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Qualifications 

 Education 

 Research 

 Writing / publications  

o Which relate to issues involved in Shotspotter 

 Editorial positions 

 Memberships 

 Technical program committee  

o What is IEEE, how does it relate to Shotspotter / 

relevant scientific community (its great if shows he is 

an authority in the related field) 

 Teaching 

o Undergraduate level courses 

o Graduate level courses 

o Advise thesis / research 

o Present at conferences 

 Honors and awards 



 

Expertise is:  

My expertise related to the case is: 

 

 wave propagation and scattering in random media,  

 signal analysis, communications, and  

 sensor networks.  

 

I have published widely in these topics in premier scientific 

journals and received two best paper awards from the Institute of 

Electrical and Electronic Engineers (IEEE) Antennas and 

Propagation Society, and the Communications society. I have a 

PhD from Caltech, and was post-doc at UC Berkeley fro two years 

before joining UCSD. I have been on the faculty at UCSD since 

2004, teaching courses related to signals and systems, wireless 

communications, and networks. I have also received an early 

career award from the National Science Foundation (NSF) and a 

young investigator award from the Office of Naval Research 

(ONR).   

 

How relates to Shotspotter technology: 

The system discussed in this case is a network of sensors 

detecting, analyzing, and exchanging signals that propagate in a 

random environment, and is well aligned with my field of work. I 

am familiar with the literature, state of the art principles and 

methods generally accepted by the scientific community related 

to the system being discussed in the case.   

 



Scientific method: 

What involved before acceptance in your scientific community? 

 Peer review 

 Repeatability 

 Reliability 

 Accuracy / confidence  

 Blinding so to eliminate context or confirmation bias 

 What else? 

  

 

Specific issues with Shotspotter: 

There are two main components to the system: 

 

1) Detection and discrimination of gunshot from other acoustic 

sources. 

 

2) Localization of gunshot once it has been recognized as such. 

 

Regarding 1).  

- Evidence in the scientific literature shows that reliable detection 

is problematic especially if the acoustical surroundings include 

obstacles and reflecting surfaces so that the received acoustical 

signal contains multi path interference, diffraction effects and 



other propagation noises. This would be the typical case in any 

city environment. The main problem is that even if one assumes 

to have a perfect "signal signature" for the wave shape produced 

by a gunshot at the act of firing (and this is already a big 

assumption since the signature may be similar to other kind of 

noises), the gunshot recording obtained in a complex 

environment like a urban area will not match this signature, but it 

will consist of the convolution of the gunshot signal with another 

signal called the impulse response of the environment. You can 

view this convolution as a signal processing operation that  

changes the waveform shape that we are trying to detect. For this 

reason, the recorded waveform will be highly dependent on the 

features of the environment at the time of firing, and it will be 

different for different environments. It will also be different if 

recorded in the same environment  at different times of day. In 

particular, the more complex or crowded the environment with 

urban paraphernalia, the more the recorded waveform will 

contain interfering information  and the signal signature will 

effectively disappear in the convolution operation.  

Deconvolution operations aimed at restoring the original signal 

are notoriously difficult in signal processing, especially in the case 

at hand where the impulse response of the environment is 

unknown and time varying.  

 

- Another problem with the signal signature  is that even without 

complex reflections and reverberations, it is extremely difficult to 

make a perfect, undistorted recording of a gunshot. This is due to 

the extremely loud nature of the initial transient of the shot which 

induces clipping of the signal once the response range of the 

microphone is saturated. For this reason, useful signal details are 



invariably lost. (what is result of useful signal details getting 

lost?) 

 

- Finally, the signal signature may become distorted as it 

propagates due to non-linear propagation and dispersion effects 

of acoustic shocks. In other words, the signal signature may 

change unpredictably as it propagates, even without reflections.’ 

So something not actually a gunshot could look like a gunshot? 

 

Regarding 2). 

- The method used for localization, once a gunshot has been 

recognized, is standard. Ideally, a pair of sensors hearing the 

gunshot at different times due to different time of arrivals of the 

wave will localize the source being on a curved line (hyperbola). 

The angle of arrival measured by another sensor can be 

intersected with this line to provide a candidate location for 

where the shot was fired.  

 

-This is possible in a pristine controlled enviroment, but that is 

radically different from real life street / outdoors environment? 

 

- Although the principles of this method are standard and based 

on a sound mathematical analysis, their application is  

problematic in complex environments. Reflections and 

reverberation effects like the ones described in point 1) will 

produce different candidate locations depending on whether 

sensors hear the waveform directly or through the reflection of 

some object present in the environment, including for example 

building walls, cars, trucks etc. To deal with this problem, more 

than three sensors are typically employed by the system and the 



candidate location is selected as the one that is identified by the 

largest number of sensors using a majority voting mechanism. 

(how was this done here?  Aren’t they using more than 3 sensors? 

What else is lacking?) The outcome is thus prone to error 

depending on the features of the environment, the number of 

sensors employed and their locations. Some guidelines are given 

regarding the number of sensors required in urban and suburban 

areas, to achieve a low probability of error, but the statistical 

analysis used to come up with these guidelines is not described 

anywhere.  

-Similar methods have been applied in other localization systems 

such as LORAN using radio waves rather than acoustic waves to 

localize vessels and aircrafts, but in this case the propagation 

environment is much less complex as waves travel unobstructed 

over water. In addition, it is known that the most accurate 

performance is obtained in presence of line of sight (straight) 

propagation. In the presence of adverse weather and ionospheric 

scattering (much like the reflection and reverberation effects in 

acoustics described above) the performance of such system is 

compromised. In addition, LORAN uses a signal's signature that 

is highly recognizable and resilient to jamming and distortion.  

Anecdote how even though LORAN has far superior capabilities 

than we see with ShotSpotter, still cannot always do, like recent 

Malaysia flight?  Is LORAN what they are using?  And still can’t 

figure it out? 

 

 

- For these reasons the principles and methods used, in the 

context of gunshot location, cannot be  considered  as generally 

accepted by the scientific community. 



 

 

Conclusion: 

An event of a supposedly gunshot identification by the 

ShotSpotter acoustic identification and locator system would not 

be accepted in my scientific research communities as a clear 

evidence to judge whether a gunshot actually occurred, or how 

many shots occurred, or to be confident about the location of such 

an event.  

 


