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Summary:
The deliverable 5.6 Prototypes for psychophysical studies with one dimension II is focused on
developing prototypes. This is a short documentation thereof.
The theme is integration of vibrotactile actuators. Vibration is the most used haptic mode. It
is therefore relevant to look at how this technology can fit into the context of the SUITCEYES
project.
Textile elastic band and the first version of a complete garment, a dress, are designed,
manufactured, modified and tested. Both were designed with flexibility in mind enabling
psychophysical testing on different body locations and using a varying number of vibrators.
A vibration module (VBM) from DFRobot was used having the size of a coin and therefore
compatible with textile integration and maintained comfort.
The prototypes are to be used for further psychophysical measurement as well as garment
development within the SUITCEYES project. Lessons learnt are that the production of this
garment is compatible with textile processes and flow already existing; size fitting,
patterning, grading, sewing; and also that comfort could be obtained after integration of
vibrators. Still currently available batteries, if any, might be heavy for a fully portable
solution. Finally, it is clearly possible to create attractive, even fashionable garments, also for
our purposes and our target group.
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Choice of modality
The modality chosen for this iteration is vibration. Vibration is the most used haptic
communication mode, found in cell phones as well as assistive devices. It is therefore
relevant to look at how this technology can fit into the context of SUITCEYES. This is done
here.
A vibration module from DFRobot is chosen for the first iteration, described here. The
vibration module (VBM) uses a vibration motor as its vibration source. Vibration is created
by a set of adjustable weighted blocks attached to the end of rotating shaft. The centrifugal
force generated by high speed rotation of the shaft and weighted blocks creates
vibration. This vibration module is in the size of coin (φ = ca 8mm), the flat surface design
makes it possible to integrate into textiles using taping and sewing. This module can be
connected to an Arduino board using 3 pin interfaces (control signal input, VCC and GND).
The Arduino is a suit of programmable control units for electronics common in smart textile
development.

Test 1: controlling vibrators using a motion sensor and a push button
Using the Arduino system, a program was developed as follows:
In the first iteration, a push button and a motion sensor were used as controllers connected
to Arduino Uno. Other types of sensors, such as light sensor, flame sensor, PIR (passive
infrared) sensor, temperature sensors and rotation sensor are also available for testing.
The first iteration of controller has been designed to evaluate:
1. If the VBM can be controlled by push button and the motion sensor.
2. The duration and intensity of the VBM.
In detail the following code was used:

Hardware connection:
Motion Sensor -> Digital pin 2
Push button -> Digital pin 8
VBM 1 -> digital output pin 11
VBM 2 -> analog output pin 3 (PWM, Max 255)

Coding:
byte sensorPin = 2;
byte indicator = 13;
const int buttonPin=8;
const int VibPin1= 11;
const int VibPin2= 3;
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int key= 0;
void setup()
{
pinMode(sensorPin,INPUT);
pinMode(buttonPin, INPUT);
pinMode(VibPin1,OUTPUT);
pinMode(VibPin2, OUTPUT);
Serial.begin(9600);
}
void loop()
{
key=digitalRead (buttonPin);
if (key==HIGH)
{
analogWrite(VibPin2, 255);
delay (2000);
analogWrite (VibPin2, 122);
delay (5000);
digitalWrite (VibPin2, LOW);
}
byte state = digitalRead(sensorPin);
digitalWrite(VibPin1,state);
if(state == 1)Serial.println("Somebody is in this area!");
else if(state == 0)Serial.println("No one!");
delay(500);
}
Translated this means: Press the push button, VBM 2 vibrates for 2 seconds at maximum
intensity (PWM=255) and then 5 seconds at half of intensity (PWM=122).
When someone (or something) gets into the motion sensor’s detection area, VBM 1 turns on
at maximum intensity (PWM=255). Serial monitoring shows ‘Someone is in this area’.

The textile prototypes
Flexibility was searched for. Different body locations, different sizes, different number of
VBMs, different types of VBMs was to be possible to handle. Therefore, a band/strap was
constructed as well as a first version of a garment approaching a full- fledged product.
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A: Textile band

Figure 1: Textile band in female size with VBMs and textile band in male size.
Two textile bands, one female size and one male size were developed for testing the VBM
that can be attached to limbs (both upper and lower). In this iteration, the VBMs were fixed
on to the textile bands with double faced adhesive tapes, which allows the maximum
flexibility in terms of position and reposition.

Figure 2: The front size of VBM and the back size of VBM with adhesive tape.
In summary it is shown possible to make these textile prototypes for further psychophysical
investigations.

B: First version of ‘The Red Dress’
The SUITCEYES project is to develop a useful item for haptic communication. Already in the
proposal a red dress was used to illustrate the concept. Here we present the first version of
this.
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The aim is to create a garment that can be used as a test bed for evaluation of vibrotactile
communication on (to start with) upper body area. Based on the literature review done by
Astrid M.L. Kappers (June 7, 2018) as part of WP6 activities, back, shoulder and upper arm
were chosen as locations for VBMs as they are the most common places used for vibrotactile
threshold measurements and vibrotactile spatial discrimination testing. The idea is that a
large number of VBMs can be easily attached to the garment at almost any location.
A bodycon (figure 3, left) dress was designed as certain tightness improves the sensation of
vibration. A belt was used for hosting the Arduino board and the battery pack. The belt
(figure 3, right) is detachable, so that the dress is fully washable.

Figure 3: the red dress (left) and close look of the belt (right).
In order to achieve maximum flexibility of positioning the VBMs, Velcro stripes were
attached onto the back side, front side and both sleeves of the dress (figure 4). Figure 4, left
also illustrate how the VBMs can be attached to the dress.

Figure 4: Velcro on back side (left), front side (middle) and sleeve (right) of the dress.
In later version it might be that Velcro stripes are to be placed not on the outer side but on
the inner, i.e. a lining. Also, the very position and what locations those are relevant will be
assessed. Tightness towards the body is also presumed to be important for future versions.
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