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SUMMARY
The overwhelming majority of radar systems have been developed as single monostatic entities. This is largely due to their relative simplicity and the range of performance of which they are capable. However, the limits of monostatic radar are now beginning to be reached. Sensitivity is limited by power aperture product, location accuracy by aperture and information is limited by a single perspective. Many of these limitations can be addressed by using a multiplicity of transmitters and receivers leading directly to the concept of multistatic radar systems. In this chapter we introduce the concept of multistatic radar and the various forms this can take. This includes a brief review of the literature and extant systems. We then examine the fundamental building blocks enabling systems concepts to be developed and understood.
INTRODUCTION
The earliest radars were bistatic, employed Continuous-Wave (CW) waveforms and transmitted and received through separate apertures [1]. They were able to detect targets as they crossed the transmitter-receiver path (known as the baseline). Indeed, a form of network is developed by which multiple reports of targets were associated and presented on a master display board, especially for air defence applications. However, the bistatic form of radar was largely abandoned as a design approach after the invention of the duplexer. This allowed the co-location of transmitting and receiving antennas thus simplifying the geometry and saving on both volume and cost. Subsequently the bistatic concept has experienced a number of resurgences, although it has only recently begun to be seriously considered as an alternative (and a compliment) to more conventional monostatic radar. The book by Willis [1] provides an excellent account of bistatic radar and is commended to the enthusiastic reader not least because multistatic radar can be thought of as an extension to the bistatic concept.
Multistatic radar extends the bistatic concept by having more than one transmitter or receiver. For example a system comprising two receivers and one transmitter can be thought of as two connected bistatic radars. The motivation for multistatic radar is several fold. Monostatic radar systems are beginning to reach their limits on achievable sensitivity. In particular, transmitter power and aperture size are often constraints. This is exacerbated by the impact of stealth technology which demands greater sensor sensitivity. Monostatic radars can be vulnerable to both physical and electronic forms of jamming as they represent, in effect, a single point of failure. By having separate and multiple transmitters and receivers, the total system is much less vulnerable and selective jamming of receivers doesn’t necessarily render the complete sensing system inoperative. Lastly, the spatial diversity offered by geographically distributing sensors allows for a much richer information set to be garnered from which both the detection and classification of targets can be improved. It should be recognised straight away that by introducing this new design freedom of spatially locating a multiplicity of transmitters and receivers there are many different forms of sensor that can be conceived with advantages and disadvantages in terms of system performance, complexity and costs. Here we introduce and examine these differing forms of network highlighting their relative merits. 
[bookmark: _Toc89718307]The Multistatic concept
The concept of multistatic radars is not new. It has been under investigation for some time and there was even a special issue from IEE on 1986 on [29] bistatic and multistatic radars. Recent technology advances though, especially in digital transmission, better processing power, more reliable communications and the arrival of GPS offer a means to have a common framework for space and time and has led to a reassessment of multistatic radar.
We begin here by more formerly introducing the underlying concept of a multistatic radar system. As discussed already the basic concept, at the most general level, is one of a number of transmitting and receiving sites or nodes, distributed in space with the potential to co-operate together. A generic four node system is shown in figure 1 where it should be noted that we haven’t, at this stage specified whether or not a node is a transmitter a receiver or both transmitting and receiving site. The system as illustrated could be completely coherent making it rather like a sparsely populated phased array or it could be independent, incoherent monostatic radars (or anything in between). In addition, the processing strategy is also not defined but there is an implicit assumption that is possible (but not mandatory) for all data to be sent to a central processor where it can be processed as a single stream. Alternatively a node could itself be an autonomous monostatic radar with only target tracks being combined in the central processor. Here we begin to see the range of potential systems embraced by the term multistatic radar. We especially see how the inherent spatial diversity in multistatic radar is the key new design freedom that requires a thorough understanding in order to evaluate where and when it is appropriate to use a multistatic radar system. We can also see new possibilities for detection, tracking and classification of targets as, for example, we now have the potential for the target to be ‘inside’ the system. This may well lead to radical new forms of sensor but also to new processing challenges such as near field operation.
It should further be noted that many differing terms for multistatic radar are used in the literature. These include multistatic radar, radar networks, multisite radar, distributed radars and MIMO (Multiple Input Multiple Output) radar. All of these terms are equally valid, although some can refer to particular forms of multistatic radar as defined by an individual author. The multiplicity of terminology is typical of an emerging technology and here we use the term multistatic radar as a ‘catch-all’ to embrace all forms possible. We also use multistatic radar as it represents well a single system whose performance is dependent on co-operation and interaction between the component elements. Note, the term multistatic radar has in the past been more typically used to refer to a distributed radar network where each radar operates autonomously and the results are sent to a central processing station for fusion.





Figure 1: Typical scenario of multistatic radar.
We now examine the various components of the multistatic system in more detail to see how they contribute to performance and highlight differences between multistatic radar and its more conventional counterpart, the traditional monostatic radar.
The fundamental elements of multistatic radar are well known radar geometries, i.e. (i) monostatic radar, where the transmitter and the receiver are co-located and (ii) bistatic radar, where the transmitter and the receiver are spatially separated. These are illustrated schematically in figure 2. 
(a)                                                                                            (b)

Figure 2: Fundamental structures of multistatic radar (a) Monostatic radar (b) Bistatic radar.
Multistatic radar may be thought of as being constructed of these basic building blocks. A node in the network can be thought of as having three basic functions. These are: (i) a transmitter, (ii) a receiver, or (iii) both a transmitter and a receiver. When a node is a transmitter, then there are a number of degrees of freedom that can be selected by the system designer in an attempt to optimise system performance. These are:
The carrier frequency of the signal
The pulse length
The power in the pulse
The pulse bandwidth
The Pulse Repetition Frequency (PRF)
The type of signal to be transmitted (i.e. the form of modulation used)
The polarisation of transmission.
and these are design freedoms that are also available to the designer of the monostatic radar. Similarly, at the receiver, the choice frequency band, bandwidth and polarisation is in the hands of the designer. However, in a multistatic radar system, each node is capable of using different values for the above parameters both for transmitting and receiving modes. Indeed to make many concepts feasible this is an aspect of design that is mandatory. For multistatic radar this leads to the following options for operation:
1. Multiple monostatic operation. This is where each node has both a co-located transmitter and receiver with the latter collecting signals originating from the transmitter of the same node (monostatic operation).
2. Multiple bistatic operation, where the receiver in each node is collecting signals originating from transmitting nodes only (bistatic configuration). A simple example of this type of network is the case their is one common transmitter and N receivers or the case with one common receiver and M transmitters.
3. Full multistatic operation, where the nodes are spatially distributed and the receivers can choose which signals to accept. This might be a network containing either or both cases 1 and 2 

A further important aspect is the various numbers and lengths of the baselines that are formed between the nodes (i.e. a line connecting a transmitter to a receiver). These are an important factor in determining the form, function and performance of the radar network.
It is immediately obvious that a major difference between a distributed system and a co-located system is the need for communication between the nodes of the network. They involve communication wavebands, paths, reliability, traffic, speed and security of performance [4]. The first criteria to be decided upon is whether or not the link between the nodes and the central processing station will be wireless or wired. If it is assumed that the intended use of the multistatic radar refers to a long baseline scenario (say more than 50 Km), then wireless communication can offer a more flexible solution.
Traffic in multistatic radar is an important parameter that requires very careful consideration. There are two main aspects, the first is traffic form the sensors to the central station (measurement data and location values) and the second is data from the station to the nodes (command, reference and database). The types of traffic can include measurement data, repeat period, frequency, Doppler frequency, radar cross-section, phase, beamwidth, video signal, audio signal and clutter distribution. These require wideband transmission, which could be difficult to obtain [5].
If any radar system is to operate coherently then it must retain a phase reference usually derived from a clock signal. In distributed multistatic radar this requires the clock signal to be distributed to each node and is known as synchronisation. In this way the nodes of the network have a common sense of time and the network may be said to be phase coherent in a manner akin to monostatic radar. The accuracy to which this can be achieved (including well known factors such as phase noise) will limit the Doppler measurement accuracy of the resulting sensor system and will determine the degree to which functions such as MTI and imaging are possible. The synchronisation signal could be distributed over the communication links outlined above or could be derived from a third party such as GPS.
A closely related aspect of performance is the synchronisation of transmit and receive beams comprising the network such that they illuminate simultaneously common areas or volumes of interest. This leads quickly to the equivalent of the pulse chasing problem that has been a challenge area partly responsible for the slow take up of bistatic radar. Hence it is an extremely important aspect of a multistatic radar system. Potential solutions might be via wide-beam or near Omni-directional antennas or to use a more sophisticated approach based on electronically scanned antennas.
The central processing unit as depicted in figure 1 is the location where data is collected for processing. It can receive raw data, detections, plots or tracks and apply a variety of processing accordingly. In monostatic radar systems all data processing is performed in this way. Here, its main task is to apply algorithms (e.g. correction, combination of data from different sensors) to the incoming data and process according to the desired application (detection, tracking etc). In multistatic systems this can be an intense procedure with substantial implications for processing requirements point of view. For example a fully coherent multistatic radar system that applies distributed processing detection at the raw level will have to have a communications link bandwidth at the same rate as the processing speed employed equivalent to that of a similarly specified monostatic radar. A number of papers have appeared that, in part, deal with this issue [e.g. 6]. 
Of course the greater the quantity of data to be processed the more demand this places on the communications links which in turn highlights the interrelationships of all these components and hence also the potentially complex nature of multistatic radar systems. It also is indicative of the range of multistatic forms that are possible and these are categorised into broad types in the next section.
Categorisation of multistatic radar systems
As seen from the earlier discussion, the potential topologies for multistatic radar are numerous. One may conceive of relatively simple designs, such as the case with a single illuminator and two ground based receivers. On the other hand, extremely complex geometries can exist, which in turn involve more demanding communications, processing and complexity of algorithms. Thus, before proceeding to examine the fundamental technical characteristics of multistatic radars, it is appropriate to classify radar networks, in terms of their physical properties and potential applications. In this way the major challenge areas can be identified and the fundamental questions as to their implementation and successful operation may be raised. Here we examine the categorisation of multistatic radar in two component parts. In the first, the various criteria for categorising a network are presented, and in the second, some examples of radar networks are given, showing the differences in complexity.
The first component of categorisation to be examined is the transmitting and receiving options of the nodes in the network. As before these are divided into three principle categories of operation: 
(i) monostatic operation, 
(ii) bistatic operation and 
(iii) a combination of (i) and (ii).

In the multiple monostatic case, each radar is transmitting a specific waveform and is receiving only the echo originating from this unique transmitted signal. An example of the multiple bistatic case is a network comprising of one common emitter and N spatially separated receivers. Each transmitter-receiver pair is in fact a bistatic radar. In the most general case each node in the network has a transmitting and a receiving point. The receiver this time accepts echoes from all reflected signals. A schematic illustrating these differing topologies is presented in figure 3.




Figure 3: Modes of operation: The multiple monostatic case, the multiple bistatic case and the fully multistatic case. The coloured lines indicate the different waveforms used in each of the cases 
The various topoloigies also suggest a further categorisation that is applicable, namely whether or not the mode of operation is active or passive. The active mode is defined as one where the transmission to be used is under the control of the system designer and the passive mode is one where illuminators of opportunity (such as TV or radio broadcasts) are exploited. Both active and passive modes can also be combined together for more covert operation. Passive operation is also potentially useful for locating jamming sources. 
A further feature of multisite radars is that regarding the location of the nodes. Although the most commonly studied system is a ground based multistatic configuration this does not imply that the system cannot be relocated in a different region, but it stresses a demand for a fixed configuration as far as the relative positions of the stations are concerned. However, there have been notable achievements in radio-navigational techniques and systems, data transmission and accurate synchronisation which allow radar networks with moving baselines to be feasible. The mobility introduces more degrees of freedom and also increased complexity and represents a further segmentation for categorisation. One approach is to locate the transmitters on an air or space based platform and locate the receiver on the ground [42]. This provides for an intermediate category of multistatic radar based on node location and partial node dynamics. Taking this concept further, both the transmitting and the receiving stations can be located on a platform, thus providing for an entirely airborne or spaceborne system [23]. Alternatively, shipborne multisite radar is possible where the stations are in more than one ship. An example of this is shown in [38], where a bistatic sonar system is implemented, with one ship operating on a passive listening mode and the other ship contains the active sonar. Other possibilities for shipborne multistatic radar involve the cooperation of two ships close to the shore in order to form an image of the port. The slower dynamics of the platforms and hence node locations alters the form of the multistatic radar to one for level of refinement. It is possible that even more complicated scenarios like the one shown in figure 4 can be implemented, by placing the receiving and transmitting nodes in completely different types of platform. Clearly the level of complexity increases massively.



Figure 4: Radar nodes in different types of cooperating platform. 

As briefly highlighted earlier a matter of fundamental importance in multistatic radars is the issue of coherency.  Information extraction and processing potential (e.g. Imaging etc) in coherent networks is enhanced significantly as compared to non-coherent systems. In multistatic radar, additional to temporal coherence we must consider also spatial coherence. Here we define spatial coherence as the ability to maintain phase stability of the RF signals and interference between separated stations [1]. Thus, it is possible to classify multistatic radars into the following three categories: 
(i) Coherent networks, 
(ii) Short term coherent networks and 
(iii) Incoherent networks. 

In the first category the inter-node phase shifts are accurately known and can be maintained for a long period of time. These shifts can be used in processing such as that required for synthetic aperture formation and thus can lead to more complicated and demanding system concepts. The advantage is increased information regarding the target as there is a more complete utilisation of the information contained in the scattered electromagnetic field (I.e. phase as well as amplitude). The concept is similar to a sparsely populated phase antenna array. The sparse parameter though results in grating-lobes. In order to avoid this effect and have adequate sampling of the spatial frequencies, simplistically either more nodes must be added to the network or location strategies that avoid harmful grating lobes have to be computed. This makes the system ever more complex and potentially expensive. 
In short term coherent networks, the phase stability is maintained for relatively shorter periods. This permits joint signal processing that can use all information contained in signal complex envelopes and in plots and tracks from different stations. Estimation of position though cannot be made by phase as in the previous case, but it is achieved through Difference in Time of Arrival. 
Finally, in spatially incoherent networks much power and information are lost. This is because the phase attributes of the signals cannot be used and only the real envelope of signals is useful for information extraction. This phase elimination in specific scenarios is rather detrimental, e.g. joint coherent processing for mainlobe jamming cancellation is impossible. In general, the less coherence in a network there is the simpler it is to fabricate. However, incoherent networks are less sensitive, less flexible and the information losses are greater.
A further segmentation of multistatic radar types is in terms of the information integration options in the central processing unit. The level at which the data received by the nodes is combined is of primary importance to the performance of the system. The possible types of data that can be combined at each receive node are:
(i) Tracks
(ii) Plots
(iii) Detections
(iv) Raw data

(i) Tracks: Track data is termed ‘the highest level’.  It should pose the simplest fusion problem (although not necessarily a simple problem) and require the lowest data communication rates. Fusion is based on making a judgement on the relative quality of the complete tracks, not on the plots from which they are derived. A case where this clearly becomes sub-optimal is when each sensor sees the target only intermittently, but these detections are uncorrelated so that the target is seen regularly by the whole network.  This might occur, for example, due to attempts to 'stealth' the target's RCS or to it being at a blind velocity in a pulse-Doppler radar type system. A track made up of plots from all the sensors should then be more robust than those constructed from any individual sensor. Note that this is an oversimplification and will be scenario and target dependent.
(b) Plots: Plots are groups of detections declared to be from a single target. Plots, which have been positively identified as coming from a particular target are clearly easier to fuse than those that have not. Plots that have not been identified, however, may also allow a more optimum identification to be made by merging data from several sensors. It should be noted going further down the detection process (to unclassified plots) increases the communications bandwidth significantly if the plots are contaminated with a lot of clutter. The classifiers and trackers can later reject the clutter. Alternatively, the clutter can be accepted if it contains information, for example time or frequency-domain profiles, which will later be used as an aid in classification or identification.
(c) Detection: The next level down is to pass (threshold) detections across the network.  Since many detections would typically be joined together to form one plot, the data rate will have to increase many fold at this stage. If threshold detections were transferred, this would allow the fusion processor to make adaptive detection decisions, adjusting the detection criteria for one sensor's data on the basis of the data received from another sensor.  This may also be done without transferring as much data by making each sensor adapt its local detection threshold based on the plot information which is shared between the sensors.
(d) Coherent or raw data: At the lowest level, raw or coherent data can be shared. This is data that has not been pre-processed at a receive node and represents the largest practical bandwidth of data to be centrally fused. The principal reason for using raw data is to allow improved MTI, Imaging and angular resolution using interferometric baselines that can potentially be as large as the whole extent of the network (as is currently done with radio telescopes).  Besides requiring the highest data rate (although only at most twice that of the undetected, non-coherent data), this also requires the separate sensors to be phase-locked.  Note that phase information can also be attached to detections, so that sharing phase information does not necessarily require being able to share the whole of raw data with other sensors, but this may depend on the exact use which is to be made of the data.
This last categorisation of radar networks is strongly related to the next segmentation criterion: 
(i) centralized processing and 
(ii) decentralized processing

As presented in [39], there are several parameters to be taken into account when examining the distribution characteristics: the sensitivity and the robustness of the network and the grouping of the measurements from each radar. Sensitivity of the system can be evaluated by the capacity capabilities of the network. The more data that can be sent, the better the sensitivity and the more centralized the system can be. This requires wideband transmission which entails many difficulties. The data grouping process examines whether each radar is doing some pre-processing of the data before transmitting to the central station. Therefore, individual radar measurements can be used for extracting either detection parameters or tracks or both. These results are sent to the central station for fusion, where the final decisions are made. This is a decentralized procedure which is more robust, as centre failure is less fatal. Alternatively, all radar measurements can be sent to the central station for direct detection and tracking. 
The possible types of networks, as derived from the above segmentation are numerous. Thus, it is useful to consider the degree of complexity of multistatic radar types. Below six cases of increasing complexity are considered. The same criteria used above are listed together with a number of system level configurations such as differing numbers of transmitters and receivers, the degree of distribution of processing, the location and status of the nodes. The results of this are listed in table 1 which has been colour coded on a traffic light basis, i.e. green means that the system is relatively straight forward to implement, amber has considerably more difficulty and red the most difficult. The scenarios considered are:
Case 1: The nodes comprise fixed location monostatic radar systems that pass tracks to a central processor. This type of multistatic radar is strongly decentralised as much of the processing is done in the individual nodes of the system. After implementation of the processing algorithms, the tracks are sent to the central station, with low communication requirements.
Case 2: In this second scenario, the multiple bistatic configuration is introduced. Again, this is a decentralised system that transmits tracks, but these are produced by the multiple bistatic pairs. This is a relatively simple case.
Case 3: A bistatic geometry, formed by the one transmitter and N receivers. In this case the amount of data that are transmitted to the central station is increased. Thus, instead of combining tracks, detections are used to form the plots. This scenario introduces additional difficulties in terms of the communication bandwidth and processing needed. It is categorised as a semi-decentralised network.
Cases 4-5: These topologies introduce further significant problems on the operation of the system, in terms of bandwidth and processing algorithms. The coherency requirement demands precise synchronisation of the signals in each station. In both cases the system is strongly centralised as the majority of the processing is envisaged as taking place in the central unit.
Case 6: Here, the nodes are in motion and raw data is to be coherently combined and centrally processed to eventually form tracks. It can be easily seen that this is an extremely complex case but potentially with much more capability.

This categorisation is somewhat arbitrary and might be considered quite crude. However, it is instructive regarding the range of possible types of multistatic radar and their attendant complexities and capabilities. Table 1 summarises these and indicates to an extent which networks are relatively well understood and developed and which are more challenging and are requiring of further research. For example MIMO would be a special case of a non-coherent network usually assumed to be based on static nodes. However, the data is combined at a low level and hence overall this is still a novel form of system and exhibits considerable complexity requiring future research to understand true performance potential.
Table 1: Complexity of types of multistatic radar system



.
Examples of multistatic radar
Examples of multistatic radar tend to fall into two main categories: (i) defence and (ii) civilian. Both examined in more detail in the next two sections. For further information about the historical context of multistatic radar, [2] has an extensive description of systems up to the 1980s. This text book describes the first two forays into the research and development of multistatic radar (the first in the 1950s and the second in 1975-1985). Currently there is a resurgence of interest in both bi and multistatic radar and many predict that recent technology developments such as high speed processing, GPS, wide band wireless communications and array antennas will mean that this period is the pre-cursor to the deployment of operational systems.
For defence purposes, multisite radars can be used to form a tailored surveillance area in order to detect non-cooperative targets more efficiently. The fact that there are many degrees of freedom allows the radar designer to choose baseline lengths, signal types to be transmitted, carrier frequencies and polarisation at each node. These parameters can be modified according to the specific application of interest. Thus, multistatic radar can be used confidently for a ground based network for air defence. The same concept can be used for underwater surveillance, using multistatic sonar [7].
In addition, detection of stealthy targets can be significantly improved with multistatic radars. Stealth aircraft tend not to be stealthy only to monostatic radars. In part this is achieved by allowing scatter in other directions. Thus stealthy targets have adopted signal absorption techniques leading to a decrease of the backscatter cross-section by 10~30dB [8]. This does not apply at bistatic angles of view such as the aircraft’s back, flank, and belly [9]. Thus it can be inferred that there are two possible solutions for detecting and tracking the stealthy target. The first one is by using receivers placed in other than monostatic locations. In this way the system does not rely on measuring the backscatter cross-section, but on the bistatic cross-section of multiple bistatic pairs (scattered energy in other directions), as seen in figure 5. An alternative way is to use a second monostatic radar. With this technique, when the first radar is in the blind area of the stealthy target (nose), the second radar will be able to detect and track instead.

Figure 5: Detection of stealthy targets using additional receivers. The stealth effect creates a blind area for the original monostatic radar.

In the United States, a CW interferometric radar system has been employed since 1950s, which contains one transmitter and nine receivers. Another system used since the 1960s is the Navspasur (Navy Space Surveillance System). It is a CW network which detects objects orbiting in space as they pass through the electronic “fence” over continental Unites States. The system includes three groups of stations, with each group having one central transmitting station and two receiving nodes. In 1977 Lincoln Laboratory in the USA, began working on a program on Multistatic Radar. The principal goals of the project were to improve battlefield surveillance, target acquisition and battle management capabilities. The same laboratory deployed a Multistatic Measurement system in 1978-1980 at the Kwajalein Missile Test Range. Here, the goal was to collect bistatic signatures and perform high-accuracy tracking of re-entry targets. Jindalee is an example of an Australian Over the Horizon Operational Radar Network [3] (as shown in figure 6). The topology of this network comprises of two remote over the horizon skywave radars and a centralised control centre.

Figure 6: Jindalee Over the horizon Operational Radar Network
An application format for passive operation of multistatic radar has been developed by Rock Manor in the UK. The concept (figure 7) of this project called CELLDAR, is that when a target enters the detection region, cell phone reflected signals are detected by the cell phone radars. The collected data are then sent back in real time to a central control system via a communication network [12]. Fusion takes place, and this passive system is able to determine the position and the speed of the target object.

Figure 7: CELLDAR concept [12].
Finally, bistatic or multistatic synthetic aperture radar can be considered as a small network, capable for military ground surveillance and targeting [13-16]. B-SAR is seen as a potential means of countering vulnerability to electronic countermeasures and avoiding physical attack to the imaging platform. The transmitter is mounted in the moving platform that can be one or more Unmanned Aerial Vehicles (UAV) or spacecraft
Lastly, a complex and futuristic concept is TechSat 21, a spaceborne radar network aiming at various missions, such as RF imaging, moving target indication, geolocation, anti-jamming and terrain elevation [23]. The U.S. Air Force Research Laboratory (AFRL) is examining a formation of three lightweight, high-performance micro-satellites. The formation will operate together as a "virtual satellite" with a single, large radar-antenna aperture. The U.S. Air Force has terminated its TechSat 21 experiment, which was intended to demonstrate the ability of multiple small satellites flying in formation to perform missions traditionally carried out by single, larger satellites, because of the great technical issues of the project. The theoretical study though of such a system is extremely interesting and applicable in the netter radar research. The TechSat 21 program developed the technology necessary to enable clusters of distributed micro-satellites to function as a single virtual satellite. Key experiment objectives were formation flying, cluster management, precision metrology and distributed timing, and distributed/sparse aperture signal processing. 
The topology of the system involves a speceborne satellite radar network i.e. a cluster of satellites in a single orbital plane. Each satellite is transmitting its own orthogonal signal at X-band and is receiving all reflected signals. The coherent network is acting as a large interferometer (figure 8). 


Figure 8: The TechSat 21 topology [43]. 
The main problems identified in this system were the difficulty to establish coherency, the ability to distribute in an optimum way the processing of the information, the cost and the grating lobes appearing due to the sparsely filled arrays [23]. The latter was investigated further in [37] and with an approach that takes advantage of the periodicity of the lobes in angle, this issue was dealt in a satisfactory level. 
It must be noted that the multifunctional concept of the system is shown by the fact that each satellite is capable of independent SAR image formation in addition to sparse aperture operation. For each application there will be entirely different waveform and signal processing algorithms. The intended use for TechSat 21 is for RF multistatic imaging, GMTI of tactical targets, Anti-jamming operation and geolocation. Figure 9 shows example applications of the Techsat 21 concept.



Figure 9: TechSat 21 operation and applications [43].
A number of civilian applications are also worth mentioning. As in the defence field, the surveillance capabilities in an airport are enhanced. For example, Air Traffic Control benefits from multistatic radars, avoiding multipath phenomena which degrades performance and designing a more appropriately the surveillance area [17, 18].
A useful approach is also presented in [10] for multistatic Ground Penetrating Radar dedicated to the detection of antipersonnel mines. The research lays the foundations for examining whether the increased information acquired by multistatic topologies justifies the additional hardware requirements. In [11], bistatic/multistatic radar is used to detect and extract parameters for classification of a hovering helicopter, by exploiting the multi-perspective looks of the main and tail rotors.
Moreover, potential applications involve sensor networks for next generation vehicular management, where several important parameters of automobile driving are extracted, such as velocity, pitch angle, distance to ground and condition of the road surface [19]. All of these parameters are essential for the reliable operation of ABS-brake systems and airbags. The system consists of two modules, where the first one is active and radiating, and both modules are receiving (combination of monostatic and bistatic geometries). The topology is shown in figure 10.


Figure 10: Two bistatically oriented sensors with five receiving channels, for automotive applications [19].

Collision avoidance and pre-crash warning services are also explored in [20]. The sensor topology for this case is a group of short range radar sensors, distributed behind the front bumper. Each sensor measures target range and velocity with high accuracy and the target azimuth is measured by multilateration techniques (figure 11).

 

Figure 11: Collision avoidance and Pre crash warning with multistatic radar [20].

Other work has shown implementation of radar networks to investigate flow phenomena such as wind vector measurements [21]. Scientific fields such as Diagnostic Medicine and remote sensing can benefit from research in multistatic radars [22].
Related research
In [25], defence scenarios using multiple radar sensors were investigated, focusing on detection and classification of the targets. In this a project called LARIAT is presented, where radars are located on 100 foot towers aiming at detecting human motion in a 20Km by 20Km area. Issues like finding the appropriate common coordinate system were addressed. This type of system does not aim to perform air defence but applies to industrial security scenarios, looking for intruders. The typical multistatic architecture is seen in the figure 12.



Figure 12: Netting architecture for a multiple radar sensor security system [30].

A number of issues which affect the performance of a specific type of radar network have been studied. This type is the case of multiple independent radars, operation in a monostatic mode, i.e. each receiver is collecting the backscattered signal origination form each own node (transmitter). Consequently, these studies involve the data fusion layer [6] and clutter rejection techniques [26]. The processing in multiple monostatic networks is performed by a parallel fusion network, as the one shown in figure 13.



Figure 13: Parallel fusion network [31].

In [27], again for the same type of network, a simulation package is produced, examining the performance of the radar under saturation attack. This involves the situation that massive number of missiles and other attackers arrive from different directions, trying to overwhelm the air defence system by depleting its communication and interception resources. 
Another type of multistatic radar is one where there multiple bistatic pairs are formed. The main research activity concerning this system involves location and tracking [28, 29, 30] algorithms. In the case when there is one common emitter and a number of distributes observers (receivers), a number of important issues are identified such as the need to apply weight factors depending on the local average Signal to Noise Ratios and the complicated requirement for time synchronisation and data communication systems.
Passive Coherent Location (PCL) is a term for describing a passive network for detection and tracking of targets. The designer can only decide about the location of the receivers but has no capability in setting the transmitter properties. Thus, the emitters used are called illuminators of opportunity and these systems use the electromagnetic energy transmitted by other wireless transmissions, such as TV signals [31], mobile stations, GPS signals [32] or radio broadcasts. 
In [31] TV reflected signals are used to detect and track an aircraft. The additional capability of image formation is proposed in [33] where the system includes a number of transmitters (television signals) and a single receiver. This is a multistatic synthetic imaging problem where each bistatic measurement represents samples of the Fourier transform of the reflectivity of the target. Using the Direct Fourier Reconstruction (DFR) technique [34] the importance of the receiver’s location, in order to form a useful image of the target was identified. The passive detection capabilities were also shown by Silent Sentry [35], a PCL system developed by Lockheed Martin company, based on multiple VHF FM radio and television transmissions. Figure 14 presents a typical scenario:

 Figure 14: Principle of operation of Silent Sentry [41].

Finally, in [36] a method to apply the latest technology on Global Navigation Satellite Systems (GNSS), as silent multistatic radar for air defence is described. The system comprises multiple spaceborne coherent transmitters (48 satellites with circular polarised signals), single or multiple airborne or spaceborne targets and at least one receiver. Counter stealth applications are also discussed.
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