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Abstract 

One of the crucial analysis problems in associate degree IoT-based system is the way to manage the 

massive quantity of knowledge transmitted by the doubtless sizable amount of sensors that type the 

system. For period situations, e.g., agricultural crop chase, traffic management, etc., such associate 

degree approach would be impractical. Moreover, counting on the con-text within which the 

information is generated and is to be used, solely a fraction of the information would be required for 

analysis. Our framework is constructed on the linguistics sensing element Network (SSN) 

metaphysics. Framework contains many novel options - a facility to specify knowledge warehouse-

based data model supported the SSN metaphysics, a goal model through that the users will specify 

those components from the information model that area unit of interest to them; and a facility to 

reinforce the information model (and the associated goal model) with extraneous data that will be 

helpful for enriching the information model. Throughout paper, maybe our concepts via a sensible 

running example within the sensible town domain, with stress on traffic management and additionally 

gift a signal of idea paradigm of the information filtering capability. 

 

Index Terms- Microcontroller, Internet of things, Receivers, Web Services, Internet Topology. 

 

INTRODUCTION 

The world is witnessing Associate in Nursing exponential growth within the variety of devices 

comprising sensors, actuators and information processors, leading to the alleged web of Things (IoT) 

development. it's calculable that by 2020 there'll be in far more than fifty billion devices all connected 

to the net. Such a proliferation of devices has the potential to get monumental amounts of information, 

leading to a classic huge information drawback, viz., the necessity to extract, method and analyze this 

information. especially, this carries with it the danger of being weak by an excessive amount of 

information, most of which cannot even be relevant. This raises the necessity for information filtering 

approaches. though many information filtering approaches are planned [1–4], there has been little 

analysis on developing techniques for accurately deciding that information to retain and that to discard. 

Consider, as an example, the (not uncommon) scenario of a serious traffic accident/pileup occurring at 

a main road at an equivalent time as fans driving to a well-liked music concert venue a couple of miles 

simply off an equivalent main road. The traffic management authority would want to think about many 

dimensions on that to gather and analyze information, viz., and area (from fine-grained to coarse-

grained), time (beginning, during, end) and information supply (road conditions, weather and different 

events). Hence, reckoning on the actual user demand, which is able to dictate the extent/granularity of 

information required, applicable filtering of device information is required. This raises the crucial issue 

of quantity} amount of information required to be delivered to the traffic management authority to help 

them in applicable higher cognitive process. This raises the requirement for Associate in Nursing 

integrated service-oriented framework which will assist the user within the following activities: update 

the domain metaphysics, update the info model supported the metaphysics, update the goal model so 

as to alter information filtering, and store the info extracted once filtering. To the most effective of our 

data, this can be the first such integrated framework for information filtering in IoT-based systems. we 

tend to additionally believe that it might open up new analysis prospects for information management 
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in IoT, that continues to be in its infancy. This paper is organized as follows. ensuing Section presents 

our running example, that we are going to be victimization throughout this paper for instance our ideas. 

In Section three the background material on sensing element information illustration, metaphysics and 

information warehouse-based information model that we are going to be victimization throughout the 

remainder of the paper. Section four describes the core contribution of this paper, viz., our service-

oriented framework and the way it works. In Section five we tend to demonstrate the core facet of our 

framework, viz., goal-driven discourse information filtering module, via our in progress proof of 

conception model. we tend to additionally discuss however we are going to be building the remainder 

of our framework round the information filtering module. Connected work is mentioned in Section vi, 

and our paper concludes in Section seven with suggestions for future work. 

 

RUNNING EXAMPLE 
Running example is from the good Cities domain, and it relates to good traffic management on 

highways and surface roads during a town. we have a tendency to assume the town contains a set of 

suburbs with their own surface road network, connected beside one or a lot of highways that act as 

“ring roads” peripheral the suburbs. we have a tendency tocon jointly assume the existence of a 

downtown space, with blood vessel roads connecting to the highways. In such a system, good traffic 

management would involve many scenarios: making certain swish traffic flow with least disruptions, 

particularly at time of day or throughout special events like music concerts at specific venues; 

diverting/regulating traffic throughout emergency things like accidents, natural disasters etc,. and 

cutting off sections of roads/highways for repairs/maintenance, and regulation traffic in different 

elements of the good town. watching and managing such a system needs assembling giant amounts of 

information from many sensing element networks: traffic sensors, road sensors and weather sensors. 

counting on the frequency at that this knowledge is generated, call manufacturers may get inundated 

with vast amounts of information, most of which might not be relevant to fulfill their specific needs at 

a specific purpose of your time. as an example, knowledge from optical sensors has been found to be 

helpful for police work priority and over height vehicles specifically to limit traffic throughout time of 

day. Further, such sensing element provided knowledge ought to even be integrated with knowledge 

from social media like special events or accident info. this instance, therefore, raises the necessity for 

AN integrated framework for assortment and storage of this knowledge for analysis. Since this analysis 

may be offline also as period, the framework must support each modes. Also, since newer knowledge 

modeling & management techniques got to be incorporated from time to time, the framework ought to 

be designed victimisation service-oriented design principles to stay it flexible and labile. 

 

BACKGROUND 

SSN Ontology 

The ideas in our paper square measure derived from the SSN metaphysics [5], that covers four 

perspectives: (a) device perspective, with attention on what senses, however it senses, and what's 

sensed; (b) observation perspective, with attention on observation knowledge and connected metadata; 

(c) system perspective, with attention on systems of sensors and deployments; and (d) feature and 

property perspective, specializing in what senses a specific property or what observations are created 

a couple of property. 
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Figure 1. Sensor Perspective 

Stimuli are changes that a device will observe and report, e.g., moving vehicles. Such a stimulation is 

thus a proxy for a property of the atmosphere being measured. during this case, the atmosphere is 

traffic, and also the property is conveyance movement at a specific time and on a given road. thus the 

device perspective is of interest to America, and is illustrated in Fig. 1, that conjointly illustrates device 

capabilities. For a sensing event, Associate in Nursing observation will link the act of sensing, the 

event that's the stimulation, the sensor, a method, a result, Associate in Nursing as curtained feature, 

and property, putting tired Associate in Nursing instructive context. As we'll see later in Section 

three.3, our Goal Model (which helps the user specify the info they need) is described via the Feature 

of Interest parameter from Fig. 1, the Observation parameter (i.e., in what context the device collects 

and transmits information [5]) evokes our Context Model, and also the device and device Output 

parameters inspire our information Model. 

Dimensional Fact Model 

To adopt the Dimensional reality model from [6] for representing keep information collected from 

sensors. it's a abstract model for information warehouses, and consists of the subsequent elements. the 

actual fact schema consists of Facts, Measures, Dimensions and hierarchies. A reality could be a 

information item that's of interest to a user, e.g., traffic data. Measures are incessantly valued (usually 

numerical) attributes that that describe the actual fact from different viewpoints; e.g., traffic flow 

through a street. Dimensions are distinct attributes that describe granularities to represent Facts; e.g., 

hourly or daily traffic flow. Hierarchies are created from distinct Dimension attributes connected by 

matched or many-to-one relationships, and verify however Facts could also be collective and selected 

significantly for the decision-making method. The Dimension during which a hierarchy is nonmoving 

defines its finest aggregation granularity; the opposite Dimension attributes define increasingly coarser 

granularities. Hierarchies may additionally embody non-Dimension attributes. A non-Dimension 

attribute contains further data a few Dimension attribute of the hierarchy, and is connected by matched 

or many-to-one relationships (e.g., detector location); in contrast to Dimension attributes, it can't be 

used for aggregation. 

Referring to Fig. 1, a live can represent a device property, whereas Dimensions and hierarchies can 

represent mensuration properties, conditions and capabilities. Therefore Dimensions and hierarchies 

can facilitate qualify the discourse conditions below the live are extracted from the device. for instance, 

a Dimension attribute like “hourly” applied on traffic flow live, would lead to traffic sensors causing 

traffic flow info each hour. 
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Goal Model 

The present model relies on the goal-driven knowledge warehouse style approach conferred in [7]. The 

approach in [7] may be at win approach, driven by each structure and decisional modeling. every 

approach includes the subsequent steps:  

(i) Goal analysis, during which actor and explanation diagrams area unit made. 

(ii) reality analysis, during which explanation diagrams area unit extended with Facts. 

(iii) Attribute analysis, during which explanation diagrams area unit additional extended with 

(Dimensional & non-Dimensional) attributes. 

Actor diagrams model actors (i.e., users of the system) and high-level descriptions of the actions they 

undertake on the system. Explanation diagrams area unit specific pictorial representations of the 

explanations behind choices created by users relating to the info that they need to access and use. 

This paper is that the decisional modeling a part of the approach from [7], that focuses on principle 

diagrams, and that we tend to model as our goal models. A (subset of a) principle diagram for our 

running example is shown in Fig. 2. The principle diagram shows that 3 sub-goals-monitor traffic, 

monitor road conditions and monitor accidents square measure required so as to satisfy the goal of 

traffic management.  

 
Figure 2. Rationale Diagram 

Data Model 

The information model springs from the essential Facts and Dimensions thought from data deposition 

as introduced in Section three.2 and elaborate in [6]. we tend to model every information item 

transmitted by a detector as a truth, that is delineate by a group of Dimensions. every truth is portrayed 

as Fi = (Id, , , ), wherever Id is that the Identifier of the very fact, may be a set of Measures that 

comprise the very fact, may be a set of the size of the very fact, and may be a set of non-Dimension 

attributes related to the very fact. 

Dimensions contain aggregately (by any mathematical or relative operator) data directly associated 

with the actual fact itself, whereas non-Dimension attributes contain non-aggregately data. Measures 

will be additive on a Dimension (e.g., traffic flow on time Dimension), or non-additive (e.g., 

temperature on time or house Dimension). Non-additive Measures will solely be aggregate 

victimization non-additive aggregation like average, most or minimum. 

In addition, between any combine of Measures from 2 different Facts, a dependency may exist. as an 

example (see Fig. 3), contemplate Traffic Flow live in Traffic reality and Accident live in Event reality. 

The flow of traffic through a suburbia might be affected by traffic accidents occurring therein suburbia, 

i.e., a traffic accident during a suburbia may adversely affect traffic flow through the suburbia or 
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perhaps the neighboring suburbia. therefore, we tend to categorise such a dependency as Depi = ((Fi, 

M easij), (Fk, M easlk)). 

Context Model 

The primary motivation for our context model is to model the extraneous Factors that influence the 

precise knowledge that must be sent to the user in response to their necessities. The information 

transmitted may well be qualified supported aspects like frequency, coarseness, sensor’s physical 

characteristics, etc. In our data warehouse primarily based model, we have a tendency to model these 

aspects via the Dimension and non-Dimension attributes. for instance, frequency and coarseness may 

well be Dimensions whereas sensor’s physical characteristics may well be a non-Dimensional 

attributes; the rationale for this being that Measures cannot be collective across the sensor’s physical 

characteristics. 

Loosely place, discourse info from the user perspective will function non-functional necessities that 

complement the core practical necessities from the wants model. Indeed, as defined, the user will 

modification the context necessities for a specified set of practical necessities, while not affecting the 

functional necessities themselves. Then this achieves a decoupling of practical and non-functional 

necessities, which reinforces the flexibility of our knowledge filtering approach. 

 

SERVICE ORIENTED FRAMEWORK FOR GOAL-DRIVEN CONTEXTUAL DATA 

FILTERING 

In this section, we tend to gift the core contribution of our paper, viz., and this service-oriented 

framework for knowledge filtering in IoT-based systems. 

Conceptual Model 

The overall abstract model of our framework is as shown in Fig. 3. From associate degree initial goal 

model G, the initial information model D springs as a set of the information warehouse model. This 

model is then utilized by our framework to filter information on solely extract that information as per 

the info model D. throughout information extraction and analysis, the user could get alternative 

information and knowledge (e.g., data from tweets, alternative messages from motorists & pedestrians 

[]), that alerts them to the chance that they will not have collected adequate information. If the 

additional information to be collected exists within the information warehouse model, then D is 

increased to D′ and also the associated goal model G is increased to G′. If the additional information 

to be collected isn't a part of the info warehouse model, then the info warehouse model would want to 

be increased, when that the models D′ and G′ is generated. 

Referring to our running example, the user could specify a goal model that allows the filtering of 

information restricted to Traffic and Accident data. Once getting and analyzing this knowledge, they 

will notice that traffic accident info can be correlate to environmental conditions, thence Environmental 

data from Fig. 3 may additionally got to be generated. This could necessitate sweetening of D to form 

D′. to boot, via alternative info sources (e.g., social media), the user could notice that construction 

activity within the town (whether residential or commercial) would be worsening the traffic state of 

affairs, thence the information warehouse model would wish to be increased by augmenting the 

information warehouse model with Construction as a further reality. knowledge warehouse 

augmentation is enforced via techniques like those delineate in [8], however this can be out of scope 

of this paper. 
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Figure 3. Conceptual Model 

Goal-Driven Data Model Derivation 

Extending Goal bound demand analysis [7], we tend to leverage a given goal model to derive a abstract 

style and it involves the subsequent steps: 

– Demand Mapping: during this step, the user defines Facts, Dimensions and Measures against every 

goal within the goal model. As illustrated in Fig. 2, Facts are associated against non-leaf goals within 

the principle diagram, whereas Measures and Dimensions are associated against leaf goals within the 

principle diagram. 

– Schema Mapping: during this step, the user then maps these Facts, Dimensions and Measures against 

the suitable knowledge things within the information schema wherever applicable. If the user has 

chosen an equivalent names as within the information schema, then this step will be partly machine-

controlled. Otherwise, we are able to assume the existence of a wordbook as advised in [9]; but, 

building such a wordbook is outside the scope of our paper. 

– Truth Schema Hierarchy Construction: for every truth from the principle diagram that is mapped 

against a truth within the supply schema, its relationships to alternative Facts (expressed via foreign 

keys) is iteratively navigated. Since an overseas key for the very fact in question could be a primary 

key for an additional truth, this lends itself to a natural hierarchy, as explained in [7]. Indeed, this might 

lend itself to multiple hierarchies (i.e, a many-to-one path) from a truth F to associate degree attribute 

as if the first key of F (transitively) functionally determines a. the selection of the acceptable hierarchy 

to pick out would then be driven by the context model as defined in Section three.5 earlier, as per the 

subsequent guidelines: 

• Every Dimension d associated to a goal associated with F and with success mapped from the principal 

diagram to the supply schema is enclosed, and therefore the full hierarchy unmoving in d is generated 

by navigation. just in case the trail from F to d happens to be many-to-many, d is shapely as a multiple 

Dimension; i.e., multiple values of d will be associated with one instance of the very fact F. 

• Every live m associated to a goal associated with F and with success mapped from the principal 

diagram to the supply schema is enclosed, given that a many-to-one path exists from F to m. 

• Those Dimensions and Measures associated to a goal associated with F that no mapping can be found, 

also are enclosed, however listed as “missing”. However, handling such a case is outside the scope of 

this paper, and that we assume that such a case won't arise. 

 

SYSTEM ARCHITECTURE 

Goal Management element is employed by the user to augment goals shown in Fig. 5. The information 

Management element implements our data model derivation procedure as explained higher than, and 

additionally augments information model supported inputs received by the user when analysis of the 

filtered data.  
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Figure 5. System Architecture 

The derived information model is employed by the Filtering Module to work out the info to be keep 

(with or while not aggregation or addition). Augmentation of the information model is enforced by 

first enhancing the info warehouse model within the data warehouse, and so slicing and dicing that 

model within the information warehouse so as to come up with the increased information model D′. 

Meanwhile, the Event Processor is accountable for receiving the info from device streams, and 

programming the info feed to the Filtering Module as per applicable queuing policies. we tend to area 

unit victimization Apache Storm1 for our Event Processor; but, details of usage and operation of the 

Event Processor area unit out of scope of this paper, and can be rumored in a very future paper. Since 

our approach incorporates offline additionally as period of time filtering, we tend to assume the 

existence of associate degree in memory information (e.g., VoltDB2) that helps store period of time 

filtered information for fast retrieval and additionally transfers it to an information warehouse. the 

precise mechanisms, by that this is often accomplished, are going to be rumored in a very future paper. 

A. Data Analysis & Integration 

NCN: Discuss however external knowledge are going to be obtained, analyzed vis-a-vis the filtered 

knowledge, and integrated into our knowledge warehouse model & derived knowledge models. 

Goal Augmentation 

NCN: Discuss however goal model is increased supported enhancements to the information 

warehouse & derived data models. 

 

IMPLEMENT AND EXPERIMENTATION 

The enforced a paradigm of our design as a plugin in Eclipse, for currently the plugin’s practicality is 

proscribed to goal-driven context aware information filtering. alternative elements of our design square 

measure being incorporated, and can be rumoredin future papers. The plugin starts functioning once 

the user creates a goal model as delineated in Fig. 2. This implementation permits the period of time 

filtering of knowledge received from GPS sensors of a taxi company [10]. We have got used the info 

set from the taxi example delineated in [10], that contained the GPS trajectories of ten,357 taxis 

throughout the amount between February second and eighth, 2008. Via this information set, we tend 

to square measure ready to gift insights on entailing goals adore observance traffic, accidents and 

alternative signals at the time Dimensions of hour, day and week as per Fig. 3. Every datum is of the 

shape [Vehicle ID, Time Stamp, meridian and Latitude]. the goal model of this method is delineated 

within the left. Now, from this information set, our goals square measure the following: (a) discover 

the passage of specific vehicles, and (b) monitor vehicle movement for sure distances on the roads. it's 
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to be noted that these goals are literally interlinked; unless vehicle movement is detected, it can't be 

monitored. Now, to deal with these necessities, the subsequent would want to be done. First, the 

corresponding goals have to be compelled to be retrieved, and sculptured in a very goal model as 

delineated. Second, supported the SSN metaphysics and therefore the Facts/Measures related to the 

goals, the corresponding sensors and their ascertained properties ought to be determined. In terms of 

the goal model from Fig. 2, we tend to narrowed down on to the subsequent user requirements: 

– Retrieve movements of twenty-four vehicles identified by their vehicle numbers (366, 1131, 1277, 

2237, 2560, 2669, 3015, 3557, 3579, 3781, 4798, 5075, 5099, 5860, 6275, 6656, 6665, 7105, 7146, 

8179, 8662, 8717, 9109, 9754) 

– additional filter this information proscribing to a given signal route identified by (39.97571, 

116.38176) that was often times visited to scale back traffic congestion. 

As we are able to see, the on top of necessities have specific Fact-based associations to observe Hourly 

Traffic because the nearest matching goals. Additionally, the Measures determined correspond to 

Average Traffic Flow and Total Traffic Flow. The Decomposition Module then maps these necessities 

(goal and context models) onto the information schema of the information as per the approach 

elaborated in Section four.2 and creates the subsequent information model specification in memory: 

Traffic [Path, Hourly, Vehicle Usage]. The parameters among the parenthesis indicate the specific live 

from the associated hierarchies. this is often then loaded into our in-memory information, and 

additionally sent to the Event Processor, which may then initiate information extraction from sensors 

as per the specified necessities. Finally, once the information is filtered, it's then touched to the 

information Warehouse for storage. 

The progressive filtering we have a tendency to achieved by subjecting specific Dimensions from the 

goal model is best owed within the high left. As we are able to see, from the goal aligned information, 

that is already simply 1 Chronicles of overall information, we have a tendency to efficiently achieved 

filtering supported the subsequent specific contextual requirements: (a) a standard signal that was most 

frequented by all the twenty one vehicles (Common Signal); (b) The collective information points 

from all twenty one vehicles in terms of their most frequented signal (Vehicle); (c) the entire 

information points for a amount of one hour (Hourly); and (d) the entire information points for a 

amount of eight hours (Daily). the information filtering is significant for each hierarchy in an 

exceedingly specific Dimension like Time. the particular you look after reduction for every of the 

Dimensional hierarchies from overall information points is pictured within the high right of Fig. 7. that 

illustrates the vehicle wise comparison for all the twenty one vehicles that we have a tendency to 

started out to trace from the given dataset. for instance, take into account vehicle identified as eight 

during this chart. If the discourse demand is merely to trace this vehicle for a given signal against all 

signals that square measure goal aligned, we'd got to capture a little fraction of information points. 

This illustrates the massive overhead in terms of each process and continuous data that was simply not 

required and therefore avoided by our approach. Also, specializing in most frequenting vehicles three, 

9, 14, seventeen and twenty-one in an exceedingly given intersection, and checking if there is alternate 

routes obligatory on such vehicles might facilitate in mitigating traffic congestion within the 

intersection. 

 

RELATED WORK 

An infrastructure for processing in device networks was given in [4]. Via the conception of a “virtual 

sensor” that acts as a proxy for multiple sensors, that paper presents a middleware for managing giant 

device networks. specially, [4] focuses on efficient distributed question process and integration of 

device information. The hold complementary to our work, and a helpful extension to our framework. 

The citation [1] presents spatio-temporal device graphs, an information model for representing device 

data. Its key utility could be a memory-efficient model for representing fast-changing device 

information that conjointly supports adequate support for information discovery from the model. We 

have a tendency to read this model as complementary to our work. 
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In [11], the authors gift a group of helpful points to be thought-about once planning IoT-based systems 

for rising markets like Asian nation. Indeed, a rethink of the essential assumptions around IoT raises a 

fundamental issue of knowledge management in IoT-based systems, viz., that a localized approach is 

required. In alternative words, information assortment & analytics hence has got to be distributed 

between edge devices and also the cloud information center which will store the collected information. 

in an exceedingly follow up paper [12], the authors gift an occasion process engine that optimally 

redirects event stream information to the sting supported varied parameters. In our paper, we've got 

addressed a complementary issue that helps to ameliorate the information assortment issue raised in 

[11, 12], i.e., discourse information filtering to make sure that solely required information is to be 

processed and keep. The citation [13] presents AN design for an information assortment system for 

IoT based mostly applications. That paper conjointly presents AN implementation and elaborate 

experimental results to guage their design. We have got leveraged some constructs from [13] for our 

system design, though the stress of our paper is different. A additional elaborate investigation of the 

information assortment design of [13], at the side of incorporation into our system design, is current, 

and can be rumored in an exceedingly future paper. Guage their design. We have got leveraged some 

constructs from [13] for our system design, though the stress of our paper is different. An additional 

elaborate investigation of the information assortment design of [13], at the side of incorporation into 

our system design, is current, and can be rumored in an exceedingly future paper. 

A context management design for IoT has additionally been bestowed in [3]. One key feature of [3] 

could be a multi-tenant storage & illustration model that has knowledge isolation for multiple users. 

Another key feature is measurability that is achieved via a mix of distributed readying with horizontal 

measurability, and shared resources through multitenancy. We are going to be work the multitenancy 

approach of [3] for our future work. In [14], the authors gift a distributed design for IoT-based systems 

that they decision DIAT. DIAT aims to be a really distributed, bedded design, which might offer a 

reference design for anyone wish to make IoT-based systems. We are going to be work integration of 

applicable elements of DIAT into our framework. 

A discussion on linguistics modeling of sensible town knowledge has been bestowed in [15]. That 

paper describes the assorted sources of knowledge during a sensible town, like transport, air quality, 

traffic, town events, etc. Further, it discusses some challenges of modeling, extracting, storing and 

victimisation such knowledge, viz., quality, dynamism, security & privacy, non-uniformity and 

knowledge integration. On similar lines, the City Pulse project3 focuses on providing large-scale 

stream process solutions to interlink knowledge from web of Things and relevant social networks and 

to extract time period data for the property and sensible town applications. 

 

CONCLUSION 

In this paper we tend to investigate the crucial issue of managing knowledge transmitted by sensors in 

AN IoT-based system. Since it might be much not possible to analyze and store all the information 

received, and since most of the information might also not be relevant, we tend to conferred a service-

oriented framework for discourse data filtering in IoT-based systems. Our framework not solely 

permits knowledge filtering, however analysis of the filtered knowledge; this analysis helps the user in 

determining whether the collected knowledge has to be increased with data from further sources, and 

conjointly automates the method of integration the extra knowledge into the framework’s knowledge 

model. Via a model implementing a wise town state of affairs targeted on traffic flow modeling, we 

tend to conjointly showed however our approach helps to significantly cut back the quantity of 

knowledge that has to be hold on. Future work would involve the following: (i) extending our design 

by incorporating acceptable parts from those projected in [12, 13, 3, 4]; (ii) enriching our knowledge 

model via incorporation of the spatio-temporal device thought [1], especially, memory-efficient 

representations of collected device data;(iii) increasing on our system design via a lot of elaborate 

descriptions (and implementations thereof) of knowledge Analysis & Integration and Goal 

Augmentation components; and (iv) evaluating our model on larger real-life situations. 
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