
See discussions, stats, and author profiles for this publication at: https://www.researchgate.net/publication/266140740

EnviS Tag, Scan, View: a Location-Based App for Visualizing SpatioTemporal

Data from Sensor Cloud

Conference Paper · October 2014

DOI: 10.1109/MDM.2014.47

CITATIONS

0
READS

103

6 authors, including:

Some of the authors of this publication are also working on these related projects:

iCo2mmunity: Personal and Community Monitoring for University-wide Engagement towards Greener, Healthier, and more Productive Living View project

Activity, Behaviour, and Situation Recognition View project

Flora Dilys Salim

RMIT University

213 PUBLICATIONS   1,634 CITATIONS   

SEE PROFILE

Nishant Kumar Sony

Indian Institute of Technology Kharagpur

4 PUBLICATIONS   25 CITATIONS   

SEE PROFILE

All content following this page was uploaded by Flora Dilys Salim on 27 September 2014.

The user has requested enhancement of the downloaded file.

https://www.researchgate.net/publication/266140740_EnviS_Tag_Scan_View_a_Location-Based_App_for_Visualizing_SpatioTemporal_Data_from_Sensor_Cloud?enrichId=rgreq-db0112e6c762985c8c50459115cd628b-XXX&enrichSource=Y292ZXJQYWdlOzI2NjE0MDc0MDtBUzoxNDYwMDQ3NDE0NjQwNjRAMTQxMTgyMTY1MTIxNA%3D%3D&el=1_x_2&_esc=publicationCoverPdf
https://www.researchgate.net/publication/266140740_EnviS_Tag_Scan_View_a_Location-Based_App_for_Visualizing_SpatioTemporal_Data_from_Sensor_Cloud?enrichId=rgreq-db0112e6c762985c8c50459115cd628b-XXX&enrichSource=Y292ZXJQYWdlOzI2NjE0MDc0MDtBUzoxNDYwMDQ3NDE0NjQwNjRAMTQxMTgyMTY1MTIxNA%3D%3D&el=1_x_3&_esc=publicationCoverPdf
https://www.researchgate.net/project/iCo2mmunity-Personal-and-Community-Monitoring-for-University-wide-Engagement-towards-Greener-Healthier-and-more-Productive-Living?enrichId=rgreq-db0112e6c762985c8c50459115cd628b-XXX&enrichSource=Y292ZXJQYWdlOzI2NjE0MDc0MDtBUzoxNDYwMDQ3NDE0NjQwNjRAMTQxMTgyMTY1MTIxNA%3D%3D&el=1_x_9&_esc=publicationCoverPdf
https://www.researchgate.net/project/Activity-Behaviour-and-Situation-Recognition?enrichId=rgreq-db0112e6c762985c8c50459115cd628b-XXX&enrichSource=Y292ZXJQYWdlOzI2NjE0MDc0MDtBUzoxNDYwMDQ3NDE0NjQwNjRAMTQxMTgyMTY1MTIxNA%3D%3D&el=1_x_9&_esc=publicationCoverPdf
https://www.researchgate.net/?enrichId=rgreq-db0112e6c762985c8c50459115cd628b-XXX&enrichSource=Y292ZXJQYWdlOzI2NjE0MDc0MDtBUzoxNDYwMDQ3NDE0NjQwNjRAMTQxMTgyMTY1MTIxNA%3D%3D&el=1_x_1&_esc=publicationCoverPdf
https://www.researchgate.net/profile/Flora-Salim?enrichId=rgreq-db0112e6c762985c8c50459115cd628b-XXX&enrichSource=Y292ZXJQYWdlOzI2NjE0MDc0MDtBUzoxNDYwMDQ3NDE0NjQwNjRAMTQxMTgyMTY1MTIxNA%3D%3D&el=1_x_4&_esc=publicationCoverPdf
https://www.researchgate.net/profile/Flora-Salim?enrichId=rgreq-db0112e6c762985c8c50459115cd628b-XXX&enrichSource=Y292ZXJQYWdlOzI2NjE0MDc0MDtBUzoxNDYwMDQ3NDE0NjQwNjRAMTQxMTgyMTY1MTIxNA%3D%3D&el=1_x_5&_esc=publicationCoverPdf
https://www.researchgate.net/institution/RMIT-University?enrichId=rgreq-db0112e6c762985c8c50459115cd628b-XXX&enrichSource=Y292ZXJQYWdlOzI2NjE0MDc0MDtBUzoxNDYwMDQ3NDE0NjQwNjRAMTQxMTgyMTY1MTIxNA%3D%3D&el=1_x_6&_esc=publicationCoverPdf
https://www.researchgate.net/profile/Flora-Salim?enrichId=rgreq-db0112e6c762985c8c50459115cd628b-XXX&enrichSource=Y292ZXJQYWdlOzI2NjE0MDc0MDtBUzoxNDYwMDQ3NDE0NjQwNjRAMTQxMTgyMTY1MTIxNA%3D%3D&el=1_x_7&_esc=publicationCoverPdf
https://www.researchgate.net/profile/Nishant-Sony-2?enrichId=rgreq-db0112e6c762985c8c50459115cd628b-XXX&enrichSource=Y292ZXJQYWdlOzI2NjE0MDc0MDtBUzoxNDYwMDQ3NDE0NjQwNjRAMTQxMTgyMTY1MTIxNA%3D%3D&el=1_x_4&_esc=publicationCoverPdf
https://www.researchgate.net/profile/Nishant-Sony-2?enrichId=rgreq-db0112e6c762985c8c50459115cd628b-XXX&enrichSource=Y292ZXJQYWdlOzI2NjE0MDc0MDtBUzoxNDYwMDQ3NDE0NjQwNjRAMTQxMTgyMTY1MTIxNA%3D%3D&el=1_x_5&_esc=publicationCoverPdf
https://www.researchgate.net/institution/Indian-Institute-of-Technology-Kharagpur?enrichId=rgreq-db0112e6c762985c8c50459115cd628b-XXX&enrichSource=Y292ZXJQYWdlOzI2NjE0MDc0MDtBUzoxNDYwMDQ3NDE0NjQwNjRAMTQxMTgyMTY1MTIxNA%3D%3D&el=1_x_6&_esc=publicationCoverPdf
https://www.researchgate.net/profile/Nishant-Sony-2?enrichId=rgreq-db0112e6c762985c8c50459115cd628b-XXX&enrichSource=Y292ZXJQYWdlOzI2NjE0MDc0MDtBUzoxNDYwMDQ3NDE0NjQwNjRAMTQxMTgyMTY1MTIxNA%3D%3D&el=1_x_7&_esc=publicationCoverPdf
https://www.researchgate.net/profile/Flora-Salim?enrichId=rgreq-db0112e6c762985c8c50459115cd628b-XXX&enrichSource=Y292ZXJQYWdlOzI2NjE0MDc0MDtBUzoxNDYwMDQ3NDE0NjQwNjRAMTQxMTgyMTY1MTIxNA%3D%3D&el=1_x_10&_esc=publicationCoverPdf


EnviS Tag, Scan, View: a Location-Based App for 

Visualizing SpatioTemporal Data from Sensor Cloud  
 

Flora Salim, Mars Dela Pena, Yury Petrov, Nishant Sony, Bo Wu, Abdelsalam Ahmed Saad 

School of Computer Science and Information Technology  

RMIT University 

Melbourne, Australia 

flora.salim@rmit.edu.au 

 

 
Abstract— This paper presents a smartphone app connected 

to a sensor cloud for spatio-temporal management and 3D 

visualization of data from ad-hoc wireless sensor networks 

(WSN) and Internet of Things (IoT). Many existing sensor cloud 

services and sensor data models do not consider usage for 

indoors. Although geospatial references, which consist of latitude 

and longitude, are often included in the data models, these are 

insufficient for indoor localization of wireless sensor networks. In 

this paper, we propose a data model for localizing sensors in 

indoor environment, a sensor cloud framework to manage sensor 

data as services in the cloud, and an app that includes and 

visualize sensor data in-situ with 3D visualization of sensor data 

on floor plans or maps. EnviS is an integrated sensor cloud and 

app toolkit, prototyped to evaluate this research. EnviS has been 

tested in three case studies: to manage environmental sensors in 

indoor spaces, to manage indoor tracking sensors, and to monitor 

vital signs from wearable wristbands. 

Keywords—sensor cloud; service computing; wireless sensor 

networks; data visualization; location-based services, 

spatiotemporal data management  

I. INTRODUCTION  

The open source movement, low-cost microcontrollers, off-
the-shelf sensors, and the Do-It-Yourself (DIY) maker culture 
have contributed to the increasing uptake of ad-hoc sensor 
networks to be constructed and configured for various purposes 
by regular citizens. Along with the advances of wireless 
communication technology and smart devices, myriad of 
wearable devices and day-to-day devices are already wirelessly 
connected to the Internet of Things (IoT), with research 
spanning from connected home, e-health, to intelligent 
transportation systems and smart cities.  

With the advances in cloud computing and popularity of 
crowdsourcing techniques, many cloud services for managing 
sensor data, or sensor clouds, have been proposed. Cloud 
computing could alleviate issues in implementing traditional 
sensor networks, such as the requirement for large number of 
nodes in monitoring large areas, also introducing obstructions 
in environment that affect network topology [1]. One example 
of sensor clouds is Pachube [2]. It is a site for publishing 
sensor data feeds. The notion of sensor data sharing facilitates 
public participation for crowdsensing. An example of 
crowdsensing was the real-time radiation monitoring during 

Japan tsunami in March 2011 [2]. Using Geiger counter, which 
was used to measure nuclear radiation, as the sensor of the 
probes, the data were streamed live to Pachube. Multiple sites 
were set up to mashup the geotagged sensor data with Google 
Maps to visualize the radiation across Japan. The real-time 
visualization showed a good indication where the radiations 
were at its worst. Pachube, like many other existing sensor 
clouds, or cloud services for storing and managing physical 
sensors and the data from those sensors, allow geospatial 
coordinates to be referenced. However, this only applies for 
outdoors, as GPS often does not work indoors and additional 
location information, such as the height of the sensors in a 
room, cannot be represented in Pachube or other sensor clouds. 
Many existing sensor data models do not consider usage for 
indoors. The accuracy and usefulness of GPS decrease indoors, 
such that GPS-generated longitude and latitude values are not 
particularly helpful for differentiating the physical locations of 
multiple sensors in an indoor space.  

This paper presents an app to tag, manage and visualize 
data from sensor modules in both indoor and outdoor 
environment. The app will visualize the sensor data, which are 
stored and managed in the sensor cloud, on the temporal and 
spatial dimension. Indoor spatial references are stored along 
with sensor data. The app includes 2D and 3D data visualizer, 
allowing sensor data to be visualised in-situ, augmented on top 
of sensor location map or floor plan. The system allows both 
manual and automatic localization. For manual tagging and 
localization, either RFID or QR code can be used, as presented 
in this paper. The system also supports automatic localization 
using Received Signal Strength Indicator (RSSI) of the ZigBee 
wireless mesh. This is discussed briefly in Section V and in our 
previous paper [3]. 

II. RELATED WORK 

The Sensor Cloud infrastructure proposed in [1] provides 
service instances (virtual sensors) to end users upon request, 
via user interface through web crawlers. Sensor-Grid 
architecture proposed in [4] is not suitable for this research as it 
deals with multiple wireless sensor networks with gateways in 
the architecture, without the use of spatial references, instead, it 
uses event matching approach for delivering published sensor 
data or events to users. SenseWeb [5] is one of the first 
software architectures for sharing sensor data through 



connecting Wireless Sensor Networks (WSN) to the Internet. 
Using the SenseWeb API, users can register and publish their 
own sensor data. In SenseWeb, all the processes are executed 
at a single Coordinator as a central point of access for all 
sensors and applications using the sensor data through WS-
API. SenseWeb has been used to provide RFID-tag-based data 
for inferring indoor events in Washington [5]. Piyare and Lee 
[6] introduced three layers for integration between wireless 
sensor network and the cloud, which are sensor layer, 
coordinator layer, and supervision layer. The main difference 
from SenseWeb is that the coordinator runs on ZigBee, and 
with the introduction of supervision layer, the coordinator is 
directly connected to the supervision layer via the REST-based 
API, and all applications can be connected to the supervision 
layer [6]. Piyare and Lee used Arduino-board and Zigbee to 
demonstrate the prototype. The coordinator layer essentially is 
just a bridge that buffers sensor data and pushes the data to the 
supervision layer at a predefined interval. Guo et al [7] presents 
a standardization system model to integrate different types of 
sensor networks, to aim for unification of data structure and 
service model thereof. The sensor data structure is composed 
of sensor description model and sensor data model, which 
includes timestamp and raw sensor data [7]. This is a standard 
approach in many existing sensor clouds, which is applying 
timestamps to every discrete sensor data.  The OpenGIS® 
Sensor Model Language Encoding Standard (SensorML) 
(SensorML) [8] provides a standard model and XML encoding 
for describing characteristics of sensors and sensor systems.  
Sensor ML supports sensor geolocation, however, the model 
does not support indoor localization of sensors. 

III. SENSOR DATA MODEL AND SERVICE ARCHITECTURE 

A. Sensor Data Model 

Existing literature generally treats ‘spatial’ as either a set of 
coordinates, a mathematical concept within a model, or the 
parameters bounding a cluster of nodes [9]. EnviS is distinct 
from other sensor clouds in that it stores a representation of the 
sensors’ spatial context, as the three-dimensional location data 
of the sensors are captured so that the visualization on the app 
could present the sensor and their readings within their 
associated map. In our project, the sensor data model and 
protocol for streaming the data are designed with spatio-
temporal data management and visualisation in mind. Every 
sensor is associated with a location and an identifier or belongs 
to a sensor set, which is associated with a location and an 
identifier. A sensor set defines a related group of sensors that 
need to be streamed together as a single data stream with one 
timestamp. If the sensors in a sensor set are collocated, it is the 
sensor set that is associated with a location. However, if the 
sensors in a sensor set are not collocated or if the locations of 
the sensors vary, each sensor in the set needs to specify their 
location. In this way, sensor data can be visualised “in situ”. 

When a sensor set is plotted on a floor plan the x,y and z 
positions and the geolocation of the set is copied over to the 
sensors by default, therefore the position of the set defines the 
position of the sensors of that set. Alternatively, if the sensors 
belonging to a set are widely spread out then the application 
gives the administrator an option to plot individual sensors 

onto a floor plan. A sensor cannot exist without a set. Set is a 
simple conceptualization of a sensor module, or a collection of 
sensors (Fig 1.). 

 

Fig. 1. Data Model  

B. EnviS Service Architecture 

To evaluate this research, a set of environmental sensor 
modules are developed using Arduino [10]. The sensor nodes 
are currently built with light, temperature, motion, noise, 
humidity sensors, and XBee antennas, which communicate on 
ZigBee protocol [11]. The existing testbed can be extended 
with any type of sensors on any platform by implementing the 
RESTful web service architecture presented in this paper. In 
order to accommodate the data models of map and sensor 
readings, a five-tier architecture was created for EnviS (Fig. 
2.). One tier contains the Wireless Sensor Network (WSN), 
which comprises of the sensors, XBee hardware, and Arduino 
[10] code. XBee communicates using ZigBee protocol [11], 
which is a specification for communication protocols that 
implement IEEE 802.15.4 [12], a standard that defines medium 
access control (MAC) and the physical layer (PHY) protocol 
for low-power devices, hence, suitable for indoor and outdoor 
wireless sensor networks. The WSN for this system is sense-
only, using Zigbee protocol, and the interaction pattern is 
many-to-one, to use the taxonomy described by Mottola and 
Picco [9]: the coordinator-XBee acts as a central node and 
relays the sensor readings from the router-XBees to the cloud. 
The disadvantage of this architectural decision is that it sets up 
each coordinator to be a single point of failure for all the end-
routers in its vicinity.  

Many of the challenges of integrating WSN with the cloud, 
as discussed in [13], such as network bandwidth, load 
balancing, scalability with large real-time data feeds, have been 
addressed in this research. There are two web service tiers. The 
data consumer processes the sensor readings from the 
coordinators of multiple WSNs and transmits them to the 
database, while the data provider acts as an interface between 
the database and the application tiers. Both tiers are clustered, 
which allows for load-balancing, thus providing greater 
stability and improved performance in the system. The 



database tier stores: the map coordinates, the sensor details, 
and sensor readings containing both.  

 

Fig. 2. Sensor Cloud Service Architecture 

This back-end system was initially hosted on Amazon Web 
Service. Lee, Murray, Hughes, and Joosen expounded on the 
suitability of Amazon EC2 for environmental monitoring [14]. 
The elasticity of the web service allows it to bear much of the 
resource-intensive processes, which is one of the factors 
driving the integration of WSNs with Cloud Computing. 
However, our system exhibits greater stability on the National 
eResearch Collaboration Tools and Resources (NeCTAR), and 
the decision was subsequently made to move all the back-end 
tiers to NeCTAR. The application tier contains a local 
database, which is synchronized with the database when the 
mobile device in which it is installed detects a network 
connection. Storing data locally increases the application’s 
memory usage on the client side, but it allows the user to still 
view visualizations of historical data and edit maps when there 
is no connection with the cloud. 

IV. ENVIS MOBILE APPLICATION: TAG, SCAN, VIEW 

The mobile application is prototyped for Android devices. 
The Android app allows the user to fetch sensor readings from 
the cloud-based web service and database at their convenience. 
The app also generates intuitive charts and 3D visualizations of 
the data. There are two major parts of the mobile application. 
The first part is the administration part that allows the user to 
add a network of sensors to the EnviS system which is then 
visible to all the users using the application. When the sensor is 
added to EnviS, the application picks up the geolocation of the 
phone and tags the sensor to those coordinates. 

The app allows users to draw 3D maps of the indoor spaces 
in which the sensors are positioned and plot sensors in the 
drawing as depicted in Fig 3. For example, the corners of a 
room may be warmer than the centre. Once the map is drawn 
the Admin/User has two ways of visualizing data on the 
application. One option available is to view the readings using 
chart visualization and the other option is using the 3D 
visualisation. The visualizations can be viewed in real time or 
by mentioning a time range.  

The Tag, Scan and View feature is an easy way of adding 
and visualizing sensors (or a collection of sensors) readings. 
The first step is tagging a collection of sensors to locate sensors 
with a QR code. While adding a set of sensors the application 
provides the administrator with a unique ID for which a QR 
Code can be generate and printed and pasted on the Arduino 
board to which the set of sensors are attached to. Once the set 
of sensors are deployed at the desired location and the QR 
Code attached (Fig 3). App users can scan the QR Code and 
directly view the Chart Visualization of all the sensors attached 
to that particular Arduino Board. While visualizing the sensor 
data the user can interact with the interface to focus on 
readings if need be. In chart visualization (Fig 4) the user can 
zoom in and zoom out and scroll through readings.  

 

Fig. 3. Tag and Scan Sensors 

 

Fig. 4. Chart Visualisation 

The 3D visualization feature allows users to view sensor 
data with spatial references of the actual location in situ, as 
shown on the map, with time series visualisation. Two options 
for the 3D visualisation is with bar charts (Fig 5 left) or spheres 
(right). The height of the bar charts or the size of the spheres 
will change depending on the sensor readings. Users can rotate 
the map, zoom in/out and change perspective (top view, front 
view and side view). The scrollable time axis allows interactive 
time-series visualisation on the map. 

  

Fig. 5. 3D Visualization with Bar Charts (Left) or Spheres (Right) 

  



V. CASE STUDIES 

A. Environmental Sensor Monitoring 

The Android app can be used to add and manage 
environmental sensors in indoor and outdoor spaces. It has an 
option to add or visualise sensor by types (Fig 6). If a sensor 
type does not exist yet, it can be added to the database using 
the app. We deployed a series of environmental sensor 
modules including light, temperature, motion, noise, humidity 
sensors in one floor of the university campus building, over a 
few days. The app could be effectively used to visualise the 
sensor readings “in-situ” over time. 

   

Fig. 6. Choosing different sensor types to be added or visualised 

B. Indoor Localization with ZigBee  

Further investigation on the ZigBee protocol allows us to 
extend its use not only for wireless transmission of sensor data 
over the mesh network, but also for automatic indoor 
localization. When a sensor set moves, the indoor spatial 
reference is updated in the database. We implemented 
Received Signal Strength Indicator (RSSI) method for tracking 
and monitoring moving sensor set [4]. The sphere in the app 
indicates approximate location of the moving sensor module 
(Fig 7).   

 

Fig. 7. Sphere visualisation of tracked and located sensor modules  

C. Wearables Monitoring  

EnviS has also been used to visualise readings from 
wearable wristbands that measures and monitors human 
physiological readings (temperature, respiration, light level, 
and pulse). As the users are outdoors, the visualisation changes 
to a dynamic 2D graph that allows multiple sensor readings to 
be visualised on the same chart and the 3D visualization is 
changed to Google Maps. 

VI. CONCLUSION 

This paper presents EnviS, a sensor cloud services platform 
with ad-hoc sensor network visualization toolkit for Android 

mobile devices. EnviS, as a sensor data management toolkit, 
was developed for visualising the spatial and temporal aspects 
of sensor data. The EnviS app gives users a choice of different 
visualization options, including whether they want to use near 
real time or historical data, enabling time-series visualisation 
and 3D spatial representation of sensor locations and readings. 
This gives users the opportunity to see how environmental 
variables are influenced by the physical space around the 
sensors.  Future work includes incorporating activity 
recognition using sensors on the phone to provide a more 
accurate and intuitive indoor localisation. 
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