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Abstract (Times New Roman – 10 Font-Bold-Italic): The Vellar river basin is located in the Northern part of Tamil 

Nadu State in South India, between the latitudes 110 13’ N – 120 00’ N and longitudes 780 13’ E – 790 47’ E. The total 

area of the basin is 7520.87 Sq. Km. The total length of the river is about 150 km. The river Vellar emanates on the 

southern slope of Kalvarayan hills in Salem Dist. and drains into Bay of Bengal near Parangipettai (Port-O-Nova) in 

Chidambaram taluk of Cuddalore District. In the lower reaches the river is meandering resulting in heavy erosions 

due very high discharge during north east monsoon rainfall resulting loss  of agricultural lands and roads. Initial 

field surveys were conducted for actual field information. Using the data, HECRAS-1D and Mike 21 numerical 

modeling studies were performed. Based on the studies vulnerable locations were identified and initial river training 

works were designed and experimentally verified through physical modeling techniques and finalized. The details of 

numerical and physical model studies and finalized remedial measures are detailed in the paper.  

Keywords: Physical model, spur, flood discharge 

 

 

1. Introduction: 
 

The Vellar river originates in the Kalrayan hills of Salem 

district in the reserve forest area at of Salem in Salem 

District and drains into Bay of Bengal near Parangipettai 

(Port-O-Nova) in Chidambaram taluk of Cuddalore 

District.The Vellar river basin is located in the Northern 

part of Tamil Nadu State in South India, between the 

latitudes 110 13’ N – 120 00’ N and longitudes 780 13’ E 

– 790 47’ E. The total area of the basin is 7520.87 Sq. 

Km. The total length of the river is about 150 km (Fig 1). 

The river Vellar is having 6 tributaries. In the lower plain 

river takes meandering course    . During the flash floods 

of north east monsoon the river causes very heavy 

erosions resulting heavy damages to cultivable lands and 

bridges. Hence, the affected people represented to  the 

Government to safeguard their villages from the 

damages, dwellings units, agricultural land, live stocks 

and their properties by forming flood banks, construction 

of spurs and retaining walls. The government of India has 

also sanctioned the schemes under flood management 

program by forming flood banks, construction of spurs 

and retaining walls. 

 

The total area of the basin is 7520.87 Sq. Km. The total 

length of the river is about 150 km (Fig 2 & 3). The lower 

meandering  reach of river for a length of about 80km is 

in Cuddalore district.The average rainfall of the district 

is 134cm. Nearly 70% of  rainfall is during north east 

monsoon 

 

 
 

 

.During the flash floods of north east monsoon the river 

causes very heavy  erosion at locations where river is 

meandering resulting heavy damages to cultivable lands 

and bridges. TV Puthur is one such agriculture village 

located along the meandering stretch which has 

undergone heavy damage resulting erosion of agriculture 

land. The area is active in agriculture and hence 

necessary representations were made by the locals for 

suitable protection works. Subsequently the project 

proposals were made and protection works were 

sanctioned under flood management program of 

Government of India.  
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Fig 2 Vellar river course 

 

 
 

Fig 3 Location of TV Puthur 

 

2 Methodology 

 

Field visit was made and initial site investigations were 

carriedout. With the available data it was decided to use 

various modelling approach. In the present situation one 

dimensional modelling, two dimensional modelling and 

physical modelling studies were carried out.  

 

2.1 One dimensional modelling 

 

In order to assess the existing hydraulic conditions of the 

field, numerical model studies were made.  For the 

present study the U.S. Army Corps of Engineers’ River 

Analysis System (HEC-RAS) software is used. This 

software is developed by the Hydrologic Engineering 

Center (HEC-2008), which is a division of the Institute 

for Water Resources (IWR), U.S. Army Corps of 

Engineers. HEC-RAS allows users to perform one-

dimensional steady and unsteady flow calculations 

(HEC, 2002). In a HEC-RAS steady state simulation, 

water surface profiles are computed from one cross-

section to the next by solving the standard step iterative 

procedure to solve the energy equation. The energy 

equation is intended to calculate water surface profiles 

for steady gradually varied flow.The input are geometric, 

flow and boundary data. The geometric data consisting 

of cross section and chainages were keyed in after 

making a base map of the study area. The flow data 

adopted was the maximum value as suggested by the 

field engineers. The upstream and downstream slopes 

were given as boundary conditions. With the above flow 

data and the boundary conditions, results are obtained by 

running the HEC-RAS model for different scenarios. The 

results of the same are obtained for the steady state flow 

conditions.  The maximum value of discharge of 3596 

cumecs was adopted.   The results of HECRAS study 

indicate that there is a need to redesign the existing banks 

since the waterway is insufficient for the design 

discharge (Fig 4)  resulting overflowing . 

 

 

 
 

Fig 4 HEC-RAS result 

2.2 Two dimensional model studies 

 

MIKE 21 HD is the basic computational hydrodynamic 

module of the entire MIKE 21 system (DHI 2001) 

providing the hydrodynamic basis for other MIKE 21 

modules. The modelling system is based on the 

numerical solution of the two/three-dimensional 

incompressible. Reynolds averaged Navier-Stokes 

equations. The model consists of continuity, momentum, 

temperature, salinity and density equations and it is 

closed by a turbulent closure scheme. The input to the 

model is hydrographic details of river, discharges at the 

open boundaries. The output includes velocity contours 

and water levels...The river bed contours are detailed in 

Fig 5 and this is used as input for Mike21 software. The 

study indicate eddy formation with high velocity on the 

right side bank. It was proposed to strengthen the river 

banks by providing spurs.Then the studies were 

performed with spurs on the right side of bank and then 

flow pattern observations with spurs placed at locations 

suggested by field engineers were studied. The lengths 

are adopted as discussed in Technical report of CBIP 

(1971, 1987). The spurs  with an angle of 220  from 

normal to the bank of 30m length  facing upstream found 

to be  effective in reducing velocity adjacent to right bank 

(Fig 6 & 7). 
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Fig 5 Details of river hydrography 

 

 

 
Fig 6 Mike 21 result for existing bed 

 

 
Fig 7 Mike 21 result with spurs 

 

2.3 Findings of numerical model studies 

 

The site TV Puthur is under heavy erosion. The Right 

bank is found to be highly vulnerable to erosion. The 

presence of shoals in the river diverts the flow creating 

erosion. The numerical experiments with HECRAS 

indicates that insufficient water way to carry the quantum 

of flood values suggested and needs a redesign of the 

section with a top level (Fig 4) by providing a free board 

of 1.8m. The 2D studies with Mike 21 suggest that about 

1km of length of river right bank is vulnerable to erosion 

due to high eddy formation (Fig 5 to 7). Hence based on 

the  discussion with field engineers, it is proposed to raise 

the bank height and to introduce    six repelling spurs on 

the right bank.  

 

3 Remedial measures 

 

The remedial measures proposed  in the form of revised 

bund level and repelling spurs The bund level  and 

location of the spurs as finalized are  tabulated below. 

The length of groin is of  30m length . The orientation 

angle is  250 deg from normal to the bank facing upstream 

side.  This data is used for finalising the performance 

using physical model technique. 

 

Table 1: Input data 

Chainage (m) Top level (m)  

42910 35.270  

43020 35.200  

43120 35.100  

43210 35.070  

43320 34.970  

43410 34.870  

 

4 Physical model studies 

 

Physical model studies were carried out to study the 

performance of river training spurs proposed from 

Mike21 model studies and top level of the banks were 

revised based on HECRAS model studies with a free 

board of 1.80m. A comprehensive mobile bed, 

geometrically distorted physical river model, with a 

horizontal scale of 1:500 and vertical scale of 1:100, and 

the representing affected site of Vellar River at TV 

Puthur with the proposed spur location was  constructed. 

Model discharge of the river was allowed through 'V' 

notch. Necessary gauge wells have been constructed for 

measuring the water levels as done for other reaches of 

Vellar (IHH Poondi-1995) 

 

 

 

 

‘ 
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4.1 Mobile bed setup 

 

In the model, bed of the river has been properly 

simulated. The effective size of the sand particles were 

arrived based the tractive force in the field. From this, 

utilizing the roughness index, model sediment size was 

calculated based on Shield stress criteria and found to be 

0.6 mm. Accordingly corresponding mesh was utilized to 

get the 0.6 mm diameter sand materials. The mobile bed 

was formed utilizing the above sieved sand particles. The 

completed model is shown in Fig. 8 & 9. 

 

 
 

Fig 8 Dry mobile bed  model 

 

 
 

Fig 9 Running mobile bed  model 

 

 
 

Fig 10 Comprehensive model view 

 

 

5 Results and discussion 

 

The spurs provided on the Right bank deflects the flow 

current concentrate to the central portion of the river.  

Eddy formations observed near the toe of the spurs, for 

which suitable toe protection is to be provided to avoid 

local scour. Slight modifications of orientation angles 

were made with the initial value obtained from 2D Mike 

21 model studies in consultation with field engineers. 

Accretion of sand is noticed between the spurs. This 

imparts a good bank protection. The trial model photos 

of the TV Puthur is shown vide (Fig 8 to  10). 

 

6 Conclusions and recommendation 

 

The inferences on the model run with sufficient number 

of trials account to the effective functioning of the 

Repelling. Repelling Spurs of length 30m having an 

angle of  22o were provided. The  performance also 

seemed to be satisfactory.  

Thus, it is concluded that the model study ascertains the 

functioning of the spurs and the flow pattern in the river 

course is found to be satisfactory. Necessary protective 

measures must be provided at the toe of each spurs to 

avoid scour. 
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ABSTRACT: 

Piled raft foundation system is an intelligent geotechnical concept, developed towards reducing the 
settlement of the raft and the footings by providing pile elements below the raft or footings, as the 
case maybe. Although a large volume of works has been done on the behaviour of piled rafts by 
observational studies, the effect of construction methodologies such as deep excavations, the 
installation methodologies used for piling etc appear to have not been covered adequately. This paper 
discusses the effect of deep excavations, pile installation techniques and the effect of adding structural 
elements, based on the data available from published literatures. Based on this study, the performance 
of the piled raft monitored by the author has been revisited and the results of such a study are 
discussed.   

KEYWORDS: Piled raft, ANSYS, Compressible layer 

INTRODUCTION 

The basic difference between the traditionally designed raft supported on piles and the piled raft is 
that, the traditionally designed pile group supported raft does not distinguish between the bearing 
capacity problem and the settlement problem. Cunha et al., (2018), has defined the piled raft 
foundation system, as a pile group, in which the raft connecting the pile heads positively contributes 
to the overall foundation behaviour. Hence ignoring the presence of the raft, and its contribution in 
transferring the load to the competent ground cannot be justified from engineering principles. When 
the ground has adequate bearing capacity, but settlement alone is a problem, in providing a large 
group of piles, the number of piles is governed by the geometry of the foundation. This leads to an 
uneconomical design with a very high factor of safety, not justifiable from an engineering point of 
view to reduce the settlement.  

LIMITATIONS OF ANALYSES 
The analyses of piled raft is essentially a three dimensional process and warrants the use of 
sophisticated computational tools, namely an appropriate software and a compatible hardware for the 
initial and final design. An overview of the literature confirms that even by adopting most rigorous 
methods of analyses, the results relating to the load sharing show wide variations as established by 
Russo and Viggiani (1997). Irrespective of the nature of the software, the accuracy of the results 
depends upon the accuracy with which the in-situ parameters have been evaluated. However, the 
evaluation of in situ subsoil properties is the most difficult part for almost all geotechnical problems; 
more so in the pile foundations as the properties are influenced to a significant extent by the methods 
of pile installations. Further the application of the superstructure load is time dependent and so the 
rate of settlement and the friction mobilised, which is governed by the properties of the soil 
surrounding the pile shaft. Franke (1991) had pointed out that the development of shaft stress from tip 
to top is caused by the movement of piles, the soil in between the pile group, and the raft; hence the 
movement of the system as a whole is very important, which depends upon the in-situ soil properties 
after the completion of the pile installation and the rate of loading. 
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OBJECTIVE OF THIS STUDY 
Even though the design of pile group is complex matter, the design of the constituent elements of 
piled raft in all the stages before execution, is carried out based on the parameters obtained from the 
tests on “undisturbed samples” extracted from the boreholes, during the soil investigation. Standard 
empirical correlations between N-Values and the elastic modulus (Es), which is one of the most 
important parameters, are used in practice in the design of piled raft. Such an analysis and design may 
not take into account the effect of construction procedure and the field issues into account. This is a 
matter of concern when some variations occur between the observed and computed results.  This is 
mainly because of the variability in the behaviour of piles due to many random factors. It also 
depends upon the post construction behaviour of the single pile and the pile group. In the recent past 
the use of large diameter bored piles, whose design methods are settlement based has created a further 
limitation in the form of installation effects on the properties of the soil. An interesting feature to note 
is that in the pre-construction design stage, the design of the un-piled raft and the piled raft is 
processed based on the parameters obtained under undisturbed conditions of the sub soil strata or from 
standard correlations. It appears that many of the field issues, that alter the parameters used in the 
design, have not been recognised in the post construction evaluation.   

Keeping all the above limitations in mind the paper attempts to study some of the important factors, 
that can affect the interaction behaviour of the constituent elements. Hence there appears to be a need 
for a revisit on the analyses using the parameters evaluated after the pile installation. Also, a well 
suited in situ testing procedure which will evaluate the parameters needed is suggested. 
 
FIELD ISSUES 
The behaviour of piled rafts is a three-dimensional interaction problem, and the interaction takes place 
gradually, as the construction progresses. The progressive increase in the applied loading is also time 
dependent, with a probable variation in the sequence. In that process the surrounding soil is 
susceptible for disturbance, remoulding, densification etc. Hence it is quite possible that there can be 
variations between theoretically predicted and the observed values. The probability of such variations 
becoming detrimental has to be anticipated. Such anticipation in the design of the foundation system 
for Burj Dubai (Poulos 2008) resulted in the increase of pile length, and the pile termination was done 
in a layer close to the gipsyferrous sandstone layer. There was a possibility of a potential long term 
degradation of the engineering properties that can reduce the capacity of the pile. 
 
In spite of detailed investigations of several high-rise buildings having been carried out in various 
places, (Katzenbach et al., 2000), Burg Dubai, (Poulos,2008), structures like 13 storeyed hospital, 45 
storeyed apartments (Yamashita et al., 2015), not so many case histories exist on the monitoring the 
load sharing between the raft and the piles, as well as the settlements. Monitoring the behaviour of the 
piled raft under construction is an essential feature, considering the issues that are construction 
process based. This is because, the condition of measurements in the case of a load test on a single 
pile and the pile group of piled rafts are different and the measurements and monitoring has to be 
done as construction progresses. Measurements have to be taken during construction and after 
construction also. 
 
Effect of Excavation 
The effect of excavation will be pronounced when a structure has multiple basements and is the 
general trend in the construction of tall structures nowadays. More specifically when the ground is 
very soft the performance of the pile group and the raft get affected by the over- consolidation caused 
by the excavation on the stiffness and the ultimate capacity of the raft and the pile group. Renato et 
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al., (2020), in their study has pointed out that settlement distribution and the load sharing between the 
pile and the raft are influenced by factors like, excavation process, time between end of excavation 
and casting of the raft, time of construction and so on. 

Sales et al., (2010) has pointed out that when deep excavations are involved, such excavation reduces 
the soil stress, and the reloading of the soil should be taken into account. Sales et al. (2010) allowed 
the influence of the variation of the stress level on the piled raft behaviour in a complex manner, 
introducing the excavation sequence (stepwise) in the numerical analyses through what has been 
called as a “compensated” piled raft analysis. The reduction in the soil stress due to excavation and 
the reloading results in the reduction in the piled raft settlement than the uncompensated one. It has 
been established that the foundation system would be more economical when the excavation effect is 
taken into account, the raft becomes more effective, and the combined use of piles and compensation 
via excavation leads to a combined foundation system that will provide a superior performance, to 
that of an uncompensated piled-raft. 

However, this stress reduction causes an over-consolidation effects reducing its compressibility. In-
situ tests such as SPT or CPT conducted from the existing ground level cannot predict the soil 
behaviour at the construction stage, as the reloading parameters are required. The downward soil 
movement will induce compressive stress on the upper part of the pile. Combined with the possible 
locked in tensile stress due to the excavation process, there will be a redistribution of the stress along 
the pile shaft, and such redistribution may change with time. The settlement measurements can 
commence before casting of the raft or after casting the raft. Between these two processes there can be 
a difference of several millimetres in the measured settlements. The water table can influence the load 
sharing between the raft and the pile. The simplified approach using Plaxis 2D settlement analyses for 
a raft over an equivalent pier seems to be a useful but approximate method, that can be used in the 
analyses of large piled raft. In addition, understanding of the construction steps and measuring system 
play a very important role. The sequence of excavation, pile installation and the reloading by the 
structure affect the load distribution. If the piles are installed before excavation, locked in tensile 
stresses can get generated and this changes the pile stiffness, especially during the beginning of 
construction. This aspect needs further study. 

Ibañez et al. (2014) considered the effect of the excavation with a more simplified procedure, simply 
by correcting the effective original stresses of the ground to the relief stress/reloading caused by both 
the extracted soil during excavation and the self-weight of the raft cast. However, the above 
considerations have to be simplified to a large extent for any numerical analysis. But such 
simplifications may not lead to perfect simulations of the real phenomena, but they can considerably 
improve the settlement pattern predicted by the numerical simulations, although parameters like 
geotechnical variability etc cannot be modelled. 
 
Effect of pile installation 
In the analyses of single pile and pile group, it is always assumed that the soil surrounding the pile is 
homogeneous and that the installation of piles has no effects on the deformation properties of the soil. 
However, it is well known that the method of installation may have profound influence on the soil and 
the subsequent performance of the pile and the pile group. When the displacement (driven) piles are 
installed in the cohesive strata, the driving has two major effects, namely, the remoulding of the soil 
around the pile and the creation of excess pore water pressure. This can stiffen the soil around the pile 
in the case of soft clay but a softer zone in the case of stiff clay. In the case of bored cast in situ piles 
in clay, the pile installation generally tends to the formation of soft a zone of the soil surrounding the 
pile. For driven piles in sand severe compaction of sand occurs in the vicinity of the pile tip. In all the 
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cases the effect of installation of the pile is to create a zone of the soil around the pile which has the 
strength and deformation characteristics different from the soil mass in general or what has been 
obtained from the soil investigation report  

DeMello (1968) had presented some investigation on the results of the extent of disturbance around 
the pile during driving. In spite of the conflicting results, it appears that the extent of remoulding 
varies from 100% at the pile soil interface to almost zero, at about 1.5 to two times the diameter from 
the pile surface. Although such a variation has not been quantified, on the basis of certain correlations 
between the pile soil adhesion Ca and the undrained cohesion Cu, it appears that the Ca/Cu can be as 
high as 1.5 for very soft clay and as low as 0.2 for stiff clay. Bored piles, in the case of clay soften the 
clay during the installation and reduces the Ca to about 0.45 Cu. In the case of sand, according to 
researchers like Meyerhoff (1959), for a loose sand, the disturbed zone extends for 3 to 4 times the 
pile diameter from the side of the pile, and 2.5 to 3.5 times the diameter below the tip. In the case of 
medium sand, the extent of disturbance is larger, and is 4.5 to 5.5 times the diameter from the sides of 
the pile, and 3 to 4.5 times below the tip. The effect of compaction of sand been found to enhance the 
penetration resistance of the sand by a factor of around 8 due to driving. This increase in the 
penetration resistance corresponds to roughly a tenfold strength increase and presumably the 
deformation modulus of the sand also. The final recommendation is that in the theoretical solution for 
a pile in a homogeneous soil with an equivalent Young’s modulus may be considered. In the case of 
detailed analyses for settlement distribution in the soil near the pile, it is essential to take into account 
the non-homogeneous nature of the strata arising out of pile installation. 

 
Unusual behaviour 
Yanghoon Roh et al.,(2015) had monitored the performance of a piled raft (it is a piled footing) 
supporting a 41.4 m tall concrete and steel framed composite structure. The foundation system 
comprised of 3,.06m square footing supported on piles. The soil profile as in Fig 1 at the test site 
comprised of 3.0m thick fill followed by weathered residual soil layer with N-Value ranging from 18 
to 40 upto 11.0m depth. Weathered soft rock layer was found at 6.1m, 7.4m , and 8.9 to 12m. Shallow 
foundations could not have been provided, keeping the height and the nature of the loading. The 
authors have reported a lot of variations in the soil profile with further variations between what has 
been reported and what was observed.  
 
Figure 2 presents the three piled rafts installed at the edge of the building, and the central one was 
meant for monitoring. It comprised of 5 piles of 23 m length with 1m socketing in the weathered rock. 
The piles were tubular piles, 0.508m outer diameter with a wall thickness of 0.014m spaced at 0.9m 
c/c. The piles were installed in a pre-bored holes of 0.65m diameter with the annular space between 
the outer face of the pile and the inner face of the bore was grouted. The piles were instrumented and 
monitored for a period of 350 days,including post construction monitoring,that was done to study the 
long term performance of the foundation.The piles were spaced at 0.9m c/c and socketed into the 
weathered rock for a depth of 1m. The initial design assumption was that the system would be piled 
footings (addressed as piled raft). Later a design modification was done for the sake of seismic 
enhancement. The addition was strip pedestals 1m wide and 0.3m thick. Fig 4 presents the loading 
sequence with time and Fig 5. presents the load settlement curve.  It appears that the measured load 
transfer curves of the piles showed a contradicting trend, namely an increase in the shaft stress as in 
and Fig 5 with depth in the upper zone. While the raft load was increasing, when the load reached 
around 4MN , it started decreasing , which was unusual as the load capacity of the piles of piled raft 
increased even at a smaller settlement than that of the raft which would have mobilised later with 
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further increase in the settlement.  Although the strip pedestals were not designed to take any load, 
they would have transferred some loa,d when they came into contact with the ground, as the loading 
increased in steps.  
 
It was found that various factors affected the measured load-carrying behaviour of the piled raft, 
including those that were not identified and considered in the design. The measured load-transfer 
curves of the piles showed an increase in axial load with depth within the upper soil zone, which was 
different from those assumed in the design and commonly observed from axially loaded piles. Factors 
that contributed to such unusual load-carrying behavior were the subsoil-layer condition, design 
modification, and the unplanned addition of strip pedestals. Pile loads continuously increased 
throughout the entire settlement range, while raft loads increased and then decreased slightly, after a 
certain settlement range. This was somewhat unusual as the load capacity of piles for a piled raft is 
mobilized earlier at smaller settlement than that of raft that is mobilized later with further increase in 
settlement due to the size difference of raft and piles. It is also noted that the proportion of load 
carried by piles is quite low. 

 

 

 

Fig 1 Soil profile at test 
site Yanghoon Roh et 

al.(2015 

Fig 2 Schematic layout of piled rafts, 
Yanghoon Roh et al.,(2015) 

Fig 3 Configuration of test piled 
raft- Geometry of test piled raft, 
Yanghoon Roh et al.(2015) 

  

Fig 4 Measured total load on piled raft Vs 
Time. Yanghoon Roh et al.,(2015) 

Fig 5: Load-settlement curves - piled raft  
piles Yanghoon Roh et al.,(2015) 

The field monitoring and measured results in this study revealed that actual load response and 
load-carrying behavior of piled rafts can differ significantly from those assumed in the 
design. Such unexpected and unidentified load response would not have been caught and 
detected unless specifically addressed through a field monitoring program. Probably after the 
load increased the pedestals might have got full contact with the soil and might have 
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transferred some load. Considering the fact that the piles were socketed, the piles would have   
carried a higher load. 
 
APPLICABILITY OF THE ABOVE STUDY  
Having discussed the various but important site issues, an attempt has been made to see how far the 
above observations are applicable for the observational study conducted by the author on a piled raft 
supporting a basement, ground plus 10 storeyed structure, namely Palace Regency. The discussion is 
based on the inferences made from the existing results.  
 
Paalace Regency at Chennai (Balakumar and Ilamparuthy,2007) 
The above structure is a basement + 11 upper floors, basement and the first two floors are commercial 
and all the other floors are residential. Detailed soil investigation was conducted and the Fig 6 
presents a plot of N-value with depth; corresponding ES values are also given.The state of compaction 
as can be seen improves with depth and hence it was decided to support it on a piled raft, instead of 
deep piles as was decided earlier. Due to paucity of time initial design was done by an approximate 
method). The factor of safety against block failure was checked and found to be satisfactory. The 
piled raft consists of 93 numbers, 600mm diameter piles 14 m long below the bottom of the raft which 
was 600mm thick located at 3m below the existing ground level, and the water table was at 4m below 
the ground level. Figure 7 presents   the pile layout with the settlement markers marked in the layout 
plan. More details are given in the earlier publication. Figure 8 presents loading sequence, and the 
corresponding settlement observed in a typical section. Table 1 presents the settlement observed with 
time. The basement had an RC wall, and the ground level slab was fixed on the wall. The wall was 
passing through the column and a floor beam was cast on the edge connecting the column. The 
structure itself was a framed structure. The settlement observations commenced after the raft was 
cast;. The settlement became measurable only after the 3rd level slab was cast. Since the depth of 
excavation was 3 meters below ground level, and above water table the relief in the stress was about 
2.0 t/m2 considering the buoyant density of the soil excavated. The applied stress, by casting a 600mm 
thick raft was 1.5t/m2. Considering the water table at the base of the raft, the raft was subjected to an 
uplift of 3t/m2. Till the 3rd floor was cast, the entire applied load from the structure appeared to have 
been resisted by the upward force, and hence there was no measurable settlement. The raft, RCC wall 
and the ground level slab formed a box type construction providing a high level of rigidity which was 
not considered in the design. 

Figure 9 presents a comparison between the observed settlement and the settlement obtained through 

a three-dimensional linear elastic analysis (Balakumar and Ilamparuthy,2007). and Fig 10 presents the 
load shared by the raft with time, computed from the settlement, based on the elastic theory A 
comparison of the observed settlement and the computed settlement presents a common trend. In the 
edges, the computed settlement was higher than the observed settlement. This is mainly because of 
two issues, namely the raft top was kept flush with the ground and the basement wall which was 
present all-round the edges which was not considered in the analyses. In other words these two 
aspects can be considered as a simplification to make the analyses devoid of any complications and it 
would perhaps save the computational time.  

Typically, in the case of Grid G, which is the central grid the settlement observed is far less than the 
computed one. In this case the difference between the outer column load and the next inner column is 
somewhat higher; in the numerical analyses the column load was applied as point load at the column 
location, whereas generally at the base the applied load would get transformed into uniformly 
distributed load. Hence the method of application of the load could also have played an important role 
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in causing a difference between the observed and computed settlement. The structural rigidity also 
could have contributed for the difference in the observed and the computed settlement. Although 
numerically they are smaller, this study confirms the effect of such short comings. 

The sequence of construction was that, piling was done from the ground level and then the excavation 
was done. Although the excavation was of smaller depth, the levels of pile head was checked after 
trimming the pile head and no uplift was seen. The mobilisation of raft stress was computed from 
elastic theory and is provided in Fig 10. In the initial 100 days the applied load was 36 to 38% of the 
total load, but the settlement was of the order of 1mm to 3mm (7% to 21% of the total observed 
settlement.) and the raft stress developed was 10%; out of the 35% of the applied load, and the pile 
group had shared 25% of the load. In the next 100 to 150 days the rate of increase in the raft stress 
was smaller. The applied load increased by25%, but the raft share increased only by 5%. 

  

 

     Fig 6:     N-Values and ES with depth. Fig 7 Layout of  piles and settlement markers  

 

 

 

Fig 8. Rate of construction loading and 
observed settlement with time (typical) 

Fig 9: Observed and computed settlement 

 
This is mainly due to the fact that the remoulded soil around the piles was getting consolidated, 
enhancing the confining pressure around the piles leading to the piles taking a higher share of the 
applied load. Thereafter the load shared by the raft increased rapidly, and at 600th day the applied load 
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was nearly 100% and the raft shared 40 % of the load, which increased to 45% finally. It is seen that 
although the piles were bored cast in situ piles as the strata was predominantly non cohesive, and so 
there was not much of a loss in shear strength; so, there were practically no detrimental effects due to 
pile installation. It can be seen from the fact that the enhancement of confining pressure reduced the 
rate of increase in raft stress between 100 and 200days, during which the applied load was 35 to 55%. 
The behaviour trend was in conformity with the predicted load sharing and settlement reduction 
behaviour.  
 

 

Table 1 settlement observed with time. 
Settlement in mm 

Days A B H C G K J E D 
Stages of 
construction 

91 3 3 0 1 2 0 1 3 3 III floor 

143 3 3 2 2 2 2 2 3 3 VI floor 

204 4 4 3 3 3 3 2 4 4 VII floor 

236 5 6 3 4 4 3 3 6 6 VIII floor 

312 7 9 5 7 6 5 4 9 8 X floor 

360 9 11 6 9 8 7 5 10 10 Completion 

402 9 11 6 9 9 7 8 10 10 
Post 
construction 

796 12 14 9 12 12 10 11 13 13 
Post 
construction 

Fig 10 Load shared by raft time (computed)  

 
IN-SITU TESTING AND DESIGN METHOD 
In the case of most of the numerical simulations, the reliability of the evaluation methods adopted to 
obtain the insitu parameters of various layers is very important. In order to obtain the insitu 
parameters directly, tests conducted with flat plate dilatometer and Menard’s pressuremeter appear to 
be very effective. Research work carried out on behalf of ISSMGE- Technical Committee TC16 
(Ground Property Characterization from In-Situ Testing), by Marchetti et al.,(2001) had brought out 
the features of the instrument, testing procedure and interpretation methods. The main advantage with 
this method is that it does not need any pre-boring like pressuremeter tests. Further pressure meter 
tests provide shear modulus and pressure versus volume change response; for evaluating the pressure 
meter modulus Poisson’s ratio has to be assumed. Although correlations are available between N-
values and pressure meter modulus these correlations are expected to be site specific and hence using 
them directly may not be advisable. However, pressuremeter tests have been successfully conducted 
to predict the load settlement response of the piles and the shaft stress distribution along the length of 
the piles, and the results have been published (Frank et al.,1991).  

Frank et al., (1991) had studied the load settlement response of two piles forming a part of a bridge 
foundation and had established that their behaviour can be predicted by conducting the pressure meter 
test. Their prediction of pile behaviour is based on a tri-linear relationship for the shaft friction 
mobilisation based on the pressure meter tests. The model they had used is given in Fig 11;,and more 
details can be had from Frank et al., (1991.  The terms kτ and kq are given as functions of 
pressuremeter modulus and pile diameter. The first segment has a constant slope. The slope of the 
second line has a flatter slope than the initial segment and third segment represents the mobilisation of 
total skin friction. The end of the second part is the limiting value of the friction. The slopes of the 
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lines depend upon the pressuremeter modulus (Em) and radius of the pile. Frank et al., (1991) had 
conducted the pressuremeter tests on two piles forming a part of a bridge foundation and predicted the 
load transfer with depth under the pile loads 3.2MN and 7.2MN for the two test piles for the two test 
piles the pile soil system was divided into number of segments and the load transfer functions for the 
skin friction were constructed according to the trilinear simulation using the pressure meter data Em 

and pt- namely the limit pressure, more details are given in Frank et al.(1991),. Figure 12 presents the 
shaft stress distribution obtained for the test piles from test and numerical study. The close agreement 
between theoretical and the experimental values establish the effectiveness of the pressure meter test.  

It has been established that while studying the settlement behaviour of the pile group, that if the pile 
group with the soil prism can be considered as a single pier, then the procedure applied for a single 
pile behaviour can be used for the prediction of the load settlement response of the equivalent pier 
numerically, using axisymmetric analyses. This establishes the fact that if the pile group of piled raft 
can be idealised as a single large pier (Balakumar et al., 2013), then the procedure adopted by Frank  
et al(1991) can be used to predict the shaft friction (pier shaft friction)  of pile group of piled raft 
foundations adopting the equivalent pier modulus given by the expression given below: 

  

Fig 11 Trilinear model (Frank et al (1991)) Fig 12 Comparison of Theoretical and 
Experimental Load Distributions for Test Piles, 
(Roger Frank et al., 1991) 

 
The  equivalent pier modulus eeq is given by the expression, which can be used in the analyses is 
given by: 
Eeq = ES+ (Ep - Es) At/Ag         [1] 

The value of the Es can be derived from pressure meter tests, Ep is the pile material modulus, At is the 
total cross sectional area of the piles and Ag is the gross plan area of the group. ed in the detailed 
analyses. 

CONCLUSIONS 
The present study has established that monitoring during construction, and post construction is 
essential to identify the causes for any variations between the computed and observed values, 
particularly settlement and general behaviour. Whenever deep excavation is involved, and is done 
after installing piles, there are chances of tension getting mobilised in the pile due to the heave. Also, 
addition of structural elements during the construction of the foundation system can change the load 
settlement response as observed by researchers. Similarly pile installation remoulds the surrounding 
soil to varying degrees. Prediction of such issues during design may not be possible with the help of 
SPT and CPT results. This necessitates not only the monitoring of the works but also evaluations of 
in-situ parameters after the piles are installed to assess the remoulding effect. The changed parameters 
may be used to validate the design. In this process pressure meter tests and tests with dilatometers 
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appear to be an ideal method for assessing pre construction and the post construction parameters 
which can be used for validation of the design using equivalent pier concept. 
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ABSTRACT -  Kitchen waste can be utilized to produce biogas due to its high biodegradability, calorific value and 
nutritive value to microbes, which will reduce our dependency on fossil fuels. The research work was conducted to 
investigate the production ability of biogas as an alternative energy from kitchen waste with co-digestion of cow 
manure through anaerobic digestion (AD). Firstly,  digester was prepared to observe the individual degradation rate of 
kitchen waste, cow manure and the combination of  co-digested kitchen waste with cow manure at room temperature 
and at temperature of mesophilic digestion respectively and observed the degradation rate for co-digested kitchen waste 
with cow manure was higher than kitchen waste and cow manure alone. Secondly, digester was constructed to observe 
the effect of alkalinity at mesophilic digestion temperature. Finally, a portable biogas reactor was fabricated for pilot-
scale biogas production which included an agitator and heating system. This reactor was operated at both digestion 
temperature and room temperature. It is observed that the digestion rate was faster at mesophilic digestion than room 
temperature. The prime object of this work was to investigate the prospect of kitchen waste for biogas production and 
ultimate protection of environment from the bad effect of methane gas that would be produced by uncontrolled 
anaerobic digestion.  
 
KEYWORDS: Biogas, anaerobic digestion, filtration, carbon sequestration 

 
I.  INTRODUCTION 

 
Due to scarcity of petroleum and coal it threatens supply of fuel throughout the world also problem of their combustion 
led to research in different corners to get access the new sources of energy, like renewable energy resources. Solar 
energy, wind energy, different thermal and hydro sources of energy, biogas are all renewable energy resources. But, 
biogas is distinct from other renewable energies because of its characteristics of using, controlling and collecting 
organic wastes and at the same time producing fertilizer and water for use in agricultural irrigation. Biogas does not 
have any geographical limitations nor does it require advanced technology for producing energy, also it is very simple 
to use and apply. 
 

II. METHODOLOGY 
 
The methodology involved in the extraction of biogas from the domestic waste is starting from collection of sufficient 
amount of domestic waste(both solid and liquid) which includes leftover food, vegetable waste ,water used for washing 
hands etc. This is followed by testing the physical and chemical characteristics of the collected waste water. The waste 
water should be properly treated through organic method so that it could be effectively used in the biogas plant. After 
treatment the characteristics of the water is again tested to check the efficiency of the treatment process. Finally Carbon 
sequestration is carried out with the filtered water which is later mixed with domestic waste and the resultant inoculums 
is thus fed into the biogas plant for the anaerobic digestion to take place. The project execution follows the sequence of 
work mentioned below. 
 
Stage 1-Physical Chemical Characterization of Domestic Waste Water 
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 Reason: To know the characteristics of waste water so that quality of water can be analyzed. 
Stage 2- Filtration of Waste Water 
 
Reason: To make use of waste water instead of normal water for anaerobic digestion to take place. 
 
Stage 3- Carbon Sequestration 
 
Reason: To capture the carbon dioxide emitted as well as to from an algal biomass which will be used a stimulant in 
biogas production process instead of the conventional cow dung. 
 
Stage 4- Biogas Production 
 

III. PHYSICAL CHEMICAL CHARACTERIZATION OF WASTE WATER 
 

Municipal wastewater is mainly comprised of water (99.9%) together with relatively small concentrations of suspended 
and dissolved organic and inorganic solids. Among the organic substances present in wastewater are carbohydrates, 
lignin, fats, soaps, synthetic detergents, proteins and their decomposition products. Municipal wastewater also contains 
a variety of inorganic substances from domestic and industrial sources, including a number of potentially toxic 
elements such as copper, lead, zinc, etc. Table 1 gives the physical chemical characteristics of raw waste water. 
 

PARAMETERS UNTREATED 
DOMESTIC 

SAMPLE  DETAILS WASTEWATER 
APPEARANCE A TURBID WATER 
COLOR DIRTY COLOR 
ODOUR UNPLEASANT ODOUR 
TURBIDITY 5 NTU 
TOTAL DISSOLVED 
SOLIDS 

11593 ppm 

TOTAL SUSPENDED 
SOLIDS 

3493 ppm 

ELECTRICAL 
CONDUCTIVITY 

23.420 macro Siemens 

pH VALUE 9.5 
ALKALINITY 5.24 
TOTAL HARDNESS 1035.6 ppm 
CALCIUM 356.7 ppm 
MAGNESIUM 982.3 ppm 
SODIUM 1040.7 ppm 
POTASSIUM 270.3 ppm 
CHLORIDE 1987.5 ppm 
FLUORIDE 6.3 ppm 
IRON 10.5 ppm 
AMMONIUM 140.3 ppm 
NITRATE 145.6 ppm 
SULPHATE 1198.2 ppm 
COPPER 12.35 ppm 
ZINC 21.93 ppm 
PHOSPHORUS 20.4 ppm 
NITRITE 12.56 ppm 
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 IV. FILTRATION OF WASTE WATER 
 

Waste Water treatment is the process of removing contaminants from waste water, primarily from household sewage.  
It includes  physical, chemical, and biological processes to remove these contaminants and produce environmentally 
safe treated wastewater (or treated effluent). A by-product of the treatment is usually a semi-solid waste or slurry, 
called sludge, that has to undergo further treatment before being suitable for disposal or land application. So in our 
laboratory treatment setup, we used layers of 12mm aggregate, 20mm aggregate, orange peel powder and sand. Before 
introducing waste water into the filter media, screening process is done to remove the coarser particles. And Table 2 
gives the characteristics of filtered water. 

 
TABLE II PHYSICAL CHEMICAL CHARATERIZATION OF FILTERED WATER 

 
 

 
V. CARBON SEQUESTRATION 

 
In recent years, biomass-derived fuels have received increasing attention as a solution to the nation’s continued and 
growing dependence on imported petroleum-based fuels, which exposes the country to the risk of critical disruptions in 
fuel supply and concern of climate changes. Some of the aspects of algal bio fuel production that have combined to 
capture the interest of researchers and entrepreneurs around the world include 
 

SAMPLE COLLECTION 
DATE 

09/01/2017 

SAMPLE DETAILS DOMESTIC WATER         
SAMPLE QUANTITY 10LITRES 
APPEARANCE VISIBLE SUSENDED 

PARTICLES 
COLOR SLIGHT DIRTY 

COLOURLESS WATER 
ODOUR SLIGHT STINKY SMELL 
TURBIDITY 5 NTU 
TOTAL DISSOLVED SOLIDS 5934.5 mg/litre 
TOTAL SUSPENDED SOLIDS 219.5 mg/litre 
ELECTRICAL 
CONDUCTIVITY 

15.49 macro Siemens 

pH VALUE 8.45 
ALKALINITY pH 5.12 
TOTAL HARDNESS 574.6 mg/litre 
CALCIUM 350.5 mg/litre 
MAGNESIUM 975.3 mg/litre 
SODIUM 1035.7 mg/litre 
POTASSIUM 246.7 mg/litre 
CHLORIDE 985.7 mg/litre 
FLOURIDE 5.91 mg/litre 
IRON 2.023 mg/litre 
AMMONIUM 125.7 mg/litre 
NITRATE 140.6 mg/litre 
SULPHATE 1056.7 mg/litre 
COPPER 10.2 mg/litre 
ZINC 20.6 mg/litre 
PHOSPHOROUS 14.3 mg/litre 

NITRITE 10.1 ppm 
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 a) High productivity of biomass yields per acre of cultivation. 
 
b) Use of otherwise non-productive, no arable land, and avoids nutrients used for conventional agriculture. 
 
c) Non-food-based feedstock resources. 
 
d) Reduced competition for limited freshwater supplies by utilizing waste water, produced water, and saline water. 
 
In this carbon sequestration we made a closed photo bioreactor provided algal species called schenedesmus. It is green 
algae through which bio sequestration is achieved. The CO2 was incorporated at the amount of 5% to 90%. And it is 
observed that the tolerance limit of the bioreactor is 80%. Therefore the amount of carbon sequestered is 53.29% for 
schenedesmus species. And Table 3 gives the characteristics of the sequestered sample. 
 

TABLE III. CHARACTERISTICS OF SEQUESTERED SAMPLE 
 

ORGANISM SCHENEDESMUS 
SAMPLE 

COLLECTION 
DATE 

10/02/2017 

SAMPLE DETAILS DOMESTIC 
WATER 

SAMPLE 
QUANTITY 10 LITRES 

APPEARANCE Dark Green 
ODOUR Unpleasant odour 

TURBIDITY 2 NTU 
TDS 1067 mg/litre 
TSS 767 mg/litre 

TOTAL SOLIDS 1952 PPM 
ELECTRICAL 

CONDUCTIVITY 5.0 macro Siemens 

PH 6.63 
ALKALINITY PH 5.09 

TOTAL 
HARDNESS 550 mg/litre 

CALCIUM 156 mg/litre 
MAGNESIUM 67.7 mg/litre 

SODIUM 498.7 mg/litre 
POTASSIUM 98.7 mg/litre 
CHLORIDE 287.9 mg/litre 
FLUORIDE 2.4 PPM 

IRON 0.98 PPM 
AMMONIA 5.12 mg/litre 
NITRATE 7.93 mg/litre 

SULPHATE 45.7 PPM 
COPPER 1.02 mg/litre 

ZINC 0.91 PPM 
NICKEL Not detected 

CADMIUM In traces 
CARBOHYDRATES 0.11 gm 
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 LIPIDS 10.35 mg/litre 
VITAMIN C 9.34 mg/litre 
VITAMIN E Nil 

BOD 120.3 mg/litre 
COD 255.3 mg/litre 

VITAMIN B1 Nil 
VITAMIN B2 Nil 

 
 

VI. BIOGAS PRODUCTION 
 
It is also referred to as biomethanization, is a natural process that takes place in absence of air (oxygen). It involves 
biochemical decomposition of complex organic material by various biochemical processes with release of energy rich 
biogas and production of nutritious effluents. 
 
Various Biological process involved are 
 
1. Hydrolysis 
 
2. Acidification 
 
3. Methanogenesis 
 
A. Hydrolysis 
 
In the first step the organic matter is enzymolysed externally by extracellular enzymes, cellulose, amylase, protease & 
lipase, of microorganisms. Bacteria decompose long chains of complex carbohydrates, proteins, & lipids into small 
chains. For example, Polysaccharides are converted into monosaccharide. Proteins are split into peptides and amino 
acids. 
 
B. Acidification 
 
Acid-producing bacteria, involved this step, convert the intermediates of fermenting bacteria into acetic acid, hydrogen 
and carbon dioxide. These bacteria are anaerobic and can grow under acidic conditions. To produce acetic acid, they 
need oxygen and carbon. For this, they use dissolved O2 or bounded-oxygen. Hereby, the acid-producing bacteria 
create anaerobic condition which is essential for the methane producing microorganisms. Also, they reduce the 
compounds with low molecular weights into alcohols, organic acids, amino acids, carbon dioxide, hydrogen sulphide 
and traces of methane. From a chemical point, this process is partially endergonic (i.e. only possible with energy input), 
since bacteria alone are not capable of sustaining that type of reaction. 
 
C. Methanogenesis 
 
Methane-producing bacteria, which were involved in the third step, decompose compounds having low molecular 
weight. They utilize hydrogen, carbon dioxide and acetic acid to form methane and carbon dioxide. Under natural 
conditions, CH4 producing microorganisms occur to the extent that anaerobic conditions are provided, e.g. under water 
(for example in marine sediments),and in marshes. They are basically anaerobic and very sensitive to environmental 
changes, if any occurs. The methanogenicbacteria belongs to the archaebacter genus, i.e. to a group of bacteria with 
heterogeneous morphology and lot of common biochemical and molecular-biological properties that distinguishes them 
from other bacteria. The main difference lies in the makeup of the bacteria’s cell walls. 
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D. Construction of Biogas Plant 
 
For the construction of biogas plant, we used a water can of 20liters and polyvinylchloride pipes in order to create a 
anaerobic digester. And the digestion of organic materials takes place when the digester is maintained at 30°C to 40°C. 
Mix ratio of water and organic waste should be 1:1 that is 1Kg of waste is mixed with 1 liters of water. Tire tube is 
used as a pressure gauge for storage of gas. 
 

VII. CONCLUSION 
 

After the thorough study on the performance of reactor and evolution of acidogenic reactor, the following conclusion 
have been reached, As a result of the treatment of food effluent using microorganisms, the useful bi product, bio-gas 
has been produced with a considerable rate of decrease in the values of COD, BOD, pH, acidity and alkalinity. Through 
the successful anaerobic processing inside the reactor in 30days food waste treatment, methanogen gradually converts 
the organic acids into the methane gas and carbon dioxide, which indicates that the waste has better anaerobic 
biodegradability. Thus achieves a waste of resource utilization. The results show that reactor can treat food waste with 
high contaminated load. 
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AUTOMATIC NODEMCU BASED 
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Abstract- The ever growing human population is imposing a 
strong demand and pressure on the environment for 
sustenance. This growth spurt has resulted in a steady 
increase in the amount of waste being disposed on a daily 
basis. In most of the developing countries, segregation and 

timely collection of waste is a major challenge. Due to 
ineflicient waste segregation, a large amount of recyclable 
content go as waste.The waste, if not separated properly, 
gets mixed up and may eventually leak, resulting in toxicity 
and may contaminate the groundwater table through 
poisonous methane gas. In this paper, we present a 
SmartBin, a bin that is able to segregate waste at source 
with no human intervention and can automatically alert the 

waste collection center. The system segregates the medical 

wastage as metal, dry and wet based on the sensors. The 
system is used in recycling garbage. The waste is moved on 
the conveyor belt which moves it to the smart bin. The 
status and capacity of this SmartBin can be monitored by 
the municipal worker over their mobile phone, connected 
using a NODE-MCU Microcontroller. 

being disposed, it requires the presence of an individual to 

monitor any decision-rule conflicts manually. If any error 

occurs in this process, it could lead to fatalities, so we need 

human involvement in today's existing system. 

II. DRAWBACKS OF Ex1sTING SYsTEM 

The most prominently used system of waste 
segregation today is manual segregation, which leaves a 

wide margin for human error. These errors can be fatal if the 
wastes are chemical or biomedical in nature. 

The existing automated methods of segregation 
only separate wastes based on moisture, which can lead to 
metals being categorized erroneously. Systems that do 
incorporate metal detection fail to monitor the moisture 
levels of wastes. The greatest disadvantage of existing 
methods is the lack of isolation of human effort. There is no 
automated monitoring or alert system to track the bin 

capacities remotely. 

III. PROPOSED METHOD 

As discussed in the previous section, human effort 
is needed for analyzing the medical garbage and segregating 
it, which is very tedious. This drawback can be overcomed 
by our proposed system: an automated device which can be 
used for easily dividing and analyzing the medical garbage 
by the use of sensors and a NODE-MCU controller. 

INTRODUCTION 

A notable inflation in municipal solid waste 
generation has been registered worldwide. This increase can 

to overpopulation, 

urbanization and economic growth, which have caused a 
significant and noticeable effect on the total solid waste that 
is generated. Overflowing landfills are impossible to reclaim 
because of the unruly accumulation of wastes on the 
outskirts of the cities over the years. The separator will 
change the direction of medical garbage handling, which is 
but one part of the hardware module which is available in 
conveyor set up. The conveyor control, sensing operations, 
diversion control and other operations will be controlled by 

be attributed industrialization, 

Mobile Phone MSG 

Metal detector 
Relay 

NODE-MCU 

Conveyor AMotor-1 Moistune sensor the NODE-MCU controller. 
Conveyor Motor-2 

H This controller drives the conveyor belt. This is the 
controller module which controls the output devices with 
the help of input devices such as the sensors, and a 

developed program. Now-a-days, industrial processes are 
monitored in an RTU unit. Thus, when Medical waste is 

litrasonic 
senso Conveyor Motor-3 

fig.1. Block diagram of NODEMCU 
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variousapplications.The feedback and feedforward control enable to realise a significant improvement inthedynamic performance of mechatronic motion 
systems. Feedback control allows tomodify the 
system properties by changing the pole locations of 
the system, thereforeoffering to control unstable 
systems and add robustness to the feedback 

controlledsystem. Feedforward control enables to 
improve the performance of motion systemfor 
instance by zero-pole cancellation, while not being 
limited by the conditions forstability and, in general,
being simpler and faster than feedback control. With 
thecombination of both, feedforward and feedback
control, also called two degree offreedom control,
we can optimise the control design including the 
trade-off betweenperformance and robustness. The 
behaviour 

Input disturbance 
---~---' 

Feedforward| 
C 

Plant 
G 

FIG.4: FEEDFORWARD CONTROLLER 

In this configuration the feedforward controller acts 
as a filter thatmodifies the reference signal in such a 
way, that the motion of the controlledmechatronic 
system followsthe reference signal. If we want to 
achieve perfect control, which means that there 
isnodifference between the reference position and 
the actual position of the system, thecombined 
transfer function Gt, fMs) from r to y has to be equal 
to one, hence showidentity: 

of the plant has to be known 

sufficientlywell, either by means of system 
identification or by modelling. 

Gt,f(s) = y/t = Cff{$)G() = 1 

In that case the feedforward controller has to be the 

Information exact inverse of the plant 

Guidance Cfs) = G(s)' 

Signal 
IV. FEEDBACK CONTROLLER:Input 

Feedforward disturbance If no dynamics are involved, the feedforward

controller eventually would only represent a gain 
that scales the reference signal. In reality positioning 
systems include dynamics with a frequency 
dependent transfer function. In that case also 
thedynamics of the positioning system have to be 
inverted, which results in pole-zerocancellation 
between the controller poles and system zeros as 
well as controllerzeros and system poles. The 

feedforward problem can be more complicated as 
notalways all plant dynamics can easily be inverted. 

Output 
Pre-itler FedbackDA0 

Sensor disturbace 
************ 

-AD sensor 

FIG.3 FEEDFORWARD AND FEEDBACK CONTROLLER In feedback control the actual status of the motion 

system is monitoredby a sensor and the controller is 
generating a control action based on the difference 
between the desired motion (reference signal) and 

the actualsystem status (sensor signal). The outputy 
is measured and compared with(subtracted from) rf 
which is the reference r, after filtering. The result of 

thiscomparison is used as inputfor the feedback
controller. Because the sensor signal is fed back in a 
closed-loop tothe input of the system, feedback

control is also called closed-loop control.lt shows 
both the fitted dynamic model of the scanning unit 
without control (solidline), the notch filter by the 3rd 
order feedforward controller (dashed line) and 
theresulting compensated dynamic perfornmance of 

the combined scanning unit and controller (dashed-
dotted line). 

III. FEEDFORWARD SYSTEM:

For open-loop stable system, it is possible to apply 

feedforwardcontrol improve 
when following 

to the system 
performance 
trajectory like a reference signal or a repeating 

scanning motion. 

a pre-defined 

A feedforwardcontroller basically consists ofa filter 
that is placed in series with the plant in order 

tocompensateits dynamics.The 
guidance signall r is applied to the controller that 

has a frequencydependent transfer function Cffs). 
The output u of the controller is connected to the 

input of the motion system that has a transfer
function G(s) giving the output y, whichis a position. 

reference or 
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FIG.5: FEEDBACK CONTROLLER 
FIG.7: INPUT SHAPPED EXAMPLE OF A SYSTEM AFTER 
A APPLICATION OF POLE ZERO CANCELLATION 

are caused by each individual step are 

180-outofphase and cancel each other. 

This splitting of the reference signal into two equal 
signals and delaying one of them by half the period 
of the system's resonance is a typical example of 

input-shaping. This method clearly is very different 
from pole-zero cancellation as it is time domain 
instead of frequency domain based filtering. In the 
frequency domain these sampled adaptations to 
input create a frequency spectrum with a multiple of 
notch filters at the harmonics of the frequency that 

these adaptations are applied. 

**** 

Frequency Hz] 

fitted model 
- notch fiker 

COmpeNsated system 

Frequency [H] VI. ADAPTIVE FEEDFORWARD CONTROL 

The model based pole zero cancellation and the 

input shaping only work reliably as long as the 

dynamic properties of the total plants are known and 

they remain constant. These dynamics include the 

transfer functions of passive elements like the 

mechanics as well as active elements like amplifiers 

and actuators.In reality often external influences 

have an impact on these dynamic properties, leading 

increasing 

FIG6: BODE PLOT OF FEED FORWARD CONTROL 

SYSTEM 

V. INPUT SHAPING: 

Another open loop method that is often used 

motion control is called as input shaping. With this

method the reference signal is modified in a different

way than by the linear filtering and compensation. 

When step signal is given to a system, it would start 

to oscillate at its natural frequency where he 

oscillation would fade away after the step according 

to the damping of this resonance. In a first 

approximation, the system can be assumed to behave 

like a linear system which means that a reduction of 

the input step stimulus by a factor of two would 

result in a reduction of the amplitude of the response 

by the same factor two. When these steps are applied 

with only half the height of the full step,the same 

steady state would be obtained in with the full step 

stimulus after all oscillations are damped out. If one 

of these half-height steps is delayed by half the 

period of the system's resonance frequency, the 

oscillations that_are caused by each individual step 

are 180 outofphase and cancel each other. 

deviation between to an 

This modelandthereality. 
canbepartly solved by 

feedforward control, adapting the feedforward 

signal by measuring it sreal behaviour. This method 

equires a sensor toob tainin formation about the 

behaviour and for that reason it isoften applied in 

theparametersinthe 

deviation adaptive 

combination with feedback. 

A.P Controller: P controller is mostly used in first 

order processes with single energy storage to 

stabilize theunstable process. The main usage of the 

P controller is to decrease the steady state error of 

thesystem. As the proportional gain fåctor k 

increases, the steady state error of the 

systemdecreases. However, despite the reduction, P 
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control can never manage to eliminate the steadystate error of the system. As we increase the 
proportional gain, it provides smaller amplitudeand phase margin, faster dynamics satisfying wider 
frequency band and larger sensitivity tothe noise. 
We can use this controller only when our system is 
tolerable to a constant steadystate error. In addition,
it can be easily concluded that applying P controller 

deviation rom expected behaviour.A servo drive 

receives a command signal from a control systemn, 

amplilies the signal, and transmits electric current to 

motor in order to produce motion 

proportional to the command signal. Typically, thee 

command signal represents a desired velocity, but 

can also represent a desired torque or position. 

A sensor attached to the servo motor reports the 

motor's actual status back to the servo drive. The 

1 servo 

decreases the risetime and after a certain value of 
servo drive then compares the actual motor status 

with the commanded motor status. It then alters the 
reduction on the steady state error, increasing K only 
leads toovershoot of the system response. P control 
also causes oscillation if sufficiently aggressive 
inthe presence of lags and/or dead time. The more 

lags (higher order), the more problem itleads. Plus, 
it directly amplifies process noise. 

voltage, frequency or pulse width to the motor so as 

to correct for any deviation from the commanded 

status. In a properly configured control system, the 

servo motor rotates at a velocity that very closely 

approximates the velocity signal being received by 

the servo drive from the control system. Several 

parameters, such as stiffness (also known as 

proportional gain), damping (also known as 

derivative gain), and feedback gain, can be adjusted 

to achieve this desired performance. The process of 

adjusting 
called performancetuning. 

B.P-I Controller :P-I controller is mainly used to 

eliminate the steady state error resulting from P 

controller.However, in terms of the speed of the 

response and overall stability of the system, it has 

anegative impact. This controller is mostly used in 

areas where speed of the system is not anissue. Since 

P-I controller has no ability to predict the future 

errors of the system it 
cannotdecrease the rise time 

and eliminate the oscillations. If applied, any 

amount ofI guarantees setpoint overshoot. 

these parameters 
is 

VIII. 
SERVO TUNING: 

In the latest high-speed and high-acceleration NC 

machine tools, the structural vibration is one of the 

most critical factors to deteriorate the machine's 

contouring performance. Particularly on such a 

machine, the parameters in a CNC servo control 

system must be carefully tuned, since too high 

response of the latest CNC units often causes severe 

structural vibration.. In order to reduce the structural 

C.P-D Controller :The aim of using P-D controller 

is to increase the stability of the system by 

improving 
controlsince it has an ability to predict the 

future error of the system response. In order to 

avoideffects ofthe sudden change in the value of the 

error signal, the derivative is taken from theoutput 

response of the system variable instead of the error 

signal. Therefore, D mode isdesigned to be 

proportional to the change of the output variable to 

prevent the sudden changesoccurring in the control 

output resulting from sudden changes in the error 

signal. In addition, D directly amplifies process 

noise therefore D-only control is not used. 

vibration with the minimum sacrifice of control

bandwidth, the tuning is based on iterative 

measurement and simulation of the machine's 

contouring performance. A case study shows that a 

proper tuning of servo parameters significantly

reduces the structural vibration and improves the 

machine's overall contouring accuracy.A structural 

vibration is also a critical issue on typical high- 

speed machines. A high-speed, high-acceleration 

feed drive naturally imposes a severer impact force 

on the mechanical structure, which causes the 

structural vibration of lower frequency, and larger 

amplitude. This issue becomes more critical on a 

linear motor driven feed drive. Since it is a direct 

D.P-1-D Controller:P-1-D controller has the 

optimum control dynamics including zero steady 

state error, fastresponse (short rise time), no 

oscillations and higher stability. The necessity of 

using aderivative gain component in addition to the 

PI controller is to eliminate the overshoot and 

drive with no transmission mechanism, its driving 

force is directly transmitted to the mechanical

structure. In today's market, the majority of servo 

motor driven feed drives in machining centres still 

adopts the "semi-closed loop" control (i.e. the 

angular position of a servo motor is feedbacked for 

the position control). On the other hand, a linear 

motor driven feed drive system must directly 

feedback the linear position ofa table. Therefore, the 

dynamics of structural vibration directly affects the 

dynamics of the position closed-loop system. When 

Servo parameters are not properly tuned, it may even 

cause the instability of the closed-loop system. The 

theoscillations occurring in the output response of 

the system. One of the main advantages of theP-1-D 

controller is that it can be used with higher order 

processes including more than singleenergy storage.

VII. SERVO DRIVES:

A servo drive is a special electronic amplifier that 

are usedto power the electric servo-mechanis1ms.A 

servo drive monitors the feedback signal from the 
servomechanism and continually adjusts for 
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structural vibration becomes particularly a critical 
issue on a large-size machine tool, where the mass 
of the driven part is generally heavier and/or the 
travel range is longer. 

interpolation acceleration control must be used for 

high-accuracy contouring 
2.A fecedforward controller of the first order is 

assumed for faster response while securing the 

stability of the feedback loops. Conventionally, the gains of position and velocity 
controllers are set as high as possible, under the 
condition that the stability (and robustness) of the 
closedloop system is secured with some stability 
margins. On the latest high-speed machines, 
however, it is often the case that feedback gains must 
be lowered to reduce the motion error caused by the 

structural vibration. On some large-sized machines, 
the maximum acceleration is set lower than the 

potential capacity of a servo motor, in order to 

secure required motion accuracies. 

3.The transfer function of the velocity and current 

control loop is regarded to be ideal since the 

bandwidth of these loop is general sufficiently large 

compared to that of the position loop. 

4.Many commercial CNC units in today's market 

implement a higher-order position control loop 

block to improve the response of the closed-loop 

system. The 

interpolation can be improved by using a high order 

position control loop. 

radius reduction in circular 

For tuning all the servo parameters the following 

parameters have to be controlled, 1) an 
acceleration 

time (the first-order time constant for linear 

acceleration and deceleration), 2) a position loop

gain, p K, 3) a time constant of asmoothing filter on 

the reference trajectory, 4) a feedforward controller 

gain, fk, and 5) a corner velocity. 

Comand Feecforward 
Enarator control bock

NC program 

Feedback control block HPC 

Servo 

postion 

other &xesi 
table 

FIG.8: SIMPLIFIED CNC DYNAMIC FEED DRIIVE SYSTEM 

MODEL 

Re 
W 

M, 

the 
tuning 

Basically, 
methodology is based on the measurement of the 

machine's 
two-dimensional contouring performance 

by using the cross grid encoder method, or the KGM

(Kreuz Gitter Meßsystem in German) method, 

developed by Heidenhain GmbH. Since the KGM 

method is non-contact optical measurement, it is 

more suitable for high-speed and highaccuracy 

measurement. More importantly, unlike the DBB 

(Double Ball Bar) method that is restricted to a 

circular test, it can measure the machine's 

twodimensional contouring error on an arbitrary 

servo parameter 
motor 

bed 

W 

base 

FIG.9: DYNAMIC MDEL OF FEED DRIVE SYSTEM 

Senvo HRVI cuntoi Sevo HR2 torTd Sano Rcon

geometry. 

IX. CONSIDERATIONS FOR TUNING: 

1.From the fig.8, the command generator is 

considered exactly same as the one used in the actual 

CNC unit. Most commercial CNC units in today's 

market support an S-curve velocity profile which 

can be represented by the combination of two filters 

and has two parameters to be tuned.Typical 

commercial CNC units employ two ways to 

distribute a velocity command profile to each axis; 

the 

RIU nn (00W nnna ithud quarant paism comgensuxn) 

pre-interpolation and post-interpolation 
Eampe of efect o ERVO HRV conto 

acceleration controls. In the post-interpolation 

acceleration control, a velocity command is 

distributed to cach axis and then is filtered 

independently. On the contrary, in the pre- 

interpolation acceleration control, it is first filtered 

and then distributed to each axis. The pre- 

FIG 10 BY USING THE HIGH RESPONSE VELOCITY 

CONTRLLER I THE PROTRUSIONS ARE IDENTIFIED IN 

A CIRCULAR RADIUS WHEAREAS WITH HRV2 THE 

PROTRUSIONS ARE REDUCED TO MINIMUM AMOUNT 

AND WITH HRV3 THE PROTRUSIONS ARE TOTALLY 

NULLIFIED 
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Abstract-The Internet of Things (loT) technology is 

currently shaping different aspeets of human life. Precision 

agriculture is one of the paradigms which can use the loT 
advantages to optimize the production efficiency and uniformity 
across the agriculture fields, optimize the quality of the crops, 
and minimize the negative environmental impact. In this paper, 
we present an loT architecture customized for precision 

agriculture applications. The proposed three-layer architecture 
collects the needed data and relays it to a cloud-based back-end 
where it is processed and analyzed. Feedback actions based on 
the analyzed data can be sent back to the front-end nodes. We 
built a prototype of the proposed architecture to demonstrate its 

performanceadvantages. 

plethoraofapplicationssuchassmart-cities, remotehealthcare, 
energy and water control, precision agriculture, wildlife

monitoring,structuralandancientbuildingmonitoring.etc. 
In this paper, we propose a cloud-based IoT architecture 

thatisapplicableindifferentprecisionagricultureapplications. 
The proposed architecture is composed of three layers: a front- 
end layer that collects the environmental information and 
applies the needed agriculture actions; a gateway layer that 
connects the front-end layer to the Internet, and a back-end 
layer in which the data storage and processing take place. A 

prototype of the proposed architecture is built and tested to 

illustrate itsperformance. 

The remainder of the paper is organized as follows. In 

Section I, we review the related literature. The proposed
IoTarchitecture is presented in Section IIl. A preliminary set 

of resultsofaprototypeofthisarchitectureispresentedinSection 
IV. The paper is concluded in SectionV. 

Keywords-Internet of Things (loT); precision agriculture; 
sensor networks; platform implementation; cloud computing 

INTRODUCTION 

Precision agriculture emerged in the late 1980's with the 
matching of grid-based sampling of soil chemical properties 
with the newly developed variable-rate application equipment 
for fertilizers [1]. Since then, it became the main farming 

management practice 

services provide the means to (1) fight epidemic diseases by 

applying the appropriate types and amounts of fungicides. 

pesticides and organic fertilizers at the right times, (2) achieve 

efficient water consumption by watering the plants with only 
the needed amount of water and the right time, (3) reduce thc 

harm to the environment since knowing when to spray a 

pesticide does not only lead to effectively killing harmfiul pests 

but also reduces the use of the pesticide, and (4) produce high- 

value agriculture productions by growing non-toxic, sale, and 

healthy crops. 

II. RELATEDWORK 

A. High-Level loTArchitectures 

This category represents the related loT architectures that 

were proposed in the literature. A classitication of generic loT 

platforms is presented in [2]. which also develops a top-level 

generic loT arclhitecture suited tor smart city applications 

including precision agriculture. Likewise, BI presents a 

functionalviewofanintegratedarchitectureotdataacquisition and 

intelligent control system that can be used in agrieultural 

facilities such as greenhouse. n [4|. the authors present a 

functional architecture that aims at promoting thedevelopment 

of facility habitat intelligence monitoring plattorns. The 

authors of [5] integrate the recently developed Open loT 

platfornn that is applicable in a number of use cases with the 

Digital Agriculure (Phenonet) to develop a semantically 

enhanced agriculture ontology. Tlowever, all such related 

works lack actualimplementations 

worldwide. Precision agricultural 

The use of Wireless Sensor Networks (WSNs) in precision 

agriculture 

profitability of many agricultural production systems |2J|IJ 
Real-time environmental information can be remotelygathercd

from the agricultural ficlds and transferred o where it can be 

processed to discover problems, store data, and/or take needed 

actions. This contrasts with the traditional agricultural 

approaches in which decisions are taken bascd On some 

hypotheticalaveragecondition, whichnmaynotrelectreality. 

increases the efficiency, productivity and 

. Crop MonitoringPlatforms 

Several lol systeins have been developed tor monitoring 

purposes in precision aggricullure aPplication 161-|8). With the 

goal of ncreasing Uhe crOp production, a crop nmonitoring 

system Wius developed to collect the erop data and use 

production system through correlution analysis between the 

crop stiatistical information and agricultural environment WSNs are key components the Internet of Things (lo'T) in 

which different pieces of information gathered from almost 

anywhere and anything in the world are accessible through the 

Idhe Y NSAJWSNS'WIANBTPASUINUHNI#aNTHCINIOu ISSW RISSFSENiT. AJ edAadaud 
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C Irrigation ControlPlatforms 
Several loT platforms have been recently developed to 

control the water consumption in irrigation. Exanmples include 
the simple system developed in [12]. More advanced systems 
such as the system presented in [13] which allow users to 
control the irrigation process via cellular technologies. 
Likewise, the system 
technologies to transfer the sensors' data to a database system. 
The platform proposed in [15] directs the data to a cloud 
service through HTTP. 

powerwithbackupbatteries. WeusetheRaspberryPi2single 
board microcontroller that is powered through a 3.7 V Li-lon 
battery in our front-endnodes 

Sensors and Actuators: Different aboveground and 
underground sensors are used in precision agriculture to 
measure the different environmental attributes needed by a 

target application. Examples includes sensors that measure air 

temperature, air humidity, soil temperature, soil volumetric 

water content, wind speed, wind direction, rain meter, solar 

radiation (infrared, visible, and ultraviolet), and leaf wetness. 
These sensors collect the physical information to be 

communicated to the back-end server. Table I lists the sensors 

used in our node prototype. Based on the sensed information, 
the system is capable of taking the appropriate action such as 
spraying chemicals or fertilizers, watering the plants, etc. This 
is implemented through a set of actuators and mechanical 
controllers that are used to control pumps and sprayers. A 

the 

presented in [14] uses cellular 

PROPOSED CLOUD-BASED AGRICULTURALIOT 
ARCHITECTURE 

The proposed cloud-based loT architecture for agricultural 
applications depicted in Fig. 1 is composed of 3 layers: front- 
end, gateway, and cloud back-end. In this section, we discuss 
these three layers and their inmplementation in detail. 

communications between the microcontroller and 

Batnd Layer sensors/actuators are done ing the 12C protocol. 

TABLEI. USED SENSORS 

. Sensor Model D Dva iron 
Air Temperature 
Air Humidity 

SHT11 

atway Layar HTU21D 

3 Soil Moisture Sensor SENO114 w 

Leaf Wetness FC-37 

Wind Speed/Direction SEN-08942 
Front-end Layer 

Rain Volume SEN-08942 

Interfacing Circuits: The different sensors convert the 
sensed phenomena (e.g., temperature) into an equivalent 
electric voltage or current. However, such electric voltage or 

current is still in the analog format. A sensor interfacing 

circuitry is needed to convert such analog signals coming from 
the sensors into the corresponding digital format and perform 

any further signal conditioning functionality to ensure 

compatibility with the used microcontroller. Analog-to-Digital 
Converters (ADC) are the core component of such interfacing 

circuits. We use the 6-bit CA3306 CMOS parallel ADC 

designed for low-power applications. On the other hand, the 

actuators and mechanical controllers use analog signals as 

inputs. Therefore, interfacing circuits that convert the digital 
outputs of the microcontroller to the needed analog control 

signals are needed. Digital-to-Analog Converter (DAC) 

interfacing circuits are used for that purpose such as the low- 

power MCP4725 DAC used in our sy stem. 

Fig. 1.Proposed cloud-based loT architecture for agricultural applications 

A. From-endLayer 
The front-end layer is the physical hardware or the sensing 

nodes that are composed of 4 modules: a microcontroller, the 
environmental sensors and actuators, interfacing circuits, and a 

wireless communication module as shown in Fig. 2. 

ire 

Wireless Communication Module: The purpose of this 

module is to provide the sensor nodes with the means to 

communicate the data to the nearest gateway. Unlike the vast 

majority of related works which use the high power Bluetooth 

orcellulartechnologies, weusethenRF24L0lultra-low-power 
Iransceiver operating on the 2.4 GHz ISM band which 

significantlyreducesthepowerconsumptionofourdesign. 

Fig. 2.Front-cnd node architccture. 

Microcontroller: The microcontroller is responsible for 

collecting the data of the different sensors altached to it and 

communicating such data to the next layer of the architecture. 

Dependingontheapplication,themicrocontrollercanbeeither 

battery-powered,self-poweredusingsolarpanels,orself 

B. Gatewayl.ayer 
The different lronl-end nodes deployed in the agricultural 

field collect the sensor data and relay it to a gateway. The 
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inutes. Fig. 5 shows the gradual decrease in the rain volume hefore it stops. Meanwhile, the moisture slightly increased after the rain stopped. Such data can be used in predicting the evolution of plan diseases. 

implementation details. We have built a prototype to illustrate 
the different performance aspects of the proposed architecture. 
The preliminary performance evaluation 
demonstrated the efficiency of the proposed architecture 
despite its simplicity. This makes the proposed architecturea 
good candidate for implementing a wide set of precision 

agriculture systems. Our future work will include how to 

secure the access of the data and will develop a mobile 

application that allows access of the data on handheld devices. 

results have 

0. 16 -Rain Fall 

Moisturea 

14 

59.5 
0.12 
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The results presented in this section demonstrate the ability 
of the proposed cloud-based loT system to efficiently collect, 

store, process, and visualize the environmental data needed for 

different precision agriculture applications. 

V. CONcULSIONS 

In this paper, we have presented a cloud-based architecture for 

loT precision agricultural applications. We have outlined the 

three layers of the proposed architecture and explained thcir 
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Abstract- In recent ycars,Automobile companies are highly 
concerned with ensuring the safety of the passengers.In Order to 
provide support to the driver 'Advanced Driver Assistance System 
has been employed in vehicles.ln this paper we have proposed a 
robust visual based lane detection algorithm and efficient traffic
sign board detection algorithm which could serve as support to the 
driver. We have used roberts edge detection and hough transform in 
lane detection algorithm.We have created a databasc of traffic sign 
board and with the help of MatchFeature technique we were able to 
highlight the region of sign board on cach frame which is captured 
by the camera present in the front end of the car. 

Keywords: Region of Interest, Hough Transform, Extrac1features 

II. LITERATURE SURVEY 

In most of the existing lane detection system the 

first step is to efficiently remove the noise present in the 

Causes for road accidents in India 

I. INTRODUCTION

India is meant to have the second largest road 
network in the world. The accidents occurring on the road 
has been statistically increasing in the recent years despite of 
the efforts taken by the indian government.Ministry of Road 

Research wing, 
Government of India presented a report on the topic "Traffic 
accidents in 2016".The pictorial representation of the causes 
of the road accidents is shown in Fig. 1.They further stated 
all the possibilities which were the responsible for road 
accidents in india.It has been found out more than 80 

Oriver Oytist 
Transport and Highways Transport Pedestrain Passenser 

Mecnanical Defect in Vehicie a Raad Conaition 

Poor Lghtning cond'on Other reasons 

Reasons not known 

Fig. 1. Datas from Ministry of Road Transport and Highways Transport 

Research wing 
percent of accidents are due to the driver's negligence. 

Exceeding the lawful speed,Driving on wrong 
side,Using mobile phones while driving,Jumping/Changing 
the lane,neglecting the signboards are considered to be the 
major reasons for the road accidents especially in highways. 

There is a nced of a system which could intimate 
the driver in times of sudden ane departure and also 

provides information to thhe driver about the important life 

saving sign board which are present on the road.This system 
could serve as a support to the driver for safe driving. 

image.There are three types of filters present namely 

Gaussian filter,Average filter,Median filer.Out of the three 

ilters Gaussian filter is the eficient one which renoves the 

noise and the edge blurring is less which compared to other 

filters.The second commonly used step is the edge detection 
involves three types namely 

detection,roberts edge detection,prewitt edge detection and 
canny edge detection. The deteetion of lane from the edges is 
a complex process which involves ditlerent methods.Most 

commonly used methods are llough transform,Modified 

Tlough transform,Generalized Hough transtorm.| |uses 
horizontal dillerencing tilter for edge detection and 

which sobel edge 

The adaptive lane detection system is able to dctect 

the lane arking present on the roud and the visual outpu 
of highlighted lune marking is provided to the driver.Image 

processing lcchniques is uscd to perform the adaptive lane 
detection process.Te sign board detection systcm detects 
the sign board present on the rond and intimates the driver 
immediately with the lelp of a visiual and audio oulput.A 
database of traflic sipn bourd synibols are colleeted which 
Ihelps in identilying and highlightinp difleent sign boards. 

transtorm for 
edges.[21employes the camy method tor edge detection and 

hough ranstornm for detecting the lanes.[7]uses the 

Inodilicd Iough detecting the 
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entional method of Vanishing point estimation method 
dch uses probabilistic voting procedure for obtaining the 

ane.As the field of artificial intelligence tend to get 
popularized convolutional neural networks were uscd to 
perform the sign board detection operation. 

Fig. 3. Region of interest 

B.Image fillering 

As a smoothing filter ,Gaussian filter is used.Based 

on the comparison with other filter the gaussian filtered 

image obtained are frec from noise and the edge blurring is 

very less. Equation (1) shows the filtering process. 

III. OUR APPROACH 

Adaptive lane detection system 

f(x.y) = (w*(%.y) 

Based on the overview of all the techniques which 

could be employed in lane detection as mentioned in section 

I,we have formulated an efficient lane detection algorithm 
(w* .y)=Es,)/a-s,y-) a 

S=-0S=-b 

with certain modification in order to improve the efficiency 

of the system.The flow diagram of the proposed lane 

fx,y) - Input Image 

w(x.y) - Filter Impulse 

detection system is shown in Fig.2. fx,y)- Filtered Image 

Input image 
C.Edge detection 

Robert's Edge detection is employed in obtaining 
the edges.The change in intensity between the adjacent 

pixels are the edges in the frame.Discontinuities in 

depth,Discontinuities in surface orientation,Change in 

material properties and Variations in scene illumination are 

constituents for the edges.The output image after the edge 

detection process is shown in Fig. 4. 

Region of interest 

Gaussian filter Image filtering 

Robert's method Edge Detection 

ROI 
Edge Detection 

Hough transform 

g(x.y)=f(%.y*n{%)_ 
Detection of lane from 

edges 

Fig. 2.Flowchart of Adaptive lane detection system 

A.Region of Tnterest 

Fig. 4. Edge detection 
The first step of the lane detection algorithm is the 

Detected edges are further processed for removal of 

unwanted region through similarity of red channel. We are 

going to dilate the line for detecting it properly in further 

technique.Further processed image is shown in Fig. 5. 

region of interest.In this step the potential region which 

consist of the valuable information about the lane from the 

frame is segregated and the other regions are blacked 

out.The region of interest is helpful in reducing the 

processing time of the program and the memory space 

required for processing each frame is reduced.Region of 

interest is also helpful in identifying the lane efficiently 

without any mismatch.The region of interest for the given 

LIne Dilatation 
Lane Lines 

frame obtained for the input video is shown in Fig. 3. 

ROI 
Input Image Fig. 5. Lane Lmes 

D. Hough transform 
Hough translorm is used to extract lnes trom a 

given nmage. Edge detection is considered as a 

preprocessng to this technique. It uses voting procedure 

which ills the gaps between points by drawing a line over it 

which fomis the lane. They are mitially designed for line 76



Sign board detection system 
but it can be further developed for other shapes too. 

we are using Hough transform to detect the lane. 

sically Hough transform changes the normal xy plane to 

ab plane.Equation (2) shows the line in xy plane. 

Equation (3) shows the line in ab plane. 

Normally line equation, y = ax+b 

SectionII provided the information information 

about the different techniques which are present in the 

Iraffic sign board detection.Taking all the techniques into 

consideration a robust algorithm is crcated which perform 

2) 
x,y be the coordinates

a be the slope(unbounded) 
b be the intercept 

(3) To convert this to ab plane, b = -ax+y 

when x and y are known,the equation b is considered as a 

line equation in xy plane 
The normal to the line b is drawn towards the origin giving 

R(rho) the length of perpendicular line and 

T(Theta) the angle between the a-axis and line. 

Now again the another point is transformed until all the 

lines are drawn in ab plane. The number of lines coinciding 

at a point is counted as voting. When that point is found it 

is denoted as (a,b). By substituting we can get lines in x,y

plane and the edge points of lines 

Input franmo from camora Signboard databose 

Extract tho unlquo foaturos ol 

the framo using 

detectSURFFoaturos 

Extrncting data ono by one from 

tho databaso 

Performing MatchFoatures 
belween lnput fram0 and data 

from the database 

olzo(indox_palre,1)>20
The lane is found out depending on the longest 

line on the plane . This line has the maximum number of 

collinear points.. The lines are drawn over two sides which 

leading to the Lane area estimation.The Lane lines drawn 

shown in Fig. 6. 

Use RANSAC Algorithm to 
segregate the slgn board 

Highlight the signboard portion 

E.Output Image 
the traffic sign board detection operation efficiently.Fig.8 

represents the flow diagram of the proposed sign detection The joining point of the two straight lines is known 

as the vanishing points.. In general images are considered 

in x,y plane. The x- intercept in the vanishing point 

determines the orientation change of the lane.The identified 

lane along with the steering direction is displayed as output 

image shown in Fig. 7. 

system. 

Fig. 8. Flow Chart of sign board detection system 

Lane Area Lane Ploting

A.Database of Traffic Sign symbols 

The first step of the sign board detection process is 

creating a database which consist of all the sign board 

and identified symbol 

highlighted. The database of the traffic sign symbol is shown 

in Fig. 9. 

which meant to be are 

Fig.6 Lane Area 

Output 

Left 
B.Detecting surf features 

Speeded up robust features(SURF) is the technique 

which obtains the mentioned number of defining feature of 

objects which is present in the given frame.ln our project we 

are obtaining 25 defining SURF features.The SURF features 

for a given traffic sign board is shown in Fig. 10. ig.7 Output 77



DMateh IFeature. 

40 spita 

Mutch eatures requircs 1wo imagcs. T his 

Teature draws lines comecting, the similarities which arc 

present between the two image.T he matching featurcs 

between two imuges is shown in the Fig. 13. 

fndl find find3 find4 lind5 

A 00 3L0N 
O. A"A 

find6 find7 fin iny Indl0 

A findil hndl2 

40 findi3 ndl4 indl6 

ig. . Database of uraftic sign symbols 

4 
Fig. 12. Feature cxtraction of frane obtaincd from input vidco 

40 KM MP D 

PEE Showing all matches 

API 

SP ED MPH 

40 H EEL 

Fig. 10. SURF feature of thhe sign board 

Fig. 13. Match feature 

SPEED 
E. Random Sample Consensus (RANSAC) 

40 RANSAC algorithm ensures that there are no 

outliers present and none of the inliner is neglected. The line 

marking between the similarities of two image is done again 

with only the inliners. KMPH 

Fig.1.Feature extraction ofl sign board 

C.Feature Extraction 40 

CLRT 
The Extract Feature operation help to identify the 

defining feature and also validates the position where they 

are present in the frame.The circles are the importlant 

defining features present in the frame.Fig. 11 and Fig. 12 
SPEED 

40 
represents the feature extraction of sign symbol and the 

frame which is obtained from the input video. 
KMPH 78



9 Miura, Jun, Tsuyoshi Kanda, and Yoshiuk Shirai. "An active VISION system for real-time traffic sign recognition." I7'SC2000 2000 E:E1: Intelligent Transportation Systems. Proceedings (Cat. No. (00T718493). 1EEE, 2000. 
F.Oulput Image 

The traffic sign board is highlighted and the highlighted region is cropped and displayed on the right bottom end of the output video.The Fig. 14 represents the 

o] Won, Woong-Jae, Minho Lee, and Joon-Woo Son. 
"Implementation of road traffic signs detection based on 
salicncy map model." 2008 IEEE htelligent Vehicles 
Symposium. IEEE, 2008. 

output image. 
[11] Garcia-Garrido, Miguel Angel, Miguel Angel Sotelo, and 

Enesto Marin-Gorostiza. "ast traffic sign detection and 
recognition under changing lighting conditions." 2006 IEEE 
Inteligent Transportation Systems Conerence. IEEE, 2006. 

IV. CONCLUSION AND FUTURE ScOPE [12] Loy, Gareth, and Nick Bames. "Fast shape-based road sign 
detection for a driver assistance system." 2004 IEEE/RSJ 
Intemational Conference on Inteligent Robots and Systems 

(IROS(IEEE Cat. No. 04CH37566). Vol. 1. IEEE, 2004. 
We were able to learn different techniques which 

are involved in lane detection system and sign board 
detection system.We were able to obtain the proposed 
output. Our project has better efficiency in highways but 
when it comes to urban areas the efficiency is less.Thus in 
future there is a need for adapting efficient technique which 
could be helpful to the drivers in urban areas. 
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