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Abstract: Police departments continually adopt new technology to improve how they

investigate and solve crime. Acoustic gunshot detection systems (AGDs) such as

ShotSpotter use sound sensors to locate gunshots in a community, improve response

times, determine how many shooters are in an area, and identify the types of firearms

being used. This article features a literature review on AGDs. Limited research has

shown AGDs are reliable in detecting shots fired, but less is known on whether the

systems contribute to a reduction in gun crime.
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Introduction 

 

Law enforcement agencies across the country are integrating acoustic gunshot detection systems 

(AGDs), commonly known by brand name Shotspotter, into their policing strategies. AGDs are 

comprised of outdoor sound sensors that alert police to geographic locations of gunfire. AGDs 

help police more quickly identify scenes of a shooting, respond, and ensure emergency medical 

services are quickly obtained. The sensors also help determine the number of shooters in an area 

and whether the sound came from a semi-automatic weapon.1 Additionally, the technology can 

identify when shots are fired from a moving vehicle and the direction the vehicle is heading.2 

 

The acoustic sensing system was initially developed to detect and study earthquakes.3 Robert 

Showen developed the ShotSpotter software to detect outdoor gunfire in the 1990s.4 ShotSpotter 

is used in more than 100 U.S. cities, including Chicago and Peoria.5 ShotSpotter’s 2017 National 

Gunfire Index shows a combined 86,665 incidents of gunfire in 87 cities. Other brands and 

models of AGDs are now on the market and the use of AGDs has grown. This article describes 

AGDs, their prevalence in the country and Illinois, related research, and implications for 

policing. 

 

AGD Technology 

 

AGD’s highly sensitive sensors are placed in elevated locations throughout a designated 

coverage area determined by law enforcement. When more sensors capture the sound, the system 

is better able to identify the location.6 Typically, 15 to 20 sensors are needed per square mile of 

coverage.7 This technology can be considered passive; it is only applied when an impulsive 

sound like gunfire occurs. By contrast, other technologies, such as cameras, are continuously 

recording. Sensors are constantly monitoring and information recorded is regularly overwritten 

within hours or days; when the AGD system is activated for a possible gunshot, two seconds 

before the event and four seconds after the event are transmitted as a recording for review.8 

The system takes no more than 45 seconds after a shooting to alert the location to a 9-1-1 call 

center or police officer smartphone or mobile laptop.9 Sounds with comparable acoustics, such as 

fireworks, cars backfiring, or helicopters, may trigger a false report, but human review can curb 

the issue. The system generally cannot detect shots fired indoors, into cars, in cavernous urban 

areas with many tall buildings, when a silencer is used, or if a victim is shot inches away from 

the person firing the firearm. 

The ShotSpotter AGD system can be costly, ranging from $65,000 to $85,000 per square mile, 

with a minimum coverage area of three square miles.10 Equipment and data are available only via 

lease.11 Leasing equipment can reduce upfront costs, which helps make the price more 

manageable for some departments.12 ShotSpotter owns the data collected with its equipment and 

leases access to the data to police departments with an annual subscription. These agreements 

may prohibit departments from releasing the data to the public, so the public is unaware of 

incidents captured by ShotSpotter or subsequent arrests. In addition, ShotSpotter leases are 

structured so that police departments lose data access upon contact termination; this can decrease 

competition in the market.13 

Prevalence of Use of AGD 

https://www.shotspotter.com/
http://www.shotspotter.com/2017NGI
http://www.shotspotter.com/2017NGI
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In 2018, 100 police agencies and 10 college campuses in the United States were using 

ShotSpotter, with a combined coverage area of more than 300 square miles.14 In some cities, 

such as Washington, D.C., ShotSpotter is integrated with closed circuit cameras, which provides 

video at the scene.15 ShotSpotter data have not often been used as evidence in court proceedings, 

however they have helped corroborate numbers of shots fired and pinpoint when gunfire 

occurred.  

The U.S. military used individual gunshot detectors first in 2011 to help soldiers identify the 

distance and direction of approaching gunfire.16 The portable sensors were attached to body 

armor and weighed less than two pounds. Gunshot detection sensors also can be attached to 

vehicles and aircrafts, which in combination with stationary sensors, allow for enhanced gunfire 

detection. 

ShotSpotter in Illinois 

Numerous jurisdictions throughout Illinois have acquired the ShotSpotter technology. The 

Chicago Police Department launched its ShotSpotter system in 2012, initially employing it for 

two 1.5-square-mile areas. Currently, 12 Chicago police districts covering over 100 square miles 

are using the system making the city ShotSpotter’s largest customer.17 The average cost per 

district is about $1.5 million and some federal grant funding has offset the costs.18  

 

The large cities of Peoria and Rockford use ShotSpotter. Rockford acquired the technology in 

2018 paying $310,00 for four-square miles19 and Peoria in 2013 for $405,000 for a three-year 

contract focusing on three-square miles.20 In 2016, Peoria renewed the contract for another three 

years, doubling the coverage area.21 The Village of Bellwood has used ShotSpotter technology 

since 2007 and is entirely covered by the technology, which is integrated with surveillance 

camera systems.22 The City of Aurora has employed ShotSpotter since 2009.23 Calumet City 

implemented the technology in 2018, paid for with funds recovered from drug busts and other 

illegal activity.24 

Research on AGDs 

Accuracy in detection. Early research (1998) found the system accurately identified 72 

percent of shots fired.25 The same study found no difference in police response times to 

technology-detected gunshot reports compared to citizen-reported gunshots.26 A quasi-

experimental study in 2002 found that ShotSpotter could detect 81 percent of gunshots and locate 

84 percent of the shots detected.27 Company-sponsored research in 2011 reported seven 

departments using the system had faster response times and more efficient investigations. The 

company hypothesized that by providing more precise locations, investigators may be better able 

to locate evidence, such as shell casings. In 2013, the manufacturer guaranteed the system would 

capture at least 80 percent of all outdoor gunshots in the monitored areas. In practice, the 

company claims an accuracy rate of between 90 and 95 percent.28  

 

Increase in dispatches. Initial research findings revealed a 268-percent increase in police 

dispatches to “shots fired” calls, which may suggest a significant amount of underreported gunfire 

in some areas.29 Safety protocols were activated for D.C. officers responding to ShotSpotter 

incidents as they were encountering an increasing number of armed individuals.30  
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Reduced gun crime. Little academic research exists to support ShotSpotter’s effectiveness 

in reducing gun crime. Investigative reporters in San Francisco, Calif., analyzed ShotSpotter 

events and found that while law enforcement was alerted to over 3,000 incidents in two and a half 

years, just one alert resulted in an arrest for a gun-related offense.31 The company holds that its 

technology is not aimed at increasing arrests but providing police with information on gunfire that 

otherwise would have gone unreported.32 In addition, departments typically place  sensors in areas 

with the most violent crime; it is possible that knowledge of AGDs in a community could cause 

perpetrators of gun violence to move to other areas.  

 

Discussion and Conclusion 

Law enforcement agencies across the country are integrating AGDs into their policing strategies. 

The technology appears to be accurate with a detection rate of at least 80 percent. Mazerolee 

found evidence that AGDs increased dispatch to calls for service where gunshots were fired. 33 

However, there is insufficient evidence to show AGDs contribute to a reduction in gun crime. 

The public, as well as researchers, have raised issues on the confidentiality and lack of 

transparency regarding AGDs. While much of this technology is taxpayer funded, the data 

gathered by the technology are proprietary and exempt from the Freedom of Information Act.34 

Law enforcement officials cite the importance of keeping AGD locations confidential to protect 

the sensors from damage, avoid impairing officers’ ability to fight gun crime, and protect the 

privacy of citizens who agree to allow the sensors on their properties.  

The future of ShotSpotter and other AGDSs remains to be seen, but the technology is expanding 

to meet needs in a variety of arenas. For example, the system is being tested to detect poaching in 

South Africa.35 The company also has developed a campus security technology which integrates 

school layouts with AGD sensors that provide information to police and security personnel 

during active shooter incidents.36 A similar concept that detects gunfire by energy and identifies 

weapon caliber is being considered for implementation in 50 schools in the United States.37 

ShotSpotter has explored selling its data to a federal agency, such as the FBI or ATF.38 In 

addition, the company reports researchers have shown interest in using the data to measure 

bystander exposure and its collateral consequences.39 With some departments opting to allow 

their contracts to expire after not experiencing increases in arrests or improvements in other 

public safety measures, ShotSpotter is rethinking its business model and considering providing 

information for empirical research on concrete outcomes. It is also considering making more 

information available to the public.40 For example, ShotSpotter agreed to partner with Stanford 

University School of Medicine to conduct a study to determine if ShotSpotter reduces hospital 

travel time for victims of gunshots and improves patient outcomes.41  

Suggested citation: Gatens, A., & Reichert, J. (2019). Police technology: Acoustic gunshot 

detection systems. Chicago, IL: Illinois Criminal Justice Information Authority. 
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