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1.0 Introduction

Are we alone? This is one of the most fundamental human questions, asked throughout history. 

Attempts to find an answer may be found in most of the world’s great religions, and in speculative literature. In the last half-century, astronomers have begun to seek answers in a scientific way, making use of radio (and more recently, optical) telescopes to search for evidence of advanced civilizations near other stars in our Galaxy. This process is called the Search for Extra-Terrestrial Intelligence (SETI).

From a technology perspective, SETI is frequently treated as an exercise in communications engineering—the central problem being to find a signal from another advanced civilization and to separate it from background noise. Another way to look at the problem is to view it as an extreme example of Remote Sensing. That is the approach taken in this paper. We examine the possible kinds of SETI signals, both intentional (“beacons”) and unintentional (“leakage”) and consider where in the electromagnetic spectrum such a signal might be found.

We examine the types of sensors used to detect such signals. We then evaluate SETI sensors from a remote sensing perspective, in terms of both resolution and coverage, in the temporal, spatial, frequency and sensitivity dimensions. Doing so makes clear that the failure to find any such signal to date is not surprising—the search has barely begun. We consider proposals for future sensors and searches that may improve the odds of detection. Finally, we suggest a method which may be used as a “reality check” on whether or not a particular microwave sensor can in fact detect signals from a (somewhat) advanced civilization: radio transmissions of human origin scattered from the surface of our Moon.

2.0 Technical Preliminaries

Before examining SETI technology in any detail, there are some preliminaries that need to be established. These include the nature of the electromagnetic spectrum, possible “windows” in that spectrum for interstellar transmission, and the kinds of signals that ETIs are thought most likely to produce that might be detected from Earth.

2.1 Electromagnetic Spectrum and possible “Windows” for SETI
Within the electromagnetic spectrum there are a vast range of possible wavelengths (or frequencies) where signals from an ETI might conceivably be found. Two general regions have been of special interest to ground-based observers: These are the microwave region from approximately 500MHz—10GHz in frequency (illustrated graphically in Figure 2-1 on the next page), and the optical region, from about 300—800 nm in wavelength. In each of these cases, a broad “window” exists, through which radiation may be more or less freely propagated. At higher or lower frequencies, the Earth’s atmosphere will absorb significant portions of any electromagnetic signal before it reaches the ground (Ekers, et al. 26).
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Figure 2-1: Terrestrial Microwave Window (from NASA SP-419)

2.2 Signal Propagation and Noise Sources

The strength of an electromagnetic signal—whether microwave or optical—declines with distance according to the inverse square law. As a result, even powerful beams become extremely weak over interstellar distances. The central problem of SETI then, is the detection and amplification of extremely weak signals.  This is complicated by the fact that all electromagnetic detectors produce noise. In the microwave region, primarily “white noise” uniformly spread throughout the bandwidth of the detector (Billingham, 40). This noise is reduced by cooling the detector cryogenically. 
Background noise in the optical region of concern for SETI is non-thermal, which favors photon-counting over radiometric detection (Ekers et al. 85). The most significant problem with photon counting devices is rejection of "false positives" due to cosmic rays and other causes unrelated to the radiation incident on the sensor. In current OSETI programs, this is dealt with using anti-coincidence detection: Multiple detectors are connected to the telescope, and a pulse is only recorded if it is detected simultaneously by all of them (Ekers et al. 210). 

2.3 Interference
While most sensors are highly directional, sufficiently powerful signals can overwhelm any detector, regardless of the source direction. In the microwave region, major sources of radio frequency interference (RFI) include aircraft transponders, cellular telephones, and satellite transmitters. Optical sensors are subject to sky brightening, and are also affected by weather. 

2.4 Chirp, Doppler Broadening, and Smear
Relative motion between the Earth and a celestial source can cause frequency changes in received signals. Doppler changes due to rotation of the Earth are referred to as chirp. Doppler changes due to proper motion of the target relative to Earth are referred to as drift. Short pulse signals are also subject to Doppler broadening due to electron density fluctuations in the interstellar medium—this tends to smear a narrow band signal across a wider range of frequencies. A different form of smear affects optical pulses, due to scattering by small dust grains (Ekers et al. 427-433). 

2.5 Signal Processing
Candidate signals from SETI detectors are analyzed using computer algorithms—most prominently the Fast Fourier Transform (FFT), which takes a time series of electromagnetic signal strength measurements and computes an estimate for the power spectrum of the input which produced the signal (Ekers et al. 101-103). At this point the signal may also be “de-chirped” to eliminate Doppler shift due to the rotation of the Earth. Post-processing need not be done in real time—data for the SETI Institute's Project Phoenix is processed after the fact as part of U.C. Berkeley's SETI@home effort. The output from such processing is a three-dimensional plot of signal strength, frequency and time, as shown in Figure 2-2.
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Figure 2-2: SETI@home display.

This particular figure (from the SETI@home website) shows what a powerful narrow-band microwave signal might look like. A real signal would probably drift in frequency over time due to proper motion between the signal source and the Earth.

3.0 Possible SETI Signals:

Before attempting to evaluate the various SETI sensors we need to consider the types of signals that might be transmitted. These break down into two general categories: leakage—signals unintentionally transmitted as a side effect of technology such as our own television, RADAR, and even cellular telephone signals.  Alternatively, beacon signals might be intentionally broadcast in the hope of being received by other civilizations. Both beacons and leakage may be omni-directional or tightly focused as beams.  

3.1 Unintentional Signals (Leakage)
The Earth’s atmosphere is transparent at the frequency of many terrestrial electromagnetic signals. Some portion of these signals radiates away to space as leakage. Within certain well-defined electromagnetic bands, terrestrial leakage “outshines the sun by a factor of a million” (Ekers et al. 118). Probably the most detectable such a signal is the annual Super Bowl television broadcast (Drake 64). Presumably, alien civilizations that use microwave technology would generate leakage as well.

The flux of any electromagnetic signal declines with the square of the distance from the transmitter, unless focussed by a high-gain reflector. Most leakage signals are unfocussed, and are therefore expected to be detectable only over short ranges (Ekers et al. 180). The extremely sensitive 305 m radio telescope at Arecibo is believed to be capable of detecting terrestrial radio leakage at a distance of no more than six light years (Ekers et al. 347).

3.2 Intentional Signals (Beams, Beacons)

An alternative to detecting weak isotropic radiation is to look for powerful signals that are either deliberately aimed at the Earth, or through which the Earth might wander accidentally. These beacon signals could conceivably be generated at either microwave or optical frequencies. As far back as 1961 Schwartz and Townes observed that lasers could theoretically be used to send powerful signals across interstellar distances (Schwartz). This was not taken seriously until quite recently—the development of high-power lasers for use in nuclear fusion research has produced beams within an order of magnitude of the intensity required for interstellar transmission (Ekers et al. 435-439). Connecting such a laser to a large optical telescope would create an optical beacon capable of flooding the entire habitable zone around nearby stars with sufficient intensity to stand out against the background radiation for our Sun, if concentrated in a brief pulse. In the microwave region, the same result can be achieved by connecting a high-gain antenna (such as a large radio telescope) to a powerful transmitter (Ekers et al. 303-316).

Tightly focussed beams are not the only way to maximize detectability of a beacon. Other approaches that have been considered include extremely high beacon power, from nuclear or other energy sources, and packing the available power into the narrowest possible bandwidth, perhaps with automatic compensation for Doppler shift (Ekers et al. 303-320). Omni-directional beacons and leakage signals at optical wavelengths would require unreasonably high power to be visible against background light from any local star near the source (Ekers et al. 94), although thermonuclear explosions detonated in space might be used for this purpose (Gindilis).

From a sufficient distance, the signal any source—whether leakage, beacon or even tightly focussed beam—will become extremely weak. Thus, a sensor that would be capable of detecting leakage only from the nearest stars could detect powerful beacons at a considerably longer range. The same sensor could detect tightly focussed beams at still greater ranges—always assuming, of course, that the sensor is turned on and pointed at the correct direction at the right time.

4.0 Sensors

While omnidirectional sensors are possible, the vast majority of SETI sensors are connected to some form of telescope. For both microwave and optical telescopes, the received electromagnetic signal power collected is determined by the collecting area of the primary mirror or lens, typically given in square meters[image: image1.jpg]EE
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 (Burke and Graham-Smith 8). The range at which a telescope can function is determined by the minimum signal it can detect, which is generally limited by a 1:1 signal/noise ratio (Billingham 56). Thus, high sensitivity collectors require a large collecting area and a low-noise detector.

4.1 Radio Telescopes
Since the sensitivity of a telescope depends on its collecting area, the highest sensitivity can be attained with instruments of very large size. The ability of a telescope to focus on a distant object, however, depends on the accuracy of its reflecting surface—which must be accurate to within a fraction of the smallest wavelength reflected (Burke and Graham-Smith 45-47). Since microwave wavelengths are large (on the order of centimeters), it is easy to construct large microwave reflectors (Billingham 50-51) and for this reason, most SETI detectors have historically been radio telescopes. These come in two forms: single elements and arrays

4.2 Single Element
A single-element radio telescope includes one or more reflectors, which focus incident microwave energy on a single detector. The reflectors may be fixed or movable—in the latter case, the telescope can track a particular celestial location, maintaining it in the focus of the telescope for an extended period. The detector collects the incident electromagnetic energy and passes it to a multi-stage amplifier. The amplified signal is then passed to signal processing and recording equipment (Burke and Graham-Smith 19-24).

In modern radio telescopes, the detector (and in many cases, the first amplifier stage) are cooled using Helium gas to a temperature below 100K. This reduces thermal noise to within an order of magnitude of the 3K isotropic background radiation distributed throughout the microwave sky. Thermal radiation from the ground is blocked by the metal structure of the telescope itself, provided it is not pointed too close to the horizon (Ekers et al. 80-81).

Since the output of a radio telescope is really a measurement of microwave power within the antenna beam width, a calibrated noise source is usually provided which can be switched into the feed instead of the antenna (Burke and Graham-Smith 18-24). For SETI observation, a terrestrial feed may also be provided—this allows the observer to determine whether a candidate signal is actually coming from a celestial source (Drake 41).

The amplified signal is usually heterodyned with a frequency from a local oscillator, resulting in an intermediate frequency (IF) that is better suited to transmission over conventional cabling that the original microwave signal (Burke and Graham-Smith 25). At this point the signal may be de-chirped by varying the local oscillator frequency in proportion to the sensor's motion relative to the location in the sky being examined (Ekers et al. 367-372). The IF signal is then ready for signal processing and recording. To maximize the signal/noise ratio and provide data for high-resolution FFT processing, the signal will be integrated as long as possible—typically several hundred seconds.

The aperture of the reflector limits the sensitivity of single-element radio telescopes. At diameters above 100 meters, it is difficult to build a structure that can maintain the necessary rigidity to provide a 1/2-wave surface and still allow tracking as the Earth rotates (Billingham). A few very large single-dish instruments, notably the 305m NRAIC reflector at Arecibo, sacrifice tracking in favor of a very large non-movable aperture, but this limits the integration time available. 

4.3 Arrays

Two or more single-element radio telescopes connected together constitute a radio array. Each individual antenna (referred to as an "element") is pointed at the same celestial coordinates. The reflectors, detector and initial signal amplification at each element work in exactly the same way as for a single-element system (Burke and Graham-Smith 49).

Signals from all elements in the array are cabled to a central lab where the signals are combined. Traditionally, this has been done after IF conversion, though in current state-of-the-art designs, the broadband signal can be transmitted over optical fiber (SETI Institute website).

Since the elements are physically separate, an instantaneous signal will not arrive at all elements simultaneously. To compensate for this, delays are introduced into transmission of the signal from each element to the lab (Burke and Graham-Smith 52). Traditionally, this was done using matched lengths of cable, and analog delay lines; in current state-of-the-art systems, it may be done digitally. This assures that the combined signal from all elements properly compensate for their position relative to the celestial location being tracked. Once this is done, the signal from each element may be combined, resulting in an effective collecting area proportional to the sum of the collecting areas of all elements (Billingham 222).

It is also possible to cross-connect selected elements within an array, and adjust the phase delay to maximize sensitivity in one selected region within the beam width of the array elements. This is referred to as adaptive beam-forming (Ekers, et al. 258). The need to provide delay-compensation between elements of an array also has a side benefit: noise sources (eg satellite or terrestrial signals) tend to average out because they have a different delay from the constantly changing delay of the celestial source being tracked (Forster-a).

4.4 Optical Telescopes

As with microwave telescopes, the sensitivity of optical telescopes is proportionate to the collecting area. The need to maintain a half-wave surface accuracy limits optical telescopes to much smaller apertures than radio telescopes (Billingham 50-51) thus their theoretical sensitivity is much less. This may not matter, however, if a sufficiently powerful signal is detected.

The detection process for an optical telescope used for SETI is completely different than in the microwave region. Sol-type stars (the presumed primary around which habitable planets might be found) are weak emitters of microwave energy, but very strong emitters of optical energy. To stand out against the resulting background, an optical signal would either have to be extremely intense (if only for a brief pulse) or emit all of their energy in an extremely narrow spectral line. As mentioned earlier, pulsed lasers powerful enough to outshine the sun at interstellar distances (if connected to a large optical telescope) are close to today's state of the art, so most OSETI sensors employ rapid-response pulse detectors (Ekers, et al. 93-94). An alternative for continuous wave (CW) lasers with ultra-narrow line spectra is to perform high-resolution spectroscopy. This is possible, using an Echelle spectrograph (Ekers et al. 89, 212), and has been done as part of Harvard’s OSETI program (Horowitz-a)

5.0 Example Detectors

In this section we describe several specific microwave and optical sensors in some detail, with particular attention to sensitivity. Summary figures for performance of the instruments mentioned are given in table 4-1:

	Sensor
	Bandwidth
	Effective Area (m2)
	System Noise Temp.

(K)
	Threshold Sensitivity (W/m2)
	Detection Range for Broadband Leakage (LY)
	Two-way Range (LY)

	NRAO (Ozma)
	1420-1420.4 MHz
	5.3x102 
	~150
	4x10-22 
	<<1
	12

	NAIC (Phoenix)
	1.2-3 GHz
	3.0x104
	<50
	1x10-26 
	~6 
	>23,000

	VLA
	6KHz near 1.6GHz
	7.9x103
	<150
	~1x10-25
	<1
	~500

	Cyclops*
	~.5-3GHz
	7.0x106
	~20
	~3x10-29
	~1000
	~450,000 

	ATA
	.5-12GHz
	5.0x103
	70
	~1x10-25
	<1
	~500

	SKA*
	~.5-12GHz
	5.0x105
	~25
	~1x10-27
	~60 
	~50,000

	Harvard OSETI
	350-700 nm
	1.7
	N/A
	4x10-9 in <5 ns pulse
	N/A
	<10,000


* Specifications based on proposed system design.

Table 4-1: Comparison of SETI Sensors. Based on data from 

(Drake 25, 149), (Ekers et al. 247, 381-425), (Billingham 50) and calculations by the author.

5.1 NRAO 85’ Radio Telescope

The baseline microwave SETI search was Frank Drake's Project Ozma, which was conducted using the state-of-the-art (for 1959) NRAO 85' parabolic antenna at Green Bank. This provided an aperture of 26 meters. A simple feed horn at the prime focus matched to the 21cm (1420 MHz) Hydrogen band acted as the detector, and was amplified by a parametric amplifier. Signal processing consisted of a chart recorder and speaker (Drake 25).

5.2 NRAIC 1000’ Radio Telescope
The most sensitive radio telescope on Earth today is the National Astronomy and Ionosphere Center (NAIC) 1000' telescope at Arecibo. It was constructed by lining a natural depression in the ground with metal nets (later replaced by precision plates) to create a fixed spherical reflector. A feed system is suspended above the primary reflector which may be moved to provide a limited tracking capability (Drake, 77).

Over the 30 years since its first use for SETI, Arecibo's sensitivity has increased by two orders of magnitude as lower-noise amplifiers and improved detectors have become available (Ekers et al. 2002 390, 397). The system bandwidth has also increased dramatically with the use of a Gregorian secondary reflector and off-axis feed system (Drake 222).

Arecibo has also seen dramatic improvements in signal-processing technology. In 1975, a total bandwidth of 9MHz was searched at a frequency resolution of 1000Hz, using analog technology. Observations for project Phoenix, which were just completed this year, covered a 1.8 Ghz bandwidth at a resolution of 1Hz. This was done with off-line signal processing by a screen saver running on thousands of personal computers (SETI@home website).

5.3 Arrays: VLA, Cyclops, and Project Argus
Given the structural limit on aperture size, creating a telescope with an aperture larger than Arecibo—or even a pointable telescope with the same aperture as Arecibo—requires an array. The Very Large Array (VLA) consists of 27 separate radio telescopes, each with a 25 meter aperture. The combined telescope has an effective aperture of 130 meters (Ekers et al. 247). 

For SETI, sensitivity is the key parameter. The Project Cyclops study (Billingham) proposed a SETI sensor with sufficient aperture to detect leakage comparable to that from human civilization at a range of several hundred light years (Drake 135-136), and powerful beacons or beams at much longer ranges. The resulting design would have required approximately 900 elements, each with a 100 meter aperture—resulting in a collecting area of about 3 km2. Multiple feed horns and maser amplifiers would have been used to provide noise temperatures well below 100K over a bandwidth of several GHz. Unfortunately, the project never left the design stage. 

5.4 SETI League: Distributed Detection
The SETI League, a group of amateur radio astronomers—are assembling a loose network of some 5000 radio telescopes (SETI League, 2004). The elements in this case are common backyard Satellite TV antennas connected to HAM-radio type amplifiers. The small aperture and high noise temperature of such equipment yields low sensitivity, but a large number of such detectors provides broad coverage of a much larger portion of the radio sky than any of the more professional systems—and could theoretically detect powerful, but transient, beacons and beams (SETI League website). 

5.5 The Future of Microwave SETI: ATA and SKA
As this paper is being written, the SETI Institute was constructing what promises to be the most versatile (if not the most sensitive) microwave sensor for SETI, the Allen Telescope Array (ATA) at the Hat Creek Radio Observatory (HCRO) in northern California. The author was privileged to visit HCRO as 16 reflectors were delivered for the array. The SETI Institute plans to increase this to 350 elements by the end of this decade (SETI Institute Website). Each element is an off-axis reflector with a diameter of 6.1 meters. With all 350 elements on-line, the ATA is expected to have a collecting area of one hectare.

The ATA benefits from a number of recent developments, including a single broadband detector with an integrated cryogenic low-noise amplifier assembly, shown in Figure 5-1:
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Figure 5-1, ATA Front End (Photo by the Author)

The ATA detector is a log-periodic dipole array, sensitive from 500MHz-12GHz (SETI Institute Website). A cryogenic pump with only one moving part (visible below the dipole feed in the photo above—it will be moved inside the feed in production units) cools dual High Electron Mobility Transfer (HEMT)-based amplifiers to approximately 70K. The resulting broadband signals are transmitted to the lab over fiber-optic cable. (SETI Institute Website). 

According to HCRO resident astronomer Rick Forster, adaptive beam-forming will eventually allow the ATA to simultaneously observe 16 separate regions within its ~3° (at 1 GHz) primary beam (Forster-c). With a complete correlator (currently in the design stage) the array would be capable of imaging the complete 3° field at a resolution of 1 arc minute, making the ATA a high resolution radio interferometer attractive for non-SETI Astronomy (Forster-b, Forster-c).

By comparison with the proposed (but never built) Cyclops array, the ATA elements—while smaller—provide higher bandwidth and lower noise at much lower cost. The SETI institute hopes to extend ATA technology to a truly grand scale: a still larger array with a collecting area of at least one square kilometer, referred to as the square kilometer array (SKA).

5.6 Optical Systems
A number of OSETI experiments are underway, notably those at Harvard, UC-Berkeley, and Princeton. Harvard is running both targeted and all-sky sensors. The targeted system is “piggybacked” on a 61” reflector telescope, which is being used in a non-SETI experiment to measure the radial velocities of some 2500 nearby Sol-type stars. A beam splitter separates light from the prime focus of the telescope into two paths, and the OSETI experiment receives 25% of the collected light. A second beam splitter separates that again, and an avalanche photodiode is placed in each path. A possible signal is recorded only when both diodes fire within a few nanoseconds of each other. Harvard’s all-sky system is being built with a 72” “light bucket” that will scan all stars passing through a 1.6 x 0.2 degree section of sky as the Earth rotates (Horowitz-b).

U. C. Berkeley has developed a pulse detector with three photomultiplier tubes that reduces the number of “false positive” indications. One is installed on the 40” Nickel Telescope at the Lick Observatory, and another on the 30” telescope at Leuschner observatory. U. C. Berkeley is also conducting a search for ultra-narrow line spectra produced by extremely powerful continuous wave lasers (Berkeley Optical SETI Website). There is also a proposal to have amateur optical astronomers search for laser pulses (Kingsley), but it depends on the availability of low-cost coincidence photon-counting detectors, which are not available at this writing.

6.0 Evaluating SETI from a remote-sensing perspective
From a remote sensing perspective, sensors are usually evaluated in terms of resolution—what is the finest level of detail the sensor can reveal, in terms of space (or angle), frequency (or wavelength), and time (Andres). In SETI, instruments are usually evaluated in terms of sensitivity and bandwidth. One way to combine these points of view is to construct a "search space" in which frequency, time, percentage of sky covered and sensitivity are each treated as dimensions (this is a simplification—fully characterizing a SETI instrument would require additional dimensions for polarization, angular resolution, etc.) One such search space is depicted in Figure 6-1:
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Figure 6-1: SETI Search Space (Sky & Telescope Website)

While this figure focuses on particular SETI searches, rather than sensors, the operating principle is the same, and the limitations of current sensors become apparent. The 1000' radio telescope at Arecibo, used for Project Phoenix, has the highest sensitivity of any SETI sensor available today, but covers only a narrow portion of the sky. Project Argus, which will use many small-aperture satellite dishes, covers the largest part of the sky but has very poor sensitivity (it is shown as a line in this graphic). The ATA, when complete, will cover more of this space than any existing sensor—but will be unable to match Arecibo’s sensitivity. All sensors all are compromised along at least one of these dimensions.

Critics of SETI frequently raise the "Great Silence" (Why haven't we heard a message?) as an argument against expending effort looking for ETIs. From this figure, it is clear that such an argument is exceedingly premature: Only a tiny swath of the sky has been examined with reasonable sensitivity and bandwidth.

7.0 Future Developments
Ultimately, space-based SETI sensors will be needed. Microwave sensors would benefit from having the full diameter of the Moon between the detector/amplifier and all terrestrial noise sources (Drake and Sobel 229). Both microwave and optical searches could be conducted at wavelengths that are blocked by the Earth's atmosphere—and this may be important, as it is theoretically easier to build bright beacons operating at higher frequencies (Ekers et al. 227).

Improvements possible in signal processing are also possible. The number of transistors which can be economically fabricated on a square inch of silicon doubles approximately every 18 months (Moore), and this increased transistor density drives an exponential increase in computer performance that is expected to continue at least to the end of this decade (Ruley). This should make real-time broadband signal processing possible. It may also allow use of the computationally intense Karhunen-Loeve Transform, which makes fewer assumptions about signal modulation than the FFT used today. (Ekers et al. 224). 

8.0 A Recommendation: Using the Moon to Calibrate SKA Leakage Detection.

Calibration is a fundamental requirement for any form of instrumentation. This is obviously difficult where SETI is concerned—until (and unless) an alien signal is detected, there is no way to be absolutely sure of the detection methodology. The author believes that detecting terrestrial leakage reflected by the Moon would be a useful test of broadband microwave SETI sensor performance. The 1000' NRAIC reflector at Arecibo, which was originally sized to perform Earth-Moon radar astronomy (Drake 73), should be easily capable of doing so. A first-order estimate of the signal power required indicates that 15 MW isotropic transmissions from the Earth could be detected by Arecibo at its maximum sensitivity.

Dr. Kent Cullers of the SETI Institute confirmed the author’s estimate of required signal power, and added that reflected terrestrial leakage has been observed in the past (Cullers). It would seem reasonable to perform a leakage sensitivity test before construction of the SKA begins in earnest. The author recommends shipping one of the ATA feed/amplifier units (which are similar to those planned for the SKA) to Arecibo, installing it at the focus, and recording any signals detected as the Moon passes overhead. Since the Moon subtends approximately 1/2 degree, it should be in the Arecibo beam for some two hours—a reasonable integration time.

9.0 Summary

This paper has examined the technical and engineering issues involved in the Search for Extraterrestrial Intelligence (SETI), focussing on sensors intended to detect signals from extraterrestrial civilizations in the microwave and visible portions of the electromagnetic spectrum. Basic square-law propagation and detection theory has been described. Noise sources have been examined. A variety of single- and multi-element (array) detectors were described, and a comparison of detectors was provided in terms of sensitivity, bandwidth, and approximate detector range. Both unintentional (leakage) and intentional (beacon) signal detection was discussed. An overall assessment of the available sensor technology from a remote sensing perspective led to a conclusion that the search space covered by current detectors is insufficient as yet to draw any real conclusion as to whether there are in fact signals of extraterrestrial origin to be found. Future instruments with at least an order of magnitude higher sensitivity will be required to draw any useful conclusion, and ultimately sensors will need to be moved outside the Earth’s atmosphere (preferably to the far side of the Moon) in order to investigate frequencies that are blocked at the surface. In the meantime, the author recommends testing the ability of available sensor technology to detect terrestrial radio leakage reflected from the Moon as a means to calibrate the effectiveness of current and future microwave SETI sensors.
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