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Abstraci—South India has many Industries where large scale
textile activity is being carried ont. Because of the impurities let
out by the textile industries the groundwater quality around the
industries is getting polluted to such a level that it is unfit for
domestic, industrial and agricultural activities. Further, pollution
has adversely impacted human health increasing water-borne
diseases such as diarrhea, typhoid, malaria, javndice and skin
allergies. Pollution due to rextile industries also has adverse
impact on the agricoltural yvields, cattle, animals, hirds, fish and
other aguatic life. The guality monitoring of effluent water can
be performed using manual chemical analysis, which has many
disadvaniages like it is time consuming and expensive, it needs to
be measured on-site to ensure accuracy ete. A solutinn has been
provided in this paper to tackle this problem. Ohjective of this
waork is to desipm and implement a CoAP based smart and
intellizent system that can collect the data from water that is let
oult of the industry and transmit the data wirelessly to a main
syslem or the user, wsing internel. Contiki OS is used for the
simulation environment and TelosB motes are used for hardware
implementation.

Keywords: IEEE § 0111, 10T Profocols, guality monitoring,
6LoWPAN, CodP.

[. INTRODUCTION

In many developing countries like India, rapid growth in terms
of industrialization, urbanization, population amplifies the
consumption of water. Increase in usage of water-intensive
products further enhances overall usage of water. With rising
consumption, dereriorating water quality and inadeguate
governance, India is likely to face severe water shortage. The
textile industries have great economic significance by virtue of
its contribution to overall ndustrial owtput and employment
generation. This sector has wide spectrum  of industies
ranging from small scale units that use traditional
manufacturing process to large integrated mills using modern
machineries and equipment. The textile units use 2 number of
dyes, chemicals and other materials to impart desired qualiry
to the fabrics. These units generates a substantial guantity of
effluents, the quality of which in most of the cases is
unsuitable for further use and can cause environmental
problems, if disposed off -without proper treatment. To
provide a solution this problem, a remote real time CoAP
based water quality monitoring system using wireless sensor
network has been designed and implemented in this project.
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Tlee Internet of Things i [0Ts) is an automated communication
model used to define the relationship between communicating
comstrained devices such as wircless sensors and  their
applications. The ToTs adaptation has become more noticeable
and realistic and was significantly facilitated by the
deployment of IPv6, as the large address space provided in
IPv6A enables even more machines to be accessible over the
Internet and thus, communicate with each other. According to
Waorld Wide Web Consortium (W3C) [1], there are iwo
approaches to realize and manipulate web services, the
Representation State Transfer (REST) and the arbitrary Web
Services.

REST 15 an approach that makes miormation available on a
server and accessible to clients through Uniform Resource
[dentificrs (URI)., Clients communicate with the scrver
symchronously in a request fresponse manner using methods of
a transter protocol such as the Hypertext Transfer Protocol
(HTTP) [2]. HTTP is a predominant protocol for the web
services and online applications. However, incorporating the
loTs into traditional Internet 15 not a  straightforward
operation; this is due to the differences between the
implementation model of the loTs-based applications and the
current applications in the Internet.

For mstance, most Internet applications that uwse HTTP
protecel depend on the Pull Model [3] for data exchange
whereas inactive nodes in the IoTs will be put to sleep mode
to save the battery life and extend the life cycle of the node,
These nodes only wake up to perform specific tasks when
required. Therelore, it's obvious that the Pull medel will not
be sunitable for constrained nerworks. In order to extend ToTs
to the waditional Internet, a fresh approach is unavoidable 1w
make integration process more practical and viable, The need
for a new infegration approach stemmed from the fact that the
current technologics/protocols utilized by current web services
such as HTTP, Transmission Contral Protocol {TCP), Simple
Object Access Protocol (SOAP) [4], and Extensible Markup
Language (XML) [5] are not appropriate for such facilitation,
This has been realized by different research groups. which
have proposed mechanisms to facilitate the communications
between constrained devices within the IoTs model. Examples
of these new technologies are the TPvh over Low Power
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Wireless Personal Area MNetworks (6LowPAN) [6] as a
network level enabler, the Routing over Low-power and Lossy
networks (ROLL) [7] to provide a routing mechanism
optimized for constrained networks, and the Constrained
Application Protocol (CoAP) as an application laver enahler
[8]. This paper provides an approach and protoivpe
implementation for effluent treaiment of water in texiile
industrics, which is an IoT bascd application.

The remainder of this paper is organized as follows: Section 11
describes the relaled work. Section IIT gives the description of

ML DESCRIPTION OF THE 8YSTEM

The proposed system for elfluent reatment of water is shown
in figure 1. Routing protocols for sensor networks are often
designed with explicit assumptions, serving to simplify design
and reduce the necessary energy, processing and
communicalions regquirements. The basic protocols used [or
the implementation ot the svstem are discussed in this section.
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the system and the protocols required for the implementation. | o
Section IV describes the hardware and sofiware required to set s - s i/
up the test bed. Details of the prototype implementation are Bl T b i
given in section V. Finally, section VI presents the conclusion =T P 'B
and future work. Scwran —_— -
+* .
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II. RELATED WORKS ?—;‘h — e ﬂ
Wircless Scnsor Network (WSN) platform developed by ;Eg:w . ?: » i v oot
“Smart Coast”™ Multi Sensor System for water quality ¥ e, .. '
monitoring [10] allows for the integration of the different ?Jﬁ - =" &
sensors like water-temperature, phosphate, dissolved oxygen, (:_ﬂ' Y, Callidar
conductivity, pH, turbidity and water level. The system uses ' Natwark

Zighee communication to meet the low power requirements of
the deployment scenario. The Smart Coast project also
developed a portable, field deployable sensor for long-term
monitoring of phosphate levels in natural water which was set
with a limit of detection of 0.3 mg/L. For resolving the
problem of the manual analytical method adopted in water
quality detection with lack of real-time data, a novel rype of
remote water gquality measuring and monitoring System based
on WSN [9] i3 implemented, where the sensor nodes in the
system enter the sleep mode when it does not collect the data
so a8 to reduce the power consumpiion.

Another approach [11] explains the development and testing
of a multi-sensor heterogencous real-time water moniloring
system which was deployed in the River Lee Co. Cork, Ireland
to monitor water quality parameters such as pH. temperature,
conductivity, turbidity and dissolved oxyzen. Sensor inrerface
mfrasmuemure {(incorporating Programmable System on Chip -
PSOC technology) and data telemetry systems compatible
with the Zighee data transmussion system were developed
which is capable of transmitting the data to the Smart Coast
server, which processed the data for ransmission to the weh,
The PSOC system accommodates the output magnimde from
the sensors and processes the data in order to make it generic
for the communication and processing unit of the system,

A water guality measurement svstemn based on thick-film
technology [12] is used for sensing pH, temperature, oxidation
reduction potental (ORP), conductivity and trbidity, Other
sensors are being developed for, organic contamination,
dissolved oxygen and diversions. Here, the entire system is
coated with a transparent rvesin, with the exception of the
sensor area which must be in direct contact with the water, for
serving the purpose of sensing.
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Frgure 1: Proposed Svetem S effluent reatment of water

A Rouwting Protocol for Low power and Lossy Networks
(RPL)

RPL is on the IETF standards track for routing in low-power
and lossy networks [13, 14]. The protocol 15 trec-oriented m
the sense that one or more root nodes in a nerwork may
generate a topology that trickles downward to leaf nodes.
Much flexibility 13 given m RPL as to the constramis and
metrics that can be used when building a topology.

Tapalogy Farmation:

A network that manages its routing topologics using RPL may
rmm one or more RPL instances. Each instance defines a
topology that is buwilt using a unique metric or constraint
within the network. In each RPL instance, multiple Directed
Acyelic Graphs (TYAGs) may exist, each having a different
DAG root. A node may join multiple RPL instances., but must
only belong to one DAG within each instance. The operation
of multiple RPL instances is shown in Figure 2, When
formng the topology, cach sink constucts a packet called a
DAG Information Object (DIO), and sends it to all children.
Any child that decides to join the DAG may pass the DIO
further o itz own children. The DIO contains a rank that 1s
mcreased monotonically when the child joins the DAG. The
rank prevents routing loops, and helps the nodes to distinguish
between parents and siblings, Nodes may store a ser of
candidate parents and siblings that can be used if the preferred
parent is unable to route traffic for the node.
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Figure 20 A network with thres DAGS in two RPL instanices.

Muaintenance:

DAGs mav need to change if the network restruciures because
of mobility or link quality variance. RPL ensures that DAGs
arc adjusted occasionally by having the root send out a new
DAG irteration. A Trickle timer regulates when nodes should
forward such information to their children, which efficiently
suppresses many redundant updates in dense networks [15].

Poine-to-Point Traffic:

Te let arhitary nodes communicate with each other, RPL
includes a Destination Advertisement Object (DAO) in which
children can advertise their own address prefixes to their
neighbourhood using multicasts, or back to the DAG root
using unicasts atter joining a DAG.

B IPvt over Low power WPAN joLoWFPAN)

The IETF 6LoWPAN  working  group  has  defined
specifications [16, 17] to cfficiently transport [Pvh datagrams
over [EEE 802154 links, The Internet Protocol (IP) is
predominantly used over Ethernet links that offer increasingly
high throughput, The transmission of [Pvé packet over
LoWPAN links are faced with several challenges due to the
resource constraints

IETF RFC 6282 [17] defines an adaptation layer comsidering
that the munimum [Pve MTU (1280 bytes) 18 much larger than
the largest BO2.15.4 frame size (127 bytes). The major
functions of the GLoWPAN adaptation layer that -works
berween IPv6 and 802.15.4 MAC layer are hsted below.

Fragmentation:

Considering 1Pv6 MTU size (1280 byies) and 802,154 frame
size (127 bytes), the fragmentation and reassembly s cssential
ar the 6LoWPAN adaption layer. The fragmentarion header
includes 1Pv6 datagram size, datagram offset and a datgram
tag to help in reassembly.

Header compression:

The header compression is important to increase the effective
pay load of the upper layers. For example, 40 bytes of TPvh
header is compressed to 3 bytes as the sowrce-, destination
address and datagram size can be inferred from laver 2 header.

Laver 2 forwarding:

11

RPL Instance 1— WPL Insance 2— In mesh routing, the source and the final destination need not
b @ oo g ove o3l be directly connected. The mesh header carries the source and
final destination link layer addresses and hop count. The
] . ® intermediate node forwards the packet Lo the next hop alier
L o ' deducting the hop count. The Reduced Function Device
o ® e [ ] {RFD) relies on the Full Function Device (FFD) for datagram

® ! forwarding,

- o ®

Frgure 3: 6LoWPAN typicul archileciure

Standard 6LoWPAN architecture consists of several entities,
Figure 3 illustrates the typical 6LoWPAN architecture in
which 6LoWPAN gateway is a primary source for outside the
network TPvA chients to communicate with ALoWPAMN sensor
nosdes, Whereas it also shows weh server, which retrieves
semsor data from the 6LoWPAN gateway and publishes on the
Internet,

C. Constrained Application Protocol (CoAP)

CoAP 15 a Web-orented protocol, 1.e., 1t adopis features from
HTTP, the Web protocol. The central oncs arc the resource
abstraction, RESTful interaction [18], and extensible header
options, These features allowed the Web to evolve from a
stimple document retrieval mechanism (“World- Wide Web™)
to a thriving application platform ("Web 2.07), Being
suceessful, long-lived IETE standard, HTTP allows us 1o
combine  different resources or services with very little
scripting effort in so called “mashups,” This iteroperability 1s
the kev argument for the “Web of Things™ imtiative [19] to
push HTTP down to the device level. HTTP over TCP,
hoswever, has a one-to-one communication model, no native
push notifications, and 15 rather heavy-weight for constramed
devices.

To overcome this downside, CoAP enables size-optimization
and rehable datagram commumication. On one hand, it offers
URIs (c.g., coap:/vsl.infethz.ch/), the RESTful methods
GET, POST, PUT, and DELETE, and extensions through
header options that can be defined independently. On the other
hand, CoAP uwses UDP, which is lighter than TCP, but
moreover  allows  for  efficient TP multicast.  Group
communication is a significant requirement for the Intermet of
Things, To make up for the unreliability of UDP, CoAP
defines  transactions  with retransmissions. Mative push
notifications  for  eventing  are  supported  with  the
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publish/subsecribe pattern to observe resource changes [20].
Finally, a resource discovery mechanism is provided, which
also provides for resource descriptions.

V. TEST BED SETUP
A WIRELESS SENSOR NETWORK HARDWARE

Hardware design of the system consists of a sensor unit and a
wireless sensor node. Sensor unit consisis of the sensors that
sense  Lthe critical parameters  like tarbidity  (delermines
cloudiness or haziness of a fluid caused by individual
particles), pll (measure of the acidity or basicity of an agueous
solution), conductivity {ability to conduct or transmit heat,
electricity, or sound), temperature (Temperamre is a measure
of the average energy of water molecule) and colour. All
sensors are calibrated to provide a DC output voltage which
ranges between 0 to 2V,

TelosB mole was used as wireless sensor node. TelosB is an
ultra low power wireless module for use in sensor networks,
monitoring applications, and rapid application prototyping. [t
has integrated onboard antenna with 50m range indoors /
1 25m range outdoors, |6-pin expansion support and optional
SMA antenna connector, TelosB leverages indusory standards
like USB and IEEE R02.15.4 to intcroperate scamlessly with
other devices, TelosB enables a wide range of mesh nerwork
applications. The low power operation of the TelosB module
i5 due to the ultra low power Texas Instruments MSP430
Fl611 microcontroller featuring 10kB of RAM, 48kB of flash,
and 1288 of information Storage, TelosB features the 250kbps
24GHz IEEE 802,154 Chipeon CC2420 radio for wireless
communications. The sensors mentioned above are integrated
with the mote. TelosB may be powered by two AA barteries,

B, SIMULATION ENVIRONMENT

Software simulation environment is Contiki 2.7, an operating
system developed for constrained environments, A Contika
system is partiioned into two parts: the core and the loaded
programs. Typically, the core consists of the Contiki kernel,
the program lpader, the most commonly used parts of the
language run-time and support libraries. and a communication
stack with device drivers for the communication hardware.
The core 15 compiled into a single binary image that is stored
in the devices prior to deployment. The core is generally not
maodified after deployment, even though it should be noted
thar it is possible to use a special boot loader to overwrite or
patch the core. Programs are loaded into the system by the
program loader. Programs to be loaded into the system are
first stored in EEP-ROM before they are programmed into the
code memory., CoAP implementarion that is bundled with
Contiki 2.7 is used i owr development. The REST engine
defined in Contiki 2.7 includes framework for developing both
CoAP server und CoAP client applications. Firefox browser
plugin, Copper {Cu), a CoAP user agent implementation for
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meonitoring resources using Web browser, is included in this
framework, CoAP  resources are  defined  wsing  the
RESOURCE macro,

V. PROTOTYPE IMPLEMENTATION

The prototype implementation of effluent water monitoring
syslem is shown in the liguwe 4a and figure 4b, CoAP
resources in copper are defined using the RESOURCE macro,
For example, the following macro defines a temperature
SCNSOr resource.

RESOURCE(temperature, METIOD GET. “"temperature”);
virid temperature_handlerf REQUEST# request, RESPONSE*
response)

The parameters defined in the above example are, name of the
resource, request methods supported, URI path string, title and
the resource tvpe. Similarly, the conductivity resource of
wiler sensor can be defined using the lollowing macro,

RESOURCE (conductivity, METHOD GET, "conductiviey™);
void conductivity_handler(REQUEST* request. RESPONSE*
response)

Figure 4a: Sensors and Mate

All the resources are starically defined and the associated
functions are registered when the REST engine m CoAP
server is started. Each resource has to implement a handler
function  with the name [resource name] handler. For
example, when the CoAP client sends a GET request w the
Copper server for the CoAP URT fwater-sensor/conductivity,
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conductivity_handler function will be called by the Copper
REST engine. The handler implements actions for sending an
excitation signal to water sensor that results in reading of the
conductivity value. The CoAP response message is lormatled
according to the client requested format, which can be plain
text, xml or JavaScript Object Notation (JSON),

Figure 5 shows CoAP client plugin in Mozilla web browser
displaying the 2.05 Content response received for a GET
request, The browser displays individual icons for each
request methods like GET. POST, PUT and DELETE. The
panel on the left showing the expanded list of resources for the
DISCOVER request.
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Figure 5: CoAP client plugin
VI CONCLUSION AND FUTURE WORK

In our project, we have demonstrated how to automate the
process of fetching water quality paramcters using wircless
sensor network, This prototype overcomes the disadvantages
of manual chemical analysis and also provides o solution for
the problems caused duc to effluent water let out by the textile
industries, Further extension of this project is, its real time
implementation in cifluent industries. The prototype can also
be implemented by considering  other  effluent  warer
monitoring parameters and suitable sensors,
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