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Abstract——In this survey project, the data visualization and information visualization in the sensor network are the main topics. Base on the 
literature review in related topics, this project report will summarize some of the encoding methods with the framework they proposed. The main 
section of this paper will be separated into three sections: visualization in properties and problems on sensor network, visualization in health-
care, tracking and position in indoor environment, visualization for environmental sensing and monitoring in city or region-scale. For each 
example for selected papers, “what” “why” “how” will be analyzed as well as the scale of each application. These analyses will be presented as 
a table and followed by the explanation. The evaluation of encoding methods and idioms which have been used in each example will be provided 
in the result section. The evaluations for different application scales will be provided in discussion section as well as the future work of this survey 
project. In the summary section, the works and contributions of this survey project will be illustrated.    
 

1. INTRODUCTION  
With the development of WSN (wireless sensor network) and IoT 
(Internet of things) in the recent decade, it indicates that the era of 
Big Data has approached. The �sensor network is the infrastructures 
of these high-level applications regardless wired type or wireless 
type.  Hence WSN has been applied in various fields, for example 
in small-scale, WSN applies on health-care, indoor monitoring, and 
positioning; in large-scale, the traffic tracking and environmental 
monitoring have been applied more attention. With the development 
of society and high-requirement for daily life, the demands of sensor 
network have reached an unexpected high-level in quality and quan-
tity. The rapid increase in the number of various sensor networks 
generates even larger amount of “raw” data which are unstructured 
data from different sources globally. Data and information created 
by internet activities and expanding number of sensor networks [1]. 
With more information has emerged in our view, the decision-mak-
ing process is more difficult than ever. Millions of data and uncount-
able information which may support decision-making progress have 
been produced every second. Hence the requirements for effective 
and reliable decision-making have been demanded based on the in-
formation in different sources. Therefore, the reliable and effective 
information or data visualization tools, frameworks and idioms are 
required. Indeed, the effective and reliable techniques can benefit the 
representation of information and data and help experts and analyst 
understand or manipulate data easily. This is the reasons and moti-
vations for presenting this survey project. I want to explore these 
techniques which have been applied in the field of sensor network. 
Comprehension of how and why the idioms applied and understand-
ing the task and data we faced are critical important for abstracting 
the useful information from the “raw” data, furthermore it can bene-
fit the decision-making progress. 
In [1] the authors give the definition for information visualization, 
“information that has been abstracted in some schematic form, in-
cluding attributes or variables for the units of information.” Data and 
information visualization are both an art and science. The approach-
ing for visualization must be effective and reliable as far as it can be, 
such as limit information loss, prevent the distortion of data and pre-
sent the useful information in more comprehensive way. 
In paper [22], the author gives the definition for the sensor network, 
“the low-cost, low –power sensor devices make up hundreds or thou-
sands of ad hoc tiny sensor nodes spread across a geographical area. 
These nodes collaborate among themselves to establish a sensor net-
work. A sensor network that can provide access to information any-
time, anywhere by collecting, processing analyzing and disseminat-
ing data. Thus, the network actively participates in creating a smart 
environment.” Based on the definitions, the sensor networks consist 
of thousands of sensor nodes which can access and process infor-
mation. The network without sensor nodes and the ability of pro-
cessing information, it is not a sensor network. 

 
 
 
 
 
In [1] the author also gives the definition of the sensor, “a device that 
receives a stimulus and responds with an electric signal whereby 
stimulus is the quantity, property or condition, that is sensed.” Sensor 
network consists of a large number of sensor nodes. The Fig.1 below 
will show the overall structure of sensor network.

 
Fig.1. the overall structure of sensor network. [21] 

As can been seen in Fig.1, there are three layers to construct the en-
tire sensor network regardless of wireless type or wired type. 
l First, the basic unit is sensor node which forms the first layer 

of the network. All kinds of sensors have been applied in the 
various fields, such as light sensor, humidity sensor, and tem-
perature sensor. They provide environmental stimulus with 
the response of electric pulses, which indicate the state or the 
change of environmental condition. 

l Then, the sink node/ base station would appeal in the view as 
the second layer of the network. This is a middle station be-
tween the sensor nodes (beginning place) and clinics/ users/ 
analyst (destination). All the sensor nodes forward all sensed 
data to the sink node via the network. It processes the “raw” 
or unstructured data into comprehensive content for the users 
and analyst. Some of the information visualization frame-
works and tools can take place here for representing some 
basic information such as received signal strength for ZigBee 
[3] and the coverage/ energy consumption for sensor network 
or each sensor node. [12] 

l Finally, it comes to internet/ application/ end user layer. This 
is the destination for sensed data. It is the interface which can 
provide the explorations and interactions of wanted data. Most 
of all the frameworks and tools are applied in information vis-
ualization fields. The derived data such as human emotion 
sensing based spatial location and activities [20]and adult and 
elder heathy tracking [2] [11] can provide more insights than 
original “raw” data. The encoding frameworks and idioms in 
this layer are the main content of this survey project.  



In the following sections, the main body of this survey project will 
be revealed. The next section will illustrate the related works in this 
fields. The main body section will be separated into three parts based 
on the scale of applications about the information visualization, such 
as visualizations of properties and security problem of a sensor net-
work, the home and indoor scale (small scale) applications and urban 
scale or region scale (large) applications. They will be introduced 
respectively in the body section. In the main section, for each exam-
ple, the analysis table will be provided. The analysis table will con-
tain several important analyses: what are the names of the encoding 
idioms or systems, what data has been encoded, what attributes have 
been derived, what tasks should be achieved, how the systems en-
code the data, how the system manipulate with data, how the facets 
look like, what is the scale of sensor network.  
Then discussion and future work section will be provided next to 
result section, each section from the three result sections will be as-
sessed and evaluated. The summary will be provided at the end of 
the survey project to summarize the overall structure of this survey 
project and the insights from each example.  
The overall contributions of this survey project will be list below: 
l Provide the overall review of state of art in information visu-

alization in the various sensor network  
l Analysis the encoding method/ idioms and task/data which 

have been applied in the fields  
l Discuss the current methods which have been applied and 

evaluate the results for current applications   

2. RELATED WORKS 
Based on the literature review I have done so far, there are not iden-
tical survey paper existed. However, there are some papers with rel-
ative topics existed, for example, “Visualization of Multidimen-
sional Sensor Data in Industrial Engineering” [6] “Wireless Sensor 
Network Security Visualization” [8] and “Visualization of Data for 
Ambient Assisted Living Services” [17]. In paper [6], it provides the 
overall review of information visualization based on the sensor data 
in various applications in the industrial field. In this paper, authors 
provide multiple encoding methods such as a spiral shape with star 
glyph and circle views by facing temporal and temporal multidimen-
sional data. The paper also illustrated tasks and requirements in in-
formation visualization, In the end of this paper, the author proposed 
a visualization environment/ interface for better comprehension and 
this interface will provide an overview of data as well as the detailed 
information simultaneously. In paper [8], it provides the overall re-
view of security for the sensor network, it visualizes the whole net-
work and emphasis the sensor node which may be in danger by vis-
ualizing the network traffic. It mentioned the power of visualization 
in the sensor network in term of network security. It provides the 
problems as well as the existing tools in the field. The research chal-
lenges have been mentioned at the end of the paper. Paper [17] pro-
vides the information visualization idioms for ambient assisted liv-
ing (AAL) services in commercial and academic examples. This sur-
vey paper has clearly defined the users, roles for each participant and 
the examples. It also provides the case study in the end. These papers 
with relative topics provide the overall review on each field, but there 
are not providing the big picture of the sensor network on data and 
information visualization. There are more relative survey papers 
available with relative topics.   

3. SENSOR NETWORK PROPERTY AND PROBLEM VISUALIZA-
TION  

For sensor network itself, there are many “raw” or unstructured data 
which may need information visualization to present the data. For 
example, the topologies of network and visualization of unworked 
sensor nodes in the network, they all prefer effective and reliable 

visualization for identifying the problems or overview of the network 
for specific need from industry. 
 
3.1 VISUALIZATION OF WIRELESS SENSOR NETWORK BY A         

JAVA FRAMEWORK FOR SECURITY IN DEFENSE SUR-
VEILLANCE  

Paper [4] has demonstrated a framework for the proposes of security 
for a whole sensor network. In this paper, the author proposed a vis-
ualization for the topology of WSN as well as the sensor network 
deployment. The proposed framework is based on the sensor net-
work deployment. 

 
Fig.2 the visualization of sensor network from ring topology for 100 nodes 

and 1000 nodes in NetTopo simulation 

In Fig.2, it presents the ring topology of the sensor network. It ap-
plies the node-link diagram to encode the ring topology in the sensor 
network. In my opinion, the node-link diagram is usually applied to 
encode the topology of the small sensor network. They use the dif-
ferent color hue (orange) to indicate the shortest path from source 
node to sink node. Blue has been used to encode the connection be-
tween each sensor node. In 100 sensor nodes (left), the connection 
and shortest path can be seen clearly. As the number of sensor node 
increases (right), this node-link diagram would not be the optimal 
solution.  
As for the solution for visualizing the topology for a large sensor 
network, it could provide the 3D models which support the rotation 
of the model. It can provide the view in multiple directions. The top-
ological fisheye [25] view would also be a good visualization idiom 
to choose. If more demands from the users have emerged, for exam-
ple, visualization for different levels of the sensor network. As the 
most distinguishable encoding method, the different color hues can 
be applied to encode the different levels of a certain sensor network, 
rather than only encode the shortest path in the network.   

System NetTopo 
What: data the topology strategy  
What: derived One topology strategy per 

node-link diagram, shortest 
hopping path in the sensor 
network 

Why: tasks Display the different topolo-
gies for sensor networks, 
compare the different number 
of sensor nodes in topology, 
display the shortest path in 
sensor network topology  

How: encode Node-link diagram: the node 
has been used to indicate the 
sensor nodes, links between 
nodes to represent the connec-
tions in the sensor network, 
color hues have been applied 
to encode the sensor network: 
blue as usual sensor network, 
orange to indicate the shortest 
path among all the paths 



Scale 100/1000 sensor nodes 
Tab.1 visualization of topology for sensor network by NetTopo analy-
sis table 
 

 
Fig.3 the visualization of sensor network layout for the proposed system 

Fig.3 shows a small layout of the sensor network for the proposed 
system. The node-link diagram has been applied to encode this lay-
out. The author presents the sensor node by using a rectangle rather 
than a dot. In each rectangle, the serial number of a certain sensor 
node has been provided as well as the label which indicates the level 
and position, for example (1,v1) indicates that it is first sensor node 
in the first level. Different color hues encode the different level of 
the sensor node. (blue as the first level of sensor network (source 
node), orange as second level (gateway) and black as terminal node 
or sink node)  

 
Fig.4 the visualization of sensor network deployment GUI (graphic 

user interface) 

This interface in Fig.4 can view the topology of the sensor network, 
which is based on the layout from the Fig.3. The color hues have 
been applied to encode the state of the sensor network, blue node 
works as sink node, green one indicates the sensor node which re-
ceived safe data from the source. The red node represents the node 
with danger data.  
The node-link diagram has been applied to encode the topology strat-
egy, dot mark indicates the sensor nodes, the rectangle below the dot 
marks show the label of the timestamp. The link indicates the com-
motion between nodes. The table on the right is the timestamp of 
each node. The level of the node can only be told by the links. For 
example, mote 2 has directed link with sink node, which indicates 
that it is single hop-distance from the sink node, as same for two hop-
distance. The selection and navigation have been applied to the in-
teraction. For each selected node, the detailed data it received can be 
seen in another window.  
As for the improvement for this GUI, I do think they can provide 
more information from the sensor node rather than the simple 
timestamp for each node. It only supports the visualization of the 
small number of sensor nodes, which is the main limitation of this 
visualization. If the author wants to provide the visualization for the 
large sensor network. The original topology layout (Fig.3) should be 
reconsidered. 

System Java framework  

What: data Information from source node 
(timestamp), topology infor-
mation (logical position) 

What: derived Network level in sensor net-
work, sensor with danger in-
formation 

Why: tasks Display the topology and se-
curity states of sensor nodes  

How: encode Color hues: in GUI of java 
framework, blue encode the 
sink nodes, green indicate the 
node in safe state, red is in 
danger state. node-link dia-
gram: the dot mark has been 
applied as node to represent 
each sensor, the rectangle be-
low shows the timestamp, the 
line between each node indi-
cate the connection for the 
sensor network  

How: manipulate Selection for each node and 
look the timestamp for them, 
navigation among the nodes  

Scale 13 sensor nodes 
Tab.2 Java framework analysis table 

3.2 WIRELESS SENSOR NETWORK SECURITY VISUALIZA-
TION  

Paper [8] present multiple visualization tools for security of sensor 
network. The Vis-alter has been applied in this paper to visualize the 
sensor network.  

 
Fig.5 the visualization of sensor network by applying VisAlert 
  

The visualization tool “VisAlert” has been applied for security de-
tection. This VisAlert is based on the W3 concept: what, when and 
where. These attributes are capable of describing and comparing the 
heterogeneous events. As can be seen in Fig.5, the network topology 
map has been displayed in the center of surrounding ring. The ring 
width has been divided into several sections to represent the different 
time periods. The color hues in surrounding rings encode the secure 
events and danger events. The area of line mark on the ring encode 
the number of the alters, the area of the node also encodes the state 
of alters. The thicker lines show a higher number of single time alters 
and the larger node in topology map represent the unique alerts 
which may be at high risk. The node-link graph has been applied in 
this case. This idiom has been applied to encode the relationship be-
tween the specific sensor node and alerts events in this security prob-
lem visualization. The node inside the circle links the surrounding 
circle to indicate location, time and event for a certain sensor node. 
The author of this paper did not provide more detailed information 
about this case. However, if the scale of the sensor network is en-
larged, the visualization would be disordered. In my opinion, the in-
actions like navigation and selection should be considered. Then the 
detailed information for each node, date, and event can be displayed 
more clearly even in a larger sensor network. 

System VisAlerts  



What: data states of events, topology of 
the network, the time and du-
ration of event  

What: derived the topology of network, the 
occurrence of events in time 
and logical location (not the 
spatial location, is the level or 
cluster location of sensor 
node)  

Why: tasks Display the relationship be-
tween time/logical location of 
event and events, show the to-
pology  

How: encode Size of the marks: size of the 
line mark indicates the num-
ber of event, the size of dot 
mark indicates the uniqueness 
of events, color hues: red indi-
cate nodes are in danger and 
green means safe state, node-
link diagram represents the to-
pology of the network, also 
encode the relationship for 
events and sensor nodes in 
time and in location  

Tab.3 VisAlert visualization analysis table 
 

 
Fig.6 the visualization of sensor network topologies with flat TEM 

and flat TEM with anomaly ring 
 

As one of the widely used idioms for node-link network layout, the 
force radial directed tree-map has been applied in Fig.6. This idiom 
has been applied to encode the topology of the sensor network. The 
author employs the traditional radial directed tree-map layout to vis-
ualization the distribution of sensor node. However, the exact spatial 
location does not encode any attributes. The anomaly changes in the 
sensor network have been encoded by different color hues: anomaly 
change has been encoded by the hollow circle with yellow ring, the 
node without change is in solid blue, as can be seen on the right of 
Fig.6. This radial directed tree-map can see the cluster and detailed 
layout of network topology in each cluster of nodes. 
As the improvements for this visualization, the zoom-in and zoom-
out or selection with popup window can be considered as improve-
ments for better visualization results. 
 

System Radial directed tree map   
What: data Change of the event, topology 

of the sensor network   
What: derived the cluster of network, the 

change of the sensor node  
Why: tasks Display the topology of sen-

sor network, indicate the 
change for each sensor node 

How: encode Different marks: the solid 
blue circle indicate the node 
with no anomaly change, the 

hollow circle with yellow 
rings indicate these have 
anomaly change. Node-link 
diagram: it applies the node as 
sensor nodes in sensor net-
work and links indicate the 
connection between nodes  

Tab.4 Radial directed tree map analysis table 
 
3.3 VISUALIZATION OF EFFICIENCY COVERAGE AND EN-

ERGY CONSUMPTION OF SENSORS IN WIRELESS SEN-
SOR NETWORKS USING HEAT MAP   

This paper [12] mainly illustrates the visualization of coverage and 
energy consumption of sensor network. These two visualization 
problems are key concerns in the WSN field. The effective visuali-
zation for network coverage and for energy consumption will allevi-
ate the works of WSN allocation and replacement. As can be seen 
from the title, the heat-map would be the main idiom for achieving 
the visualization of these two concerns. This paper proposed a 
CROWD structure to visualize these problems. 

 
Fig.7 example of visualization of coverage by heat-map 

 
In Fig,9 the GIS (geographic information system) has been used as 
the general geographic layout of visualization area. The first graph 
on the left presents topology layout of the sensor network. The color 
brightness encodes the coverage area. The second graph above 
shows the coverage area of sensor network; however, the topology 
layout is covered by the shadow of the mask. Hence the third figure 
has been set for better clearness. The boundary shows the edge of 
sensor network coverage, the color brightness indicates the strength 
of the signal and the node-link diagram shows the network topology. 

 
Fig.8 example of GUI of CROWD 

Fig.8 has demonstrated the interface of proposed CROWD. The map 
tools and node tools have been applied for interaction propose. The 
nodes from the sensor network can be selected and the detailed in-
formation such as ID and lifetime prediction will be presented. The 
attributions table for each selected sensor node has been displayed 
on the right of this interface. The event table has been listed at the 
bottom of the interface. 

 



Fig.9 example of visualization in remaining energy of sensor network 
in pie chart. 

The life-time prediction has also been shown in the overall geo-
graphic map. In Fig.9, it may not show very clear, each node is small 
pie chart to present the energy consumption and remaining battery 
life. Energy consumption and remaining energy have been encoded 
by the black and white respectively. 
 

System CRODW  
What: data Allocation of sensor node, 

coverage and battery life pre-
diction of sensor node  

Why: tasks Display the topology of sen-
sor network and physical allo-
cation, display the coverage of 
each sensor node, compare the 
remaining energy and used 
energy 

How: encode Pie chart: for battery life pre-
diction, white indicate the en-
ergy which has been con-
sumed, grey indicate the re-
maining energy; color bright-
ness: indicate the coverage 
area of sensor node, the 
brightness indicates the signal 
strength the boundary has 
been shown in dark grey; 
node-link diagram: display 
the allocation and topology 
for sensor network  

How: manipulate Selection: each node can be 
selected and detailed infor-
mation for the sensor node 
will be display on the right; 
navigation among the network  

Tab.5 CROWD analysis table 
 
3.4 NETTOPO: A FRAMEWORK OF SIMULATION AND VISU-

ALIZATION FOR WIRELESS SENSOR NETWORKS  
Paper [15] introduce the NetTopo simulator for visualizing the to-
pology of the sensor network. The limitations of this framework have 
been mention in previous section 3.1: not optimal for the large-scale 
sensor network. For a large number of sensor networks, the topology 
of sensor network will be ambiguous or even be chaotic.  

 
Fig.10 the example of NetTopo interface 

The figure above provides the GUI (graphic user interface) of Net-
Topo simulator. The encoding method as section 3.1mention, the 
node-link diagram encodes the topology (dot as sensor node, line as 
the connection between each node) and the color hues have been ap-
plied to indicate the shortest path (orange) in the sensor network and 

normal link between nodes (blue). The properties table has been 
listed on the right of the topology graph. The information log is at 
the bottom of the interface. The selection can be performed as inter-
action in this interface. The properties menu can show the detailed 
information for each selected information. 

System NetTopo GUI 
What: data Connation between each node 

of sensor network 
Why: tasks Visualize the topology of sen-

sor network  
How: encode Node-link diagram: dot mark 

indicates the sensor nodes and 
links indicates the connection 
between each node, color 
hues: orange indicate the 
shortest path, blue represent 
the normal link 

How: manipulate Selection: each node in the 
sensor network can be se-
lected, the information for the 
node will be presented on the 
right  

Tab.5 NetTopo GUI analysis table 
 

 
Fig.11 the crossbow example of 3D visualization in house model 

   
The 3D visualization for allocation of sensor network. The different 
color hues have also been applied for the distinction of sink node 
(red) and source node/gateway (blue). 
 

System 3D model 
What: data Allocation of sensor network, 

layout of the room, connec-
tion between sensors 

Why: tasks Visualize the geographic allo-
cation and topology of sensor 
network  

How: encode Node-link diagram: dot marks 
as sensor node, line indicate 
the connection, color hues: 
red as source node, blue as 
gateway 

Sacle  7 sensor nodes in a room  
Tab.6 3D model analysis table 

4. SMALL SCALE APPLICATIONS (HEALTH CARE AND IN-
DOOR TRACKING/ POSITIONING) VISUALIZATION  

With the development of IoT (internet of things), many applications 
(smart-home applications) in a domestic area have been paid more 
attention to. In last decade, many applications based on health-mon-
itoring, indoor tracking and even human-activities predictions have 
been developed. These domestic applications of sensor network will 
provide packs of “raw” or unstructured data in the field, which may 
need a clear and comprehensive form of representing under the help 
of better data visualization. Especially in certain applications such as 
tracking/ positioning and activities prediction, the misrepresenta-



tions or unclearness of information visualization would lead to un-
necessary and unexpected problems. Hence the data visualization 
would be crucially important in these applications. To prevent the 
unclearness and misrepresentation from happening, the literature re-
view for domestic applications will be done in this section. 

4.1 VISUALIZATION OF WIRELESS SENSOR NETWORKS US-
ING ZIGBEE’S RECEIVED SIGNAL STRENGTH INDICA-
TOR (RSSI) FOR INDOOR LOCALIZATION AND TRACK-
ING  

Paper [3] has proposed a sensor cloud framework for ZigBee sensor 
network for indoor tracking and localization based on RSSI (re-
ceived signal strength indicator). ZigBee is a specific communica-
tion protocol with a standard medium control (MAC) and the physi-
cal lay protocol for low-power devices. Hence it is suitable for the 
indoor WSN applications. Based on the RSSI for sensor modules, 
the visualization for localization and tracking would benefit the ap-
plications in the field of WSN. In this section, only the visualization 
and the encoding idioms will be explained.  

 
Fig.11 transmission of testing tag in two beacons 

 
Fig.11 presents the signal availability and signal strength with re-
spect to distance. Line plot, dots, and different color hues have been 
applied to encode the transmission of two beacons. The different 
color hues (black and red) encode the signal for two different bea-
cons. Line plot idiom is used to encode the transmission between two 
beacons. The dot mark as signal strength reading has also been pre-
sent in Fig.11. The summary for transmission have been presented 
under the figure, they provide true positive localization in 79%.

 
Fig.12 3D visualization for sensor network allocation and sensor data 

value by Envis 
 

Fig.13 has applied 3D Model to visualize the indoor environment. 
Color hues represent different sensor node. bar chat and spheres have 
been applied to encode two attributes of the sensor network. The 
height of the bar chart or the size of the spheres is used to encode the 
volume of data for each sensor. However, the bar chart is focused on 
the comparison of the volume of data and the sphere mark is concen-
trated on the allocation of sensor network on the map. As can be seen 
in the left menu bar of 3D map, the different points of view (top view, 
front view and side view) can be selected as well as the bar chart and 
sphere mark. The rotation for this 3D map an available function in 
this 3D visualization. This visualization interface can also present 

sensor data at the different time. This visualization is suitable for 
multi-sensor monitoring applications. 

 
Fig.13 visualization for 3D sensor network allocation and RSSI by 

Envis GUI 
The Fig.13 has indicated the signal strength on the 3D model from 
the top view. Each white dot with the number beside is then sensor 
node which has been placed in the room. Each circle with different 
colors and radius reflect the different estimated values of RSSI. The 
center of each circle is the coordinated beacon. The beacon in the 
center of the room can be located and tracked by the surrounding 
beacons. 
GUI is relatively easy compared with GUI for other applications. To 
ensure the clearness of geographic map, the labels and parameter 
should not be placed on the map. As for the interaction, the selection 
for each sensor node should be considered. Each sensor node can be 
selected and viewed in detailed. 
 

System EnVis GUI 
What: data Spatial location, data volume  

What: derived Two attributes of sensor net-
work: allocation (physical po-
sition) and RSSI 

Why: tasks Compare data volume, dis-
play the spatial location in 3D 
map, tracking the moving ob-
jects based on RSSI 

How: encode Color hues: side-view map, 
dot marks have been encoded 
by different color hues to indi-
cate different sensor nodes, in 
top view map, different color 
hues have been applied to en-
code the different RSSI; Bar 
chart: height of bar chat en-
code data volume; dot mark: 
in side-view map, the size of 
dot mark encode the data vol-
ume. In top-view map, the 
white dot indicates the loca-
tion of sensors. The large cir-
cles with different diameters 
encode the different RSSI 
value  

How: manipulate Selection for changing the 
view point, rotation for 3D 
model and navigation of the 
data in space and time  

Scale 9 ZigBee modules  
Tab.7 Envis framework analysis table 



4.2 VISUALIZATION OF MOVEMENT OF OLDER ADULTS 
WITHIN THEIR HOMES BASED ON PIR SENSOR DATA  

For better understating of paper [11], PIR sensor stands for passive 
infra-red sensor. This paper has proposed a research of visualizing 
the activities and movement level for older adults. The sensor nodes 
have placed in each room for proceeding the better analysis results. 

 
Fig.14 2D visualization for sensor network data in GNH apartment  
 
As can be seen in Fig.14, the background apartment layout has been 
colored by different saturations of green color. The saturations of 
green have been applied to encode movements. The lighter green in-
dicates the subtle movement, the darker green present less subtle or 
high-density movement. The half-circle in blue of Fig.13 is the sen-
sor node location. It is an example of space-filling model in house 
model. However, there are several rooms have not been sensed by 
the sensor network. It does represent the movement density directly, 
however, when the various density has been applied in the map. Us-
ers are usually harder to tell the differences by using the different 
color saturations. Applying the sequential color hues would be a 
great improvement for higher differentiability.  
 

System 2D visualization room model  
What: data Movement data 
What: derived The movement density  
Why: tasks Display the movement density 

in each location, find the ac-
tivity pattern 

How: encode 2D-space filling model by us-
ing saturation of color: dark 
green indicates the higher 
movement density, light green 
show lower density. Mark: 
blue half circle indicates the 
location of the sensor   

Scale 3 motion sensors in a room  
Tab.8 2D room visualization framework analysis table 

 

 
Fig.15 visualization for PIR motion sensor data in different location of 

apartment 

In above figure, it presents a density map visualization to encode the 
movement for an older adult in different rooms, different date and 
the different time. The color bar on the right use sequential colors to 
encode the sensed movement in an hour. Black indicates the high-
density movement in an hour (movements can be sensed in each se-
cond) and white indicate the no movement sensed in an hour. The 
other sequential colors in between indicate the middle density of 
movement. For each figure, it has been separated into 24 columns 
and 31 rows. Each row indicates the different date of the months, 
each column encodes the 24 hours a day. The first graph represents 
the movements, the second indicates the movement in the hallway 
and the last represents activities in the bedroom. This 2D space-fill-
ing model can directly display the activities pattern for a certain per-
son. This visualization idiom presents great performances on visual-
izing the activities pattern in different date and locations. 

System Density map  
What: data Motion data  
What: derived The activities pattern of a per-

son 
Why: tasks Visualize the movement pat-

tern of different locations in 
an apartment in different date, 
find the activity pattern 

How: encode sequential color hues: indicate 
the different density of move-
ment  

Scale Dozens of motion sensors in 
several rooms of an apartment  

Tab.9 movement analysis framework analysis table 

4.3 VISUALIZATIONS OF HUMAN ACTIVITIES IN SENSOR-
ENABLED UBIQUITOUS ENVIRONMENTS  

Paper [13] present a structure of visualizing human activities based 
on the sensor network. The changes in human activities level should 
focus on visualizing the characteristics of the activities. However, 
the characteristic often present in non-pre-attentive element from the 
sensor data. In this section, their visualization will be explained and 
displayed below. 

 
Fig.16 visualization in detail supporting pre-attentive and non-pre-at-

tentive 
In above figure, it presents the shape marks and line plot to encode 
the change from an activity to another. The x-axis indicates the time 
and Y-axis shows the accelerometer. The different colors indicate 
the different types of useful time-depend data. Based on the line plots, 
the superellipsoid based glyph has been created. In total, there three 
types of 3D glyphs: sphere, rectangle, and diamond. The glyphs with 
square-corners indicate non-violent, the rounded corner indicates the 
moderate activities and the pinched-corners represent violent activi-
ties. The three line plots indicate the three dimensions of the 3D 
glyphs. There are some shapes between the diamond, rectangle, and 
sphere, they indicate the middle state of activities. The shape sizes 
are based on the amplitude of three plot. The blue-spot indicates the 
average vector of all three plots. The visualization for human activi-
ties is not easily comprehensive with even less information in the 
paper. This visualization is difficult for people to understand the con-
tent without the background information for the data. In paper [19], 



it does not provide the information about the line graph. These three 
line plots can be thought of the body movement in three directions. 
They are generally thought as time-dependent variables with accel-
erations in three directions. 
 

System Human activities framework  
What: data Three time-dependent varia-

bles with accelerations in 
three dimensions (not men-
tioned in detail) 

What: derived The movement transition of 
human activities. 

Why: tasks Visualize the transition for 
each activity  

How: encode Line plots: present three time 
–dependent variables with ac-
celerations; color hues: green, 
red, blue as three variables, 
shape of 3D marks: the X, Y 
and Z axis have been used to 
present the accelerations in 
three directions 

How: facet 3D figures above the three 
line plots 

Scale Sensors network in ubiquitous 
environment (in the experi-
ment of this paper, sensor net-
work has been applied in a 
room) 

Tab.9 visualization of transition for activities analysis table 

4.4 DENSITY MAP VISUALIZATION FROM MOTION SENSORS 
FOR ENVIRONMENT ACTIVITY LEVEL [14] 

Based on the sensor network, the author has proposed a visualization 
for elder care and motion monitoring. The density map model has 
been proposed as solutions for the activity visualization. Based on 
the visualization of allocation for sensor network, the algorithm for 
determining the “away” and “at home” states have been proposed in 
the paper. The visualization for sensor network allocation is a basic 
2D layout graph for a certain apartment, which will not be mentioned 
in this survey.  

 
Fig.17 visualization for motion sensor network 

 
Fig.17 and Fig.15 have almost the same encoding idiom, this figure 
shows the motion sensed data in a certain location of the apartment 
for an entire month. The x-axis indicates the 24-hour day and Y axis 
present days in a month. The main difference between Fig.15 and 
Fig.13 is the color hues as an encoding channel. Indeed, they all ap-
ply the sequential colors bar to indicate the different density of daily 

activities. However, the sensed data has been pre-processed to deter-
mine the different states of activities. The black represents the state 
of “away from home” and white represents that there are no activities 
happened in the room (no sensor fired). The color changes from grey 
to dark blue as the density of events per hour increased. However, 
the algorithm for pre-processing sensed data are vital for the correct-
ness of this visualization. The algorithm is also an effect for the vis-
ualization. 
Compared with the section 4.2, it provides the algorithm for deter-
mining the state of activities. In the content of the paper [14], the 
algorithm is not convinced, which may affect the behaviors of visu-
alizations.  
 

System Density map  
What: data Motions in the room 
What: derived The state of activities for a 

person 
Why: tasks Visualize the motions in a 

room for certain day and time, 
find the activity patterns  

How: encode sequential color hues: the dif-
ferent color hue indicate the 
different motion states  

Scale In several rooms of an apart-
ment  

Tab.10 motion sensor network analysis table 

4.5 VISUALIZATION OF DATA FOR AMBIENT ASSISTED LIV-
ING SERVICES  

In this paper [17], the author has proposed visualizations for AAL 
(ambient assisted living) service. It illustrates an idea “explain how 
the visualizations convey the information across time and location” 
[17]. This citation from the paper holds the key propose of visuali-
zation in indoor tracking and motion sensing. The ALL service col-
lects motion data for different uses, for example, it alerts an emer-
gency incident, unexpected behaviour, and assists daily living ac-
tivities. In this section, the main visualizations have been applied in 
the paper will be explained. 

 
Fig.18 visualization for a 72-year-old object over 14 hours 

The data is collected from activePal wearable sensor network in 
Fig.18 This figure mainly indicates the three states (sit/lie, stand and 



step) over 14 hours when the object is awake. The different color 
hues have represented the different states of object: yellow indicates 
the sit or lie state, green represents stand state and red color indicates 
the walk. The bar chart and pie chart have also been employed for 
comparing for these three states. The height of bar chart indicates 
three states, the different portions of pie charts present the different 
states which occupied in an hour.  
This visualization cannot provide the clear representation of an ob-
ject in a day, for example, the exact behaviors have been taken in the 
day cannot be presented. This visualization is designed for special 
propose, it only emphasizes the states for the person in a certain pe-
riod. 

System  Mixed charts  
What: data Time data, movement states 

(sit/lie, stand and step) data 
What: derived The activities pattern in 14-

hour for a centain person  
Why: tasks Display the duration for three 

states in 14 hours, find activ-
ity pattern and part-to-whole 
relationship  

How: encode Color hues: used to encode 
three states, yellow as sit or 
lie, green as stand and red as 
step. bar chart: the height of 
bar chart encodes the three 
states: highest bar as step, 
middle one as stand and low-
est one as sit or lie. Pie chart: 
compare the time duration for 
three states in an hour  

How: facet The label for three states have 
been list on the top left, the bar 
chart stays in the middle of the 
figure, the pie chart display on 
the right  

Scale Wearable sensor network in a 
person  

Tab.11 mixed charts visualization analysis table 

 
Fig.19 visualization for motion sensing data in a day for object 

 
As can be seen in Fig.19 the stacked bar chart idiom has been applied 
in visualization for a better result for comparison. The x-axis indi-
cates the date and Y-axis show the number of motion sensor fired. 
The different color hues illustrate the different period of a day. (blue 
for sleep, pink for early morning, yellow for late morning, grey for 
lunchtime, purple for the afternoon, red for evening and blue for late 
evening). 
 

System Stacked bar charts  

What: data Time data (duration),  

What: derived the number of sensor fired for 
specific time in days 

Why: tasks Visualize and compare the ac-
tivities density for a person in 
days, show the part-to-whole 
relationship, find the trends 

How: encode Color hues: it used different 
color hues to indicate the dif-
ferent time period in a day, to 
be specific, the legend has 
been listed on the top of 
Fig.17. bar chart: the height 
for bar chart is used to encode 
the number of sensor fired for 
each time period in different 
color hues. X axis represent 
the different date 

Scale Wearable sensor network in a 
person  

Tab.12 stacked bar chart visualization analysis table 
 

 
Fig.20 visualization for wellbeing training in garden map 

 
Fig.20 has presented an interesting visualization idiom called garden 
map. Rather than use simple colors or shape to encode the activities, 
it applies the different flowers to indicate the different trainings or 
exercises. The legends have been listed on the left of the garden map. 
The position of flower indicates the sequence of exercises which 
have been taken. The height of the flowers in indicates the duration 
of each exercise. The butterflies show the completion of exercises. It 
presents an easy understanding and interesting visualization idiom 
by the garden map. 
Fig.18 indeed provides an attractive visualization idiom, however, 
without scales, it also presents information loss. In my opinion, the 
time scale for the garden map should be provided. 
 

System Garden map  
What: data Time data, activities record-

ing  
What: derived The length of training and 

time order of activities  
Why: tasks Visual the duration of activi-

ties and show the complete-
ness of each activities 

How: encode Mark: different types of flow-
ers indicate the different train-
ing and butterflies indicate the 
completeness of activities   



How: facet The legends on the left and the 
garden map on the right  

Scale Wearable sensor network in a 
person  

Tab.11 garden map visualization analysis table 
 

 
Fig.21 interface for single sensor cell and data sensor in previous day 
 
Fig.21 has introduced the overall view of sensor data and a detailed 
sensing data in each day. On the left-hand side of the interface, it 
represents data has been sensed in a single cell. On the right, the sen-
sor in different cells and in different date can be viewed. Selection 
interaction can be applied. The different color hues have been used 
to indicate the different sensor cell. On the top of Fig.19, red has 
been used to indicate data from the PIR sensor. When PIR sensor 
fired, the time period (X-axis) will be printed to red otherwise it will 
be grey. The Y axis for this bar chart indicates the different sensor 
cell. 

System  ALL service interface  
What: data Motion data with respect of 

time  
What: derived the activity pattern and mo-

tions in different sensor cells 
Why: tasks Display and visualize the time 

and location for number of sen-
sor fired, find the part-to-
whole relationship  

How: encode Color hues: bar chart on the 
bottom right, different color 
hues have been applied to en-
code different location, in 
other graph, the red indicates 
the number of sensor fired, 
black represents the sensors do 
not fired. bar chart: the height 
of each bar indicates the num-
ber of sensor fired  

How: manipulate Selection: number of sensor 
fired in specific date can be se-
lected  

How: facet In the user interface, the de-
tailed data in single sensor cell 
is on the left and the overview 
of data in different sensor cells 
and in different date 

Scale Multiple sensor cells in an 
apartment  

Tab.12 ALL service analysis table 

4.6 VISUALIZATION OF HEALTH MONITORING DATA AC-
QUIRED FROM DISTRIBUTED SENSORS FOR MULTIPLE 
PATIENTS  

Paper [19] illustrated the visualization for health monitoring mainly 
focus on the heart pulse. The main features of this case are not re-
quired to visualized spatial location. It provides the visualization for 
health conditions for multiple patients, which is simpler task to 
achieved.   

 
Fig.22 visualization of real-time data for the heart beats in a day for 

multiple patients 
Fig.22 has presented a visualization for heart beats for two patients. 
The top figure indicates the health patient and the bottom one repre-
sents the patient with heart problem. This circle map indicates high-
est heart beats in each hour in 24-hour day. The different color hues 
within the circle indicate the different state zoom, the red one indi-
cate the danger zoom, yellow zoom indicate the warning zoon which 
represent the potential dangers state and as for white and green 
means the safe zoom. The line plot in the circle indicates QTc value, 
the multiple circles indicates the different QTc value, which can de-
termine the health condition of patients. The fluctuation of QTc val-
ues within the circle reflects the condition of patients. 



. 
Fig.23 visualization of real-time data for the heart beats in a day for 

two male patients 
 

In Fig.23, it presents almost the identical encoding idiom as Fig.22. 
However, the green zoom rather than indicating the state of heart 
condition, but it indicates superimposed averaged QTc value for the 
peer males. Hence it is not a circle shape. The other encoding method 
is the same. As can be seen in Fig.21, the bottom one shows the un-
stable condition compared with the peer average value. 

System QTc pie chart  
What: data QTc values (based on the 

heart beats value) 
What: derived The health condition: 

The average QTc in peer 
(Fig.21)  

Why: tasks Display the QTc value and 
comparison for QTc among 
the patients and peer  

How: encode Color hues: in Fig.20, differ-
ent color hues indicate the dif-
ferent three states, red as dan-
ger state, yellow as warning 
and green as safe state. In 
Fig.21, green indicate the QTc 
value for peer male, circle 
map: use circles with different 
radius to indicate different 
QTc values, the outline of the 
circle indicate time. line 
graph: in each pie chart use to 
represent the QTc vale over 
time  

Scale Sensor data for multiple pa-
tients 

Tab.13 QTc pie chart analysis table 

5. AND CITY-SCALE/ REGION-SCALE ENVIRONMENT VISU-
ALIZATION 

City or region-scale applications have been mentioned and devel-
oped in recent years, such as tracking, environmental monitoring, 
and traffic estimation. These applications would bring the benefit to 
our daily life and improve the social services in many aspects. Hence 

the clear representation of the data or information will also be crucial 
for the users and analysts. The section will present some example 
applications on the city or region-scale, the literature review of rela-
tive topics and analysis will be done. 
 
5.1 SWE FRAMEWORK WITH INFORMATION VISUALIZATION 
In paper [2], it provides a certain framework which is called SWE 
(sensor web enablement) and based on the JSF (the James Cook Uni-
versity Sensor Federation). This framework provides all kinds of 
web services and standards based on the sensing data and measure-
ment. In the article, the author displays web page and deployment 
page interface of 52’ North SOS version 2.0 at the “SOS (sensor ob-
servation service) Design and implementation” section. This appli-
cation has embedded Google map as the source of the geographic 
map. There are six attributes in the visualization framework: identi-
fication, capabilities, location, input, output, and component. Com-
ponents have been considered as an embedded system for the system, 
such as Google map as the embedded system, which will not be taken 
into consideration as parts of information visualization. Identifica-
tion and capability can be easily represented. The input/output and 
location should be paid more attention to. The input/ output has not 
been given as a certain parameter as temperature, humidity or some-
thing can be measured by the sensor network. Thus, the table data 
with a geographical location is the main data type which needs visu-
alization. The visualization examples in this paper will be provided 
below. 

 
Fig.24 main web-page interface example [2] 

 
Fig.25 deployment-page example [2] 

 
The Fig.24 and Fig.25 show the main web page and deployment page 
respectively. Tasks for visualization of sensor network data mainly 
aggregate the sensor data, make a comparison and list the distribu-
tion of desired parameters. In this case, they apply line graph and bar 
chart to demonstrate the data and analysis results in individual de-
ployment page. In deployment page, the different color hues have 
been applied to encode the different types of data from the sensor 
network in the bar chart and line graph. Without much information 
which has been provided in the paper, the exact data types or attrib-
utes which have been encoded cannot be determined. The main web 
page applies the geographic map to indicate the distribution of the 
sensor network. As for the interaction of this framework, in the main 
web page, users can navigate the map and select the desired sensor 



network with some certain parameters. Then the individual deploy-
ment page will be loading. In deployment page, users can graphically 
visualize the sensor data and analysis result in each deployment page 
as well as export data into a file. The scale of this framework is lim-
ited to 100 sensor networks.  
This framework support various interactions to explore data, it pro-
vides the overall geographic map to show the distribution of sensor 
network in web pages as well as the detailed information in deploy-
ment page. SWE framework provides the user-friendly GUI for vis-
ualization. 
 

System SWE (sensor web enable-
ment) framework  

What: data geographical position, in-
put/output from sensor net-
work,  

What: derived Geographic distribution of 
sensor network, the sensed en-
vironmental data (has not 
been mentioned in the paper) 

Why: tasks Show distributions of sensor 
network, comparison of 
sensed data in various sensor 
networks  

How: encode Line graph and bar chart: they 
all apply the different color 
hue to encode different types 
of data or attributes. 
marks on the geographical 
map: the small rectangle 
marks in main page indicate 
the locations of sensor net-
works 

How: manipulate Select: in the main page, the 
different sensor network can 
be selected. In deployment 
page, the various data index 
can be selected as well as the 
different sensor. 
Navigate: the geographic map 
can be navigated as well as the 
data index from deployment 
page, control: the control for 
viewing the data in different 
time  

How: facet Web page: geographic map on 
the left with deployment 
choices on the right (service 
information and SOS offer-
ings) deployment page: data 
graph on the top and analysis 
results in the bottom of the 
figure, the sensor selection 
menu in on the left. 

Scale Multiple sensors (at most 100) 
Tab.14 SWE framework analysis table 

 
5.2 FROM ROBOTS TO HUMAN: VISUALIZATION FOR ROBOT 

SENSOR DATA 
In paper [5], the author proposed visualization for sensor data in a 
robot. This article emphasizes three parameters from three different 
sensors in a robot: spatial position (laser scan), speed and touch sen-
sors for the position of objectives (touch sensor); which are the im-
portant parameters for robots. The author provides this visualization 
to help developers quickly understand the pattern of receiving data 

for a robot. This visualization can also benefit programmers in im-
proving or modifying the program. The examples of visualization for 
three sensing data will be shown below. 

 
Fig.26 visualization of laser scan in 2D [5] 

 
The Fig.26 has shown the visualization of laser-scan, it applies the 
circle map with multiple circles inside (like radar system). As can be 
seen, there is the angular scale around this circle map, it indicates the 
positions and direction based on the robot (origin of the circle map). 
Each inside circle indicates the distance. The red line in Fig. are con-
sisted with thousands of red dots. When the laser sweeps the detec-
tion area, the outlines of surrounding environment are presented with 
multiple red dots. Based on the location of the red line, the users can 
comprehend the surrounding environment of the robot and the dis-
tance between the objective and outline of them. 

  
Fig.27 visualization of robot speed example 

The visualization for robot speed has been provided in Fig. 27. The 
axis is most noticeable in this bar chart. Y-axis has shown the nor-
malized speed, positive values and negative values in bar chart indi-
cate the forward and backward movement respectively. The x-axis 
indicates the three directions surrounding environment, in other 
words, the angular and linear speed has been decomposed into three 
axes: X, Y, and Z. When the robot moves in a certain direction, the 
speed will be speared into three component speeds.  

 
Fig.28 visualization example of touch sensor 

In Fig.28, it illustrates the relative location/ position with respect to 
the front of the robot. It uses three square boxes to indicate the rela-
tive position of the object. When the desired objects are right in the 
center with respect to robot location, the “center box” will be painted 
as green. The same pattern will happen when the objects are in the 
right or left with respect of front of the robot. 
Indeed, these visualization idioms provide the necessary information 
for sensor network in the robot. However, some of these idioms are 
too easy, which may cause the unnecessary mistakes and miscom-
prehension. As for the Fig.27, it rather than use bar chart to encode 
the angular speed, the circle view with the bar chart or line graph 
would be a better choice. It can show the magnitude as well as the 
directions. It can present the angular speed more directly and clearly. 



As for Fig.28, the three rectangular boxes are too simple to indicate 
the relative position between objects and robot. In my opinion, the 
radar map with 2D plane visualization for the robot would be the 
better choice. The radar map can present the relative distance be-
tween objects and robot clearly. 2D plane visualization for the face 
of the robot would be helpful for visualizing the relative location be-
tween objectives and robot. Indeed, the radar map for laser scan is a 
good idiom for visualizing the surrounding environment. 
 

System Robot sensor network  
What: data spatial data, speed, “touch” 

data  
What: derived Relative location, relative dis-

tance, value of speed    
Why: tasks Visualize the surrounding en-

vironment, display the angu-
lar and linear speed, show the 
relative location between ob-
jectives and robot 

How: encode circle map (radar map): has 
been applied to present the 
surrounding environment of 
robot, the circle with different 
radius indicate the different 
distance, the red line show the 
outline of the surrounding en-
vironment, bar chart: use bar 
chart to present the angular 
and linear speed, the height of 
bar indicate the magnitude of 
speed, three box model: indi-
cate the relative location be-
tween objective and robot  

Scale Several sensors in a certain ro-
bot  

Tab.15 Robot sensor data analysis table 
 
5.3 VISUALIZATION OF MULTIDIMENSIONAL SENSOR DATA 

IN INDUSTRIAL ENGINEERING  
This survey paper [6] is not only reviewing the visualization but also 
proposed a visualization in industrial application. Based on the na-
ture of sensor data, the author has proposed an environment for vis-
ualization of multidimensional data in the industry. Before the ex-
planations of the content, this paper proposed the visualization envi-
ronment for multidimensional data, which means that the desired 
data may have multiple attributes, like weather data, can have multi-
ple attributes: humidity, precipitation and so on. In larger scale ap-
plication, this multiple-attribute data will occur more than they occur 
in the small-scale application. (like motion data only counts the num-
ber of sensors fired) 
The proposed visualization environment is the combination of over-
all and detail of information. The overall is the visual-spatial map 
with detailed information in the table which is beside the map. 

 
Fig.29 the proposed visualization example in table 

Fig.29 shows the proposed visualization environment for many ge-
ographic locations of each sensor network on the left-hand side. For 
each selected data from each select application in the geographic 
map, the table in right-hand side provides the detailed data in form 
of bar chart. The data can be reordered by the desired properties of 
each data. The author also provides an alternative environment for 
visualizing the multidimensional data to overcome the limitation of 
the table with the bar chart. 
 

System TableLen  
What: data (In this case the exact type of 

data has not been mentioned,) 
the environmental data with 
multiple attributes  

Why: tasks Show overall distributions in 
geographic map, comparison 
for each attribute in detailed 
for data  

How: encode Table form with multiple bar 
chart: the height of the bar 
chart has been applied to en-
code the magnitude for the 
sensor data  

How: manipulate Selection: the sensor network 
in different locations can be 
selected, 
navigation: the location and 
data can be explored,  
filtering: the data can be 
viewed as the desired order or 
can be filtered by the choice 
zoom in/out 
In this environment, it sup-
ports derivations and manipu-
lations of the “raw” data 

How: facet Overall geographic map on 
the left with detailed data be-
side on the right  

Tab.16 TableLen example analysis table 
 

 
Fig.30 the proposed visualization example in circle view 

In the alternative approach, they apply circle view instead of a table 
with multiple bar charts. The circle view can display characteristics 
for one parameter more directionally. It also can present the compar-
ison for a data with multiple attributes or for a certain attribute which 
shared by multiple data. Indeed, I can provide the better comprehen-
sion in some way, but it does have its own limitations. 
The proposed visualization environment support two main type in-
teractions. Selection, filtering/zooming, navigation and all kinds of 
interactions in the interface are the first interaction. The second type 
is through the visualization and directly interact with “raw” data. The 
derivation and prediction for the data can be achieved by this type of 
interaction.  
 



System circle view  
What: data (In this case the exact type of 

data has not been mentioned,) 
the environmental data with 
multiple attributes 

Why: tasks Show overall distributions in 
geographic map, comparison 
for each attribute in detailed 
for data 

How: encode circle graph: it has been ap-
plied to encode the data with 
multiple attribute  

How: manipulate Selection: the sensor network 
in different locations can be 
selected, 
navigation: the location and 
data can be explored,  
filtering: the data can be 
viewed as the desired order or 
can be filtered by the choice 
zoom in/out 
In this environment, it sup-
ports derivations and manipu-
lations of the “raw” data 

How: facet Overall geographic map on 
the left with detailed data be-
side on the right 

Tab.17 Circle view example analysis table 
 
5.4 DYNAMIC ANNOTATION AND VISUALIZATION OF THE 

SOUTH ESK HYDROLOGICAL SENSOR WEB  
Paper [7] has proposed a design and development of an adaptive 
tool for visualizing sensor network in South Esk. The coverage area 
of this sensor web is approximately 95km *220km area. The whole 
region was mapped as multiple gridded rectangle, each cell repre-
sents a 5*5km region. This sensor network is applied for investigat-
ing hydrological data such as wind speed, humidity, and precipita-
tion. This design proposed the visualization for sensor distribution 
in spatial location, it also provides the visualization interface for 
specific data. 

 
Fig.31 the visualization example of geographic map 

Fig.31 has presented the 3D geographic map in a small 5*5km cell, 
the color hues indicate the height of spatial location. The color bar 
has not been provided, but, as can be seen, the dark color (red) indi-
cates the maximum height and the light color (blue) indicate the 
lower height. As can be noticed, there are several dark blue dots on 
the map. They presented the sensor node in a map. This 3D map has 
shown the overall geographic condition in the cell and distribution 
of sensor node. 

 
System 3D geographic map 
What: data Spatial location  

What: derived The allocation of the sensor 
node, the height of geographic 
location  

Why: tasks Display the geographic loca-
tion of sensor node, the height 
of geographic location 

How: encode Mark: blue dots indicate the 
location of sensor node.  
Color hues: sequential color 
hues indicate the height of ge-
ographic location, blue as 
lowest points and red as the 
highest. The colors in between 
show the middle height  

Scale Several sensor nodes in 
5*5km area 

Tab.18 3D geographic map data analysis table 

 
Fig.32 the visualization example of south Esk data service v1.0 

Fig.32 provide the overall user interface for this proposed visualiza-
tion system. The line graph in blue and in red both show the rain-
drop in different time-series. The line graph in red displays the re-
fined line graph. The environmental variables can be chosen from 
the drop-down menu. The dot plot in the bottom right indicates the 
data availability. The detailed data can be explored by choosing the 
dots. The detailed graph will be explained below. 

 
Fig.33 the visualization of precipitation with time-series 

As can be seen in Fig.33, there some data missing in the blue line 
graph. The top line graph displays the actual sensor data. Red line 
graph has applied the prediction algorithm to enhance the integrity 
of data.  

 
Fig.34 the visualization of data availability 

Fig.34 has provided an interesting encoding idiom. It provides the 
color bar to show the availability of data: the dark color indicates 
the high availability and light color represents low availability. The 
X axis and Y axis represent longitude and latitude of a geographic 
map. The dots are the sensor nodes. In other words, this dot-map is 
the map which shows the distribution of sensor node. For each dot, 



it contains the detailed data of environmental variables which can 
be measured in the sensor network. 
 

System South Esk data service v1.0 
What: data Availability of data, rain-drop 

data 
What: derived Availability of sensed data, 

precipitation in different loca-
tion  

Why: tasks Determine the data availabil-
ity, display and complete the 
precipitation data 

How: encode Line graph: it has been ap-
plied to encode the precipita-
tion of sensor cell.  
Dot plot: dot plot has been ap-
ply to encode the location of 
sensor node. 
Different color hues: blue as 
original data from the sensor, 
red line as the compensated 
data. 
Color saturations: in dot plot, 
the low saturation (white) in-
dicates the low data availabil-
ities, dark one (black) indi-
cates the high availabilities  

How: manipulate  Selection: the precipitation in 
different time can be selected 
and viewed. The different 
types of data can also be se-
lected and viewed  

How: facet The result data can be seen on 
the top with dot plot in the 
bottom right 

Scale  Sensor network in a sensor 
cell 5*5km 

Tab.19 South Esk data service v1.0 analysis table 
 

 
Fig.35 the 3D visualization of gridded humidity surface 

 
Fig.36 the 2D visualization of gridded humidity surface 

 

The Fig.35 and Fig.36 show humidity distribution in 3D and 2D vis-
ualization modules. Dynamic data from 40 sensors are considered to 
construct these models based upon cubic interpolation. The red dots 
and green dots in each model indicate the reliability of the sensor 
data. The green dot means “reliable” and red dot indicates “unrelia-
ble”. In these two models, color hues have been applied to encode 
the relative humidity. The color bar has been listed above these two 
models. The red color indicates high relative humidity and blue rep-
resent relative low humidity. In 3D model, the vertical axis also rep-
resents the relative humidity, which can provide better comprehend 
and visualization of relative humidity.    
 

System 2D/3D visualization of gridded 
humidity surface 

What: data Sensed environmental data, 
location  

What: derived Relative humidity of each 
area, data availabilities, geo-
graphic location  

Why: tasks Visualize the relative humid-
ity in sensor cell, data reliabil-
ity of sensor node, geographic 
location  

How: encode Sequential color hues: it has 
been applied to encode the rel-
ative humidity of sensor cell. 
Red as highest one, blue as 
lowest one. The green dot on 
the map indicate the sensor 
which provide the reliable 
data, red indicate the unrelia-
ble one. 
3D/2D map: indicates the ge-
ographic location 
dot plot: indicate the alloca-
tion of sensor node  

Scale  Sensor network (40 sensor 
nodes) in a sensor cell 5*5km 

Tab.20 2D/3D visualization of gridded humidity surface analysis table 
 
5.5 VISUALIZATION FOR ANOMALY DETECTION AND DATA 

MANAGEMENT BY LEVERAGING NETWORK, SENSOR 
AND GIS TECHNIQUES  

Paper [9] not only provides two case studies of abnormal detection 
of a sensor network and data management but also presented the 
frameworks for visualizing detection of abnormal data from sensor 
network in city-regions. Based on the distribution of sensor nodes in 
geographic location, the system provides the interface to visualize 
the distribution of each node and sensed information in each node. 

 
Fig.37 the visualization of abnormal data detection in web-interface 

 



As can be seen in Fig.37, the web interface provides the detailed data 
on the left-hand side and the map with data location on the right. In 
detailed data view, it displays the geographic coordination, equip-
ment attributes, staff and other information which can be selected by 
the users. The map-viewing frame displays the corresponding map 
of selected function from the data-viewing frame. This framework 
can perform the selection, navigation, and many other functions as 
interactions in this interface. It provides node-link diagram in the ge-
ographic map to encode route history for selected staff and selected 
date. In the future work, the author wants to propose a traffic predic-
tion visualization based on the web interface.  
 

System Urban environmental man-
agement system 

What: data Static information in the table   
Why: tasks Present the route history and 

distribution of nodes (each 
node for each staff) 

How: encode Geographic map: indicate lo-
cation of each staff, mark: the 
flag mark indicates each staff 
which has registered in the 
system 

How: manipulate Selection: the information for 
each selected user can be 
viewed,  
addition/delete: add and de-
lete the users,  
navigation: users in the map 
can be explored and selected. 
Filtering: underside users can 
be filtered  

How: facet A detailed data viewing on the 
left with geographic map be-
side  

Scale  City scale applications, the 
number of sensor determined 
by the number of registered 
users 

Tab.21 Urban environmental management system example analysis 
table 
5.6 CITY-SCALE TRAFFIC ESTIMATION FROM A ROVING 

SENSOR NETWORK  
Paper [18] has proposed a design for traffic estimation from a roving 
sensor network. By applying the visualization for different types of 
data, the reliable algorithms for traffic estimation has been proposed 
in this paper. In this survey project, the data visualization patterns 
and the encoding methods which they have applied in the proposed 
work are the target for this survey project.  

 
Fig.38 traffic condition for 16 road segments visualization for loop de-

tector and sensors in the taxi 
In Fig.38, the author uses the line graph to visualize and compare 
the traffic condition in the different date. The top figure shows the 
traffic condition in 1st of Aug and the bottom one display the data 
in next date. Y-axis presents the traffic in the certain segment in 

certain time. X axis has been divided into 16 parts to represent the 
16 random selected road segments. Each one of 16 segments indi-
cates a 24-hour day (there are 96 data points in each segment). 
They apply different color hues to encoding the data from the dif-
ferent source. Orange present the data from the sensor in the taxi 
and blue indicates the data from the loop detector. In this case, the 
author did not apply the usually encoding idioms (geographic map 
with dynamic navigation) to visualize the traffic conditions and 
compare the data from two different sources. The discussion and 
evolution will be mentioned in the discussion section. 

 

 
Fig.39 results of regression 

The Fig.39 above apply the line graph to encode the traffic condition. 
The difference between Fig.37 and Fig.38 are the X-axis which en-
codes the date rather than the road segments. It also presents the 24-
hour day in each section of X-axis. The two figures in Fig.39 have 
different scales in Y-axis, top one present traffic in certain time and 
the bottom one indicates the loop count for the blue and the red line, 
the taxi count for the green line. The different color hues have been 
applied to encode different data: blue for loop detector data, green 
for taxi sensor data and red for regression data. 

System Line graph  
What: data Counter for different traffic 

segments 
Why: tasks Visualize the sensor traffic 

data, compare the data from 
three different sources 

How: encode Line graph: it applies the line 
graph to encode the traffic 
conditions in 16 different road 
segments in 24-hour day 
Different color hues: in 
Fig.36, red indicates the data 
from taxi sensors, blue repre-
sent the loop counter. In 
Fig.37, red as regression data, 
blue for loop detector and 
green the data from the sen-
sors in taxi 

Scale   city scale application (thou-
sands of sensor nodes) 

Tab.22 line graph analysis table 
 



 
Fig.40 results of relationship between real value of car and estima-

tion value 
There are four graphs represent the four randomly selected roads. 
They apply the scatter plot to reveal the relationship between real 
values and estimation values. It can clearly present each sensor data 
with corresponding estimation data on the scatter plot. The perfect 
estimation match should be the linear relationship with a unity gra-
dient (y=x). In the paper [18], the author also provides the histogram 
to encode correlation coefficient distribution, which reveals how re-
liable the estimation is.  

  
Fig.41 visualization of 27 Voronoi regions in Singapore 

As except, the visualization for a geographic region is necessary for 
the city or region-scale application. The six highlighted regions 
represent the places of interest. The color hues have applied to sep-
arated regions.  

 
Fig.42 refined snapshot of traffic value based on the sensor network 

of taxi 
In Fig.42, it provides the snapshot for visualizing the traffic value 
in regional scale. Based on the geographic map, color hues and bar 
chart has been applied to encode the traffic volume. The dark col-
ors hues are used to encode high volume of traffic as well as the 
high bars on the map. The light colors and low bars have been ap-
plied to encode the relatively low traffic volume. 

 
Fig.43 hotspots for visualizing traffic volume pattern 

Fig.43 also presents the traffic volume in 2D form with hotspot id-
iom. The color luminance has been applied to encode the traffic vol-
ume. 
The analysis and researches are based on the data visualization to 
abstract the valuable information and ensure the reliability of the al-
gorithm.  

System Traffic estimation system  
What: data Geographic/spatial data, static 

data (number counter) 
Why: tasks Display the distribution of 

traffic volume in 3D map, pre-
sent the traffic volume in city 
in different time    

How: encode Geographic map: 3D geo-
graphic map indicates the lay-
out of sensor region,  
Bar chart: in Fig.40, the height 
of bar chart indicates the vol-
ume of traffic. 
Different color hues: the se-
quential color hues have been 
applied to indicate the traffic 
volume. In Fig.40, dark red 
indicates the highest traffic 
volume, the dark blue indi-
cates the lowest one. 
Color luminance: in Fig.41, 
high red luminance indicates 
the high traffic volume, the 
low luminance indicates the 
low  
Mark ： in Fig.41 red flag 
marks indicate the places of 
interesting    

Scale Thousands of sensors in re-
gional scale 

Tab.23 Traffic estimation analysis table 
5.7 A NEW APPROACH IN THE VISUALIZATION OF GEOREF-

ERENCED SENSOR DATA IN SPATIAL PLANNING  
In paper [20], the author proposed a visualization based on the sensor 
network which can provide human emotion assessment. Based on 
the sensor network in human and geographic map, GeoVisualizer as 
proposed tool for spatial planning has emerged. 
  



 
Fig.44 visualization for human emotion assessment 

As can be seen in Fig.44, it provides GIS (geographic information 
system) as the background map. In this visualization idiom, the color 
hues encode the human emotion. It also uses the human symbol as a 
mark to encode the geographic location of the person under the 
measurement. The head of human symbol also uses color to encode 
the human emotion, for example, the “red-head’ present high stress. 
The rainbow paths behind the human mark are the historical emotion 
data from the object. The various color hues have encoded different 
states of human emotions. The warm color such as red, orange and 
yellow indicate the high-stress saturation and cold colors such as 
green and blue present low-stress situation. The sensing data from 
the “rainbow path” perfect fit the expectation from the experiment.  
 

System GeoVisualizer  
What: data Spatial data, emotion data  
Why: tasks Visualize the path in 3D map, 

show the relationship between 
emotion data and the path 
choice 

How: encode Color hues: the sequential 
color hues have been applied 
to encode the emotion data, 
red indicate the highest stress 
condition for object, the low-
est stress condition has been 
encoded by blue. The Red-
head indicate the high-stress 
condition for object. 
marks: human-shape mark in-
dicate the experiment object 

Scale Sensor network in a human  
Tab.24 Geovisualizer analysis table 

6. DISCUSSION AND FUTURE WORK   
The discussion section will illustrate the improvements and evalua-
tions based on three scales which have been mentioned in result sec-
tion. Based on the literature review, there are several considerations 
I would like to mention. The challenges for visualization for data 
from sensor network are worth mentioning [23]. First, the isolation 
challenge. It means that the visualizations on sensor network are usu-
ally irrelevant, each application has own demands for visualizing 
data. There are not global optimal solutions available for all the vis-
ualization for sensor network. It demands the visualization for each 
field should be considered carefully and precisely based on the re-
quirements from each application. The second challenge is evalua-
tion capabilities. With the rapid increase of data, the visualization 
applications and tools should work more effectively. The last one is 
integrity challenges. In each domain there are specific demands, 
which indicate that visualization should focus on their own domains. 
Each domain should be independent from the concerns from other 
domain. Based on the challenges which has been mention in paper 
[23] and the literature reviews has been completed, the suggestions 
are worth mentioning.  

First, the visualization framework should focus on data. The data 
type should be considered carefully. The single-attribute data like the 
data from motion sensor and multiple-attribute data (sensor network 
in industrial data) should be identified in the beginning. There are 
many frameworks or visualization idioms which fit them respec-
tively. Then, the innovative visualization framework (garden map) 
is attractive and interesting, however, the information loss would not 
be negligible. To present the effective and efficient visualization 
frameworks or idioms, the way to present the information should be 
considered. Last but not least, the visualization idioms should be eas-
ily comprehensible. In example 4.3, it proposed a framework of in-
dicating motion transition by using 3D figure. Without much back-
ground information provided, the models and the visualization idi-
oms are difficult to follow. 
As for the section.3, the sensor network properties and security prob-
lems, the topology for the sensor network are focused. How the se-
curity event connected with topology, how to present relationship 
between them clearly. These questions are worth considering. The 
example 3.2 are doing the better work among the examples. How-
ever, I do think more interactions functions in the GUI should be 
supported between the users and data, which can help the user ex-
plore and manipulate with data and provide the better comprehension. 
As for the section.4, it is about visualization on small-scale such as 
health care and motion sensing. They mainly focus on visualizing 
the state of the object. It requires more clear representation for the 
states of the object, which may not require any interaction functions. 
Example 4.2 and 4.5 do provide the great performances for visualiz-
ing activity pattern and motion states for the objects. As for the large-
scale application in section.5, it often requires the presenting data 
with the geographic map. The clearness of representation has been 
listed in higher priority. By applying different color hues, it does 
provide best distinguishable performance. However, when color 
hues combine with the geographic map, it would lead the disorder in 
visualization idioms. Different color hues should be applied care-
fully. Hence many GUI in large-scale applications are provided dif-
ferent interfaces for presenting the geographic map and detailed data 
respectively. The interaction functions are also provided for the user 
to view and manipulate with data. In section.5, they all provide the 
great work for visualizing the geographic map and detailed data. be-
sides the color hues, size of marks (the height of bar chart) is also 
been provided for encoding the data in the map, which also provides 
great performances. 
 

7. CONCLUSION  
In this survey project, the literature for information visualization 
based on sensor network has been reviewed. In introduction section, 
the definition for a sensor network, sensor, and information visuali-
zation have been given. With the rapid development of IoT (internet 
of thing), the sensor network has been deployed in many areas. It 
provides the motivation for this survey project. The different layers 
of the sensor network have also been illustrated in introduction sec-
tion as well as the overall contributions for this survey project. In the 
result sections, it has been separated into three sections based on the 
application scale. In each section, the several examples have been 
explained and the improvement suggestions were also provided. The 
analysis tables have been provided. The first part is about sensor net-
work properties and security problems, there are several visualiza-
tion idioms and tools have been reviewed. The second part is for 
small-scale applications, generally, it is the applications for home or 
indoor applications. Papers in this part mainly talk about the indoor 
tracking and health monitoring. The last part is large scale applica-
tions, it mentioned the applications in city or region scale. The ap-
plications in this scale usually include environmental monitoring and 
industrial sensor network. The discussion section has demonstrated 



the improvements and insights from the result section as well as the 
future work for this survey project. As the conclusion, this survey 
project has provided several visualization idioms in different scale 
and area under the topic of information visualization based on the 
sensor network. They have been explained and analyzed. The im-
provements and evaluations are also provided. However, this survey 
project still has many improvements should be achieved in the future.  
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