
GeoSpatial Technology in Public Safety: What's Next?
By Marc Berryman

ABSTRACT
Advanced Automatic Crash Notification data from vehicles, location information from
wireless phones, emergency target notification based on geography and advanced
communications, and maximizing geospatial technology and data are part of the new breed
in Public Safety. Public Safety may have been a late adopter of GIS technology, but now it
is pushing the envelope. Come see how it is being used and what's next.

Overview
9-1-1 is the number to dial for the fastest possible response when emergency law, fire, or
medical assistance, is required in a life or death situation. When 9-1-1 is dialed, a complex
series of advanced telecommunication processes begins. The telephone number, physical
address of the telephone, the billing parties name, and the emergency service zone at the 9-
1-1 callers location is passed to the 9-1-1 call center. This information allows the 9-1-1
centers to quickly dispatch the proper emergency agency, except in a wireless call.

When a wireless (cellular) phone, places a call to 9-1-1, the location of the caller is not
easily determined. Wireless telephones are coming onto the markets that provide their
location, by embedded GPS devices or by working with position determination equipment,
but being able to make sense of the longitude and latitude coordinates of the wireless
devices requires accurate and up-to-date spatial data and a GIS. The need to determine the
location of a 9-1-1 wireless call is the driving force of GIS technology becoming necessary
in 9-1-1 operations.

GIS technology allows all 9-1-1 calls to be located, it will also allow many other public
safety related task and services to be provided. This paper will review the current technology
and discuss what will become more common with GIS moving into 9-1-1 operations. It also
contain an avalanche of acronyms used in telecommunications and 9-1-1 operations, it is
inevitable.

Locating 9-1-1 Calls
9-1-1 calls are routed to the proper local “Public Safety Answering Point” (PSAP) based on
the location of the caller. With wireline calls, this was easy, since the location of the
telephone was fixed. When a wireline 9-1-1 call is made, voice and data travels over the
public telephone service equipment to a local central office. The central office is a digital
switching network – which recognizes a 9-1-1 call – and routes the call through high-speed
dedicated 9-1-1 networks to a specially equipped phone switching office, called a tandem.
The voice information and the phone number of the caller are both sent to the tandem.

The tandem receives the voice and the telephone number of the 9-1-1 calls. The telephone
number is automatically sent, similar to a caller id service, by the central office. This
“Automatic Number Information” is called an ANI. The ANI is used by the tandem to query
a database to determine the correct routing for the 9-1-1 calls. The database query on the



ANI instructs the digital switch in the tandem to route the call to the Public Safety
Answering Point (PSAP) responsible for the geographic area that the 9-1-1 call. The 9-1-1-
voice call and ANI information then arrives at the PSAP. As the 9-1-1-call taker answers the
call, computer equipment in the PSAP sends a query to another database to obtain the
location information of the call. Since privacy is a major concern, the phone number
information and the telephone owners name and address are stored at different locations.

The ANI is sent through high-speed trunk lines to an offsite database, which queries the
name and address of that phone number. The ANI query returns the address of the telephone
and the telephone owner’s name. This information is called Automatic Location Information
or ALI, and it is sent back to the PSAP, along with the ANI. 9-1-1 call centers receiving the
ANI and ALI (pronounced alley and annie), are called Enhanced 9-1-1 centers, or E9-1-1 for
short. The ALI contains data elements including an address number and street name, which
can be geocoded against the road centerline data in the GIS. The geocoding of the ALI
address is often called “mapped ALI”. The process is completed without human intervention
and is available to the E9-1-1 call centers as soon as the calls are answered.

This process will not work with wireless 9-1-1 calls, since the caller is not at a fixed
location. Being able to properly route a wireless 9-1-1 call to the proper PSAP, determine
the location of the caller, and dispatching the correct emergency service providers to an
emergency, can be provided with GIS technology. Not only does the PSAP need GIS
technology to properly dispatch emergency services to the wireless caller, but routing the
call to the proper PSAP also requires spatial technology.

Types of Wireless Devices
There are two types of E9-1-1 wireless calls, Phase I and Phase II calls, named after the



Federal Communication Commission (FCC) mandates describing how wireless 9-1-1 will
provide location information to the PSAP.

Phase I wireless E9-1-1 calls must provide the call back number of the mobile device – in
case the call is lost or dropped – and the cell site location and direction of orientation of the
cell sector antenna, which received the call.

Phase II wireless E9-1-1 calls must the call back number of the mobile device, the cell tower
location and cell sector information, and the longitude and latitude based coordinates of the
cell phone. It should be noted that the location information is only provided when a call is
placed to 9-1-1.

Phase I calls provide enough information to narrow the possible calling area down to about 4
to 20 square miles, depending on the terrain, height of tower, and dozens of other variables.
The E9-1-1 call taker must relay on the caller to provide more information before
dispatching emergency services to a specific location.

Phase II calls can determine the location of the caller too less than a few hundred feet. When
a caller is unable to provide a specific location, emergency services call still be dispatched.
Phase II calls often provide better location information than the typical voice information
provided by a 9-1-1 wireless caller.

For the quickest emergency response to a wireless E9-1-1 call, spatial data is practically
required. A Phase II call sends the location in the form of longitude and latitude, being able
to quickly and accurately plot the location of the call, determine the proper responding
agency, then provide an address to dispatch emergency services to, requires GIS technology.
Plotting the geographic coordinates onto a map of street centerlines and address attributes
takes only seconds with modern mapped ALI hardware and software.

The minimum recommended GIS data layers for 9-1-1 operations are set forth by the
National Emergency Number Association (NENA) standards document 02-010. NENA is an
association of 9-1-1 professionals dedicated to improving 9-1-1 operations.

Having a current, accurate, and properly maintained set of GIS data layers opens the
doorway for many other services and applications to be developed using GIS technology.

Automatic Crash Notification Project
Each year, more than 6 million crashes occur on US highways. Crashes kill more than
41,000 people, injure about 3.2 million, and cost more than $150 billion a year. Thousands
of Americans die each year and far more suffer severe and lasting injuries because
emergency responders do not know when an auto crash or medical incident has occurred.
Precious minutes and lives are lost because emergency responders cannot automatically
locate a wireless 911 caller or dispatch appropriate emergency care.

The following is a description of what the Greater Harris County 9-1-1 Emergency Network
and Ford Motors, Inc. Automatic Crash Notification (ACN) project is and what this type of



technology can mean for public safety. While the intent of the project is to show how this
technology can be readily placed into a 9-1-1 center, there were many first with the project.
A state-of-the-art crash pulse detector is one of these first. Similar to the “black boxes” used
on commercial aircraft, the crash pulse detector device collects all the data and sends it over
a wireless connection. The Ford Motor Company has installed these devices, along with
GPS units and other sensors, in 500 police and fire department cars in the Greater Harris
County (GHC) 9-1-1 Emergency Network area.

Participants include the Greater Harris County 9-1-1 Emergency Network (GHC), the Ford
Motor Company, Intrado Communications, SBC Communications, Veridian Engineering,
Plant Equipment, and Combix Technologies. GHC 9-1-1 is paying for the infrastructure,
database, communications, and maintenance cost. A $500,000 earmark by a Texas
Congressmen, a team of public and private sector experts, and a common cause made the
project come together. The project includes 23 Police and Fire departments in the Harris and
Fort Bend County areas that have volunteered some of their vehicles for configuration with
the ACN devices.

How the ACN Technology Works
The ACN (automatic crash notification) device senses a vehicle crash, and places a cellular
call to Ford's telematics service provider in Boston (CCAS - Cross Country Automotive
Services). The device transmits data from the crash then opens up a speakerphone to the
occupants of the vehicle. If the incident is determined to be an emergency, the call from the
vehicle is connected to the appropriate 9-1-1 call center for emergency response, and ACN
data elements are sent to the 9-1-1 call center.

The device transmits data such as latitude, longitude, number of occupants, which occupants
were seat belted, vehicle rollover, final resting orientation of vehicle, delta V of crash, and
some accelerometer and G force readings. It also transmits preprogrammed vehicle
information relating to make and model and color of the vehicle, VIN, plate number and in
the case of the 500 vehicles, the fleet ID number.

Benefits of the ACN Project
The call is answered by Cross Country Automotive Services (CCAS). Their call takers filter
out false alarms and minor accidents, which do not require emergency response. In the event
of a serious crash, the call connects to 9-1-1 and the data is transferred, along with the voice,
to the closest 9-1-1 Public Safety Answering Point (PSAP) using the native 9-1-1 network
infrastructure. If the occupants are unconscious or unable to provide sufficient response to
the dispatcher, information is transmitted to determine the appropriate response.

Accident Scenario
On December 27, 2002 at 10:25 PM (central standard time) an officer of the Pasadena,
Texas Police Department was northbound on Red Bluff road when he temporarily lost
control of his vehicle. The vehicle left the roadway and went west, into the center median.
Quickly correcting his slide towards the median’s drainage ditch, he turned his vehicle back
on to the roadway. The speed of the vehicle and slippery conditions prevented him from
gaining full control. His vehicle catapulted across the roadway eastbound and nose-dived



into a ditch located parallel to the roadway on the east side. The vehicle flipped on end with
the rear of the vehicle moving upwards. As it flipped, the vehicle’s roof smashed into a
utility pole installed on the side of the canal. The utility pole snapped off 18 feet above
ground level. This impact caused the vehicle to be thrown onto the roadway eventually
coming to rest on its roof and trapping the unconscious officer.

First Automatic Crash Notification Service Application
The officers’ vehicle was one of 500 police vehicles in the Greater Houston, Texas area,
equipped with the Crash Detection Module (CDM) and sensors. The specially equipped
vehicles are in the First-in-the-Nation long-term Automatic Crash Notification (ACN)
analysis project.

Immediately detecting the vehicle’s crash, the CDM senses and captures vital crash,
location, vehicle orientation, delta velocity, occupant, and other data. The data is
transmitted, within seconds, to Ford’s roadside telematics service provider - Cross Country
Automotive Services (CCAS). CCAS establishes a voice link to the vehicle as the ACN data
comes in. The GPS coordinate information, which is part of the ACN data stream, is parsed
out, and sent to Intrado. Intrado performs a point-in-polygon operation to determine the
correct PSAP to receive the information. Intrado has spatial data on the areas covered by the
nations’ 5000 plus local Public Safety Answering Points (PSAPs’). Intrado performs a point-
in-polygon operation with their Call Routing Databases (CRDB). The CRDB determines the
closest 9-1-1 PSAP to the vehicle in crisis. Telephone routing information is passed to
CCAS for use in conferencing in PSAP 9-1-1 call takers. A three-way voice call takes place,
with the local PSAP, CCAS, and the vehicle. Certain data, from the ACN information, is
sent to the PSAP so the proper emergency services can be dispatched.

This is the first ever use of the “Native 9-1-1 Network Infrastructure” to connect and pass
emergency information from telematics service providers, such as CCAS, directly to 9-1-1
responding centers. The project was designed to work with currently available PSAP
equipment, without having to customize integration of the hardware and software. Plant
Equipment workstations receive and display pertinent data elements on the PSAP call
taker’s computer monitor. Some of the information sent to the PSAP includes change in
velocity, number of occupants, orientation of the vehicle (e.g. roof to indicate a rollover
incident), current direction of vehicle, and vehicle information such as car model, year, plate
number, and color. Using the coordinate location data elements from GPS, the PSAP map
display will indicate the location of the incident. Detection of the crash, data compilation,
and establishment of all communications links for transference of voice and data
information to all responders regularly occurs within 30 to 60 seconds.

Pasadena Accident - ACN Data Compilation and Analysis
ACN data from the officers’ vehicle indicates that its CDM detected the accident at 10:25:17
CST on 12/27/02. Transmission of ACN data and establishment of a voice link to CCAS,
from the vehicle, were established within 22 seconds, although the officer could not respond
due to being unconscious. Noting the severity of the crash and receiving no response from
the occupant, CCAS call attendants immediately contacted the Pasadena, Texas 9-1-1 PSAP
establishing three-way communications within 10 seconds.



CCAS Screen Display

Vital vehicle and crash information, including street name and coordinate information, was
passed to the PSAP call taker both by voice and in data displays. The PSAP, following
normal procedure, dropped communications with CCAS and begin dispatch procedures.
CCAS call takers maintained communications with the vehicle until first responders were
able to assist the driver. Total time from the crash, to connecting with the local PSAP and
sending the data elements to the call takers’ display, was less then 35 seconds. All system
functioned as designed.

PSAP Text Screen
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Dispatchers quickly assessed the situation and were able to send immediate emergency help
to his crash location. Emergency responders found the officer trapped and unconscious in
the car. Extricating him and fearing major head trauma due to his unconscious state, they
called for Life Flight. Life Flight transported the officer to the trauma center at Houston’s
Hermann hospital. In and out of consciousness for several hours, he was treated for physical



injuries that included a dislocated shoulder. After 20 hours of observation, the officer was
released from the hospital. ACN significantly reduces current response times in vehicle
crash emergencies.

Analysis by Ford Motor engineers of crash pulse data from the vehicle’s CDM closely
parallels driver observations and accident investigators’ accounts of what occurred during
the crash. GPS coordinate information from the CDM measured the vehicle’s exact location
allowing CCAS and PSAP map data to identify the road as Red Bluff Rd, in Pasadena,
Texas. CDM speed and occupant sensor data correlated driver’s observations, the 00
occupant data element was due to the officer resting on the roof and not on the seat sensor.

Described Incident Vehicle - Driver’s Side View

Several other crash incidents have proven the system reliable and efficient. ACN has shown
to significantly reduce response times in vehicle crash emergencies. The next phase of this
project will include modeling the crash pulse data and sending the information to responding
EMS units, trauma care centers, and intelligent traffic systems.

“This type of technology will directly benefit patients by allowing for immediate alerting of
local emergency responders when a crash occurs,” said Dr. Persse, Director, City of Houston
Emergency Medical Services. “In the future, patients will benefit from this technology by



allowing emergency physicians and surgeons to more accurately predict the type of injuries
and the severity of those injuries sustained by the patient,” said Persse.

Neighborhood Early Warning System (NEWS)
The Neighborhood Early Warning System, called NEWS, will provide participating
jurisdictions the capability of having telephone calls placed to citizens in their jurisdictions,
to warn them of dangerous situations (e.g., chemical spill, explosion, missing child, criminal
activity, evacuation instructions) or hazardous weather conditions. The system is an
emergency notification tool used by public safety officials to rapidly identify, notify, and
instruct affected individuals in crises. NEWS will utilize the 9-1-1 databases, which is the
most accurate database available—to provide a warning through telephone calls. By teaming
up with SBC Communications, and Intrado, the system is able to dial and relay a message to
thousands of people every minute.

The area to be notified can be identified by drawing a polygon on the GIS map display. The
street centerlines within the target area are highlighted and selected. Each street centerline
has attributes, such as the high and low address range, the left and right side addresses, street
names, and other information. The selected streets and addresses are matched up, by address
and area, with the 9-1-1 telephone numbers. The telephone numbers are placed into a calling
queue and dialed. When the phones are answered, a message is delivered. The system calls
back unanswered and busy numbers, and keeps records of the totals of all calls.

In a crisis, seconds count, getting the right information to the right people, at the earliest
possible time, saves lives. Using the telephone system as the contacting medium is more
efficient, less costly, and more reliable than any other method available.

NEWS uses the GIS street centerline, and the 9-1-1 telephone number database, both of
which are updated daily and often hourly by GHC. This 9-1-1 telephone database contains
every wireline telephone number, including un-listed and non-published numbers. Since the
GHC manages information on a daily basis, the data is the most accurate possible. Plans are
underway to expand the notification to wireless phones in the target area.

Since the GHC area covers over 150 different public safety agencies, one of the big task was
getting them to agree that the first certified individual to an incident could initiate the
activation of the system. Full activation of the system can only be initiated by an approved
agency head, or one of their alternates, with a one-time password. The agreements,
understandings, cooperation, collaboration, and team building efforts to make the NEWS
work, with 1000’s of individuals working for 100’s of different agencies, is a larger task
than simply making the technology work.

Real-Time Weather and Weather Prediction
GHC has purchased a custom 911 weather alerting and prediction system. The system
allows our GIS data to be integrated into the system. The system allows alarms, and alerts to
be set and activated when weather conditions occur within certain geographic areas. The
alerts and alarms can be Faxed, sent by page, wireless phone text messages, or e-mailed to



certain individuals. This unique weather prediction and alerting service greatly enhances our
ability to make critical operational decisions, and manage our resources during periods of
severe and hazardous weather.

Real-Time Traffic Conditions
Real-Time traffic conditions along major roadways is available in the Houston 9-1-1 call
center. The real-time system is part of a multi-agency cooperative known as Houston
TranStar. Using intelligent transportation technology, the traffic conditions can be visually
displayed on the map data. Vehicles are equipped with transponder tags, most of which are
“EZ-Tag” automatic toll collection system installed by Harris County Toll Road Authority.
Transponder tag readers are placed at 1 to 5 mile intervals along major roadways. As
transponder equipped vehicles pass the reader, time and location of the transponders is
relayed back to a central server. As they pass through multiple readers, travel time and
highway speed can be calculated. Houston TranStar also has over 40 pan and zoom cameras
installed along major roadways. These cameras can provide live video of traffic movement
and vehicle incidents. This information is pushed to the 9-1-1 call centers to assist with
emergency response with real-time traffic conditions.

Multi-Agency, Multi-Jurisdiction, Public-Private Sector Coordination
Through a joint cooperative effort of over thirty five public and private sector member
agencies, a common digital base map of spatial data has been build and is maintained in the
Greater Houston area. The STAR*Map is an acronym, and registered trademark, for the
Southeast Texas Addressing and Referencing Map. STAR*Map is a digital base map and
database that covers a multi-county region, including all of Harris, Fort Bend, and
Brazoria counties. STAR*Map was created through a joint cooperative effort of the
Geographic Data Committee Members, under the Houston Galveston Area Council of
Goverments. The map includes more than 1.5 million parcel addresses, roadway centerlines,
block address information, street names, street types, census geography and many, many
additional feature attributes.

Adopted by a number of local agencies (including City of Houston, TxDOT, Houston Metro
and Harris County) as the “official” Harris County base, STAR*Map permits accurate
overlay of many types of GIS data layers, such as hydrology, bus routes, parcel-based data,
utility data and other features mapped and maintained by member agencies. The concept of
everyone being on the same page, or in this case the same map, has shown to be beneficial
time and time again.

Currently the STAR*Map members are running pilot programs to determine the concept of
everyone making edits to near real-time data. By using SDE, Oracle, and Citrix clustered
servers, the hope of a regional SDE is being tested. Many member agencies have enterprise
SDE, this would be the next logical step to having a true regional multi-agency spatial
database. Member agencies are also looking into methods of mirroring data from others so
base data can be stored at multiple locations in the event of a disaster.

Enterprise and Regional SDE



As managers and users of geographic data, we have long recognized that people throughout
the organization must be able to easily share spatial information and engage in collaborative
problem solving. However, it has only been recently that we've had all the necessary
technologies such as: Spatial Database Engine (SDE) technology, coupled with client/server
computing and relational database management technologies to realize our goal: having data
entered once and used by many.

Emergency Response Areas and Emergency Routing
GIS and Global Positioning System (GPS) are complementary technologies that help to
expand potential applications related to vehicle tracking and routing. Automatic Vehicle
Location (AVL) equipment is installed in GHC technician vehicles and in some Sheriffs’
department and area fire response units. Being able to determine the location and status of a
vehicle with AVL can greatly speed emergency response. By building routing networks into
the GIS, the AVL systems can be used with Automatic Vehicle Route Recommendations.
By knowing the location and status of an emergency unit, and the best route for the vehicle
to take from their current location to the incident, response time can be greatly reduced.

An accurate and maintained street and address network allows agencies to optimize response
areas for fire, law enforcement, and Emergency Medical Services. The Houston Fire
Department has recently re-aligned their fire-box areas (response areas based on the first 12
companies that can arrive at an incident), reconsidered locations of new fire stations, and
achieved the highest possible fire safety rating, by using GIS.

Police beat optimization, staging of emergency services for events (flooding, wild fires,
major sporting events), efficient routing of mass transit, airport shuttles, and school bus
riders all benefit from the same street and roadway networks that are required by E9-1-1
services. These types of applications can greatly help to bring about cooperation,
coordination, collaboration, and cost and data sharing by building GIS data that can be used
by everyone.

Other Technology
GHC has implemented a digital frame relay data GHC, provided under contract with SBC
Communications, Inc. This frame relay constitutes a secure intranet between the 47 PSAP’s
in the GHC district. It replaced the analog 1200 baud ALI data circuits and now provides a
GHC backbone to all PSAPs and the GHC Operations Center. Additionally, a joint venture
between the GHC, SBC Communications, Plant Equipment, Inc., and Intrado
Communications, Inc. provided for the nation’s first implementation of ALI delivery via
Internet Protocol (IP) digital data. This technology provides a platform for the delivery of
emergency data messages including crash notification, severe weather alerts and e-mail.

Closing
GIS is being used for many other applications within public safety. The E9-1-1 operations
use it to identify areas receiving prank calls - so educational programs can be targeted,
identify and allocate resources, route wireless calls to the proper PSAP’s, and to correct and
maintain the spatial data. Law enforcement use GIS for detailed crime analysis, geo-
profiling of criminal activity, determining areas which need an increase in law enforcement



presence, locations for new stations or satellite offices, identifying trends or “hot spots” of
gang or theft related activities, mobile applications, and more. The fire agencies are using
GIS in their building code enforcement and inspection, fire district re-allocation, fire station
sitting, resource analysis, incident analysis, false alarm analysis and tracking, pre-planning,
tracking of SARA Title III and hazardous materials, mobile mapping, and others.

The uses of a GIS in public safety are only limited by ones imagination. Using GIS for
public safety has many applications, but they all depend on accurate, current, and correct
spatial data. The road GHC and address layer is the “common ground” for public safety.
Having a spatially accurate, complete and correct layer to geocode against is no easy task,
but it is a fantastic asset once it is developed and maintained.

Most of the nations over 5000 PSAPs’ use tabular databases and text based information.
While many are moving to spatial data and bringing GIS into the 911 call centers, many
challenges exist. Enhanced 9-1-1 requires highly accurate street centerlines with fully
attributed address and supplemental information. People trained in building and maintaining
GIS data are often unaware of the high level of detailed and accurate information required
by 9-1-1 operations. The local 9-1-1 center may not have the funding or the experience with
this technology to bring in the proper personnel. Members of the GIS community may
consider offering some expertise and time to assist your local 9-1-1 centers.
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