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Abstract. IoTtalk is a platform for IoT device interaction, which has been used
to develop many IoT applications such as home automation. This paper uses
Dandelion Mirror artwork as an example to show how interactive visual design
can be conveniently implemented in IoTtalk. The Dandelion Mirror artwork
conducts cyber physical interaction, which animates a dandelion in a mirror
when a person smiles at that mirror. The dandelion grows larger as the person
smiles bigger. The flower also vibrates following the heartbeat rate of the per-
son. In our approach, the camera detecting the face expression and the heartbeat
rate is considered as an input IoT device, and the mirror display for dandelion
animation is considered as an output IoT device. In IoTtalk, the features of the
dandelion animation are considered as the actuators that can be independently
controlled. IoTtalk nicely connects these IoT devices, where various features can
be created for interactive visual design with little or without any programming
effort.
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1 Introduction

Through cyclical and collaborative processes between people and technology, inter-
active design emphasizes a user-oriented field of study on meaningful communication
of media [1-3]. An interactive design typically involves real-time interaction between
human and machines. Several studies have focused on interaction between human
behavior and visual objects, i.e., interactive visual design. Examples for such inter-
active visual design include Wii and Kinect game system, human-computer interaction,

and so on.
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This paper implements an interactive visual design called Dandelion Mirror. In this
design, the smile expression and the heartbeat rate (HBR) of a person in front of the
mirror affect the size and the shape of a dandelion animation displayed in the mirror.
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Dandelion Mirror conducts cyber physical integration, where smile and HBR are
detected in the physical domain and the dandelion animation is illustrated in the cyber
domain.

We use the Internet of Things (IoT) approach to implement Dandelion Mirror. In an
IoT system, the IoT devices interact with each other through a network server fol-
lowing protocols such as AllJoyn, OM2M, OpenMTC [4] or any proprietary protocols.
An example is a smart home appliance application where a remote controller (an input
IoT device) controls home appliances such as a fan or a light (output IoT devices or
actuators) through the IoT server/gateway. A program called network application is
executed at the server to implement the desired interactions between the input and the
output devices. This paper utilizes IoTtalk, an IoT platform [4, 5] that supports quick
development of network application software. We use IoTtalk to implement Dandelion
Mirror. Through this implementation, we will demonstrate that [oTtalk nicely connects
the IoT devices, and through flexible connections, different features can be created for
interactive visual design with little or without any programming effort. The paper is
organized as follows. Section 2 introduces IoTtalk. Section 3 shows the implementa-
tion of the dandelion animation. Section 4 shows the implementation of the IoT device
connections. Section 5 concludes our work with future research directions.

2 IoTtalk Concept and Usage

In IoTtalk, every IoT device is characterized by its functionalities or “device features”.
A device feature (DF) is a specific input or output “capability” of the IoT device.
Consider a mobile phone as an IoT device. The input device features (IDFs) are sensors
or controls that can be the microphone, the Gyro sensor, the GPS, the camera, and so
on. The output device features (ODFs) are actuators such as the display screen, the
speaker, and so on. An IoT device is connected to the IoTtalk server in the Internet
through wireline or wireless technologies. The network application that defines the
interaction between the IoT devices is developed and executed at the IoTtalk server.
When the values of the IDFs are updated, an IoT device informs the network appli-
cation to take some actions, and the network application sends the result to the ODF of
the same or another IoT device to affect that output device. With this view, the IoT
devices interact with each other through their device features.

The implementation of Dandelion Mirror in IoTtalk includes an input device called
Intel-Cam and an output device called Dandelion. The hardware of Intel-Cam is an
Intel RealSense Camera (model F200 or SR300), which can detect human facial
expressions and the pulse rate. The detection functions are provided by Intel
RealSense SDK [6]. In our approach, the connections of the input and the output
devices can be easily established through the IoTtalk GUI. In this GUI, an input device
is represented by an icon placed at the left of the window, which consists of smaller
icons that represent IDFs, and an output device is represented by an icon placed at the
right-hand side of the window, which includes ODF icons. For example, the icon in
Fig. 1(a) represents the input device Intel-Cam. To implement the Dandelion Mirror
application in IoTtalk, Intel-Cam detects the smile expression, and output the result
through the Smile IDF (Fig. 1(c)). Intel-Cam also detects the heartbeats, and outputs the
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measure through the HBR IDF (Fig. 1(b)). In Fig. 1(d), the Dandelion output device is
a visual Java program installed in a Mirror display [7], which has two ODFs Size
(Fig. 1(e)) and Vibration (Fig. 1(f)). By connecting the HBR IDF to the Vibration ODF
(Fig. 1(1)), Dandelion will animate vibration based on the frequency of the measured
heartbeat rate. By connecting the Smile IDF to the Size ODF (Fig. 1(2)), when the
camera detects the smile expression, the flower grows bigger.

o Intel-Cam Join 1 O | Dandelion
) N
O | ﬂDandeliom

Angle

C Color-O
S

Fig. 1. The basic layout of Dandelion Mirror in IoTtalk GUIL

With IoTtalk, we can easily replace the input or the output devices of Dandelion
Mirror with different implementations. For example, we can replace Intel-Cam by an
ordinary webcam (Fig. 1(g)) connected to a computer or is built in a laptop that
executes facial expressions provided by the OpenCV Haar feature-based cascade
classifier [8]. The Webcam device can be considered as a simplified version of Intel-
Cam with one IDF Smile (Fig. 1(h)). We also implement another output device Dan-
delionl (Fig. 1(i)) with three ODFs Angle (Fig. 1(j)), Color (Fig. 1(k)) and Size (Fig. 1
(1)), which can change the shape. The Smile IDF of Webcam is connected to the Angle,
the Color and the Size ODFs to affect Dandelionl (Fig. 1(3), (4) and (5)). Animations
of Dandelion and Dandelionl are implemented by the same Java program but with
different parameter setups. Therefore, their appearances can be very different.

Through IoTtalk GUI, both Intel-Cam and Webcam are flexibly connected to either
Dandelion or Dandelionl. Initially, the colors of both flowers are white. We may
connect the HBR IDF of Intel-Cam to the Vibration ODF of Dandelion (Fig. 2(1)) and
the Angle ODF of Dandelionl (Fig. 2(2)). In this way, the heartbeats detected by Intel-
Cam will control Dandelion’s vibration and Dandelionl’s angle. Both Smile IDFs of
Intel-Cam and Webcam are linked to Join2 and then connected to the Size ODF of
Dandelion (Fig. 2(3)). If the smile detected by Intel-Cam is bigger than that by
Webcam, Join2 sends the value 1 (large flower) to the Size ODF of Dandelion.
Otherwise the value 0 (no flower) is sent to Dandelion. Join3 links both Smile IDFs to
the Size ODF of Dandelionl (Fig. 2(4)). If the smile detected by Intel-Cam is bigger
than that by Webcam, Join3 sends the value O to the Size ODF of Dandelionl.
Otherwise the value 1 is sent to Dandelionl. With connections Join2 and Join3, big
Dandelion appears and Dandelionl disappears if the smile detected by Intel-Cam is
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bigger than that by Webcam. On the other hand, if the smile detected by Webcam is
bigger, then Dandelion1 appears and Dandelion disappears. Therefore, two persons can
play a competition game with Dandelion Mirror. Join4 links both Smile IDFs to the
Color ODF of Dandelionl (Fig. 2(5)) so that if the smile detected by Webcam is bigger
than that by Intel-Cam, the color of Dandelion] turns yellow. Otherwise, Dandelionl is
white. To achieve the effects of Join2, Join3 and Join4, we need to program functions at
these connections. We will elaborate on the details in Sect. 4.

We may also control the color of Dandelionl by a color sensor as shown in Join5
(Fig. 2(6)). In this connection, the input device is a MorSensor [4] plugged in a color
Sensor.
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Fig. 2. An advanced layout of Dandelion in IoTtalk GUI.

3 The Dandelion Output Device

This section describes the output device Dandelionl (Fig. 1(i)) with three ODFs Size,
Angle and Color. In IoTtalk, the software for an output device consists of two parts.
The actuator application implements the dandelion animation software. The device
application (DA) provides the driver for wired or wireless communication to the
IoTtalk server. The DA receives the data sent from the IoTtalk server and forwards
them to the actuator application through the ODFs. These ODFs are specified in the
Device Feature Window (Fig. 3). This window is provided by IoTtalk to manage the
device features [4]. The Device Feature Window for the Size ODF (Fig. 3(1)) has one
parameter (Fig. 3(2)) that represents the maximum level of the Dandelion to be grown.
This parameter ranges from O to 10 (Fig. 3(3) and (4)). Figure 4 shows the Dandelion
with Size = 8. The Angle ODF represents the growth direction of the Dandelion, which
ranges from O to 120° (Fig. 3(5) and (6)). Figure 4 illustrates the dandelion with the
Angles of 37° and 90°, respectively. The Color ODF represents the color of the
Dandelion in the RGB format. That is, this ODF has three parameters, each of them
ranges from O to 255 (Fig. 3(7), (8) and (9)).
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The DA for the IoTtalk devices can be found in [5]. We use Java to implement the
actuator application for the Dandelion animation that continuously draws graphical
patterns to mimc the morphology of a dandelion. There are two types of parameters.
The parameters for the display layout include the width (Fig. 4(1)), the height (Fig. 4
(2)), and the background color (Fig. 4(3)). As shown in Fig. 5, the parameters for the
dandelion animation include the stalks sq, Sy, S», S3, the included angle between s, and
the horizontal line (Angle) and the included angle between s, and s; (Anglel). These
parameters are summarized in Table 1.

Device Feature Window Device Feature Window
Type ~ IDF © ODF Category Other Type ~ IDF © ODF Category Other
oDF Name | Size D DF Name | Angle
ONumber of parameters 1 Number of parameters 1
[ Type \ Min [ Max Unit } Type | Min | Max [ unit }
float s 0 10 None 4| [ float 3 0 e 120@ degree 4
Save || Delete || Upload Save || Delete | Upload

Device Feature Window
Type ~ IDF ©ODF Category Sight
DF Name | Color-O

Number of parameters 3

[ Type Min Max Unit
0’ int 3 0 255 | None

Uint 3 0 255 | None
anl 3 0 255 | None

Save | Delete = Upload

Fig. 3. Device feature window for Dandelion ODFs.

«— width ——»

background color |
display A

Fig. 4. Dandelionl grows with different angle values (size = 8).

Dandelion is a fractal art implemented by a binary tree data structure in which each
node has two children, the left child node and the right child node. Dandelion grows
from the root node (level-0) denoted as ng o, which connects to stalk sq (see Fig. 5) with
a default length of 384 pixels as defined in Table 1. For level [ > 1, a level-I node is
denoted as np; where D = R if it is the right child node of its parent node, and D = L if
it is the left child node. Figure 5 shows the graphical patterns between the root node
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ngo and its children ng ; and ny 5, respectively. The pattern consists of one stalk s;, two
stalks s, and two stalks s3, which is a line with arrows at both ends. The length of stalk
sy varies with level [ expressed as

s1(1) = s1(0)(1 +0.051). (1)

where s;(0) is the length of s; at level-O with a default value 30 pixels as defined in
Table 1. The other two stalks s, and s; have the default values of 17 pixels and 24
pixels, respectively. Anglel has the default value 120°.

Table 1. The parameters of Dandelion.

Parameter Data type | Variable name | Default value
ODFs Size int Size 0
Angle float Angle 0.0
Color int color_r 0
int color_g 0
int color_b 0
Display layout Width int width 1024 pixels
Height int height 768 pixels
Background color | int bg_color_r 255
int bg_color_g 255
int bg_color_b 255
Dandelion animation | Stalk sq int sO 384 pixels
Stalk s; at level-O | int sl 30 pixels
Stalk s, int s2 17 pixels
Stalk s; int s3 24 pixels
Anglel float al 120°

\./
"""""""""""""" “F I Angle = £ sos2 - 90°
Anglel = ZLsass

Fig. 5. Graphical patterns of Dandelion at level-0.
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4 The Join Functions

IoTtalk allows one to select or implement functions at a Join point. The inputs of the
function are the IDFs connected to the join point, and the output is sent to the ODFs
connected to the join point. The user can select or implement very simple Join func-
tions to create interesting I/O interactions. In Fig. 2, the function implemented at Join 2
has two inputs, i.e., the Smile IDFs of Intel-Cam and Webcam, and the result is sent to
the Size ODF of Dandelion. By clicking the Join2 circle in the GUI, a window is
popped up for the user to write a new function or select a predefined function [4]. The
window consists of one or more IDF tables (Fig. 6(1)), one Join Function table (Fig. 6
(2)) and one or more ODF tables (Fig. 6(3)). For Join2, we select the predefined “larger
than” function in the Join Function table (Fig. 6(4)), which is implemented in Python
as
def run(a, b):
if a > b: return 1
else: return 0

where the input “a” is sent from Intel-Cam and the input “b” is sent from Webcam.
Before the value O or 1 is sent to the Size ODF of Dandelion, it can be manipulated by
another function in the ODF table. We select the “times10” function in the Size ODF
table (Fig. 6), which is implemented as

def run(*args) :
return 10 * args[0]

Connection Name: Join 2 Delete | | Save
i
Smile Type Function
x1 sample 4| disabled $
Delete
Smile Type Function
x1 sample 4| disabled 5

21

o | o

larger than e

'

«

Size

Function

y1

times10 6

«

Fig. 6. The functions selected at Join2.
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Therefore, if the smile detected by Intel-Cam is bigger than that by Webcam, the
execution of these functions retunes the value 10. Otherwise, the value O is returned.
The function implemented at Join3 is the same as that for Join2 except that the “larger
than” function in the Join Function table is replaced by the “smaller than” function, and
the final result reverses that of Join2.

5 Discussion and Conclusions

This paper designed and implemented the Dandelion Mirror artwork using IoTtalk.
IoTtalk provides simple yet powerful connection mechanism for IoT device interaction,
which can effectively and flexibly implement various features for cyber and physical
interaction. There are two major components of this visual interactive artwork, a
camera and a mirror that displays a dandelion animation. In IoTtalk, the camera is
considered as a physical IoT input device, and the dandelion animation is a cyber IoT
output device. We showed that with the concept of IDF and ODF, Dandelion Mitror
can be conveniently implemented in IoTtalk. Through the ODFs, all features of the
dandelion animation (angles, stalks, colors, size, vibration and so on) become the
actuators that can be independently controlled in IoTtalk. Also, through IDFs, all
detection mechanisms (for facial expression, color, heartbeat rate and so on) become
the sensors that can be used to affect all actuators.

In the original design of this artwork, a dandelion in the mirror grows larger as a
person in front of the mirror smiles bigger. With IoTtalk, we can easily modify
Dandelion Mirror to create many novel and surprising ideas. For example, two sets of
Dandelion Mirror can extend single person-dandelion interaction to multiple person-
dandelion interactions. We showed how to modify the original Dandelion Mirror to a
two-person competition game such that only the dandelion of the person with bigger
smile will be displayed in his/her mirror. The IDF/ODF connections can also be easily
modified to create multiple-person collaboration game on Dandelion Mirror.

Furthermore, many sensors and actuators have been connected to IoTtalk, and these
IoT devices can be used to extend the interactive visual design. For example, the color
sensor of MorSensor can affect the color of the dandelion animation. To conclude, we
have demonstrated that IoTtalk nicely connects the IoT devices, and through flexible
configurations, various features can be created for interactive visual design with little or
without any programming effort.

Acknowledgements. The first version of Dandelionl is implemented by Qing Liu.
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