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ABSTRACT 
In a storytelling context, the visualization of the timelines for 
appliance usage could convey a great amount of information to 
audiences about the patterns or habits of households when using 
appliances in smart home. However, today's research on smart 
home visualization is more focused on time series data, while 
research on timeline does not focus much on expressiveness in a 
storytelling context. If we simply visualize the time series or use 
traditional visualization methods to visualize the timeline, the 
intention and effectiveness of storytelling may be reduced. In this 
paper, we analyze the above issues in detail and propose a new 
visualization design based on machinima and a dynamic circle. 
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1  INTRODUCTION 
With the popularization of smart homes, people can obtain more 
and more detailed electrical appliance usage data. After data 
processing, these data can be used to infer daily patterns for use of 
electrical appliances in homes in the form of timelines. These 
patterns drawn from the analysis of complex electrical appliance 
usage data can be communicated to laypeople through 
visualization to give them a general view on how people use 
appliances in the home. The traditional visualization of the smart 
home tends to focus on the detailed raw time series, which 
requires the audience to recognize appliance use for themselves.  
We want to focus the audience’s attention on a timeline of 
appliance use, which highlights when appliances are being used.  
This article describes a specific timeline pattern form drawn from 
smart home time series data in section 2.  It discusses traditional 
time series and timeline visualization and compares them to our 
proposed timeline visualization, introduces a design space for 
timeline visualization, and proposes a new timeline visualization 
method based on machinima and dynamic circle, in section 3.  
This new timeline visualization method vividly represents the 
timeline of electrical appliance use, without losing the precision in 
the underlying time series data. 

2 DATASET 
Within a certain period of time, assume that we have N appliances 
in one home and the ith is denoted as 𝐴𝐴𝑖𝑖 , 𝑖𝑖 = 1,⋯ ,𝑁𝑁 . The 
collected appliance raw usage data for 𝐴𝐴𝑖𝑖  can be described as a 
timeseries of data consisting of a sequence of 𝑀𝑀𝑖𝑖  pairs 
�𝑡𝑡𝑖𝑖𝑖𝑖 , 𝑝𝑝𝑖𝑖𝑖𝑖�, 𝑖𝑖 = 1,⋯ ,𝑁𝑁, 𝑗𝑗 = 1,⋯ ,𝑀𝑀𝑖𝑖 , where  𝑝𝑝𝑖𝑖𝑖𝑖  is the measured 
instantaneous power value at the timestamp 𝑡𝑡𝑖𝑖𝑖𝑖  for 𝐴𝐴𝑖𝑖 . We can 
process these data by using some algorithms, such as cluster 
analysis [1] and pattern recognition [2], into a representative daily 
timeline pattern consisting of a sequence of K pairs 
(∆𝑡𝑡𝑘𝑘 ,  𝑎𝑎𝑘𝑘), 𝑘𝑘 = 1,⋯ ,𝐾𝐾 , where 𝑎𝑎𝑘𝑘 is a subset of {𝐴𝐴𝑖𝑖} at the time 
range ∆𝑡𝑡𝑘𝑘 . The timeline pattern indicates the tendency to use 
which electrical appliance during what time period in this home. It 
is what we are going to visualize and tell a story to audiences to 
give them a view on the habits of using appliances in this home. 
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An example is the dataset we used in this article, which comes 
from the IDEAL Household Energy Dataset [3]. It records the use 
of household electrical appliances for a person during a certain 
period of time, in tabular form. There are 51 appliances over the 8 
homes collected over months or years in the whole dataset (each 
home may have various appliances and time period of data 
gathering). For each appliance we have a time series of data (an 
example is shown in Table 1). Some items usually considered to 
be furniture, such as electric beds, are also included as appliances. 
This is because the bed is also equipped with motors and sensors, 
which can record the use of the bed. 

Time Stamp Power 
2020-01-08 14:42:45.630 1.3 
2020-01-08 14:45:00.627 1.4 

... 
2020-10-17 22:50:52.040 1.3 
2020-10-17 22:55:48.057 1.4 

Table 1: Raw time series data for one appliance in one home 

Data cleaning, data re-sampling, and some specific algorithms are 
used in dataset processing. The final data we then have is the daily 
timeline pattern of the user’s use of electrical appliances during 
this period, illustrated in Table 2.  

Time Range Appliances Used Set 
00:00 - 06:00 elec bed 
06:00 - 07:00 elec bed,coffee 
07:00 - 08:00 elec bed,coffee,tv 
08:00 - 11:00 tv 
11:00 - 12:00 microwave,tv 
12:00 - 14:00 microwave,tv,coffee 
14:00 - 17:00 tv 
17:00 - 19:00 tv,coffee 
19:00 - 24:00 tv,elec bed 

Table 2: Data after processing in one home 

3  DATA VISUALIZATION 

3.1 Visualization for Energy Data in Smart 
Home 

When sensors of different appliances collect energy data in a 
smart home, visualization for these energy data are used to infer 
the energy usage. Castelli et al. explored a visualization tool to 
meet individual data-related demands in a smart home [4]. In 
terms of visualization of energy use data over time, they used 
standard time series graphs, using color and stacking to indicate 
different traces.  

Goodwin et al. used a user-centered design process to explore 
more possibilities for smart home visualization [5]. The 
visualizations included time series and heat lines, which are 
combine action of heat map and time series. 

These visualizations for smart homes are visualizations of time 
series so people need to draw their own conclusions from these 
visualizations. Research on the visualization of time series is 
common and also not limited to smart homes, such as using a 
cluster and calendar based visualization to infer employee 
attendance [6].  However, what we are going to visualize is the 
timeline, which is different from time series. A timeline is a 
sequence of events, or interval event data [7]. With the help of 
various data analysis methods, we could transform energy data 
into a timeline (see Table 2), which is a kind of conclusion 
obtained by data scientists in fact. The visualization of this 
timeline can enable the audience to quickly obtain the required 
information - people's habit of using electrical appliances. 

3.2 Timeline Visualization 
The purpose of a visualization of a timeline may be divided into 
two categories:  exploratory data analysis and storytelling. In the 
context of storytelling, expressiveness is considered important, 
where expressiveness indicates the degree of support for various 
narrative points, or the extent to which one narrative point is made 
in different ways [8]. The degree of expressiveness may result in 
different kinds of feedback for story listeners. However, in a 
traditional exploratory data analysis context, events on the 
timeline are often encoded as lines or glyph-based marks and 
placed on a horizontal line according to the sequence of events 
[8,9] and this is called a linear and chronological timeline. This 
visualization can intuitively show the sequence and time points of 
each event but lacks expressiveness to some degree. This is 
because the goal for these timelines is to let users recognize 
“distributions, trends, and anomalies once large amounts of data 
have been compressed into concise overviews” so leads to a better 
in-depth analysis [10]. For example, Plaisant et al. designed the 
visualization for personal history timeline to trace back history 
records in detail [11]. This visualization was designed for expert 
data exploration, providing access to many different dimensions 
of the data.  Due to the need to support the display of a large 
amount of information, interactivity is essential in such timeline 
visualization [10]. However, in a storytelling context, the timeline 
usually does not contain too much information, such as the habit 
of using electrical appliances in our example, so these free 
explorations of the timeline either increase the complexity of the 
timeline or are unnecessary. What the audience needs is a 
conclusion that can be taken away directly. Therefore, 
visualization that is intuitive, vivid and has a high degree of 
expressiveness is needed more. 

This paper introduces a new idea for timeline visualization, which 
is composed of the use of machinima and dynamic circle, which 
are described further below. These were initially developed for an 
application in social care, and are illustrated in a video from that 
application [16]. 
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3.3 Inspired by a Design Space of Timeline 
Visualization 

Brehmer et al. proposed a design space that can balance 
expressiveness and effectiveness when visualizing timelines [8]. 
They divided a visualization into three dimensions: the 
representation of the timeline, the scale of the time and the layout 
of multiple timelines, as illustrated in Table 3.  They combined 
different elements in the three dimensions to get various timeline 
visualizations. Inspired by this design space, we can design the 
best suitable visualization to meet our goal. 

Representation Scale Layout 
Linear Chronological Unified (single) 
Radial Relative Faceted (multiple) 
Grid Logarithmic Segmented 

Spiral Sequential Faceted + Segmented 
Arbitrary Sequential + Interim 

Duration 
 

Table 3: The three dimensions of Brehmer et al.’s  timeline 

For the timeline representation (left row, Table 3), radial is 
suitable because a shape consistent with the circle of the clock is 
intuitive for expressing people's daily routines [8,12], which is 
exactly in line with our dataset. For the scale dimension (middle 
row), chronological is selected to match people’s traditional 
conception of time on the clock. Since we only need to express 
one pattern of people in a certain period, the unified layout is 
appropriate, which means a single timeline. Inspired by this 
design space, our design now is a single circular timeline with 
chronological scale. 

However, it is static. This kind of stillness leads to the 
compression of information in time and a lack of guiding the 
audience step by step. But in many storytelling cases, dynamic 
timelines are allowed, meaning that the timeline can be played in 
the form of a video (not necessarily interactive). Thus, we can 
transform the above static visualization into a dynamic clock like 
visualization, so that the audience follows the guidance of the 
pointer to recognize this timeline. When the timeline dynamically 
completes a circle, the pointer leaves a trail of different colors to 
indicate different events in different time periods. This is similar 
to the way long exposure photography will flatten a continuous 
scene from second, minutes, or hours to a single image [13] while 
if the photographer records a video while taking the long-
exposure photo, the information obtained will be increased.  

The above design is the basic structure of our visualization and we 
name it dynamic circle. 

3.4  Visualization: Machinima 
Machinima, which is depicted as a way to use a video game to 
produce animated cinema, is now widely used in visual 
storytelling due to its high flexibility and low cost [14,15]. For the 
timeline of our dataset, using machinima technology to make an 
animated cinema based on the timeline to assist storytelling is 

very attractive. The animated cinema can use the perspective of 
the protagonist of the game to show the timeline of a household's 
use of electrical appliances in a similar home layout and thus adds 
a new narrative point to the timeline. For example, when the 
storytelling time now is 08:00 - 11:00, the producer could follow 
the timeline to control the protagonist in the game to watch TV 
and then record a certain length of video. Finally, the videos of 
different time periods are combined together to produce a 
collection to show this timeline and some diary subtitles from the 
first-person perspective can appear next to the animated cinema, 
so that the audience can vividly gain a feeling of the story, as 
depicted in Figure 1. 

 

Figure 1: Use Animal Crossing [17] to produce an animated 
cinema based on timeline 

3.5  Visualization: Dynamic Circle 
Based on the basic structure of dynamic circle in section 3.3, we 
designed a more vivid and interesting dynamic circle to visualize 
the timeline, illustrated in Figure 2. The circular animated cinema 
in the middle of the visualization is made by machinima 
technology, and the two circles on the outside represent the 
timeline of appliances usage from 00:00 to 12:00 and 12:00 to 
24:00. Different colors represent different types of appliances and 
the small icon of the electric bed on 12 o’clock direction 
represents the position of the hour hand to indicate the current 
status of electrical appliances in use.  

 

Figure 2: The screen shot of one dynamic circle when it ends 

When this visualization is presented to the audience, it is dynamic 
(see Figure 3). This means that the icon of the previous electric 
bed will move clockwise like an hour hand and change with the 
electrical appliances currently in use (a computer in Figure 3) and 
leave tracks of different colors. At the same time, the animated 
cinema in the middle will also change synchronously. A line 
segment between the two outside circles and cinema circle will 
turn around to reflect the passage of time and also change color 
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synchronously. Compared with the static circular timeline, the 
dynamic feature allows the audience to experience the changes in 
the appliance’s usage with a narrative point of protagonist in the 
game from 0 o'clock in the day when storytelling, which increases 
the interest of audiences and makes the information transmission 
more efficient. 

 

Figure 3: The screen shot of one dynamic circle when it runs  

4  CONCLUSION, LIMITATIONS AND 
FUTURE WORK 
This paper introduced a new idea for timeline visualization, which 
is composed of the use of machinima and the new dynamic circle. 
This new timeline visualization, as illustrated in a video from a 
social care application [16], can help the storyteller to depict a 
more vivid and interesting story about timeline through different 
narrative points. 

We presented these visualizations to Smart Energy GB, an 
organization focused on communicating the benefits of smart 
meter-based technologies. Their comments include: that the 
dynamic circle is easy to understand, visually appealing and could 
help solve the problem of energy use information not being 
obvious to consumers; that this can help people to monitor their 
energy consumption patterns and so change their behavior to 
reduce energy use and save money on their energy bills; and that 
the visualization of appliance use through the day could be 
particularly valuable for consumers who have time-of-use tariffs, 
as they will be enable to user their appliance at times when 
electricity is cheap and plentiful 

This visualization aims to be used in storytelling on a given 
dataset form so it just allows for a small and cropped temporal 
dataset to be visualized. Also, more user tests under a storytelling 
context and a more rigorous evaluation process is needed in the 
future. In addition, this visualization is in the unit of home. When 
there are multiple people in the home or multiple appliances are 
being used, although we can change the protagonist in machinima 
or add more icons, it is obvious that the visualization does not 
differentiate them in more dimensions. On the other hand, the 
visualization only focuses on the process of storytelling, so that 
the narrator can describe the process more vividly, but lacks some 
overview for all appliances throughout the day to let the audience 
intuitively recall the habit after storytelling. This problem may be 
mitigated by replacing the visualized trajectory with various 
appliance icons.  

ACKNOWLEDGMENTS 
This work was part of the course Data Science for Design at the 
University of Edinburgh. We would like to give our 
acknowledgements to the course tutor Zezhong Wang and to 
Smart Energy GB. 

REFERENCES 
[1] Leonard Kaufman, Peter J. Rousseeuw. 2009. Finding groups in data: an 

introduction to cluster analysis (Vol. 344). John Wiley & Sons. 
[2] J.T. Tou, R.C. Gonzalez. 1974. Pattern recognition principles. 
[3] Nigel Goddard, Jonathan Kilgour, Martin Pullinger. et al. 2021. IDEAL 

Household Energy Dataset. University of Edinburgh. School of Informatics. DOI: 
https://doi.org/10.7488/ds/2836 

[4] Nico Castelli, Corinna Ogonowski, Timo Jakobi, Martin Stein, Gunnar Stevens, 
and Volker Wulf. 2017. What Happened in my Home? An End-User 
Development Approach for Smart Home Data Visualization. In Proceedings of 
the 2017 CHI Conference on Human Factors in Computing Systems (CHI '17). 
Association for Computing Machinery, New York, NY, USA, 853–866. 
DOI:https://doi.org/10.1145/3025453.3025485 

[5] Sarah Goodwin, Jason Dykes, Sara Jones, et al. Creative User-Centered 
Visualization Design for Energy Analysts and Modelers. In IEEE Transactions on 
Visualization and Computer Graphics, vol. 19, no. 12, pp. 2516-2525, Dec. 2013, 
DOI: 10.1109/TVCG.2013.145 

[6] Jarke J. Van Wijk and Edward R. Van Selow. 1999. Cluster and Calendar Based 
Visualization of Time Series Data. In Proceedings of the 1999 IEEE Symposium 
on Information Visualization (INFOVIS '99). IEEE Computer Society, USA, 4. 

[7]   Wolfgang Aigner, Silvia Miksch, Heidrun Schumann and Christian Tominski. 
2011. Visualization of Time-Oriented Data. Springer Science & Business Media. 
DOI: https://doi.org/10.1007/978-0-85729-079-3_3 

[8] Matthew Brehmer, Bongshin Lee, Benjamin Bach, et al. 2016. Timelines 
revisited: A design space and considerations for expressive storytelling. IEEE 
transactions on visualization and computer graphics, 23(9), 2151-2164. DOI: 
https://doi.org/10.1109/TVCG.2016.2614803 

[9] Paul André, Max L. Wilson, Alistair Russell, et al. Continuum: Designing 
timelines for hierarchies, relationships and scale. In Proceedings of the ACM 
Symposium on User Interface Software and Technology (UIST), 10. 

[10] Alexander Rind, Taowei David Wang, Wolfgang Aigner, Silvia Miksch, Krist 
Wongsuphasawat, Catherine Plaisant, and Ben Shneiderman. 2013. Interactive 
Information Visualization to Explore and Query Electronic Health Records. 
Found. Trends Hum.-Comput. Interact. 5, 3 (February 2013), 215. 
DOI:https://doi.org/10.1561/1100000039 

[11] Catherine Plaisant, Brett Milash, Anne Rose, Seth Widoff, and Ben 
Shneiderman. 1996. LifeLines: visualizing personal histories. In Proceedings of 
the SIGCHI Conference on Human Factors in Computing Systems (CHI '96). 
Association for Computing Machinery, New York, NY, USA, 221–227. 
DOI:https://doi.org/10.1145/238386.238493 

[12] Info We Trust. (n.d.). 2014. Creative routines. Retrieved May 15, 2021 from 
http://infowetrust.com/creative-routines/ 

[13] Benjamin Bach, Pierre Dragice, d.w Archambault, et al. 2017. A descriptive 
framework for temporal data visualizations based on generalized space-time 
cubes. Computer Graphics Forum, Vol. 36, No. 6, 36-61. 

[14] Mark O. Riedl, Jonathan P. Rowe, and David K. Elson. 2008. Toward intelligent 
support of authoring machinima media content: story and visualization. In 
Proceedings of the 2nd international conference on INtelligent TEchnologies for 
interactive enterTAINment (INTETAIN '08). ICST (Institute for Computer 
Sciences, Social-Informatics and Telecommunications Engineering), Brussels, 
BEL, Article 4, 1–10. 

[15] Arnav Jhala and R.Michael Young. 2011. Intelligent machinima generation for 
visual storytelling. In Artificial Intelligence for Computer Games, 151-170. 
Springer, New York, NY. 

[16] Zhihan Yang, Huiwei Chen, Tuji Yu, et al. 2021. Electrical Appliance Usage 
Timeline Data Visualization Machinima and Dynamic Circle. Video. Retrieved 
April 22, 2021 from https://youtu.be/bu9MRTwh5-8 

[17] animal-crossing.com. (n.d.). Animal CrossingTM: New Horizons. Retrieved May 
15, 2021 from https://www.animal-crossing.com/new-horizons/. 

 
 


