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1. INTRODUCTION 

The following report documents the research and calculus carried out to provide suitable solutions for commissioning upgrades to radar systems located at two separate sites. The two individual site details are as follows: 

Site 1 Specification (Fig.1)
· Area used for surveillance, located on a peninsula approximately 80m above sea level, 1km from the shore.
· Radar must detect a range of 350km from the site, covering an area of 270°.
[image: ]
Site 2 Specification (Fig.2)
· Area used for tracking fast moving objects travelling away from the site, located approximately 10m above sea level and 150m from the shore.
· Radar must detect a range of 50km from the site, covering an area of 45°. 
[image: ]

Radar systems at both sites must detect a flat plane square reflector (target) with a Radar Cross Section (RCS) of 10m2, using a suitable frequency band, at any point within their envelope. It can be assumed that;
· There is a minimum detectable signal of -150dBW for both systems.
· Both radars sets will be monostatic (transmitter and receiver side by side at the same fixed location) and so the distance between the transmitter and target (r1) and between the target and receiver (r2) are equal (r1 = r2 = r). 
· Antenna Gain of the receiver (Gr) is equal to the antenna Gain of the transmitter (Gt).  

· Total system losses (Lges) are equivalent to 0.9dB. 

Losses can be due to various factors including; atmospheric absorption, beam shape, beam width, fluctuation in RCS, signal processing, filter matching losses, integration losses and transmit and receive line losses associated with radar internal components (between power RF amplifier and antenna) [1]. 
Scope
A literature review of research pertaining to radar technologies will include investigating the specifications, advantages and disadvantages of possible solutions, with considerations to using secondary radar solutions and over-the-horizon radar at Site 1 in addition to the main surveillance radar. 
The aim of the report is to define ideal parameters and technologies for both sites and specify systems design details to meet site specification requirements. Range calculations and detailed discussions will provide reasoning for best configuration and technology selection. This will involve working out which frequency band and wavelength to use, which affects the detectability of targets. The effect of transmission power, target physical flat plane size and antenna gain will also be investigated. A conclusion will suggest the recommended upgrades for the sites.

2. LITERATURE REVIEW 

	When researching literature for guidance on radar system design, radar proved to be a very well-established field, with a wealth of reputable and coherent material relating to the topic. All the technical and descriptive information found, consisted of either primary or secondary sources that paralleled with original and certified material from modern texts or early books on the history of radar. 

The following are reviews of supportive material and references used for this task.:

	The updated edition of the book Radar Design Principles [2], by Fred E. Nathanson, is a complete guide to radar and very descriptively and accurately provides all the principles of radar, including factors, parameters, such as signal processing, that influences radar system design. Since the author is a specialist in radar search techniques, radar systems and radar signal processing, the book proves to be a very good primary source of information. As well as material from the original book, it contains a collaboration from many knowledgeable and qualified individuals from the radar field and reputable establishments including J. Patrick Reilly, Johns Hopkins University, Applied Physics Laboratory and Dr Marvin Cohen, Georgia Tech Research Institute (GTRI). This source will be used for its reliability, having been revised by (the author) a Fellow of the IEEE “for contributions to radar systems” [2] and a member of the Radar Systems Panel. 
	As described in this book, the power received equation can be rearranged to give a maximum range for a monostatic radar configuration [3]:


Since the effective receiving area of the antenna 



PR = Received signal power (at antenna terminal), PT = Transmitted signal power (at antenna terminal), GT = Transmitting antenna power Gain, GR = Receiving antenna power Gain,  = Radar target Cross Section (RCS), = wavelength of transmitted radio wave, r = radar-to-target distance (range).

Re-arranging this equation can provide a further equation for RADAR Detection Range (accounts for propagation from transmitter to target and echo received back at receiver):

Further re-arranged:


To account for losses in the system, the minimum received power of the signal in decibel-watts (dBW (and power of losses (should also be considered:



Power in watts = P(W) = 1W x 10(P(dBW)/ 10)

This book provides answers to relevant mathematical relationships and decisions behind radar technology. Starting with radar basic functions and applications, through to system performance analysis, and suggests how radar detection capability is conditional on many factors including environmental and the quality of components used inside the radar set. 

	Reputable literature found in the book Radar System Engineering [4] provides in-depth radar knowledge and was project led and directed by Louis N. Ridenour for the Radiation Laboratory, funded by the Office of Scientific Research and Development. It contains original collective workings and discussions from experts and is the result of collaborative work performed at a variety of trusted laboratories and industries, including the Army, Navy and universities from around the world. Starting by defining radar and how it works, this book provides information on minimum detectable signal, microwave propagation, properties of radar targets, limitations and examples of operational requirements and radar system design. 
	
	
	Reliable online resources included www.radartutorials.eu which was used for confirmation of radar principles, available technology and explanations on the workings of radar. Celebrating twenties years of publication, by author Christian Wolff, a retired Senior Master Sergeant and freelance radar engineer, it remains a highly valued source of information regarding radar physical, providing technical explanations and mathematical examples. Built as a guide for radar operators and maintenance personnel, the website also serves as a resource for trainees and instructors of radar technology.

Radar basics
	Radar can emit electromagnetic waves either in pulses or continuous wave for detection or communication with targets. When a target is hit by radio waves from a powerful transmitter, some of the waves are reflected (back) towards the radar’s sensitive receiver. The amount of return energy that the receiver collects, depends on the Radar Cross Section (RCS) of the target (σ), the way in which the target scatters the radio waves and the power of the signal scattered directly back towards the receiver. RCS is dependant not only on the wavelength used by the radar transmitter but also the target’s shape, material and surface profile and angle from which the target is viewed by the radar. A 10m2 RCS could be the equivalent reflection from a small aircraft but for this task a flat plan square reflector is to be assumed. Stealth targets are designed with small RCS, so it is difficult, if not impossible, to detect them. The radar signal to noise ratio (SNR) must also be considered, since the signal must remain larger than any background noise for the target to be detected. 	Comment by ralph: 
	For Primary Surveillance Radar (PSR), if after a signal has been emitted, a reflection (echo) is captured by the receiver, this means an object is in the direction propagated by the radar’s electromagnetic waves. An analogy of the monostatic PSR radar principle can be imagined as someone throwing ball at a wall at some distance away. The ball needs to be thrown with enough energy to bounce off the wall, bounce back to its origin and be caught by the same person who threw it. This return signal is displayed on a Plan Position Indicator (PPI) scope that uses a radial sweep pivoting about the mapped position of the radar (usually centre screen) at the same speed that the radar beam sweeps. For conventional radar, the radar beam is rotated from a mechanically revolving or adjustable transmitter antenna, back and forth or full rotation. Using a long-persistence screen so that targets remain visible in between sweeps, a display is produced of the echo’s from reflective targets in range within the area.
	Energy transmitted from a radar’s antenna is a narrowly focussed conical-shaped beam. The maximum power and range lies along the beam centre line and decreases outwards. Since the range calculation works out the range of the main beam and the requirement of both systems is to detect a target anywhere in the stated envelopes to the full range, the radar main beams at both sites need to be steered to cover the full distance. This will ensure reflection is received off targets at maximum range anywhere inside the specified areas. The inevitable side lobes of a radar beam can become problematic but only at reflecting energy off nearby objects, since they contain much lower power densities (Fig.5). 
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Fig. 5 Radar beam pattern
	
	To reduce interference (ground and sea-clutter) and multiple displays of the same target, both systems could use flat plate antennas with narrow lobe patterns for transmissions with minimal sidelobes that are as far below the main lobe as possible. 
	
	Phased array radars can be used to steer and focus a radar beam using a mosaic or linear array of transducer elements. Beam direction and focus are electronically controlled through the individual timing of element (pulsed) excitation (phase shifting). Phased array radars enable high speed scanning without the need large rotational mechanical parts. Rotational radars could be used for both sites but the simplicity of beam steering, speed and accuracy of modern phased array radar, provides faster real time detection than conventional rotational antennas.

	Shorter wavelengths are more effective at detecting smaller targets, but their energy is more prone to absorption as well as scattering. This phenomenon is called backscatter. The influence of backscatter on radar surveillance performance from the surface of the sea is dependent on the wind speed and therefore height of the largest waves. Backscatter from various terrain is even more problematic for detecting objects such as small aircraft, since cultural features in the land generally have a higher reflectivity at low grazing angles than the sea surface.  Measurements from a scatterometer could be used to help design the systems at both sites based on average environmental parameters, in addition to model calculations, to define the required configuration of the transmission signals. “A scatterometer is a microwave radar sensor which measures the reflection (or scattering effect) produced while scanning the surface of the Earth from an aircraft or satellite” [5]. It provides details regarding sea-surface wind speed and direction.

	Longer wavelengths are less likely to be absorbed and can propagate further. Wavelength choice is dependent on the requirement to detect small features and the RCS of target to be detected. Selection of radar technology should also consider the size, complexity and cost of radar stations. 

There are many factors that affect the propagation of electromagnetic waves through earth’s atmosphere including;

 “atmospheric refraction and absorption of radio waves by extra-terrestrial sources such as the sun and the galaxy, and reflection from earth’s surface, which varies in its reflective properties from place to place and, especially in the case of the ocean, from time to time” [6]. 

	The composition, internal processes and quality of radar parts also contribute to the performance of radar. The nature and SNR of unavoidable noise and situational backscatter also affects the level of detectability of radar.

	Ultimately, a radar system cannot be fully deigned accurately without knowing the full details of the environmental specifics in which it is to be used and what target exactly is required to be detected. More information regarding target composition, trajectory, angle and height would be required for design completeness. Further investigation into such specifics would influence the optimum choice of system but due to the real-time variations in geophysical factors, maximum range calculation (and therefore system design) can never be exact. Range calculations can be useful however for estimating specifications and predicting the type of radar technology to use. They also “permit meaningful comparisons of the relative performance of competing designs, and they indicate the relative improvement that will result from a design improvement” [7]. 
	 
3. SITE 1 & 2 SPECIFICATIONS

The main aspects of the given two sites, include the following specifications;
· The range of detection required: surveillance up to 350km (Site 1) and tracking up to 50km (Site 2)
· The Radar Cross Section (RCS) area of the target to be detected: 10m2 flat plane square reflector for both sites 
· Both system losses: Assumed 0.9dB
· Radar to use suitable frequency band of radio wave transmission: To define with guidance from researching existing equipment
· Suitable transmission wavelength λ (m): To define by changing the frequency of the wave using
λ = c / f = wave speed c (m/s) / frequency f (Hz)
λ = 3x108ms-1 / f
· Suitable power of the radar transmission: To define from research, tested within range equation
· Suitable antenna gain: To define (Gt=Gr) from research, tested within range equation
	
	The required range, RCS of target and system loss values will remain fixed. All other factors that need defining will be tweaked in relation to existing radar technology on the market. Due to unknown conditional factors, including environment and target specifics, local to each site, only suggestive solutions will be proposed.	
4. SITE 1 – Surveillance RADAR

	The static radar at Site 1 could be monitoring for friendly or hostile aircraft and ships entering or leaving the airspace or surrounding waters. The radar base could be used to help direct air or sea traffic or for monitoring and preparing test range areas ready to be used for firing (free from trespassers). This could clarify clearance and avoid clashes and destruction of friendly traffic. With respect to hostile activity, it would be important that the system can detect targets at every angle almost instantaneously, a far distance away. This could give armed forces early warning to potential enemy aircraft or missile attacks, providing adequate time for preparation of defence material.

4.1 Chosen Technology

	The coverage and range required at this site is large but there is no requirement for detailed communication between the radar and targets. Technology for this site could include a phased array PSR. During PSR, a transmitter emits pulses of energy and the receiver waits for a reflected return signal. The system could be a set of six phased array antennas and receivers mounted together for complete surveillance, each covering 45°. The simultaneous beam steering of the phased array radars would ensure that each receiver detects a strong echo off targets at any angle within its own envelope during the sweeping of its beam axis. The radar system must detect reflected signals from targets at a long range and identify features for types of target recognition for effective surveillance. The radar would need to overcome the intervening impact on transmitted energy caused by the ocean backscatter and atmospheric conditions (weather). The signal could be constructed from long wavelengths, within L-band as L-band microwaves have a good penetrability to adapt to complex surface conditions (rough seas). 
		
4.2  Advantages & Disadvantages of phased array PSR

	PSR requires no communication with a target to detect it. If the signal transmitted is strong enough and the target has a large enough RCS, a target within the beam, whether friendly or hostile, will be detected. The drawback is that no information regarding the identification a target is gathered by the radar. Other limitations of PSR are that its transmitted signal power must be high enough for both transmission and echo return journeys. This can mean very powerful transmitters with bulky antennas are required for long range detection. However, phased array systems can provide higher antenna gains and are smaller, simpler and more reliable than rotating radars that usually require lots of gears and frequent maintenance. Phased array’s performance of electronic beam steering in azimuth or elevation is a lot quicker (milliseconds) and easier than conventional antennas as they don’t require large servo motors or actuators which make them mechanically slow at positioning radar direction. This can provide more accurate directivity and multifunctional operations but usually at a higher cost than conventional radars. Coverage is also limited to 120° azimuth and elevation and ray deflection is only possible in single plane when using a linear array configuration. A planar array configuration can be complex, requiring a phase shifter with advanced electronics.





4.3 SITE 1 range calculations for each phased array PSR radar

Using the range equation and wavelength values for L-band radio frequencies, it is possible to tweak the specifications and define potential configurations for the system. 

Using L-band: 2GHz, 0.15m wavelength, transmitter power of 132.4MW and 30dB antenna gain the required range can be met:



 = 

Alternatively, dropping the required power of the system to 33.1MW, the frequency to 1GHz, and doubling the wavelength would also give the required range;

 = 

Lowering the antenna gain would require a higher-powered transmission. Ideally power requirement needs to remain as low as possible to keep running costs low and wavelength to remain long for far reaching propagation. 

Considering the 80m height of the radar and the 350km radius of the range, using the range of nautical miles of radar to horizon equation [8] the distance from radar to horizon and minimum height that a target could be detected can be found. 

1 nautical mile = 1852 metres
Total radius of coverage required = 350km = 350,000m / 1852 = 189NM

Distance from radar to horizon in nautical miles (NM):

Radar at height of 80m = 262.467ft 

Rnm = (1.23

Rnm = (1.23 = 19.9NM

Due to the curvature of the Earth, the radar cannot detect low flying or sailing targets past the horizon (19.9NM). 

The following calculates the minimum height a target must be for the radar to detect it at 350km away;

Range past horizon = 189NM – 19.8NM = 169.2NM

Minimum height that radar’s maximum range can detect target at:

Rnm = (1.23

(169.2NM / 1.23)2 = 
= 18923 ft
= 5768m = 5.8km

This calculation is imprecise due to the variation in the surface curvature of the Earth (not being a perfect sphere) with its radius varying latitudinally and longitudinally over distance.  

	At Site 1, the maximum range a target can roughly be detected is 189NM away at a minimum height of 5.8km above sea level (Fig.3). Any target that is lower in altitude would need to be closer to the radar for it to be detected. For the radar to detect targets beyond the horizon of 19.9NM, targets need to remain above the horizon line tangent. This required height decreases in altitude, the closer the distance a target is to the radar. To detect the full land, sea and air space (low flying aircraft or sailing ships) and overcome the issue of Earth’s curvature, other technology such as Secondary Surveillance Radar (SSR) or an Over-the Horizon (OTH) radar system could be used.
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	As shown in Fig.3, PSR area coverage is incomplete due to the curvature of the Earth and gives hostile targets an advantage of not being detected until they approach the horizon if they fly in low enough under the radar beam. For the radar station to detect under this tangent (low altitude past the horizon), an OTH radar could be positioned at the same location and used in addition to the main surveillance radar. This type of radar uses electromagnetic wave transmission with longer wavelengths at much lower frequencies, allowing the waves to diffract around the surface of the Earth and form a ground wave close to the surface of the ocean. Bending over the horizon, they can follow the curvature of the Earth for longer distances and can be reflected back towards a receiver (in the same way). This would cater for detection of full altitude from surface to the maximum height coverage over the full 189NM. Consisting of frequencies as low as 2 to 20MHz and an array with a field of view of up to 120°, such systems (collaborative multiples for 270° coverage) could be coupled with the main site radar for complete coverage. Disadvantages of OTH radar is that it requires huge antenna arrays that takes up a lot of space with monopoles, hundreds of feet long, spaced hundreds of feet apart.

	


	Alternatively, Secondary Surveillance Radar (SSR) could be used but only if targets are equipped with a transponder. SSR works by using active answer signals. The transmitted signal from the radar is captured by a transponder on the target. The transponder processes this interrogation signal and replies to the radar with its own signal on a different frequency. 

	The advantages of SSR are that it can be used to communicate with targets over equivalent or even longer distances with lower powered transmitters (due to half the required journey distance). SSR radar could be used alongside the primary radar at Site 1 to extend detection of friendly communicative targets. High altitude targets (friendly aircraft) that are too far away for the strength of reflected signal to reach the receiver could be detected by the radar if an independent but reactive signal is emitted from a transmitting responder (transponder) on the target. The aircraft’s response signal to the interrogation signal (requested by the radar) can contain a lot of useful information about the aircraft, including identification codes, altitude or technical issues that it is having. A decoder at the radar can plot target identification onto the radar screen for instant recognition. The only issue with SSR is that it requires the target to have an onboard transponder to emit the response signal to the radar receiver for the radar to receive a reply. International standardisation is also necessary for full co-operation between the aircraft and radar. Different modes of communication such as Identification Friend or Foe (IFF) have to exist to deal with the large numbers of aircrafts in the sky for radars to account for all or individual uplinks. Positive identification can be made with targets and clutter is eliminated but overlapping replies, garbling and track wandering can cause communication issues between targets and two or more interrogators in the form of asynchronous interferences known as False Replies Un-synchronised In Time (FRUIT).

4.4 RCS Calculations

Using the target RCS (σ) = 10m2 and the wavelength used by the radar, an approximate physical size of target detection can be calculated using [9]:


10m2 = 



= 0.27m 

A radar using a wavelength of 0.3m could detect a physical square reflect 0.27m x 0.27m, (roughly the physical cross-sectional area of a missile).

The physical flat plane size detectable by the radar depends on the RCS, frequency and wavelength of the transmitted signal. To detect larger objects with lower powered systems, and larger wavelengths within lower frequency band transmissions would be required. Table 1 compares the frequency bands VHF to L-band to the physical square plate target sizes detectable with an RCS of 10m2 at a range of 350km. It also presents the power required for transmission. Antenna gain for the transmitter and receiver remains at 30dB.
With larger wavelength transmissions, small target details can be lost. Higher frequency signals can be problematic during bad weather conditions (backscatter and absorption due to rain). 

	Wavelength of signal (m)
	Frequency Band
	Frequency of signal

	Square flat plate detected
	Power

	0.15
	L (max)
	2Ghz
	0.13m x 0.13m
	132.4MW

	0.3
	L (min)
	1GHz
	0.27m x 0.27m
	33.1MW

	0.6
	UHF
	0.5GHz
	0.5m x 0.5m
	8.27MW

	1.5
	VHF
	0.2GHz
	1.3m x 1.3m
	1.324MW



Table 1 – Flat plate detection sizes

From Table 1 and Fig.4, it is evident that for large targets to be detected, radars with lower frequencies in the Very High Frequencies (VHF) range of around as 0.2Ghz with wavelength of 1.5m would be required.
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Fig.4 Waves and frequency ranges used by radar [10]

5. SITE 2 – Tracking RADAR

	The static tracking radar at Site 2 could be used to track fast moving objects such as projectiles fired from a gun, a launched rocket (Fig.3), or unmanned targets such as the Jet BansheeTM UAV-T target drone (Fig.4), travelling away from the site from a nearby firing platform. The BansheeTM Jet 110 can travel across land and sea at speeds of up to 215m/s at an altitude of between 5m to 8000m for more than 45 minutes [11]. It is operated remotely from ground control stations and fired upon from various weapon systems.

[image: ]
Fig.3 Radar tracking launched rocket [12]
[image: ][image: ]
Fig.4 BansheeTM drone being launched [13] and in flight [14]
Site 2 could be an area such as the QinetiQ base in the Hebrides, used for testing weapon systems and training soldiers to use new weapons. The ability to measure and plot trajectory, distance and speed of targets is important. 
5.1 Chosen Technology
	For this site the radar system could use an X-band continuous wave Multiple Frequency Doppler Radar (Frequency Modulated Continuous Wave FM-CW), capable of determining the range and velocity of a target in real time. The transmitted signal varies in transmission frequency, (high to low) over a fixed period, through modulation. Before using a radar for making such measurements, presumptions can be made on the estimated target trajectory and therefore the position (tracking direction) in which to point the radar. An example is when using Weibel radars, they are typically positioned near the muzzle (below and in front) of a gun, pointing down range, due to their pencil-beam antenna pattern emitted. The continuous wave emitted (at a stable frequency) is required to track the target at every moment. A single phased array FM-CW covering 45° would enable fast speed tracking of a target during flight throughout its trajectory. The phase shifting of mosaic arranged arrays on a flat plate antenna could electronically steer the beam at very fast speeds to adjust for the target moving through azimuth or elevation.

5.2 Advantages & Disadvantages of phased array FM-CW radar

	FM-CW can measure very small ranges to a target and so would be ideal for firing ranges that fire targets from nearby. The Doppler shift effect used in FM-CW radar can simultaneously calculate velocity and distance travelled and therefore location (hit) estimation, based on the motion of a target and how it changes the frequency of the reflected signal with respect to time. It is a very accurate method for determining the targets movement towards or away from a radar’s fixed location and due to its smaller side lobes, is not as susceptible to interference from large stationary features in the surrounding environment or slow-moving sea-clutter. It can have a trigger that indicates time of fire and since the time frames are short, with targets traveling at high speeds (supersonic), assumptions can be made that target will travel linearly. Although firings are usually only permitted during very low wind speeds, the beam steering and beam width of a FM-CW phased array radar could cover the estimated trajectory and account for small variations in non-linear movement of the target. 
	Since energy emitted from the radar is not pulsed, CW-radars are simpler to produce and operate, cheaper to maintain and fully automated, making them inexpensive in comparison to more conventional radar. Broadcast power rating is key to CW-radar range limit. The disadvantages include locking onto the wrong target, for example; a bird flying near the target intended for tracking during flight. If overwhelming reflections enter the radar antenna side-lobes, caused by large objects at the side, or above the radar (trees with wind blowing through the leaves or sea-scatter) this can distort detection of targets directly in front of the radar’s receiver by corrupting the calculated measurements.


5.3 Range Calculations

Using the range equation and values for X-band radio frequencies, it is possible to define potential configurations for the system. 

Using X-band: 10GHz, 0.03m wavelength, transmitter power of 1.38MW and an antenna gain of 30dB, the required range can be met



 = 

More detailed targets at the same range could be detected by increasing the frequency and shortening the wavelength (as below) but this would require higher powered transmissions. Antennas with lower gain would also require higher powered transmissions.

 = 

Considering the 10m height of the radar and the 50km radius of the range, using the range of nautical miles of radar to horizon equation [8] the distance from radar to horizon and minimum height that a target could be detected can be found. 

Total radius of coverage = 50km = 50,000m / 1852 = 27NM

Distance from radar to horizon in nautical miles (NM):

Radar at height of 10m = 32.8084ft 

Rnm = (1.23

Rnm = (1.23 = 7NM

The following calculates the minimum height a target must be for the radar to first detect it;

Range past horizon = 27NM – 7NM = 20NM

Minimum height that the radar’s maximum range can detect target at horizon:

Rnm = (1.23

(20NM / 1.23)2 = 
= 264 ft
= 80.5m 

For the radar to detect the full altitude at a range of 27NM, depending on the trajectory and height of firing platform, the radar could be raised up onto radar tower to a height of 500ft (152.4m). 

Rnm = (1.23 = 27.5NM would then be detected by the radar

5.4 RCS Calculations

Since the target RCS (σ) = 10m2 and using K-band frequency transmission:



10m2 = 



= 0.013m = 13mm

The physical square flat plane size detectable by the radar would be = 13mm x 13mm Standard artillery rounds are 155mm so the rear of a round could possibly be detected using longer wavelengths from an L-band radar using a lower powered transmitter. 
	Frequency band of the radar depends on the RCS and physical size of the target. Table 2 compares the frequency bandwidths of L-band and between X-band and K-band to the detectable square flat plate areas for targets with RCS of 10m2 at a range of 50km. It also presents the power required for transmission. Antenna gain for the transmitter and receiver remains at 30dB.



	Wavelength of signal (m)
	Frequency Band
	Frequency of signal

	Square flat plate detected
	Power of transmission

	0.15
	L
	2GHz
	0.13m x 0.13m
	55kW

	0.03
	X
	10Ghz
	0.027m x 0.027m
	1.38MW

	0.015
	K
	20GHz
	0.013m x 0.013m
	5.5MW

	0.0075
	Ka
	40GHz
	0.007m x 0.007m
	22.1MW




6. CONCLUSION

	Using the monostatic RADAR range equation and market research, it was possible to individually and realistically define suitable and achievable upgrades for the two sites. Using the known required range and target RCS, a spreadsheet (using Excel) containing the equation, was used to tweak the specification values and calculate the potential frequency, power and antenna gain. Since there is more than one aspect unspecified and simultaneously required to be calculated, it was a case of making knowledge-based estimates (trial and error) but using realistic values, to define the new systems and estimate the unknowns. Wavelengths were chosen to reflect the required sensitivities (range) of the systems.
	
Based on research and basic assumptions, a suitable solution for Site 1 could be a set of (either six or three) high powered L-band phased array Primary Surveillance Radars with high 30dB antenna gain, arranged (either 45° or 90° apart) so they are each capable of steering 45° or 90° to cover the 270° area. Depending on main beam width, less radars may be required.    

To conclude, the following configuration would provide a basis for a suitable solution for a surveillance radar for Site 1;

· Frequency = between 1-2GHz L-band for smaller targets or 0.2-0.5GHz VHF to UHF for larger targets (aircraft)
· Wavelength = 0.15 – 0.3m or 0.6-1.5m depending of targets physical size
· Transmitter Power = 33.1-133MW
· Antenna Gain = 30dB

Site 2 could use a single X-band of VHF phased array frequency modulated continuous wave radar with high antenna gain.

To conclude, the following configuration would provide a basis for a suitable solution for a surveillance radar for Site 2;

· Frequency = between 1- 2GHz
· Wavelength = 0.15 – 0.3m
· Transmitter Power = 55kW 
· Gain = 30dB

	Further research for making design decisions could include accounting for target position measurement accuracy, data rate, reliability, serviceability, size, weight and cost of radar equipment. For targets not to go undetected in the area just in front and above the radar, known as the cone of silence (due to back angle coverage being less than 90°), elevation would also need to be considered. This would depend on the likely altitude of targets and how close and steep they travel towards and away from the radar.
For both sites it would be important to acknowledge that the sea and land can negatively impact the return signal received, depending on the local variable conditions and so backscatter would have to be accounted for. 
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