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PRIVE 
Summary
This paper presents the Cost Benefit Analysis of VHF vs. Mode-S Air/Ground Data Link and the recommended Datalink for the Saudi Arabian Airspace.



COST BENEFIT ANALYSIS

OF VHF vs. MODE-S AIR/GROUND DATA LINKS

1.0
INTRODUCTION
1.1
Purpose

The purpose of this paper is to present an analysis study on the alternative air/ground data links for delivering Air Traffic Services (ATS), including Air Traffic Control (ATC) and Flight Information Services (FIS) for the Saudi Arabian airspace.  In this paper, VHF and Mode-S data links are compared and result is presented.

1.2
Approach

A standard “model”, similar to the ICAO CNS/ATM Cost Benefit Model was applied to the Saudi Arabian airspace for an analytical datalink comparison.

Traffic numbers, flow patterns and assumptions relevant to the Saudi Arabian airspace were applied to the “model” to provide a datalink comparison applicable for the Kingdom of Saudi Arabia.

1.3
Analysis Criteria


The datalinks were analyzed based on the performance benefits and the system cost.

1.3.1
Performance Criteria

The performance criteria characteristics analyzed by the model are demand versus capacity, and delay.  Demand is defined as the offered communications load carried over the link.  The model defines capacity as the maximum communications load that can be served by the link, including link-specific allowances for limiting factors.  Demand versus capacity is estimated on a “per ground station” basis for Mode S and VHF.

The model defines delay as the mean value of the time interval, in seconds from arrival of a packet at the subnetwork access point of the source to its receipt at the subnetwork access point of the destination.  Several factors will affect data transmission delays including the priority of the message being transferred, the data rate in use, the amount of data being transferred, and the traffic loading of the system.

1.3.2
Cost Criteria

The cost measures analyzed by the model are the cost of aircraft avionics equipage and the cost of procuring, installing and maintaining the ground system.

1.4
Evaluation

It is important to note that each of the links addressed in this paper was designed for specific uses, and the complementary nature of the links should be therefore considered.  For instance, VHF data links (VDL) can support high data rates to modest numbers of aircraft, specifically air carrier aircraft, an important consideration for Aeronautical Operational Control (AOC) and Aeronautical Administrative Control (AAC) applications.  Mode S is able to provide more modest data rates to large numbers of aircraft, including general aviation aircraft, an important consideration for ATC applications.

2.0
SCENARIO
For comparison purposes, an area was selected as the baseline scenario for this analysis.  The area is primarily Jeddah arrivals and departures, and has the highest traffic load and ATS and AOC/AAC communications demand in the Kingdom.  This baseline scenario is based on services and traffic models estimated for the Year 2000.

2.1
Aircraft Traffic Models

The aircraft traffic data for the baseline scenario are derived from modeled peak instantaneous aircraft counts in the area.

2.2
Users

For ATS, no distinction is made between general aviation and air carriers users; that is, all users receive all ATS.  On the other hand, AOC and AAC services are allocated to air carrier users only.

2.3
Baseline Data Link Services


Baseline ATS comprise initial ATC terminal services and weather services. The set of AOC/AAC services in use by airlines today is included in the baseline.

3.0
MODE-S DATA LINK
3.1
Mode-S Summary

The Mode-S datalink was designed to satisfy the reliability and performance requirements of ATS data communications.  As an increasing number of aircraft equipped with Mode-S transponders for Traffic Alert and Collision Avoidance System (TCAS II), the cost of the avionics would only be the incremental cost of the Mode-S Aircraft Data Link Processor (ADLP).  No additional user service charge will be levied for Mode-S.


As the specification for Mode-S are more mature more aircraft will be equipped with the required Mode-S avionics.

4.0
VHF DATALINK
4.1
VHF Summary

The VHF data link should meet the availability, reliability, and performance needs of the existing and future proposed ATS, AOC, and AAC.

5.0
DATA LINK COMPARISON SUMMARY


The comparative performance and cost data for the two data links are summarized in the following sections.

5.1
Performance Summary

The scenario used in the analysis provides a typical environment, indicative of the Saudi Arabian airspace, to compare data link applications.  The scenario allows an impartial, analytical view of the demand vs. capacity and delay performance of each link scenario is employed.  Identical ATS, AOC, and AAC messages, as well as identical numbers of aircraft, are used to compute the offered communications load for each link.  Link specific differences are taken into account in the capacity computations.


The comparison shows that each link can satisfactorily support the traffic demand for the baseline scenario.  This is the case for the following reasons:  1)  Mode-S was originally designed to handle more than the basic services considered herein; and 2) the VHF data link design analyzed is the minimum needed to meet capacity, but can readily be expanded.

5.2
Cost Summary

In comparing cost, the Mode-S and VHF cost of service estimates, capital investment recovery plus operation and maintenance costs are used.


The results show that the hourly cost estimates for either VHF or Mode-S services are reasonable.  Cost estimates for the VDL transceiver and the Mode-S ADLP are economically feasible from airborne perspective.

5.3
Technical Consideration

The performance characteristics presented in this paper are based primarily on the technical analysis of the system specifications for the Mode-S and VDL configurations.


However, the Mode-S datalink has undergone engineering flight tests and evaluations, and the specification for the physical and data link layers has been stable for some time.  In contrast, the system specification for the VDL has been undergoing significant revisions.  The media access control (MAC) sub-layer of the data link layer is subject to change from carrier sense multiple access (CSMA) to time division multiple access (TDMA).  A number of technical issues have also been identified regarding VDL performance in an operational environment that has not yet been adequately analyzed.  These include:  throughput vs. bit error rate, performance in fading environment, and adjacent channel interference protection.  Further analysis of the evolving VDL design is necessary before it can be considered mature.


Spectrum limitations are also a significant consideration for civil aviation authorities.  While the VHF system is easily expandable by the addition of ground radios, at present the channels available to support aeronautical data communications over VHF are limited.  It is forecasted that the final TDMA configuration would ultimately improve the VHF spectrum utilization to meet the ATS and AOC/AAC demand.

6.0
CONCLUSION

If Mode-S and VHF data links operate as expected, cost rather than performance is the primary discriminating factor between them.  The results show that in the present environment, the cost estimates for VDL service appear to be reasonable and affordable for the expected message traffic.

The cost of Mode-S data link must first include the conversion of the existing secondary surveillance radars (SSR) to Mode-S upgradeable Monopulse secondary radars.  This upgrade of existing PCA and Royal Saudi Air Force (RSAF) SSR’s will require a significant capital investment.  In areas of existing MSSR coverage, Mode S provides an integral surveillance function as well as a data link capability at a minimal additional recurring cost.

Neither VHF nor Mode-S data link can provide coverage in the Rub Al-Khali desert region due to terrain limitations to support ground-based equipment.  Therefore, the Rub Al-Khali will require AMSS coverage for efficient and seamless air traffic control.  For carriers to receive preferential routings for the airspace over the Rub Al-Khali, the aircraft will have to be AMSS data link equipped.

Now, the question becomes what link will service the remainder of the Kingdom.  AMSS data link is not supported for this use because of the high cost for user of the system.  The data from the CNS/ATM strategy study shows that aircraft will be equipped for VHF data link earlier than for Mode S datalink.  The issue of selection of data link will be decided by airline equipage.

Therefore, the logical selections for Saudi Arabia would be the implementation of VHF data link in all areas of the Kingdom that would support ground-based equipment.  The governing reasons for the selections are aircraft equipage and projected system usage.  However, the Presidency of Civil Aviation should continue to monitor the evolution of the technical specification for VHF and Mode-S data link to insure that it provides both a cost effective and operationally viable solution.
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