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INTELLIGENT HIGHWAYUTILIZING GREEN ENERGY 

ABSTRACT 

In todays globalized world, Highway is the means to join countrics, citics, 

towns, ctc. ln recent years all the old technologies changes into ncw technology like 

fridge. TV ,Washing Machine, cooler etc. All the "Smart Highway" is the concept to 

make highway road smarter,safer ,and morc energy efficient for generating clectricity 
using solar energy and wind energy and it will be stored in a battery storage.using 
these energy in three ways , first is a automatic street lighting second for charging 
station to charging the vehicals and third for tree watering purpose. 

Automatic strect lighting the automatically ON/OFF the light in day time it 

will remain OFF and in the time of evening when the vehical pass on road it will ON 
with full intencity. Also providing the panic emergency and fault button to the pole 
for safty purpose.The energy generated by solar and wind will be give to the charging 
stion to charge the vehical. In Tree watering we are using sensors to sense the level of 
moistures and it work as per the requirement of the water. so in this paper we are 

trying to throw some light of techniques of utilizing green energy on Highway in 

fruitful manner. 

P.RP'otelP'atil) C.O.E.M,Amravati 
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Abstract 

Global warming has led to the large adoption of Electric VehiclestEVs) which appear to 

he the best replacement to lC engines. Due to inereased number of EVs in the road. charg1ng 
of the vehicles with conventional fossil fuel-based grid is not economical and efficient. Thus. 

a renewable energy-based charging station finds immense potential and control for electric 

vchicle charging. An electric vehicle charging station integrating solar power and a Battery 
Energy Storage System (BESS) is designed for the current scenario. For uninterrupted power 

in the charging station an additional grid support is also considered without becoming an extra 

burden to the grid. An etticient design of charging station with MPPT, PID and current control 

strategy is developed for the optimal power management between solar, BESS, grid with the 

EVs in the charging station. 
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1 n of OT bascd her curní l'rotee tton Realization of (hrr currrnt Relay (harar teristies 

ABSTRACT 

se of clectrical protective relays is to de-cnergize the faulted part of the systcn and 

revent the rest of t rest ot the system from bemg alected in the event of an abnormal condition or 

ch as a short circuit. Overcurrent protection mainly uscd in the power system for 
of apparatus, mission lincs having various characteristics. 

rangnetic relay was domnant t0 address power system protection issues. Later, digital 

protection Farlier 

ion sVstems are adopted to gain its benefits. This article proposes a Internet of Things 
1OT) based over current relay used tor protection of apparatus. In this article a 10T bascd 

erCuTent relay is designcd and implemented to realize characteristics of overcurrent relay 
ie instantaneous, definite time, inverse definite time and extremcly inverse time. A design 
methodology is proposed which includes components of 1OT based relay. programming to 

realize overcurrent characteristics. The module includes two microcontroller and Node MCU, 

cuTrCnt sensors, relay module, switches and wifi module. The module is tested on various 

overcurrent characteristics and results are presented. The overcurrent protective relay is 

working for various characteristics and notifications are received by the users through wifi 

module 

RPote (Paul) C. O. F. & M, Arnravat 
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ABSTRACT 

Cops in farms are many times rayaved by local animals like butlaloes, 

cows, goats, birids, and fire cte. This lends to huge losses for the farmers. It 13 

estimated that 30-40 pereent of crops are destroyed annually due to attackS 0y 

wild aninmals in India. Elephants, pigs, boars and deer are the most common 
perpetrators of the destnuction. In some districts of Odisha and Kcrala, elephants 

destroy up to 60 percent of crops tlhe claims for which were not payable by 
insurance companies. It is not possible for farmers to barricadc entire fields or 

stay on field 24 hours and guard it. So here we propose automatic crop protcetion
system from animals. 

This is a Automatic Battery charging system Lising Solar cell. ThisS 

system uses a light sensor(LDR) to activate alarm System during night to retum 

the wild animals approaching near the field. In such a case the sensor signals 
(Signal from LDR) activates the alarm system and Lighting system made To scare 
the animals. The alarm also gives alert to the farmer to about animals if he is near 

to field. Therefore, the designed system is affordable and useful to the farmers. 
The designed system won't be harmful to animals and person, and it protects the 

farm areas. further implementation can be carried out according to the 
requirement of farm , Device can adjust and modified.
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mplementation of Digital Notice Board using Raspherry Pi and 1OT 

Abstract 

Notice board is a necessary thing in any institution or public utility places 
like bus stations, railway stations, schools, shopping centres, etc. But pasting 
various notices day today is a difficult process. A separate person is required 
to do this task. This project is about an advanced wireless notice board. By 
replacing conventional Analog type notice boards with digital notice boards 

we can make informmation dissemination much easier in a paperless community. 
The project is built with raspberry-pi which is most important in this system. 
The display is obtained on an LCD monitor display. Wi-Fi is used for data 

transfer. At any time we can add as well as remove the text according to our 

requirement. At transmitter authorized android phone, as well as 

desktop/laptop, is used for sending notices. Raspbery system's coding will be 

done using python language. The implementation of project is validated for 

Electrical Department of PRPCEM. Many users can access updated notices on 

the digital notice board by providing a password. 
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Abstra 

hethet Tu wilr iessmfe nrt n nl apt ai il fro h uy nr, 

l t etmy far di fth atantein yon iobably pe,tteri fritralr) 

at the hw ealVo l wn thn m dvri, taprl int the rir trk 

As Te anmd mate eopke and ihen m.any e esatty win lov internet logre 

awae A po to make il metcamly iliult 1n lateh ontoatlahle s1gnal 

Rut rad waes atc just one pant of thc spectrum that can Carry our data ha 

if we coukl use other wanes to suur! the internet? Onc CTIAn physicst, DP Haral 

Haas, has come up With a sohut ion he calls "Data Through Illurnination" taking the 

fiber out ot fiber optcs by sending data through an LED light bulb that varies in 

ntensty faster than the human eye can follow. It's the sane idea behind infrared 

Temote controls, but far more powerful 

Haas says his invention, which he calls D-Light, can produce data rates faster 

than 10 megabits per second, which is speedier than your average broadband 

connection. He envisions a füture where data for laptops., smart phones, and tabiets 

is transmitted through the light in a room. And security would be a snap it you 

can't see the light, you can't access the data. 

Li-Fi is a VLC, visible light communication, technology developed by a team of 

scientists including Dr Gordon Povey, Prof. Harald Haas and Dr Mostafa Afgani at 

the University of Edinburgh. The term Li-Fi was coined by Prof. Haas when he 

arnazed people by streaming high-definition video from a standard LED lamp. 

Keywords- Li-Fi Transmission, Wi-Fi, RFID Tags, Light-emitted diode (LED) 
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at the slow spca ynu lae wtcn mene than oe deve app int the netrK 

A more and noie ople nd then many devies atswireces mtcrnct, cloggC 

11w aves alc pony io nake i CCaanely duficult to latth ont a rclahle s1gna 

But ad waves ate just one pant ol thc spectrum that can carry ur data. nat 

1we could use other waves to surf the intemct? One (Gcrman physicist, DR. Fiaraia 

Haas, has come up wilh a soution he calls "Data Through I|luminat1on taking the 

fiber out of fiber optics by sending data through an LED light bulb that varies in 

intensity faster than the human eye can follow. It's the same idea behind intrared 

remote controls, but far more powerful. 

Haas says his invention, which he calls D-Light, can produce data rates faster 

than 10 megabits per second, which is spcedier than your average broadband 

connection. He envisions a future where data for laptops, smart phones, and tablets 

is transmitted through the light in a room. And security would be a snap-if you

can't see the light, you can't access the data. 

Li-Fi is a VLC, visible light communication, technology developed by a team of 

scientists including Dr Gordon Povey, Prof. Harald Haas and Dr Mostafa Afgani at 

the University of Edinburgh. The term Li-Fi was coined by Prof. Haas when he 

anazed people by streaming high-definition video from a standard LED lamnp. 

Keywords- Li-Fi Transmission, Wi-Fi, RFID Tags, Light-emitted diode (lLED) 
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yhrid Charging Station 

Abstract 
A hybrid micro gTIdNoneTed charging station reduces transmission los ses with hetter 

nOwer tlow control m the nnodern power systcm. However, the uncoordinated charging or 

hattery clectrie vehicles (BlEVs) with the hybricd micro grid results in incffective 
utillzation ot the renewable encrgy sources connected t0 the charging Station 

Furthemore. planned developnient of upcoming charging stations incudes a multiport 
charging tacility. which will eause overloading of the utility grid. The projcct works on 

(1) the energy management strategy and converter control of multiport BEV charging 
from a photovoltaie (PV) source and its effective utilization; (2) maintenance of the DC 
bus voltage iTespective of the utility grid overloading, which is caused by either local 
load or the meagerness of PV power through its energy storage unit (ESU). In addition, 
the charge controller provides closed loop charging through constant curTent and voltage. 
and this reduces the charging time. The aim of an encrgy management strategy 1s to 

minimize the usage of utility grid power and store PV power when the vehicle is not 

connected for charging. To balance the load demand, the proposed system is connected to 

the grid through a three phase bidirectional DC-AC (alternating current) inverter. The 
obtained results show that the proposed renewable charging mechanism is suitable for EV 
charging thus help creating pollution free environment. 

Keywords: Electric Vehicles, Synchronous Generator, Recharging 
Mechanism, Solar Energy, Wind Energy hybrid microgrid, batter electrie 
vehicle, energy management strategy. 
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clccn of Fault L ocation in Undcrrouind Cablcs using 1oi 

Abstract 

The report is intended to detect the location of fault in underground cable lines 
from the base station to exact location in kilo mcters using an Arduino micr 
controller kit. In the urban areas, the power cable runs in undergrounds instead of 

overhead lines. Whenever the fault occurs in underground cable it is difficult to 

detect the exact location of the fault for process of repairing that particular cable. 
The proposed technology uses Arduino controler to identify the fault and it is 

indicated in LCD display in kilo meters. Main advantages of this system are low 
cost, less complexity, long distance applications. 

KEYWORDS- Underground Cable, Fault Location, Location Methods, Arduino 
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ABSTRACT 
This paper desCTIhCs the applieaton of ntcmet of 1hngs (Ti nontoing the fomance ot elcclric vchicle baltery. I is clear that an clectic vchicle to1ally depend, on the sOurce of energy from a batery llowever, the annount of cnergy supplied to the vehicle is decreasing gradually that lcads to the perfomancc degradation This is a major conccrn for battery nmanutacture. ln this woik, the idea of monitoring the per formance of the vehicle using 

IOT techniques is proposed, so that the monitoring can be done dirctly. The proposed loT-bascd battery monitoring system is consists of t wo major parts 1) 
monitoring device and u) user interface. The Battery management system monitors all the propertics of the battery like the voltage, current, temperature & auto cut-off system. This 
ensures the safety and proper handling of electrical vehicle battery. Based on experimental results, the system is capable to detect degraded battery performance and sends the battery status 
on their smart phones or Computer Dashboard from anywhere. In our project we use 16x2 LCD Display in this IoT-based battery monitoring system, we will use ESP8266 wifi module along 
with Arduino Uno to send the battery status data to Thing Speak Cloud. The Thing speak will display the battery voltage along with the battery percentage in both the Charging and discharging cases 

Keywords-Battery, Battery Management System, Autonomous Vehicles, Electric Vehicles, Internet-of-Things 
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atrretIi, ht w tth Aul Inten iily 

ABSTRACT 

he ml1n an ol tlhis iojee oitilze tlhe appliation o the ri ata 

to contol the itcnsity of sicet Iighu A the taffi deccases slowiy durng 1atc-ign hours. the micisit ets 1educcd progCSSively till moning t save cnergy and si, t strcet iights switch on al thhe diusk and then swilch off at the dawn, automatical1Y e 

proress TCpcais CCTy day. White Light i 1mitting Diodes (LED) replaces conventional HD lamps n strcet hghuing system to ncludc diming fcature. The intensity 1s not 
possibie o be controlled by the high intensity discharge (HID) lamp which is 

generally used in urban street lights. LED lights are the future of lighting, because ot their low energy consumption and long life.

LED lights are fast replacing conventional lights because intensity control 1s possible by the pulse widh modulation. This proposed system uses an Arduino board and a rectified-power supply. String of LED is interfaced to the Arduino board with a MOSFET device. The intensity control of the LED light is possible by varying duty cycle from a DC source. A programmed Arduino board is cngaged to provide different intensities at different times of the night using PWM technique. This project is also enhanced by integrating the LDR 1o follow the switching operation precisely. 
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ABSTRACT 

Road accidents are very unprcdictable. Every day, a considerablc nrnount of valuable 
lives are lost as resull of car collisions. 1i is the most critical ficld that requires signilicant 
exploration, given the high rates of fatalitics related to road crashcs. Driver crror and delays 
in emerNcney dePartinent response time are the two most common causcs. 0 rescue 

wounded pcople, an eflicient road accident identification and informat ion sharing 3ystetn i necded. A device that communicates information about the crash site to local cmergency 
responders to respond quickly is critical. 

Numerous scholars have suggested a variety of automatic accident warning systems in 
the research literature. Among them are Smartphone-based accident detection, Global System 
for Mobile Communications (GSM) and Global Positioning System (GPS) technologY. 
vehicular ad hoc networks, various machine learning algorithms, and mobile apps. Every vehicle should have an automatic road accident detection and informat ion communication 
system installed. We offer a critical review of numerous emerging methodolagies for 
forecasting and avoiding road crashes in this article. emphasizing their benefits, 
shortcomings, and problems that must be resolved in order to ensure traflic safety and save 

lives 

KEYWORDS: 10T, SAFETY CHAIN, SENSORS, BLYNK APPLICATION, GPS. 
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Distunce caleulation of undrrground cahle fauli 

ABSTRACT 

Undergroud cable power ransmSsIon andl distribution systCm are susceptiblc to tauits. 
Accurate fault locallon tor transmission lines is of vilal importance. A quick deteetion 

and analysis of lalts is necessity of power ret:ilers and distributors. To ocate a fault in 

the cable. the cable ust lirst be tested for faults. This prototype uses the simple concept 
ofOHMs law. The current would vary depending upon the length of fault of the cable. This 

prototype is assembled with a set of resistors which represents cable length in Kilo meters 

and fault creation 1s done by a set of switches at every known Kilo meters (kim s) to cross 

check the accuracy of the same. The fault occurring at what distance and which phase 1s 

displaycd on a 16X2 LCD interfaced with the microcontroller. The program is burned 

into ROM of microcontroller. The power supply consists of a stepdown ranstormer 
23012V. which steps down the voltage to 12V AC. This is converted to DC using a 

Bridge rectifier. The ripples from DC are removed by using a capacitive ilter which is 

then regulated to t+5V using a voltage regulator 7805 that is required for the operation ot 
the microcontroller and other components in the circuit. 

VII 
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ABSTRACT 

This projeet presents the overall design of Home Automation Systcm (HAS) with low cost and wircless system. It speccifically focuses on the devclopment of an 1OT based home automaton system that is able to control various components via internct or be 
automatically programmed to operate from ambient conditions. In this project, we design the development of a tirmware for smart control which can successfully bc automated 
minmiz1ng human interaction to preserve the integritywithin whole clectrIcal devices in the home. We used Node MOU, a popular open source IOT platform, to cxccute the process o automation. Difterent conmponents of the system will use differenttransmission mode that 
will be implemented to conmmunicate the control of the devices by the userthrough Node MCU to the actual appliance. The main control system implements wireless technologyto provide remote access from smart phone. We are using a cloud server-based communication 
that would add to the practicality of the project by enabling unrestricted access of the 
appliances to the user irespective of the distance factor. We provided a data transmission 
network to createa stronger automation. The system intended to control electrical appliances 
and devices in house with relatively iow-cost design, user-friendly interface and ease of 
installation. The status of the appliance would beavailable, along with the control on an 

android platform. This system is designed to assist and provide support in order to I fulfil the 

needs of elderly and disabled in home. Also, the smart home concept in the system improves 
the standard living at home. 
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ABSTRACT 

The purpose of using Non renewablc sources of energy in exccss mount for our nceds. As 
this type of minerals like coal ctc. are cxhausting so we have to depend on the renewable 
Sources ol energy like solar, wind, etc. For smaller application it is bettcr to use renewable 
energy. Irigation is done to ensure availability of water for plant growth. Traditional 
irTgation methods arc not very efficient and require human operator for there day-to-day
opcrations. Automatic irrigation systems are more cfficient and less dependent on human 
operators and are therefore cheaper on the long run. Different approaches at developing 
automatic irrigation system have been repoted with their different advantages and 
disadvantages.In this paper, a smart irrigation system which has capacity to remotely monitor 
essential farm variables such as soil moisture, and remotely operate the irrigation equipment is developed. Experimental tests on the developed system show that it is effective and could 
be adapted easily for practical use. Cost cffective solar power can be the answer for all our 

energy needs. Solar powered smart irrigation systems are the answer to the Indian farmer. 
This system consists of solar powered water pump along with an automatic water flow 
control using a moisture sensor. It is the proposed solution for the present energy crisis for 
the Indian farmers. This system conserves electricity by reducing the usage of grid power and 
conserves water by reducing water losses. 

Keywords: Solar Energy, Arduino, De Motor, Soil Moisture Sensor, Solenoid Valve. 



A 

Projeet report 

Automatic P'hase Selector with Regulating Power Supply" Submitted in partial fulilment of the Requirements 
For the Degree of 

Bachelor of Vngineering 

in 

Electrical Engineering 

By 

Ms. Priya G. Wankhade Mr. Shubham S. Chaudhari 

Ms. Manokti P. Dongare Mr. Mahesh R. Chinche 

Ms.Ankita G. Vighane 
Mr.KashifuddinQuazi 

Under the Guidance of 

Prof. S. A..JALIT 

CATIONAL S EOUCA7, ATIL) 6ROUp 

Department of Electrical Engineering 

P. R. Pote Patil Institute of Engineering & Research, Amravati 

Amravati-444605 Session 2021-22 



Department of Flectrieal Engineering 
P. R. Pate Patil lnstitute of Engineering &Resenrth, Amravati 

Amravati 444605 Sevsion 2021 22 

CERTIFICATE 
This is Certitiod that the project report entitled, "Automatic Phase Selector With 

Regulating Power Supply" in the partial fulfilment of the requirements for the award of 

Bachelor of Engineering in Electrical. The result of the work completed by us under guidance 
within the three walls of the institute. 

Submitted By 

Ms. Priya G. Wankhade 
Mr. Shubham S. Chaudhari 

Ms. Manokti P. Dongare Mr. Mahesh R. Chinche 

Ms. Ankita G. Vighane Mr. Kashifuddin Quazi 

Date: 

Prof. D. A. Shahakar Prof. S. A. Jalit 

HOD Guide 



Automatir Phase Selectar with Regulating Power Supply 

ABSTRACT 

Power slability iu developing countries creates a ned for automation of electricaB 
power gcneration. This automation is requircd as the rate of power outage becomes 

predominanily high. Most industrial and commercial processes bcing dependent on 
power supply, if the processes of change-over arc manual, serious time is not wastcd 
but also creates devices or machine damage from human error during the changc-over 
connections, which could bring massive losses. This change over switch box separate 
the source betwcen the gencrator and public supply when there is power supply 
outage from public supply, someone must go and change the line to generator. Thus, 
when power supply is restorcd someone must put OFF the generator and then change 
the source line from generator to public supply. 
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Abstract 

he remole meter Teading and spot billing are well rccognized by the v.arious clcciricity taras in the coury today. Not only does spot billing lecad to much greater revenuc-coiection ticiency and beuter deeision systems, it also brings intangibles ike transparcicy and Det 
LIsiOmer seT\CCtu the sy stem. Though there exist various devices in the market that aid in po-inetCr billing. none has hecome either an industry standard or widely prevalent.ne Cdsms ange iom lumited computing power and lack of customizability to high price and ibsence ot local technical support.Remote electricity billing is a unique concept, in whicn ne lcctricity hoard can collect the consumed units data from consumer on mobile phone using iSdtnetwor. Each consumer is provided with a unique energy meter. which is having a (>M mOdem, microconroller unit and a display unit internally. A SIMM card is required tor 1117unication. Whenever this system receives an SMS from electricity board. it calculates he numher ot units consumed and billing amount on slab rate. displays on LCD for user niertace. lhis s stem also sends the same message to the electricityy board for departmentalnTomation and database. The unique feature of this system is. the electricity board can 
isconnect or reconnect the connection trom remote place through the mobile phone. As this roject works on GSM network. the system can be controlled from any part of the world. 
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Abstract 

The Black Box concept is derived from the aviation industry, a flight recorder, 

colloquially known asa black box; although it is now orange-colorcd for casy search. 1s an 

electronie recording device placed in an aircrafi for the purpose of facilitating the 

investigation of av1ation accidents and incidents. With the advancement in technology 

and cost coming down, in our project we attempt to build similar device for our cars, not 

only this device will help us in post-crash analysis but also it will help us in quicker 

emergeney rescue operation. Our research has been targeted towards building an 

integrated system for emergency rescue services in the event of a road accident. The 

purpose of the project is to find the accident location using GP module and to send this 

location by means of sending a message using GSM module to the pre-coded number. 

system is usually placed inside the vehicle. It reduces the time it takes for emergency rescue 

to arive at the crashlocation. 
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OTRaxed P'atients Heaith Monitoring System 

ABSTRACT 

Healthcare is given the extreme mportance now a- days by each country with the advent 

of the novel coron vuus. So, in this aspect, an loT bascd hcalth monitoring systern is the 

best solut ion for such an epidemic. Internet of Things (lo) is the new revolution of 

internet which is the growing research area especially in the health care. With the increase 

in use of wearabie sensors and the smart phones, these remote health care monitoring has 

evolved in such a pace. loT monitoring of health helps in preventing the spread of disease 

as well as to get a proper diagnosis of the state of health, even if the doctor is at far distance 

In this paper, a portable physiological checking frameworkis displayed, which can 

constantly sereen the patient's heartbeat, temperature and other basic paraneters of the 

room We proposed a nonstop checking and control instrument to screen the patiet 

condition and store the patient information's in server utilizing Wi-Fi Module based remote 

corespondence. A remote health monitoring system using loT is proposed where the 

authorized personal can access these data stored using any loT platform and based on these 

values received, the discases are diagnosed by the doctors from a distance. 

VI 
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OWer "neTation Irum # aste l1ent IHy l sing Thermnelre trr (rnern 

ABSTRACT 

The mcrcasmgly wordwidc probiem repardng rapl econony deve nt 

and a relative shortage o! energy, the internal combuston cngine exhaust wastc 

and cnvironmental polutron has been more cmphasized heavily recently ut or 

total heat supplicd to the engine in the form of fucl, approximatcly. i) to *U0 

converted into usclul mechanical work: the remaining heat is expelled to tne 

environincnt through Cxhaust gases and cngine cooling systcms, resultitng n 

entropy rise and serious cnvironmental pollution, so it is rcquired to utilized waste 

heat into useful work. 

n recent years, global warming and the limitations in use ol encrgy resources

increase envirOnmental issues ol emisSions. Also In industry, inost ot the expenses arc 

due to cnergy (both electrical and thermal). labour and materials. But out of themn 

energy would rclate to the manageability of the cost or otential cost savngs and thus 

energy management will help in cost reduction. The posstbilities ot thermoelectrie

systems contribut ion to "green" technologies, specifically for waste heat recovery 

from industry exhausting fue gases. It results mto extensive research on green 

technologies producing clectricity. As waste heat recovering techniques, such as 

thermoelectrie gencrator (TEG) is developed. Its implemenation in automobile

industry is carried out in many ways. 
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ABSTRACT 

n recent years, the power quality of the ac system has bccome grcat conccrn due to tne 

rapidly increascd umbers of clectronic cquipment, powcr clectronics and high voitage power 

system. Most of tlhc commercial and industrial installation in the country has largc clectrical 

loads whch are severally inductive in naturc causing lagging power factor which gives heavy 

penalties to consumer by clectricity board. This situation is taken care by PFC. Power factor 

coTection is the capacity of absorbing the reactive power produced by a load. 

In case of fixed loads, this can be done manually by switching of capacitors, however in 

case of rapidly varying and scattered loads it becomes difficult to maintain a high power 

factor by manually switching on/off the capacitors in proportion to variation of load within an 

installation. 

The APFC panel was implemented on various loads operating together three phase 

Induction motor connected in parallel to series combination of a variable resistive and variable 

inductive load. In accordance to the instantaneous recorded value of power factor, the apposite 

capacitors are injected into the circuit to improve the power factor values. Improvised 

instantaneous values of the power factor were observed. 

This drawback is overcome by using an APFC panel. In this paper measuring of power 

factor from load is done by using Atmega328 microcontroller and trigger required capacitors 

in order to compensate reactive power and bring power factor near to unity 

KEYWORDS: Automatic power factor correction, embedded technology, Efficiency of the 

system increases, Improve the power system performance. 
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