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Abstract:  Electron density profiles are drawn from International Reference Ionosphere(2007) with inputs such as altitude range, location, month, and solar sunspot number. The all day time delay estimation thus obtained are used to obtain ionospheric coefficients with the support of existing single frequency algorithm. The bank of coefficients is made for every month of the year. Delay computed with coefficient bank on, provide better local accuracy. However, a local model of ionosphere better fine-tune the accuracy.
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)In satellite based Navigation, communication and surveillance (CNS) serives suffer the effects of several ingradients. These includes offsets of the source and user clocks from standard time, delays imparted by ionosphere and troposphere respectively,  the effect of signal multipath the receiver noise[1,2].  Of all these, above errors, Ionospheric error is a challenge to model The upper part of the atmosphere where the ionization is appreciable, is known as ionosphere. Ionosphere absorbs large quantities of radiant energy from the sun. This not only heats the atmosphere but also produces ionization i.e., 
formation of positive and some negative ions occurs. The ionized region thus consists of free electrons, positive ions and some negative ions (Kennedy, 1991). The detailed treatment of the effects of ionosphere on the signal commuting  through it viz, time delay, faraday rotation, refraction, dispersion, variations in viewing directions, are found elsewhere [4]. Klobuchar (1987) states that one fourth of the ionosphere is reported highly typical in behavior for even understand [3]. He provided algorithm based on Bent model. This Worldwide model uses data from only two Asian stations. Also, he assumed the occurance of peak dealy at 1400 Hours of the day and night time delay is fixed at 5ns. A.D.Sarma and N.S.Murthy sarma[1] focused the challenges of this algorithm further notified with highlighting International reference ionosphere model (IRI90). Detailed formulation of this is available report of Bilitza [8] A time delay drawn from profile of IRI-90 and the state of art delay profile is shown in Fig.1. All the deficits could be identified in this figure. However, the profile with direct dealy profile has slight rms error. The Fig.1,  clearly specifies the challenge of accuracy using Klobuchar’s algorithm for Indian conditions. The delay profile is at Northren India. The solid cosine curve is a delay with klobuchar’s concept and IRI data. This is quite near to actual recorded IRI data. 

Signal receivers should take into account the effect of ionosphere as it causes signal propagation delay. The signal experiences phase and group delays which is a 
function of frequency of the signal. Time delay is a 
function of total electron content (TEC) along the path of the signal from satellite to receiver point. The maximum electron density in the ionosphere   found at about a height of 350km from ground and then onwards it decreases exponentially. International Reference Ionosphere, IRI 2007 model, highly similar formulation of IRI90, gives the electron density values with height from which to be estimated and then signal propagation has the be estimated. One of the special case for which time delay is seen in Fig.1 is follows. However, this concept is versatile for ground based as well as space based estimation.
 
The GPS satellite data contains the ionospheric coefficients which are used by the GPS single frequency handheld receiver everywhere on the earth where GPS signals are able to travel. By using Klobuchar Algorithm the receiver will estimate the ionospheric effects such as signal propagation delay. The accuracy of this estimation of time delay depends on reliability of these ionospheric coefficients. The coefficients indicate the physical condition of ionosphere. GPS provides specially coded satellite signals that can be processed in a GPS receiver, enabling the receiver to compute position, velocity and time. Four GPS satellite signals are used to compute positions in three dimensions and the time offset in the receiver clock. The SVs’ transmit two microwave carrier signals. The L1 frequency  (1575.42 MHz) carries the navigation message. The L2 frequency (1227.60MHz) is used to measure the ionsopheric delay.
II  Estimation based on International Reference Ionsphere 2007 
A sample of  electron density values for year 1997 of Jan15 at 0100 Hours is collected for Hyderabad (17.50N,78.50E). The height range is from 60Km to 300Km at 10Km interval. However, to overcome space limitations, the electron density values are retained at selected heights only (Tab.1). The detailed values are plotted against the height (km) on vertical axis and electron density on its Horizontal axis. This evident the height of maximum density at 250Km.
	Table1: Typical  IRI2007 Electron density profile at Hyderabad 

	Height in Km.       

	Electron density/cm3

	        100
	8201

	        150
	11614

	        200
	63645

	        250
	117596

	        300
	114876


    A. Variation of Electron density with respect to height
                                                                                           
	Table3: Coefficient samples based on IRI2007 (for Hyderabad, Ahemdabad, Arunachal Pradesh and Srinagar)

	αs'
	-0.19e-6
	0.247e-6
	-0.0116e-6
	0.0002e-6

	βs'
	1.12e6
	-0.1298e6
	0.0052e6
	-0.0001e6


 



B. Adaption of Klobuchar Algorithm towards Ionospheric coefficients From time delay profiles
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The following important steps for the estimation of time delay using the Klobuchar’s algorithm includes Calculation of earth centered angle, Estimation of Φm and longitude and Estimation of local time t and slant factor F. Once these are calculated, the most important step is final calculation of time delay in the development of algorithm, Klobuchar used Legendre polynomials and Fourier series for describing time delay as (Klobuchar, 1987). 
	Table 2: GPS data for 2000, Jan., 01, 20h, 45m, 0sec.

	αs
	-0.3820e-7;0.149e-7;-0.179e-6;0;

	βs
	0.143e6;  0; -0.328e6; 0.1130e6.







To obtain the ionospheric coefficients (IRI2007)with adaption of Klobuchar Algorithm, an empirical ionospheric model IRI 2007 are required. 
[image: ]Initially diurnal time delay profiles are obtained by using IRI2007 for four successive geomagnetic latitudes. The methodology of selection is dealt elsewhere [1]. These profiles resemble approximately positive cosine curves. Peak time delay has to be obtained from each profile and is considered as amplitude A of the curve. For four successive locations the four amplitudes are to be obtained. The time period P from the time delay profile which represents the starting point and the end point at which the time delay occurs out of all 24 hours also to be measured. By Adapting the methodology of [3], Ionosphere coefficients are obtained.
	Table.4Time delay estimates of Hyderabad at 1GHz at 400Km.

	
Hour of the day
	Time delay in seconds for Hyd.
	Range error in meters

	1
	2.61e-7
	78.56

	6
	1.069e-6
	320

	12
	1.3097e-6
	392

	17
	9.8e-7
	295.4

	22
	3.14e-7
	94.2
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C. Methodolgy  of ionospheric Coefficients[3]
For example, for the inputs, the four geomagnetic latitudes of 120, 140 ,160 and 180; and the corresponding four peak time delays (ns)
and A0 = 481 ;    A1   = 56043;    A2 = 59077;   A3  = 58682  ;
The coefficients hence can be obtained as:
α0   =  -0 0185527e-6;  α1 = 0.21733673817318e-6; α2 = -0.62656462697915e-6;
[image: ] α3  = 0.57994709217783 e-6; 


Similarly β s’ can be obtained for the inputs Po = 17 hrs.; P1 = 17.5 hrs.,P2 = 17.5 hrs., P3  = 17.2 hrs. as follows:
 βo  = -0.02772e 6 ;  β1 =  0.888657540247e 6; β2 =  -2.8067994292605e6 ;β3  =  2.82136423221644e6;
II Results and discussion
The GPS data downloaded by a dual frequency receiver at a location with geodetic coordinate’s 40o W latitude and 260o N longitude from a GPS satellite of elevation angle and azimuth respectively are 
20o and 210o. Ionospheric  coefficiencents are as in Tab.2. The time delay estimated by using Klobuchar Algorithm for the above location is 4.55e-8 sec. For the same time for the Hyderabad location the time delay is estimated using IRI-2007 as 3.057e-8sec. and range error is 9.17m. Following the same exercise the coefficients abstract is as shown in Tab.3. The ionospheric dealy thus drawn for Hyderabad for all day is shown as a sample in Tab3 . The profile at Srinagar , arunachal pradesh and Ahmedabad are shown in shaded graphs. Individual graph has title of the place whose data is incorporated for the delay. The more the number of stations in a region, the better will be the reliability of the coefficients set developed. Besides these coefficients, Month, Height, time of peak delay, and accuracy of the profile at that height with accurate data profile also will be added as the satellite ionospheric data. The IRI-2012 is now available on web that should  be probed and compared with earlier versions for selecting a suitable version towards developing a localized time delay coefficients.
IV.CONCLUSIONS
The available models are outlined in this paper. The Klobuchar’s world wide delay algorithm is found to be inferior for Indian conditions. Also, this stresses the suitablility of standard IRI for Indian conditions.The ionospheric coefficients, αs'  and  βs’ are obtained by using IRI 2007 MODEL. Various comparative profile and time delay profiles with use of coefficients newly suggested are represented. Clearly, further localization is prompted form the preliminary study reflected in this paper.  IRI-2012 is also available on web. This version should be attempted for Indian conditions. A comparative study is to be initiated. The best is yet to be finally considered for local model development. Also, practical data for a 11 year solar cycle to be supplemented with the latest model for better representation of Indian conditions.
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Appendix-A
International Reference Ionosphere (Back ground).
The International Reference Ionosphere (IRI) is an international project sponsored by the Committee on Space Research (COSPAR) and the International Union of Radio Science (URSI). These organizations formed a Working Group  in the late sixties to produce an empirical standard model of the ionosphere, based on all available data sources (charter). Several steadily improved editions of the model have been released. For given location, time and date, IRI provides monthly averages of the electron density, electron temperature, ion temperature, and ion composition in the altitude range from 50 km to 2000 km. Additionally parameters given by IRI include the Total Electron Content (TEC; a user can select the starting and ending height of the integral), the occurrence probability for Spread-F and also the F1-region, and the equatorial vertical ion drift.
The major data sources are the worldwide network of ionosondes, the powerful incoherent scatter radars (Jicamarca, Arecibo, Millstone Hill, Malvern, St. Santin), the ISIS and Alouette topside sounders, and in situ instruments on several satellites and rockets. IRI is updated yearly during special IRI Workshops (e.g., during COSPAR general assembly). More information can be found in the workshop reports. Several extensions are planned, including models for the ion drift, description of the auroral and polar ionosphere, and consideration of magnetic storm effects.
An IRI electronic mailer keeps the community informed about model updates, workshops, publication, and other IRI-related matters. Information on how to subscribe is available from the IRI electronic mailer homepage.
The IRI master copy is held at the National Space Science Data Center (NSSDC) and updated according to the decisions of the Working Group. The software package distributed by NSSDC includes the FORTRAN subroutines, model coefficients (CCIR and URSI), and documentation files. The IRI build-up and formulas described in detail in a 158-page NSSDC report [11].

Appendix-B
Glossary
The ionosphere: A shell of electrons and electrically charged atoms and molecules that surrounds the Earth, stretching from a height of about 50 km to more than 1000 km. It owes its existence primarily to ultraviolet radiation from the Sun.
The ionospheric layers: At night the F layer is the only layer of significant ionization present, while the ionization in the E and D layers is extremely low. During the day, the D and E layers become much more heavily ionized, as does the F layer, which develops an additional, weaker region of ionisation known as the F1 layer. The F2 layer persists by day and night and is the region mainly responsible for the refraction of radio waves.[9].
Total electron content (or TEC) is an important descriptive quantity for the ionosphere of the Earth. TEC is the total number of electrons present along a path between two points, with units of electrons per square meter, where 1016 electrons/m² = 1 TEC unit (TECU).TEC is significant in determining the scintillation and group delay of a radio wave through a medium. Ionospheric TEC is characterized by observing carrier phase delays of received radio signals transmitted from satellites located above the ionosphere, often using Global Positioning System satellites. TEC is strongly affected by solar activity.
Communication: (from Latin "communis", meaning to share) is the activity of conveying information through the exchange of thoughts, messages, or information, as by speech, visuals, signals, writing, or behaviour. Communication requires a sender, a message, and a recipient, although the receiver need not be present or aware of the sender's intent to communicate at the time of communication; thus communication can occur across vast distances in time and space. Communication requires that the communicating parties share an area of communicative commonality. The communication process is complete once the receiver has understood the message of the sender.
Navigation: A field of study that focuses on the process of monitoring and controlling the movement of a craft or vehicle from one place to another. The field of navigation includes four general categories: land navigation, marine navigation, aeronautic navigation, and space navigation. 
Surviellance:The monitoring of the behavior, activities, or other changing information, usually of people for the purpose of influencing, managing, directing, or protecting.
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