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SYSTEM AND METHOD FOR ARCHIVING 
DATA FROM A SENSOR ARRAY 

CROSS REFERENCE TO RELATED 
APPLICATION 

[0001] This application is a continuation of US. patent 
application Ser. No. 11/318,422, ?led Dec. 23, 2005, pub 
lished as US-2007-0230270-A1, now US. Pat. No. , 
Which claims the bene?t of provisional patent application No. 
60/638,876, ?led Dec. 23, 2004, all of Which are incorporated 
herein by reference in entirety. 

BACKGROUND OF INVENTION 

[0002] 1. Field of the Invention 
[0003] The present invention relates to a system and 
method of archiving data from a sensor array along With 
metadata that facilitates later retrieval of the archived data. 
More particularly, but not by Way of limitation, in a system for 
identifying and locating an acoustic event, the present inven 
tion provides a system and method for collecting, storing, and 
indexing raW data from detected events for e?icient subse 
quent revieW. 
[0004] 2. Background of the Invention 
[0005] Gun?re and sniper detection systems are generally 
knoWn in the art. Such systems can be broadly grouped into 
three categories: systems Which pinpoint the precise location 
of the source of gun?re; aZimuthal sensors Which provide an 
indication of the radial direction to the source of gun?re; and 
proximity sensors Which merely provide an indication that 
nearby gun?re Was detected. While such systems have been 
demonstrated to perform Well in both laW enforcement and 
military applications, the entire ?eld is presently an emerging 
technology. 
[0006] In many large cities, gun-related violence has 
become a plague of epidemic proportions. Urban gun?re, 
Whether crime-related or celebratory in nature, results in 
thousands of deaths per year in the United States alone. Gun 
?re location systems, such as those installed in the RedWood 
City, Calif., Glendale, AriZ., WilloWbrook, Calif., City of 
Industry, Calif., and Charleston, SC. areas, have proven to be 
effective in reducing laW enforcement response time to 
detected gun?re, apprehending criminals, collecting evi 
dence, and reducing the occurrence of celebratory gun?re. 
One such system is described in US. Pat. No. 5,973,998, 
issued to ShoWen, et al., Which is incorporated herein by 
reference. 
[0007] ShoWen, et al, discloses a system Wherein sensors 
are placed at a density of roughly six to ten sensors per square 
mile. Audio information is sent to a computer at a central 
location and processed to detect a gunshot; determine a time 
of arrival for the gunshot at each sensor; and calculate a 
location of the shooter from the difference in the times of 
arrival at three or more sensors. ShoWen, et al. takes advan 
tage of the long propagation distance of gun?re to place 
sensors in a relatively sparse array so that only a feW of the 
sensors can detect the gun?re. This permits the processor to 
ignore impulsive events Which only reach one sensoria con 
cept called “spatial ?ltering.” This concept of spatial ?ltering 
radically reduces the sensor density compared to predecessor 
systems, Which require as many as 80 sensors per square mile. 

[0008] Another gunshot location system is described in 
US. Pat. No. 6,847,587 issued to Patterson, et al., Which is 
incorporated herein by reference. Patterson, et al. discloses a 
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system Where audio information is processed Within each 
sensor to detect a gunshot and determine a time of arrival at 
the sensor. Time of arrival information, as determined from a 
synchroniZed clock, is then transmitted Wirelessly by each 
sensor to a computer at a centraliZed location Where a location 
of the shooter is calculated in the same manner as in the 

ShoWen, et al. system. 
[0009] As yet, aZimuthal systems have not boon as Widely 
accepted as, for example, the ShoWen, et al. system. Azi 
muthal sensors typically employ one or more closely-spaced 
sensors Where each sensor includes several microphones 
arranged in a small geometric array. A radial direction can be 
determined by measuring the differences in arrival times at 
the various microphones at a particular sensor. Presently such 
systems suffer from someWhat limited accuracy in the deter 
mination of the radial angle. When tWo or more aZimuthal 
sensors are used to locate a source location by ?nding the 
intersection of indicated radial angles, angular error trans 
lates into positional error. Since errors in the radial angle 
result in ever increasing positional error as the distance from 
the sensor to the source increases, the reported position Will 
be especially suspect toWard the outer limits of the sensor’s 
range. 
[0010] While present gunshot detection systems provide 
nearly immediate information about an event, it has hereto 
fore been overlooked that the audio data surrounding the 
event may provide investigative leads or be rich in evidentiary 
value. For example, the raW audio data might be used by an 
exert in Weapon types to identify the speci?c model of 
Weapon used, or by an automotive expert to gain information 
about the type of car used in a drive-by shooting. Further, it 
has also been overlooked that, if the audio data is stored along 
With time information, the data from mislocated, or unlo 
cated, events can be later processed to determine a correct 
source location, and an exact time at Which the event 
occurred. 
[0011] Past inventions also do not alloW the use of audio 
information to test the veracity of a Witness. For example, a 
person may claim to have been shot in an area near a sensor at 

a time When an automated gunshot location system did not 
report any gun?re. This could be because of a failure of the 
gunshot location system or it could be because of inaccura 
cies in the story of the Witness. To determine the truth of the 
situation, the data is collected by the system could be res 
canned over the period of interest to ensure that no gunshots 
Were detected on any channel during this time. 
[0012] Even if a time frame is narroWed doWn to an hour, or 
so, the task of revieWing data from each sensor of an array, 
Would be daunting. Searching an hour of data from a sixteen 
sensor array Would consume tWo man Work days. Further, if 
data is stored remote from the user, the time required to 
retrieve hour long audio ?les from a plurality of sensors 
Would require large amounts of time. As it is thus infeasible 
for a user to doWnload and listen to even fairly short time 
periods of data across multiple sensor channels in a timely 
manner, there is a need for a method to facilitate the revieW of 
large amounts of remotely stored data. 
[0013] It is thus an object of the present invention to provide 
a system and method for storing data from a sensor array 
Which overcomes the problems and alleviates the needs dis 
cussed above. 

SUMMARY OF THE INVENTION 

[0014] The present invention provides a system and method 
for storing data from an array of remote sensors. In a preferred 
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embodiment, the inventive system includes: a plurality of 
acoustic sensors dispersed throughout a monitored area; a 
communication netWork adapted to deliver information from 
the sensors to a host processor; and a storage system for 
storing acoustic information received at each sensor. 

[0015] In another preferred embodiment, the inventive sys 
tem includes: a plurality of acoustic sensors for receiving 
acoustic information from a monitored area; and a processor 
for discriminating acoustic events from other sounds. Upon 
detecting an acoustic event, the type of event and the precise 
time of arrival of the event are determined and acoustic data 
surrounding each detected event is stored in digital form and 
indexed such that the information may be easily retrieved at a 
later time. For example, the characteristics of each gunshot 
like sound detected (its amplitude, the shape of its envelope, 
its frequency components, etc) may be stored along With the 
arrival time as audio metadata in a database such that data ?les 
may easily be searched With conventional database searching 
algorithms. By storing the ab solute timing information for the 
audio data on each channel, the relative tiding information 
from multiple channels may be ascertained With high preci 
sion. 

[0016] The invention is not limited to the ?eld of audio data 
recording or gunshot detection. For example, a remote sensor 
With data logging capability and a loW-bandWidth radio 
telemetry link night be assigned to monitor the temperature of 
a process. Using the present invention, a message containing 
the time, temperature, ?uid ?oW rates, etc. could be sent to a 
remote database every time some Warning threshold (tem 
perature or rate of temperature change, for example). Later, 
the temperature might exceed a certain alarm threshold, caus 
ing the sensor to send an alarm via radio telemetry to indicate 
a serious problem With the process. By storing the metadata 
for all measurements in a database, including those that do not 
trigger an ala an engineer later desiring to revieW the relevant 
data streWn stored on the sensor can readily determine When 
the process began to have problems and extract the raW data 
from data point. 
[0017] Further objects, features, and advantages of the 
present invention Will be apparent to those skilled in the art 
upon examining the accompanying draWings and upon read 
ing the folloWing description of the preferred embodiments. 

BRIEF DESCRIPTION OF THE DRAWINGS 

[0018] FIG. 1 depicts a preferred con?guration of a gunshot 
detection system in Which the inventive method is used. 

[0019] FIG. 2 provides a perspective vieW of a preferred 
embodiment of a sensor as employed in the inventive system. 

[0020] FIG. 3 provides a block diagram for a preferred 
embodiment of analog Wired sensor. 

[0021] FIG. 4 provides a block diagram for a preferred 
embodiment of a Wireless sensor. 

[0022] FIG. 5 provides a block diagram for a preferred 
embodiment of a digital Wired sensor. 

[0023] FIG. 6 provides a block diagram of the server of 
FIG. 6 When used to collect information from an array of 
sensors. 

[0024] FIG. 7 provides a How chart for a preferred method 
for storing audio information received at the server of FIG. 6. 

[0025] FIG. 8 provides a How chart for a preferred method 
for storing audio information at a sensor. 

Jan. 1, 2009 

[0026] FIG. 9 provides a How chart for a preferred method 
for using indexing information to retrieve audio data as stored 
in accordance With the method FIG. 7 or 8. 

DESCRIPTION OF THE PREFERRED 
EMBODIMENTS 

[0027] Before explaining the preset invention in detail, it is 
important to understand that the invention is not limited in its 
application to the details of the construction illustrated and 
the steps described herein. The invention is capable of other 
embodiments and of being practiced or carried out in a variety 
of Ways. It is to be understood that the phraseology and 
terminology employed herein is for the purpose of descrip 
tion and not of limitation. 
[0028] Referring noW to the draWings, Wherein like refer 
ence numerals indicate the same parts throughout the several 
vieWs, a representative gunshot detection system 100 is 
shoWn in its general environment in FIG. 1. In a preferred 
embodiment, a plurality of sensors 102-106 are dispersed 
over a monitored area. Preferably, each sensor is placed such 
that it has a relatively unobstructed acoustic vieW around its 
immediate area. By Way of example and not limitation, suit 
able sites include: placed atop a building; placed atop utility 
or light poles, on toWers, etc. Typically sensors 102-106 com 
municate through a communications netWork 108 With a cen 
traliZed processor 110 Wherein information concerning 
acoustic events is processed to provide details of the event, 
such as the source location of a gunshot, time of the gunshot, 
the number of detected gunshots, the type of event, and the 
like. It should be noted that sensors 102-106 may be any 
combination of Wired or Wireless sensors, that communica 
tions paths 112-116 may carry either analog or digital infor 
mation, and that netWork 108 may comprise any combination 
of sub-netWorks, such as, by Way of example and not limita 
tion: a telephone netWork; the internet; a private computer 
netWork; or even a collection of dedicated Wires routed to the 
sensor array. 

[0029] As Will be appreciated by those skilled in the art, 
information about a detected acoustic event is typically out 
put to a person of interest such as a police dispatcher or 
directly to individual of?cers, as through netWork 118 to 
display devices 120 or a computer console. When Weapon 
122 is ?red, the muZZle blast reaches sensors 102-106 at 
different times based on the speed of sound and the distance 
of each sensor from the shooter. Whether the acoustic infor 
mation is processed at the sensor, or at computer 110, a time 
of arrival is determined for each sensor and the differences 
betWeen the various times of arrival are processed to deter 
mine a location of the source of the gunshot. In response to the 
gunshot, information is provided at device 120. 
[0030] A preferred embodiment of a sensor 102 is shoWn in 
FIG. 2. Typically sensor 102 includes a housing 200, a sup 
port 202 for mounting sensor 102, and a Windscreen 204 for 
protecting internal elements from the environment, While 
alloWing acoustic Waves to pass through to the interior. 
[0031] Turning to FIG. 3, preferably a Wired analog sensor 
208 includes: a microphone 210; an ampli?er, and/or other 
signal conditioning, 212; an interface to a communication 
netWork 214, mo st preferably a telephone netWork; and con 
trol logic 216 to handle administrative tasks such as hook 
sWitch. Optionally, sensor 208 may include other features 
such as, by Way of example and not limitation: temperature 
sensing; gain control; phone line integrity monitoring; etc. In 
a system employing at least one Wired sensor 208, audio 
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information is transmitted via communication network 215 to 
a central location Where the audio information is digit and 
processed to detect gunshots and determine a source location. 
It should be noted that a particular advantage of the Wired 
analog sensor is that sensor circuitry may be poWered by the 
loop current provided through the telephone line. 
[0032] With reference to FIG. 4, a preferred embodiment of 
a Wireless sensor 218 includes: a microphone 220 for receiv 
ing acoustic information; an ampli?er and/or other signal 
conditioning 222; a processor 224, typically a digital signal 
processor (“DSP”), as are Well knoWn in the art; a satellite 
positioning receiver, eg a GPS 226; a radio 228 con?gured 
for Wireless transmission and re-on of digital signals; and 
antenna 230. It should be noted that in such a sensor, GPS 
receiver 226 may play tWo roles, providing positional infor 
mation as to the sensor’s location and an exceptionally accu 
rate real time clock. In one preferred embodiment, DSP 224 
processes the received audio information to detect a gunshot 
and determine the time of arrival of the gunshot. As Will be 
appreciated by those skilled in the art, since only the sensor 
location and time of arrival need to be trotted to another 
location, the load placed on a Wireless netWork by a single 
sensor 218 may be relatively small. With regard to the present 
invention, as discussed in more detail hereinbeloW, it is most 
preferable that sensor 208 also includes mass storage device 
232 for temporary archival of audio data. For purposes of this 
invention a “mass storage device” is a device for storage of 
digital information. By Way of example and not limitation 
mass storage devices include: magnetic disk drives; optical 
disk drives; CD-ROM drives; DVD drives; ?ash storage 
devices such as memory sticks, CF cards, SD cards, MMX 
cards, and the like; ?oppy disk drives; as Well as any other ?le 
oriented type storage device. 
[0033] Turning next to FIG. 5, Wherein is shoWn a preferred 
embodiment of a Wired digital sensor 240. Sensor 240 pref 
erably includes: microphone 242; ampli?er and/ or other sig 
nal conditioning 244; a processor 246, preferably a digital 
signal processor, a netWork interface 250 for communication 
via a digital netWork 252, such as by Way of example and not 
limitation, an Ethernet. Like the Wireless sensor, in the pre 
ferred embodiment of the Wired digital sensor processing of 
the received audio is performed at the sensor and mass storage 
device 248 is provided for temporary storage of the audio 
signal. 
[0034] Optionally, the Wired digital sensor may also 
include a GPS receiver 254, hoWever as Will be apparent to 
those skilled in the art, a Wired sensor does not have the same 
need to self-survey as exists With a Wireless sensor. Further, 
While GPS receiver 254 may be used to provide synchroniZed 
clocks among an array of sensors, adequate synchronization 
may be achieved by periodically synchronizing sensor clocks 
via the netWork, or by acquiring data from all sensors using a 
data acquisition system in Which a common sample clock is 
used to drive acquisition on each sensor. 

[0035] With presently knoWn gunshot detection systems, it 
is not possible to provide an accurate position of the shooter 
With a single sensor. As a result, the calculation of a shooter 
position requires computation based on the outputs of a plu 
rality of sensors. In a preferred embodiment the sensors com 
municate With a computer or server 300 as shoWn in FIG. 6. 
Server 300 preferably comprises: CPU 302; When employed 
in a system having Wired analog sensors, a telephone inter 
face 304 supporting connection to a plurality of phone lines 
306, typically one line for each Wired analog sensor and 
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analog to digital converter 308 providing at least one analog 
input channel for each incoming telephone line; When 
employed in a system having one or more Wireless sensors, 
radio base station 310 and antenna 312; and, When employed 
in a system having one or more Wired digital sensors, router 
320. 
[0036] As Will be apparent to those skilled in the art, CPU 
302 Will usually include: an enclosure 330 housing the cir 
cuitry of the CPU, one or more disk drives for the nonvolatile 
storage of programs and data, as Well as a host of commonly 
found features, such as a sound card, printer ports, serial 
ports, USB ports, a netWork interface, IEE-l394 ports, etc.; a 
monitor 332; and keyboard 334. 
[0037] In practice, audio signals received from telephone 
lines 306 are digitiZed at a predetermined rate through A/D 
system 308. As Will be appreciated by those familiar With the 
sWitched telephone netWork, audio Which passes through the 
sWitched system is bandWidth limited to approximately 3000 
HZ. Thus, a sample rate of 12 kHZ at A/D 308 is more than 
adequate to record any details of the signal Which have passed 
through the telephone line. 
[0038] The digitiZed audio is then stored in a relatively 
short buffer and processed to determine: if a gunshot 
occurred; and, if so, a time of arrival of the gunshot. Tech 
niques for making such determinations are Well knoWn in the 
art. If shots are received at a su?icient number of sensors, the 
differences in the times of arrivals are used to determine a 
source location of the gunshot. 
[0039] When Wireless or Wired digital sensors are used, the 
gunshot detection and the time of arrival calculation are pref 
erably performed at the sensor, rather than at CPU 302. The 
calculation of the source location based on differences in the 
ties of arrival, hoWever, is still preferably performed at CPU 
302. 

[0040] It has been observed that, even though in the pre 
ferred embodiment the sensors are Widely separated, often 
other sounds made by perpetrators are received at a sensor 
and could provide investigative leads or have independent 
evidentiary value. It is, of course, impractical to attempt to 
listen to all of the audio received from all of the sensors and 
such an attempt Would Waste valuable manpoWer resources. 
Further, Where digital sensors are used, the audio is not sent to 
CPU 302 as part of the detection process and, sending con 
tinuous audio to CPU 302 from every digital sensor Would 
Waste bandWidth of the netWork. 
[0041] A practical solution is to save all of the audio from 
each sensor to nonvolatile memory, for example a hard drive, 
for a predetermined period of time. To reduce storage require 
ment, stale data is deleted as neW data is stored. In one 
preferred embodiment audio information is stored for 72 
hours. If a crime involving gun?re occurs on a Friday night, 
detectives can revieW audio surrounding the event on Monday 
morning and create a copy of any audio Which may be of 
interest, thus avoiding the pending deletion of the data. In 
addition, the system may be programmed to provide “hints” 
as to the location of audio events Which may not have pro 
duced a source location, perhaps because of environmental 
conditions, but Which might be manually analyZed to deter 
mine the source location after the fact. 
[0042] With further reference to FIGS. 3, 4, and 5, at CPU 
302, in the case of Wired analog sensors bandWidth is not an 
issue since analog audio is sent to CPU 302 over a dedicated 
pair of Wires for each sensor. In the case of digital sensors 218 
or 240, hoWever, attempting to return all of the audio from all 
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of the sensors Would likely tax the throughput of the network. 
Instead, the audio is stored locally along With such informa 
tion as the position of the sensor, the temperature of the air, 
etc. at the sensor and only the hints and event information, 
knoWn as metadata, are sent to, and stored at, CPU 302. When 
audio is revieWed only the desired time from the desired 
sensors is actually transferred over the netWork. 

[0043] The utility of computing this metadata in real time 
and storing it in a local or remote database becomes apparent 
When the raW data itself is stored at a remote site accessible 
only via a loW-bandWidth communications link, as is typi 
cally the case With all remote sensors that use radio telemetry. 
Since the vast majority of the data stored remotely is of little 
or no interest, the desired information can be much more 
expeditiously obtained by searching the database of metadata 
to reveal those subsets of data Which are most likely to be of 
interest. As Will be apparent to those killed in the art, When 
digital sensors are employed, this metadata can be stored 
locally in the sensor or at the host computer. 

[0044] Also, in the case of Wired sensors, providing su?i 
cient disk space at CPU 302 to store 72 hours of audio from 
even doZens of Wired analog sensors 208 is of little concern. 
At sensors 218 and 240, hoWever, poWer consumption and 
siZe are important factors. In one preferred embodiment, 
audio data is stored on commonly available ?ash media such 
as SD cards, CF cards, MMX cards, USB memory device, or 
the like. As Will be apparent to those skilled in the art, such 
mass storage devices are available Which mimic a hard drive 
and provide signi?cant amounts of storage. 
[0045] In one preferred method of storing the audio data, a 
directory structure is Written to the disk such that there is a 
dedicated directory for each month of the year. In each month 
directory there are subdirectories for each day of the month. 
In each day directory there are tWenty four subdirectories, one 
for each hour of the day. Each hour directory contains sixty 
minute-subdirectories, and in each minute-subdirectory there 
are sixty second-subdirectories. At the beginning of each hour 
CPU 302 erases the data in the appropriate directory repre 
senting 72 hours in the past, While at the end of each second 
the CPU Writes audio from that second in its appropriate 
directory. Each ?le contains one second of audio and the ?le 
names of all such ?les are generated from the sensor identi?er 
and from the absolute time of that second. In this method, the 
directory structure provides the indexing to retrieve the 
desired audio from any start time to any stop time. 

[0046] An index ?le is also produced having the times for 
every event detected by the system, as Well as the times of 
other sounds Which may be of interest (the hints). Thus, audio 
may also be retrieved relative to an event. This requires only 
one level of indirection, looking up the time of the event from 
the index ?le. 
[0047] While the above described method is Well-suited for 
CPU 302, it is someWhat problematic for sensors 218 and 
240. In order to the amount of storage required at the sensor, 
it is important that the audio information is stored in a manner 
Which makes fail use of the drive, in light of its ?le structure. 
For example, the ?le structure of the drive may group sixty 
four, 512 byte sectors into a cluster such that each cluster 
contains 32,768 bytes. Files stored in such a ?le system thus 
consume disk space in 32 kilobyte chunks. If a digital sensor 
is sampling audio at 40,000 samples per second Where each 
sample uses tWo bytes, each second requires 80,000 bytes of 
storage, Which, in turn requires three clusters, or 98,304 
bytes. If this storage system is used Without adjustment, 
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18,304 bytes; per second of disk space Would be Wasted. 
Instead, each minute is subdivided into periods of time Which 
make virally full use of the drive. Conversion of time in 
seconds to the period employed in the sensor may be per 
formed either at CPU 302 or at the sensors 218 or 240, in a 

manner Which is transparent to the person requesting the data. 

[0048] Yet another issue Which arises With regard to dis 
tributed storage With digital sensors 218 and 240 is the pos 
sibility of compressing the data to make best use of the disk 
space. As Will be apparent to those skilled in the art, compres 
sion schemes can be broadly divided into tWo classes: lossy 
schemes and non-lossy schemes. Lossy schemes compress 
audio in such a Way that decompressed audio Will faithfully 
reproduce the original sound but the actual reconstructed 
Waveform may not be identical to the original. In contrast, 
non-lossy schemes exactly reconstruct the original Wave 
form. While non-lossy schemes are alWays acceptable for use 
With the present invention, the manner in Which the data may 
be used requires that a lossy scheme faithfully reproduce 
impulsive events Without imparting variable delay and that 
the modi?cation of the data Will not impact its effectiveness as 
evidence in a court of laW. 

[0049] In a preferred embodiment, audio information 
received at microphone 220 or 242 is converted into digital 
information by a tWelve bit A/ D converter integrated into DSP 
224 or 246. One non-lossy scheme takes advantage of the fact 
that, since data is stored in a byte-Wide fashion, tWo samples 
can be compressed to occupy three bytes, as opposed to four 
bytes. To reconstruct the original Waveform, the middle byte 
is simply split in half With one sample claiming the upper 
nibble and the other sample claiming the loWer nibble. There 
are numerous non-lossy compression techniques Which are 
Well knoWn in the art and suitable for use With the present 
inventive method. 

[0050] Referring to FIG. 7, to save audio from an analog 
sensor to a hard drive of a server, a process 400 runs in 
communication With the periodic sampling of an audio signal. 
At step 402, if the interval to be stored is complete, the ?le for 
the previous interval is closed and the ?le for the next interval 
is opened in step 404. If a system of directories and subdirec 
tories is employed as discuss hereinabove, the process of 
opening a ?le for the next interval Would include the steps of 
building a path name based on the current time and date. At 
step 406, a neW sample of digitiZed audio is input from theAD 
system and Written to a buffer for audio processing at step 
408. At step 410, the sample is also Written to the currently 
opened ?le before the process ends at step 412. As Will be 
apparent to those skilled in the art, if the A/D system includes 
a provision for direct memory access, portions of process 400 
may be performed by hardWare. 
[0051] Referring to FIG. 8, to save audio information at a 
digital sensor, a process 500 preferably runs in communica 
tion With an A/D interrupt routine. Thus, at step 502, if a 
predetermined interval has passed, a ?le buffer is com 
pressed, probably in accordance With a non-lossy scheme, 
and Written to a ?le at step 504. An audio sample is then input 
from the A/D converter at step 506 and saved in a buffer for 
processing the audio at step 508. The audio data is also saved 
to a ?le buffer at step 510 before process 500 ends at step 512. 
It should be noted that, if the processing of audio to detect an 
acoustic event does not modify the data, the buffers of step 
510 and 512 may be the same buffer, and a single save opera 
tion may be suf?cient. 
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[0052] Turning to FIG. 9, once audio information is saved 
in a ?le, preferably a system is in place to facilitate revieW of 
any portion of the audio information. As discussed above, the 
directory structure of the disk can be used to facilitate access 
based on one characteristic, such as time. Preferably the data 
may also be accessed through other characteristics Which are 
stored in a date base. For example, process 600 describes a 
method for accessing an audio event Where the type of event 
and the time and date of the event are stored in a data base. 
Beginning at step 602, a user ?rst selects a particular event, 
preferably through a user interface With access to an event 
data base. In step 604, the system retrieves the data and time 
of the event from the data base. At step 606 the system gets the 
amount of time bracketing the event Which the user Wishes to 
revieW. At step 608, the pathnames are built for each audio 
segment to be retrieved and the audio is retrieved and concat 
enated into a single audio stream at step 610. 
[0053] Since computer memory buffers and disk buffers are 
of ?nite siZe, it is necessary to store the data in a Way that older 
data that is no longer of interest can be erased from the disk. 
Preferably, the data should be stored in a hierarchical ?le 
system organiZed by date so that obsolete ?les ran most easily 
be found and erased by the recording system. Most prefer 
ably, each directory should be broken doWn into subs direc 
tories by time so that the total number of ?les does not become 
too large and reduce the performance of the ?le system. 
[0054] It should be noted that While preferred embodiments 
of the present invention have been described in connection 
With gunshot location systems, the spooling archiving, log 
ging of sensor metadata to a ?le or database, and other con 
cepts described herein could be applied to many systems 
having large distributed data sets from disparate sources, such 
as those sensors monitoring temperature, pressure, strain, or 
concentration of certain chemicals. In particular it should be 
noted that the inventive method is particularly Well suited to 
video data. Video transmission is even a greater consumer of 
netWork bandWidth than audio. Thus video could be archived 
remotely at, or near a camera, if an event is detected in the 
video, an index to the event may be stored and the information 
later transmitted for visual revieW of the event. In fact, in one 
preferred embodiment a gunshot detection system is coupled 
to cameras Which may be directed to pan, tilt, and Zoom. 
When a gunshot is detected, cameras proximate the even are 
directed to the point indicated by the gunshot detection sys 
tem. If video data is spooled to a mass storage device at or near 
the cameras, laW enforcement personnel may use the stored 
index to quickly locate and retrieve the stored video from the 
remote location using minimal bandWidth. 
[0055] As Will also be apparent to those skilled in the art, 
the calculation of a shooter’s position may be performed at 
one or more sensors and the index stored at any of the sensors 
involved in locating the gunshot event. 
[0056] Thus, the present invention is Well adapted to carry 
out the objects and attain the ends and advantages mentioned 
above as Well as those inherent therein. While presently pre 
ferred embodiments have been described for purposes of this 
disclosure, numerous changes and modi?cations Will be 
apparent to those skilled in the art. Such changes and modi 
?cations are encompassed Within the spirit of this invention as 
de?ned by the appended claims. 

1.-14. (canceled) 
15. A method for archiving information in a gunshot detec 

tion system of a type having an array of sensors placed over a 
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geographic area, Wherein said array of sensors detects gun 
shots Which occur proximate to the array, the method com 
prising the steps of: 

utiliZing a storage device; 
periodically sampling video signals from the sensors; and 
storing each sample in said storage device Wherein the 

video signals detected by each sensor can be selected 
using time data, Wherein video signals may be repro 
duced With the relative timing betWeen the video signals 
of each sensor preserved. 

16. The method of claim 15 further comprising 
providing a ?le structure on said mass storage device, said 

?le structure having a plurality of ?les, each ?le having 
an absolute time associated thereWith. 

17. The method of claim 16 
Wherein the samples are stored in a ?le having an appro 

priate absolute time associated thereWith. 
18. The method of claim 17 Wherein each ?le of said 

plurality of ?les represents one second of sampled video. 
19. The method of claim 18 Wherein said ?les representing 

one second of sampled video are organiZed into minute direc 
tories, each minute directory having sixty said ?les represent 
ing one second of sampled video. 

20. The method of claim 15 further including the step of, 
When a gunshot is detected, storing an index to the location of 
the stored samples in said mass storage device corresponding 
to said gunshot. 

21. The method of claim 20 further including the step of 
reproducing the video surrounding said gunshot by using said 
index to locate said stored samples corresponding to said 
gunshot. 

22. The method of claim 15, Wherein the video signals are 
further indexed according to metadata so as to provide a 
metadata index. 

23. The method of claim 22, Wherein the metadata index 
parses the searchable database into subsets Which comprise 
impulsive noise events. 

24. A method for archiving video information in a gunshot 
detection system of a type having an array of acoustic sensors 
placed over a geographic area, Wherein said array of sensors 
detects gunshots Which occur proximate the array, the method 
comprising the steps of: 

obtaining, from data storage elements on remote sensors, 
information indicative of video signal samples that con 
tain impulsive noise components; 

creating a searchable database Wherein the information is 
indexed as a function of a sensor and a time associated 

With capture of video signals; 
processing data in the searchable database to identify an 

impulsive noise component or a video signal sample of 
interest; and 

doWnloading, from a remote sensor, video data associated 
With the impulsive noise component or the audio signal 
sample of interest. 

25. The method of claim 24, Wherein the information in the 
searchable database is further indexed according to metadata 
so as to provide a metadata index. 

26. The method of claim 25, Wherein the metadata index 
parses the information in the searchable database into subsets 
of information Which comprise impulsive noise components. 

27. The method of claim 24 further comprising providing a 
?le structure on said mass storage device, said ?le structure 
having a plurality of ?les, each ?le having an absolute time 
associated thereWith. 
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28. The method of claim 27 wherein the samples of video 
data are stored in a ?le having an appropriate absolute time 
associated thereWith. 

29. The method of claim 28 Wherein each ?le of said 
plurality of ?les represents one second of sampled audio. 

30. The method of claim 24 further including the step of, 
When a gunshot is detected, storing an index to the location of 
the stored samples in said mass storage device corresponding 
to said gunshot. 

31. The method of claim 30 further including the step of 
reproducing the video surrounding said gunshot by using said 
index to locate said stored samples corresponding to said 
gunshot. 

32. The method of claim 31, Wherein a permanent record 
ing is made of said later reproduction. 

33. The method of claim 24 further comprising identifying 
a non-gunshot event and storing an index to the location of the 
stored samples in said mass storage device corresponding to 
said non-gunshot event. 
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34. The method of claim 33 further including the step of 
reproducing the video surrounding said non-gunshot event by 
using said index to locate said stored samples corresponding 
to said non-gunshot event. 

35. The method of claim 31, Wherein determination of a 
source location of said gunshot event is performed from said 
later reproduction. 

36. The method of claim 15, further comprising: 
detecting video events; and 
creating a searchable database Wherein video signals con 

taining the video events are indexed, With each video 
signal being indexed as a function of a sensor that 
detected the video signal. 

37. The method of claim 36, Wherein the detected video 
events include start times, and Wherein each video signal is 
further indexed as a function of the start times. 

* * * * * 


