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Trend of ergonomics standards related to HCI
Shin’ichi Fukuzumi (RIKEN/ Tokyo Metropolitan University)
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Sensor Based Ergonomics
—Developing a hybrid device and its applications to sitting and lying positions—
Kageyu Noro (Waseda University, ErgoSeating Co.,Ltd.)
Hiroko Noto (Medical Sciences Dept. Kyushu University)
Keiichiro Hyoudo (Oita Industrial Research Institute)

Koshiro Sato (Oita Industrial Research Institute)

1 Introduction
Ergonomics characterized by experiments and analysis
or product development using sensors as their support
base is called sensor based ergonomics. This report
describes the progress since the 2019’s conference when
our first report was made public.

2 Device development and sensor selection
e Development of a digital sensor (1Bit sensor)
The main purpose is contact confirmation. A sensor
installed on the handrail of a bed in a home nursing room
was taken as an example.
o Development and selection of analog sensors
A sensor for measuring sitters’ sinking depth was hand-
crafted using PC mouse mechanism and rotary encoder
(by Mr.Hikida, Oita Industrial Research Institute).

A pressure sensor was selected from commercial
products.

An ergo device is a device that converts 16-channel
analog voltages to digital data via an analog-to-digital
convertor (ADC), transferring it to an iPad through
wireless communication (Figure 1).

As an example of use, an ergonomic experiment on
sitting and lying positions as well as on a paperless
method for replying to questionnaire will be introduced
later.

Various sensors such as a variable resistor working as
a sliding potentiometer, a pressure sensor, and a digital
sensor can be connected to the ergo device. The system
configuration is shown in Figure 1.

3 Applications
3.1 Research on sitting position

Sensor allocation is shown in the left part of Fig 2.

This figure shows that the subject's heel is not in
contact with the floor and the pressure on the back of the
thigh is unstable.

Essentially, determining the seat height of a chair is an
important factor affecting economy class syndrome,
comfort and work efficiency. This time, it is measured
and evaluated using a 1-bit sensor and one pressure

sensor. See the left part of Fig 2.

Ergo device

Convert

Digital
and/or

Main

analog controller

analogue inputs to (microco

sensors digital values

mputer)

Wireless

communica-

tions

Figure 1 System configuration
Method: Check if both toe and heel are in touch with
the floor with two 1-bit sensors. At the same time, one
pressure sensor measures thigh pressure. Result is
shown in Fig.2.

Thigh pressure —~Contact of heel to
(mmHg) floor (digital)

Figure 2 The left side of the figure is an illustration of
sensor allocation on the sofa. The right side is a result of
group 2, graphically representing transitions of pressure
on the back of a thigh of a subject and whether a heel
gets in contact with the floor.

3.2 Research on lying position

There has been no objective tool to evaluate technique
for patient's position changes. This is a challenge to
apply our method to this purpose.

The purpose of this method was to easily measure and
visualize the transition of the pressure received by a
subject during the change of body position using the
pressure sensors. The maximum pressure of subject's
shoulders and hips tended to differ depending on the
operating conditions.

In the case of a repositioning experiment, two
pressure sensors were attached to shoulders and waist of
a subject (Figure 3).

In addition, a contact confirmation sensor was placed
on the area of bed where the subject’s buttock was



positioned when lying down. The upper and lower
figures on the right show two transitions of pressures on
the waist and the shoulder, respectively. The
measurement time was about 3 seconds.

Time (sec)

Figure 3 In the case of a repositioning experiment

3.3 Paperless questionnaire surveys

Needless to quote the forgetting curve of Ebbinghaus
(1885), memory decay of sensory events is a self-
evident phenomenon.

Seating comfort from the prototype is important in
terms of development. In this study, with a slide
potentiometer used as a device, sensory responses of
subjects were directly input to the ergo device in the
form of analog information. Four items were selected for
questionnaire as shown in Fig. 4, with ratings given on a
S-point scale (JIS Z8144). Input operation was
performed by fingered manipulation to move a knob of
the device set up on the arm of a sofa. The results of a
subject are shown below.

Sample No.2  Subject ID
. Toe contacting the floor
+——— Heel contacting the floor

Rating of seating comfort

Questions
a1 Q4 1 Buttocks (being) swing
Q2 2 Sink
Q3 3 Cushion softness

\\ 4 Seating comfort

Thigh pressue = 5-steps scale

Pressure from the back 4

Fig. 4. Merging questioner and physical movements

The left side of Figure 4 is a graphic that shows
responses from a subject to the questions about seating
comfort and contact status between subject’s heels and
the floor during a time period concerned. The questions
are four items shown on the right side of the figure. Each
item is rated on a 5-point scale. The rating was given by
operating a slide sensor set up on the arm of the chair.
From the graphic, it can be seen that the rating for
Question 1 was conducted with the subject's heel
touched with the floor, while Questions 2-4 were rated

with the subject’s heel away from the floor.

4  Conclusions

The device was evaluated as having good operability
because of no operation needed other than power
switching. With all measurement data including sensory
evaluation obtained in the form of CSV data, the data
can be processed all at once by researchers. One goal of
this approach is to automate data collection and
processing of ergonomic experiments.

The sensor allocation is based on the high functioning
seat pan concept and will contribute to the proof of that
concept?.

Sensory evaluation of the prototype guarantees
immediacy of subjects’ responses using this method. In
addition, it is possible to analyze relationships with
responses from other sensors. More detailed analysis
and evaluation that have been unavailable before may be
realized.
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