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>This paper presents visualization techniques for various types of temporal data. 
>Large amount of data – requires human analysis and decision making
>Aspects of visualizing temporal data: Visualization, analysis and user
>Time characteristics must be considered while visualizing temporal data
>Appropriate parameterization and interaction
>Types of Times - Linear Time vs Cyclic Time, Time Points vs Time Intervals and Ordered Time vs Branching Time vs Time with multiple perspectives
Linear Time vs Cyclic Time: Linear time has a start point and progresses toward future. Cyclic time has events occurrences for every period in time like the seasons. As shown in figure 1.

Figure 1 Linear Time vs Cyclic Time
Time Points vs Time Intervals: Time abstractions as points on a space. There is one time dimension with multiple dimensions for attributes and points on dimensions are connected by lines as shown in figure 2. 

Figure 2 Time Points vs Time Intervals
  

Ordered Time is described as “Ordered time domains consider things that happen one after the other.” Themeriver  visualization as shown in figure 3 visualizes the trending topics through time.

Figure 3 Ordered Time visualization using Themriver method
Branching Time and Time with multiple Perspectives
Not many effective tools to visualize such data, mostly ordered data visualization or univariate visualization such as “PlanningLines”  as shown in figure 2 are available.

Temporal Data Abstraction
Data Abstraction - Involves conveying the key ideas while ignoring the details Temporal Data Abstraction Methods - Basic Temporal Abstraction (Ex: State, Gradient and Rate and Complex Temporal Abstraction. Such methods are heavily dependent on knowledge of the data and context. Ex: The Spread visualization as shown in figure 4.
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Figure 4 Spread visualization for high oscillating data
Principal Component Analysis
[bookmark: _GoBack]Time oriented data are multivariate datasets. PCA transforms dataset to a different domain and finds principal component which has maximum variance. Must retain the temporal data – must exclude from the dimensionality reduction.
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Figure 5 Visualizations for PCA transformed data - multivariate using themeriver approach and one principal component using bar graphs
Clustering
A data aggregation method where a large data set is broken down into smaller groups based on similarity or Euclidean distance measure. Unlike PCA time variable is included in the process. 
Cluster Calendar view: Each day in the calendar belongs to a certain cluster (color coded) 
[image: ]
Rectangular View: Each cluster is color coded and is placed at different temporal locations
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