
expressed by the two nearest scale marks enclos-
ing the position to be measured are determined.
In this figure, the difference of 10 between 30
and 40 is divided into 5 parts giving a scale
spacing value of 2. The scale mark to the left
of the position to be measured is therefore de-
termined to be 36, and the scale mark to the
right is 38, Continuing with step (3) of the
procedure, the rule of thumb is used to estimate
a value between 36 and 38. The point being measu
red is located about halfway between, so the va-
lue is read as 37.
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Accuracy in reading a value can be improved,
that is, the reading error can be minimized, by
making the scale spacing smaller. If it is too
small, however, time required to determine the
value of the scale mark itself increases. This
time can be reduced if all scale marks have scale
numbers, but this is not practical and so is ne-
cessary to count marks from the nearest numbered
mark to the target value. A small scale spacing
makes this task time consuming and difficult. By
this reasoning then, there can exist easy-to-read
and difficult-to-read scales even if their scale
spacing is the same.
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. In Fig.3, A and B have the same scale spacing,
but B is easier to read because step {2) in the
procedure for scale reading is more easily and
quickly done. Scale A takes more time to read,
and there is a danger of making a mistake in step
(2). Similarly, C, whose scale spacing is 10 tim
es larger than A or B, can be said to be a good
scale.

Then, what are the conditions for obtaining a
good scale? Let’s start with the scale number.
The following rule can be applied

Rule 1 As many scale numbers as possible should
be provided within a range without making the

recording paper difficult to read.

For example, Fig.4, B is easier to read than A.
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The following discussion will proceeded limi-
ting to linear scale. If a section is divided by
too many scale marks of a uniform pattern, the
marks must be counted to know how many divisions
are in the section, as in A of Fig.3. What is
the maximum number of divisions that can be known
by observation without counting? We performed a
test in which subjects were shown several sec-
tions of uniform length, but with varying numbers
of divisions (see Fig.5) for a short time (0.5 se
conds), Most of the subjects could recognize up
to 5 divisions without counting.

4 divisions | | | | |

5 divisions | 1 | | 1 i

6 divisions | | I | | | |

7 divisions | 1 | | |
Fig.5

In the decimal number system, the number 5 is a

convenient number, being half of 10, as is the

number 2 alsc an even divisor 10
following rule can be made :

Therefore, the

Rule 2 The basic numbers of division between
scale numbers are 2 and 5,

From this and (Rule 1), it can be said that the
scale numbers should be selected from a sequence
of numbers which satisfy the following two condi-
tions :

(1) The sequence of numbers for scale division
is expressed by "1 or 2 or 5 (x10N)"
(2) The sequence of numbers includes "0”
Good example

veeee =0.5 0 0.5 1.0 1.5 ...

..... 200 252 254 256 258 ,...
Bad example :

.e... 110 180 210 260 310 ....

Whether 2 or 5 is selected as the division num-
ber depends on the values of numbers at each end
of the division. Since scale numbers are provi-
ded at a spacing of 1 or 2 or 5§ (X 10N), the fol-
lowing is adopted

In case of 1 X 10N
In case of 2 X 10N
In case of 5 X QN

...division number=2 or 5
...division number=2
...division number=5

This rule provides the conditions necessary for
easy reading in step (2) of the procedure above.
For step (3) of the procedure, scale spacing
should be made smaller. If the scale spacing is
too wide with either division number 2 or 5, and



the rule of thumb reading error becomes large, it
is effective to use multiple scale patterns. That
is, fine reading is made possible by making an
intuitive reading of the division numbers from a
hierarchical structure. How many hierarchical
levels are proper? With too many, it becomes ne-
cessary to remember the spacing of each hierarch-
ical level.
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For A and B in Fig.6, the spacing is easily
known, but for C and D it is necessary to count.

Therefore, the number of levels is preferably
limited to 2, and the scale spacing for the smal-
lest scale mark should not be so small that read-
ing it with the human eye is difficult. This
leads to Rule 3 as follows

Rule 3 Between two scale numbers, a maximum of
2 types of scales (2 hierarchical levels) should
be used, and the section should be divided into
as many marks as possible without sacrificing
ease of reading,

The above three rules are important in obtain-
ing a proper linear scale for the recording
paper.

4. Constraints in Reality

In development of the recorder, the number of
scale patterns was limited to 3 due to the expre-
ssive constraint. That is, the scale marks con-
sist of three types: a large scale mark, a medium
scale mark and a small scale mark. About the
large scale mark it was decided a maximum 12 was
possible. A scale number should be attached to
every large scalemark, but in our case 8 was cho-
sen to avoid difficulty in reading the scale,
in accordance with Rule 1.

5. Deciding Method
The following shows the decision logic for cre-

ating a scale division in the recorder. Limita-
tions are that it is must be a linear scale, and
it is made from the lowest and highest values of
the scale(the highest and lowest values may be
fractional values),
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The lowest value of scale (SL) and highest va-
lue of scale (SH) are decimal numbers consisting
of 4 digits for the integral part and 1 digit for
the decimal part ( if they cannot be expressed in
this form, they must be expressed in combination
with the "characteristic of unit” available as
the scale facter). On the basis of the SH and SL,
then the scale division of the linear scale is
may be determined.

First, the scale span (SHL), that is the diffe-
rence between the highest and lowest value of
scale, is found.

SHL = SH - SL

The scale span is then divided into a fixed-
point part (SHLrix) and exponent part (SHLexp)
with the provision that SHLFi1x is a number not
less than 100 and not more than 1000.

SHL = SHLFix X [10QSHL(EXP)

From SHLrix the fixed-point part of the scale
spacing is determined in accordance with Table 1.
The values in Table 1 are a reflection of the
three rules. To meet the Rule I, a maximum of 12
scale numbers was decided on for the recorder in
consideration of the paper width (180mm) and the

size of the character used for the scale number

( In reality, however, the numbers were not atta-
ched to all the large scale marks but to a maxi-
mum 8 marks as mentioned above ). From the table,
spacing between large scale marks corresponding
to SHLF1x in the range of 100 to 1000 is found.
Once the value of the large scale mark spacing
has been determined, the division numbers ( or
scale spacing ) of the medium and small scale
narks follows from Table 1.

Table ) Scale Span/Scale Spacing of Scale Marks

Fixed-point part
of scale span

SHLF 1%

Fixed-point part
of spacing of
iarge division

Fixed-point part
of spacing of
mediun division

Fixed-point part
of spacing of
saall division

nark L¥r1x nark MWF 1% sark SWr1x
1005 SHLr k<110 [ 1 O (10-11 div) 5 (2 div) 1 {5 div)
110SSHLF1x<{150 | 2 0 (6-8 div) 10 (2 div) 2 (5 div)
1503 SHLF1w<<210 | 5 0 (3-5 div) 10 (5 div) 2 (5 div)
2102 SHLF1x<460 [ 5 0 (5-10 div) 10 (5 div) &5 (5 div)
4605 SHLF12<1000 | 1 00 (5-10 div) | 50 (2 div) 10 (5div)

The process after scale spacing are decided
from Table 1 is as follows

What is expressed by LWrix X 1QSHLIEXP) » N
(N : integer) and SL or higher and SH or lower
sessssesvese.. Position of large scale mark

What is expressed by MWeix X ](QSHL(EXP)

X N

(N : integer) and SL or higher and SH or lower

position of medium scale mark
What is expressed by SWrix X 10SHL(EXP)

X N

(N : integer) and SL or higher and SH or lower

position of small scale mark




The following explains how to attach scale num-
bers to some of the large scale marks using Table
2 and Table 1.

Table 2 Scale Span/Scsle Number Spacing
Fixed-point part of scale span | Fixed-point part of scale numbar
SHLF1x spacing N¥r(x
100 S SHLrtx < 110 20 (5-6div)
110 S SHLFix < 150 20 (6-8div)
© . 150 & SHLrix < 210 50 (3-5div)
210 S SHLFix < 360 50 (5-8div)
360 S SHLFix < 460 100 (4-5 div)
460 S SHLFPIx < 710 100 (5-8div)
710 & SHLrix < 1000 200 (45 div)

From Table 1 and 2, it is known that scale num-
bers are attached either to all large scale marks
or to every other large scale mark., When attach-
ed to every other large scale mark, a sequence of
numbers which can be divided by the scale number
spacing is selected.
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Fig.7 Scale Recording Example

Fig.7 shows some examples of scales generated
by the process described above. An actual recor-
ding is shown in Fig.8. It is known that proper
divisions were made depending on scale spacing
taken from Table 1.

On actual recording paper, the tag, unit, ex-
pornent part of unit, recording color of waveform
, ete. are recorded in addition to the scale.
When multiple measurements with different measur-
ing ranges are recorded on the same recording
paper, the scale is changed as needed according
to a certain cycle as shown in Fig.8, T
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Fig.8 Scale Recording Sample

Photo 1 shows an external view of the recorder.
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Photo 1 External view of the recorder

Fig.9 shows the hardware diagram for the recor-
der. Each input from a maximum of 24 analog sig-
nals is read sequentially through a multiplexer,
and plotted by a penwheel with 6 color tips. The
penwheel is carried on a carrige which moves ac-
ross the paper every 15 seconds. The CPU is an
8-bit microprocessor, type 8085A, which controls
all parts of the recorder. The scales are printed
by a serial type thermal head mounted on the car-
riage. The thermal head stops at the position
where the scale mark is required, and a heat ele-
ment (resistor) is energized to print the scale
mark on heat-sensitive paper.
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Fig.10 shows the software diagram. The program
for automatic scaling is in the block A and occu-
pies about 4Kbytes of program memory. The pro-
gram is not excuted periodically as input signal
processing is, but only when a new recording
range is set by key pad on the operation panel.

A new scale is then generated and stored in RAM,
which is backed up by battery. The scale is
printed periodically by the print program in
block B.

Table 3 shows the principal specification of
the recorder.

Table 3 Specifications

Nuaber of inputs : 6,12 or 24 points
Input signals : two types as following
(1)dc voltage and thermocouple type
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Fig.9 Hardware Diagram
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Fig.10 Software Diagram
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dc voltage av -6088.8~989.9 aVv
v ~50.0 ~ 50.0 V
B 0 to 1820 C
R -50 to 1768 C
Themocouple S -50 to 1768 C
(J1S/IEC) K -270 to 1372 C
E -270 to 1000 T
J | -210 to 1200
T ~270 to 400
N 0 to 1300 C
{2)Resistance bulb (RTD) type
Pt100Qd -200 to 650
(JIS/1EC)

Measuring cycle : 15 sec / 6 points

Power supply : 85 to 264 Vec, 47 to 66 Hz

Power consumption : Maximua 40 VA

Number of recording points : Same as aumber of inmputs.

Recording device : Penwheel ( 6 Colors )

Dot interval : 15 sec / 6 points

Accuracy : *0.25 XFS (Digital display and printing
for a range 0 to 5 V)

Chart speed : 10,20,30,60,120,180,200,360,600,1200 an/h

Recording paper : Thermal type

Shape - Fanfold
Printing color - Black
Width - 210 mm
Length - 16 m

7. Conclusion

We have discussed what kind of scale is suit-
able for recording paper from the viewpoint of
human engineering. We also discussed a method
for generating the scale automatically from the
higher and lower limits of the measuring range.
Although such human factors as "easy-to-read” can
not be uniforaly determined, we think we have
realized a practical scale sufficient for normal
use. We will continue our efforts to improve it.
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