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Finding a Downed Firefighter:

The Options

Wayne C. Haase, Ph.D.
Summit Safety, Inc.

www.SummitSafetyInc.com

This presentation will focus on different technologies and different navigation 
techniques that are being used or could be used to locate and rescue firefighters, 
particularly in buildings and other structures.

NOTE: the symbol “»” is used to indicate a mouse click or right arrow key.
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Search & Rescue

• Requirements
– Time: Critical

• Location vs. Path
– Tactical vs. Rescue

• Search Methods
• Technology Choices
• Current Systems
• HOT Examples

As an overview of this presentation, we will focus on search and rescue of downed firefighters. 

» Probably the most critical issue for rescue inside a burning structure is the time it takes to get an air 
bottle to the downed firefighter. If the Mayday was issued after the firefighter’s low-air alarm went off, 
the RIT team must get to him or her in a matter of minutes, perhaps 2-5 minutes max. 

» We will discuss the fundamental difference between knowing the location of the firefighter and 
knowing the path to the firefighter. This will introduce two very different sets of requirements, one for 
tactical purposes, and one for rescue purposes. 

» We will also discuss different search methods and how these affect search times.

» We will talk about different technology choices that could be used for search and rescue.

» We will discuss different systems that are currently on the market and will also look some new 
technologies that are on the horizon.

» Finally, we will look at examples of specific hands-on-training exercises that have been done to 
evaluate the performance of different technologies and search methods.
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Requirements

Path from 
current location 

to victim

High
2-4 in

Medium
150 ft

RITRescue

Coordinates: 
Location on grid 

from outside

Medium
5-15 ft

Large
500+ ft

ICTactical

Who AccuracyRangeInformationUse

The two situations, Tactical and Rescue, have somewhat different requirements, 
including who needs what information, the range over which the system must 
operate, and the accuracy.

» For the Tactical situation, the Incident Commander would be interested in knowing 
the location of each firefighter for accountability and for resource management at 
the fire scene. He would want to know the firefighter’s coordinates; that is, his 
location on a grid. The system would need to work over a large range, probably in 
the 500 to 1000 foot range. For wildfire situations, the range could be even larger, 
depending on the extent of the fire and the number of command centers. The 
system would need to be only moderately accurate, say on the order of 5 to 15 feet.

» On the other hand, for the Rescue situation, the RIT team would need to know the 
actual path from their current location to the victim. The system would need to work 
over a smaller range, on the order of 150 feet, but would need to be much more 
accurate – on the order of 4 to 6 inches. The reason for the higher accuracy is 
because the RIT team would need to know on which side of a wall the victim was 
located; the path to the victim would depend heavily on which room he is located.
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Location vs. Path

To focus on the difference between location and path, consider the following 
situation. We have a downed firefighter (the red circle) at a known location inside a 
building. What we know about the building is that there is a front door, and we can 
see a second door inside slightly to the left. 

» Finding the firefighter looks easy. All we have to do is go toward the inside door, 
and

» then head directly toward the firefighter. 
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Location vs. Path

However, as we get past the second door, we realize that we can’t head directly 
toward the firefighter because of the wall.

» No problem, 

» we simply head toward the door slightly to the left.
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Location vs. Path

But as we get past the second door, we then discover that there is another wall 
blocking our path, and the only door seems to head in the wrong direction. So now 
what do we do, especially considering that we have taken up some valuable search 
time and still haven’t found the path to the firefighter?
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Location vs. Path

Here is the full layout of the building. It’s very simple, but we have already wasted 
valuable search time going in the wrong direction several times.

» If we think back to the first decision as to how to get to the firefighter, we should 
NOT have gone in the seemingly obvious direction.

» Rather, we should have gone to the right, 

» past the firefighter, and

» turned into the correct door to the room where the firefighter was located. 

In this example, knowing the LOCATION was not enough. We needed to find the 
PATH to the downed firefighter in order to rescue him. The real problem for search 
and rescue inside buildings when you’re out of air is that you don’t have the time to 
waste going in the wrong direction. For the fastest time, you need to know the 
PATH that leads from where you are to the firefighter. 
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Search Methods

• Blind Search
• Homing Beacon

– Activated PASS
• Triangulation
• Dead Reckoning

Several different methods of searching for a downed firefighter are commonly used.

» A Blind Search is probably the most basic search technique used. If the downed firefighter provides 
no information about where he is and furthermore provides no information about whether the rescue 
team is getting closer or farther away, then the search team is essentially flying blind. They must 
literally look everywhere. This method is generally the slowest of all the methods. Unfortunately, a lot 
of searches are based on this method.

» In the Homing Beacon method, the rescue team has access to vital information of which direction 
to travel. An example is the children’s game “Warmer-Colder.” Mariners have use this method to find 
ports: they look for a lighthouse. In order to be successful, the homing beacon should broadcast its 
position in all directions, and the rescue team should have a directional receiver, such as a person’s 
eye. An activated PASS device tries to use this method to help the rescuers find the firefighter. 

» The Triangulation method requires that the victim have some sort of a transmitter that broadcasts in 
all directions. A second requirement is several observers who know their own position and have 
directional receivers so that they can each determine the direction of the victim. By drawing lines on a 
map or grid, the position of the victim can be determined by where the lines intersect.

» The Dead Reckoning method (which is short for deductive reckoning) requires that the victim know 
the path he took, and that the rescuers follow the same path. Note that this method requires some 
sort of radio link so that the victim can pass his location information to the rescuers.  
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Technology Choices
• Visible
• Infrared

– Thermal Camera
• Radio

– GPS
– Avalanche Locators

• Audible Sound
– PASS

• Ultrasound
– Pulse/Pathfinder

• Inertial Guidance
– Gyroscope
– Compass
– Accelerometer

Electro-
Magnetic
Waves

Acoustic
Waves

A number of different technologies can be used to build a system for locating a downed firefighter.

» Probably the most obvious one is visible light: the rescue team simply looks for the victim. This method works 
quite well until someone adds smoke to the situation (which often happens for firefighters). 

» The use of infrared light—such as with a thermal imaging camera, or TIC—solves the scattering problem that 
happens to visible light due to smoke.

» Radio can be used to help locate a firefighter. The Global Positioning System uses very high frequency radio. 
Avalanche locating systems use very low frequency radio.

» All three of these technologies are considered electromagnetic waves. As a result, they have a number of 
common characteristics, which will be discussed in a few minutes.

» Another technology that could be used is Audible Sound. The PASS device is an example.

» A similar technology to Audible Sound is Ultrasound. The primary difference is that it occurs at a frequency 
that is higher that our hearing range. 

» Both Audible Sound and Ultrasound are acoustic waves or pressure waves. Consequently these two have a 
number of similar characteristics which will be discussed later.

» The final technology that is being considered is Inertial Guidance. This technology requires gyroscopes and 
possibly a compass to determine the direction that a person is facing, and then accelerometers to determine 
how fast the person is moving. 
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Optical: Visible

• E-M Waves
• Line of Sight
• Reflected Only by Mirrors
• No Wall Penetration
• Penetrates Glass
• Rayleigh Scattering

Looking at the different technologies separately, 

» the visible optical technology is an electromagnetic wave. 

»Visible light generally travels in a straight line, and

» is reflected by mirror surfaces.

» Visible light generally doesn’t penetrate solid walls, but

» will penetrate glass.

» As we noted before, optical waves are scattered by smoke or steam particles 
which are small compared to the wavelength of the light. Lord Rayleigh, an English 
physicist, was responsible for analyzing the effect mathematically, and determined 
that the effect is more pronounced for light with higher frequencies (or shorter 
wavelengths). He pointed out that scattering is the reason that the sky is blue and 
the sunset is red. 



11

11

Optical: Infrared (Thermal)
• E-M Waves
• Line of Sight
• Reflected by Gold Mirrors
• No Wall Penetration
• No Glass Penetration
• Limited Rayleigh Scattering
• Image Inversion
• Thermal Overload/Masking

Infrared Light is quite similar to visible light.

» Again it is an electromagnetic wave, and

» the light generally travels in a straight line.

» It is reflected by gold mirrors.

» Again, there is virtually no penetration of solid walls, but 

» unlike visible light, infrared doesn’t penetrate glass very well. 

» Since the wavelength of infrared light is much larger than that of visible light, there is very limited 
scattering. Consequently the thermal cameras can “see” through smoke.

» Image Inversion is something that happens in a fire scene and occurs when the object you are 
looking for (that is, the firefighter) starts out warmer than the environment, but becomes cooler as the 
environment heats up. Consequently the victim is initially a white object on a black background, but 
later becomes a black object on a white background.

» Thermal Overload occurs when the environment generates so much heat that it saturates the 
infrared detector of the camera. Everything looks white. This situation occurred, for example, at the 
1999 Worcester Cold Storage Warehouse fire in which six firefighters perished. Masking is similar, 
and occurs when the background behind the firefighter is extremely hot or when the firefighter is 
covered by burning debris.
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Radio

• E-M Waves
• Wall Penetration at Lower Frequencies
• Poor Penetration at Higher Freq (GPS)
• Blocked by Metals
• No Rayleigh Scattering
• “Line of Sight”

Radio could also be used for a system to locate a downed firefighter. 

» Similar to light and infrared, radio is also described as an electromagnetic wave, at a much lower 
frequency than light.

» Most people are aware of the fact that some cell phones—particularly those at the higher 
frequencies of 900 MHz to 2.4 GHz—don’t penetrate some buildings very well. FM radio—at about 
100 MHz—doesn’t penetrate a building as well as AM radio—at about 1 MHz. What happens is that 
the really high frequencies are absorbed by the building materials, such as plaster, wood, and 
cement. The GPS system—which operates at about 1.5 GHz—will not work virtually any building. If 
the radio waves need to penetrate the walls, then the frequency has to be a lot lower. 

» Another property of radio waves is that they are blocked by sheets of metal (such as aluminum 
siding) and even by metal screens (such as the lath used in plastering in older homes. 

» A plus for radio is that there is no scattering by smoke or steam.

» Radio systems tend to travel in a straight line, with reflections happening by metal surfaces.
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Acoustic: Audible & Ultrasound
• Longitudinal Pressure Waves
• Reflected by Solid Surfaces
• Penetrate Porous Materials
• No Rayleigh Scattering
• Attenuation at Very High Frequencies
• Acoustic Path
• Fire Interference at Lower Frequencies

Two other technologies for consideration are audible sound and ultrasound. 

» Both are pressure waves and travel through materials, such as air or water.

» Both are reflected by virtually all solid surfaces. Notice that wood, plaster, cement, etc., will reflect 
sound waves, but won’t reflect radio waves.

» Audible sound and ultrasound will penetrate porous materials, such as cloth or window screens.

» There is virtually no scattering by smoke or steam, so the sound waves will travel through smoke 
unaffected.

» You may have noticed that if a local high school band is playing a long way away, you tend to hear 
the drums but not the trumpets. If the frequency gets too high, air will attenuate or absorb the sound.

» A very important feature for sound as far as locating a downed firefighter is concerned, is that the 
sound waves are reflected off of walls, but do not go through walls. This means that sound—for 
example, the sound of an alarmed PASS device—must travel along an air path to reach a rescue 
team. 

» One other point about sound is that a fire produces a lot of noise that is audible, but not a lot at the 
higher ultrasonic frequencies.
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Ultrasound
• Not Affected by Fire Environment
• Small, Directional Receiver
• Reflected Waves: Locate Behind 

Obstacles, Around Corners
• Penetrates Small Openings: Locate 

Behind Doors, Under Debris
• No Blind Alleys
• Indicates Path

To look just at ultrasound, this technology has a number of advantages for locating 
firefighters.

» First, it is not affected by the fire environment.

» Second, as we will see in a minute, you can made a small, directional receiver 
(which you may recall is needed for the Homing Beacon search method).

» Because virtually all solid materials reflect sound waves, a system using 
ultrasound can locate a firefighter behind obstacles and around corners. 

» And because ultrasound will penetrate through small openings, an ultrasonic 
system can locate a firefighter behind doors and under debris.

» But since sound will not go through walls—unlike radio waves—a rescuer is not 
led down a blind alley only to find that he is on the wrong side of an impenetrable 
wall.

» Probably the most important reason for using ultrasound is that it can indicate the 
path to the downed firefighter. As we saw before, the path is precisely the 
information needed by the rescuer.
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Inertial Guidance
• Measure Direction & Change in Position
• Gyroscopes

– Rotation in 3 Directions
– Compass (optional) for 1 Direction

• Accelerometers
– Motion in 3 Directions

• Errors Increase Rapidly as Time Increases
• Accurate = Expensive
• Retrace Path
• Require RF Link to RIT for Rescue

The last technology we consider is Inertial Guidance.

» These systems use sensors on the firefighter to measure his direction and change in position.

» Direction is usually measured with three gyroscopes. Optionally, one could use a compass to 
replace one of the gyroscopes.

» Change in position is usually measured with three accelerometers.

» The problem with Inertial Guidance is that the sensors tend to be fairly delicate and errors increase 
rapidly with increasing time. This means that the accuracy of the system degrades rapidly.

» Furthermore, accurate sensors are expensive.

» What an Inertial Guidance system would tell you is the path that the firefighter took to get where he 
is. To be used most effectively, the rescuers would need to retrace the same path that the victim 
took.

» Note that the information from the firefighter’s sensors would need to be transmitted to the 
rescuers. This implies a radio link from the victim to the rescuers. 
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Technology Performance
Summary

Very 
GoodBad

No wall penetration. 
Gaps/reflections give path.

Sound

Tactical RescueIssuesTech

OKBad
No wall or debris penetration.
Look everywhere. Overload.

Optical

Bad-OKOK-
Good

No metal penetration. Limited 
wall penetration. Blind alley.Radio

OKOK-
Good

Radio link needed.
Errors increase over time.

Inertial

To summarize the different technologies, we have looked at four general categories and have 
discussed different issues that arise in a fire rescue situation.

» Optical technologies tend to be bad for tactical purposes: said another way, it would be difficult for 
such a system to determine for the Incident Commander the location of every firefighter from outside 
a building. On the other hand, optical technologies are better for rescue. 

» Radio tends to be fairly good for tactical purposes, but is worse for rescue primarily because radio 
waves can easily go through walls, but rescuers cannot.

» Sound tends to be bad for tactical purposes. It’s difficult to figure where someone is inside a 
building from the outside. On the other hand, sound—and particularly ultrasound—is very good for 
rescue.

» Inertial Guidance tends to be fairly good for tactical purposes, but is not as good for rescue. 

» If we look at tactical systems (designed for accountability and resource management), the best two 
choices seem to be radio 

» and inertial guidance.

» For rescue activities, the best choice appears to be sound or ultrasound.
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Existing Systems: TIC
• Infrared / Blind Search 
• Line of Sight
• Good for Finding Civilians, Heat Source
• Useful for Overhaul
• Works Best in Low Heat, High Smoke
• Thermal Masking/Overload
• Can Be Masked by Debris
• Image Inversion as Ambient Temp Rises

We will now look at a few existing systems. The first we consider is the Thermal Imaging Camera, or 
TIC.

» This system uses infrared technology and the blind search method. The camera makes it easier to 
move about in smoke, but you still have to look everywhere.

» The TIC will not tell you if someone is behind an obstacle; you actually have to go there and look.

» The TIC is very good at finding civilians in the early stage of a fire when they are hotter than the 
environment. They are also very good at finding heat sources.

» and are useful for overhaul.

» As pointed out by both FEMA and NIOSH fatality reports, TICs work best in a low heat, high smoke 
environment.

» Problems for TICS include thermal masking and overload,

» masking by debris, and

» image inversion as the ambient temperature rises.
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Existing Systems: GPS

• RF / Triangulation
• Accuracy: 10-15 Feet, Outside, Clear Sky
• Won’t Work Past 1 Layer into Building
• Lower Frequency for Better RF Penetration

– Result: Lower Accuracy 
• Radio Waves Do Not Penetrate Metals

– Result: Lower Accuracy

The Global Positioning System, or GPS,

» uses radio and the triangulation method for locating.

» Outside, in a clear sky situation, the standard GPS system is accurate to about 
10-15 feet.

» However, GPS will not work past about 1 layer into a building. 

» If you tried to modify the GPS system to make it work inside buildings, you would 
need to lower the RF frequency to get better penetration into the building. The result 
would be lower accuracy.

» Furthermore, since radio waves do not penetrate metals, this results in lower 
accuracy.



19

19

Existing Systems: PASS

• Acoustic: Audible / Homing Beacon
• Alerts Others of Disabled Firefighter
• Difficult to Locate

– Multiple Echoes
– High Sound Level
– Poor Directionality of Ear

The Personal Alert Safety System, or PASS,

» uses audible sound and the homing beacon method for location.

» PASS devices are very good at alerting others that a firefighter is disabled.

» However, PASS devices are difficult to locate in a smoky environment because of 
multiple echoes, the very high sound level, and the ear’s inability to sense direction. 
Did you ever notice that when a cell phone rings, everyone in the room checks their 
own phone?
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Existing Systems: Avalanche Loc

• RF / Homing Beacon
• 457 KHz: Better Penetration than GPS
• Complex Location Techniques

– Requires Movement
– Circular Path
– Minimal Distance
– Orientation Dependent (XMTR & RCVR)

• Wall Penetration: Blind Alleys

Another system that is fairly new to the fire service is the Avalanche locator.

» This system uses radio waves and the homing beacon method for location.

» It uses a very low frequency—457 KHz—so it gets better penetration of a building 
than GPS, for example.

» One problem with this type of system is that the location techniques are very 
complex, often requiring movement in a circular path. A second method involves 
moving in perpendicular directions while keeping the unit pointing in the same 
direction until a minimum distance is observed. Another problem is that the exact 
location technique depends on the orientation of both the transmitter and receiver.

» Since the system uses radio waves which penetrate walls, it can lead rescuers 
down a blind alley.
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Existing Systems: Pulse/Pathfinder

• Personnel Ultrasonic Locating Safety Equip
• Ultrasound / Homing Beacon
• Beacon: Omnidirectional Transmitter
• Tracker: Directional Receiver 
• Firefighter, Exit, Auxiliary Beacons
• Range: 120+ feet
• Search Time: 2-5 Minutes (typical)

Another system which is fairly new to the fire scene is the Pulse or Pathfinder system.

» Pulse stands for Personnel Ultrasonic Locating Safety Equipment and is made by our company. 
Pathfinder is the trade name for the system marketed by Survivair.

» This system uses ultrasound technology and the homing beacon method for location.

» The system has an omnidirectional transmitter called the Beacon

» and a directional receiver called a Tracker.

» The system has three different Beacons, one for firefighters, one to tag exits, and an auxiliary 
Beacon for tagging way points inside a building.

» The system’s range depends on how complex the maze; that is, how many times the sound has to 
be reflected to work its way out to the rescuers. For typical situations, the range is about 120 feet or 
more; in completely unobstructed, open situations, the range is on the order of 150 feet or more.

» Search times in hundreds of tests are typically on the order of 2-5 minutes. That is, once the 
Beacon’s ultrasound signal is detected by the Tracker, the rescuers can usually get to the victim in 2-
5 minutes.
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Sound Behavior: Sound 101

• Sound is a Wave
– Frequency (f)
– Wavelength (λ)
– High f = small λ

• Dish Properties
– The more waves across the 

dish, the tighter the angle
– Angle ≈ Width ÷ λ

A few comments about sound and why we chose ultrasound.

» We said before that sound is a wave and has a frequency. The distance that a 
sound wave travels for one cycle of the wave is called the wavelength. High 
frequencies mean small wavelengths, and vice versa.

» If you design a dish or antenna, the directionality depends on how many 
wavelengths are across the face of the dish. More wavelengths means a narrower 
beam. For audible frequencies, the dish needs to be pretty large, as seen in the top 
photo. In the lower photo, we get the same directionality by going to a higher 
frequency, or ultrasound.
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PASS vs. Pulse

227º

227º

D = 2 in
f = 4 KHz D = 3 in

f = 40 KHz

15º

For example, if you take a persons ear—which may be about 2 inches across—and 
use 4 KHz—the highest frequency in a PASS device—

» you find that a person’s ear hears quite well over a very wide angle, 227 degrees. 

» The same holds true for the other ear. This is the physics behind the cell phone 
problem.

» On the other hand, if you use a 3-inch sensor and the frequency is 40 KHz, the 
angle is only 15 degrees. Thus ultrasound allows us to make a very directional 
receiver in a relatively small package.
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Stand-Alone Beacon

• Ultrasonic transmitter 
• Activation clip
• Manual alarm switch 
• 2 reset switches
• LED indicators
• Audible annunciator
• Motion sensor
• Monitor/Pre-Alarm/Alarm
• Lightweight: 7 oz (w/batt)

PASS

This slide shows a stand-alone Beacon.

» There is an ultrasonic transmitter which transmits over a very wide angle.

» There are also a number of other components, which you will recognize as being 
a stand-alone PASS device.
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Integrated Pathfinder Beacon

Survivair COMPASS

U/S Transmitter (Front)

Survivair markets an integrated Beacon, which consists of one ultrasonic transmitter 
mounted to the COMPASS PASS device.
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Integrated Pathfinder Beacon

Survivair Double-PASS

U/S Transmitter (Back)

In addition, the Survivair system has a second ultrasonic transmitter on the back of 
the firefighter connected to the Double-PASS unit. The system is called the 
Pathfinder system. 
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Tracker
• Directional U/S receiver
• LED bargraph for signal
• Audible annunciator with 

mute switch
• LED bargraph for battery
• Mode switch & LEDs

(Firefighter, Aux, Exit) 
• Lightweight: 14 oz 

(w/batt)

The Tracker component includes 

» a directional ultrasonic receiver,

» an LED bargraph to show how strong the received signal is,

» an audible annunciator (or beeper) which beeps at a faster rate when the received 
signal is higher, much like a radar detector. A mute switch allows the user to turn off 
the sound.

» a second, smaller LED bargraph to show battery life,

» a mode switch which allows the user to select the different Beacons (that is, the 
Firefighter Beacon, the Exit Beacon, or the Auxiliary Beacon).

» The whole unit, with batteries, weighs 14 ounces.
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Exit Beacon

• 10 White LEDs: intrinsically-safe strobe
• 1 Dual-Color LED: battery monitor
• 2 U/S XDCR’s: redundancy
• 1 Audible XDCR: multiple freq’s/patterns
• U/S frequency: Exit/Aux
• 4 AA Batteries
• Easy Mounting: magnet, clamp, strap

The Exit Beacon will have 

» 10 high intensity white LEDs, which gives a very bright strobe while still being 
intrinsically safe.

» It will also have a dual-color LED to show battery life.

» There will be two ultrasound transducers, which give added redundancy.

» There will be an audible beeper, to help in locating the exit.

» The Exit and Auxiliary Beacons will use two different ultrasonic frequencies. The 
packages will be color coded to make sure they don’t get confused.

» The units will operate on four AA batteries.

» For versatility, the units will have several different ways to be attached to a 
building.
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Exit Beacon

Here is the front view of the Exit Beacon.
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Exit Beacon

Here is the back view of the Exit Beacon.
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Hands-On-Training Examples

• Firehouse Expo, San Diego, 2003
• FDIC, Indianapolis, 2003
• Providence Safety & Survival, 2003
• NYSAFC, Syracuse, 2003
• Academy Wide-Area Search, 2003

We are now going to look at a few different tests that were done with the 
Pulse/Pathfinder system at Hands-On-Training sessions.
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San Diego Firehouse Expo HOT: 1a
Missed Door

And Victim

1

1

1 1 1

3

3 3

3

2

2

2

2

2

2

2

2

2

2

2

2

2 2 2

3

3

3

3

3
3

3

3

This example occurred at the Firehouse Expo in San Diego in February, 2003. The 
victim, a 200-pound dummy, was placed just inside the open doorway of an office at 
the rear of a small office complex. The search teams consisted of three firefighters 
with full turnout gear and Nomex hoods reversed to block visibility. 

» The main rope was secured at the banister in the stairwell. The team leader 
entered the building and found a hallway leading to the left. He sent firefighter #2 to 
the right, secured to the main rope with a tag line, and continued down the hall with 
the firefighter #3 (green) until he reached a counter. 

» Firefighter #2 did a right-hand search and found a door to a small office. He 
opened the door and searched the office, finding a second (closed) door. Since he 
was near the end of his rope, he returned to the leader and announced that the only 
thing he found was a door. 

» The team leader instructed firefighter #3 to do a left-hand search. Firefighter #3 
searched the room, finding a couch, and then found the wall of the office. He 
proceeded along the wall, reaching out into the room with a Haligan tool, 

» and missed the doorway where the victim was located. 

» As he passed the doorway, he actually kicked the feet of the dummy without 
realizing it was the victim. He continued to search a small cubicle and eventually 
returned to the team leader and announced that he had found nothing.
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San Diego Firehouse Expo HOT: 1b

Missed Victim

(Second Time)

1

1

1

1

1

1 1

2

2
2

2

2

2

22

2

2

23

3

3

3

3
3

3

3

3

3

3

1

3

The three firefighters then followed the hallway back to the office and located the 
closed door found by firefighter #2. They opened the door and the team leader went 
forward and immediately found the wall of a cubicle. He then instructed firefighter #2 
to search to do right-hand search. 

» Firefighter #2  went around the corner and searched a small cubicle and then 
reached the hallway to the right and, being near the end of his rope, left the rope 
bag and returned along the rope to the team leader.

» Firefighter #3, searching to the left, again covered the same room he had 
searched earlier. By the time he found the couch, he began to realize that he might 
be covering the previously searched area. 

» He again missed the doorway, and kicked the dummy for a second time as he 
passed the doorway. 

» He repeated the search of the cubicle and then returned to the team leader.
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San Diego Firehouse Expo HOT: 1c

Blind Search 
Time: 35 min1

1 1

1

1

1

1

The instructors informed the group that the hallway to the right was off limits, so the 
group went straight ahead and this time found the doorway and the victim.

» The total time, just to find the dummy, was about 35 minutes.
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San Diego Firehouse Expo HOT: 2

Search Time: 4-5 min 
using Pulse System

Beacon behind 
desk on chair

In this evolution, a Pulse  Beacon was placed on a chair behind the desk in the 
same small office as the previous blind search. The Beacon was placed into muted 
alarm mode (that is, ultrasound on, but audible sound off).

» One firefighter, with his Nomex hood reversed to block his vision, used the 
Tracker. He entered the building and as he found the hallway to his left, he picked 
up a signal from the Beacon.

» He followed the hallway and the signal became stronger. He reached the counter 
and scanned to his left, finding a much-reduced signal level. He then went around 
the counter by going to his left and headed straight towards the office doorway. He 
continued into the office and ran into the desk. He went around the desk and went 
straight to the Beacon in the chair. 

» The total time to reach the Beacon was between 4 and 5 minutes using the Pulse 
system.
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San Diego Firehouse Expo HOT: 3

X

Search Time:
Approx 3 min  
using Pulse

Beacon covered with metal trash can

Closed 
Door

Room search 
not necessary

Because the previous search using the Pulse System was essentially a direct line to the victim, one 
instructor decided to give the system a more-difficult test. He said he would hide the Beacon and see 
if the second instructor could find it. The Beacon was put into muted alarm mode (ultrasound on, 
audible sound off).
The instructor went down the hall that was off limits for all the previous searches, and passing a first 
bathroom, he went into a second bathroom at the end of the hall. He went to the far corner of the 
bathroom and placed the Beacon on the floor and covered it with a metal waste basket. As he left the 
bathroom, he closed the door. After going back down the hall, he handed the Tracker to the other 
instructor and told him, “See if you can find it.”  

» The second instructor proceeded to the hall, and the Tracker began to pick up a small signal. We 
later realized that some of the ultrasound signal from the Beacon had escaped from the waste basket 
through the small grout spaces between the tiles. The ultrasound also escaped from the bathroom 
via the small crack under the door (which was about 1/16 inch). 
The instructor began to go down the hall and found the first doorway to the right. When he opened 
the door, he pushed the Tracker into the bathroom and the signal level dropped to about zero. 

» Realizing that the Beacon was not in that room, the instructor brought the Tracker back out into the 
hall, and the signal level was restored. The instructor then continued down the hall and found the 
second door. He scanned along the bottom of the door and found that the signal level was higher. 

» He opened the door and the signal level increased considerably. He then scanned the room with 
the Tracker and headed straight towards the waste basket and found the Beacon. 

» The total time for the search was about 3 minutes. 
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San Diego Firehouse Expo HOT: 4

Fire Hose

Obstacle 
Course

Straight to Victim 
using Pulse System

This Hands-On-Training evolution was also at the San Diego Firehouse Expo in 
February 2003. For this test, Rapid Intervention teams were instructed to follow a 
fire hose through an obstacle course -- which included overturned chairs, a leaning 
filing cabinet, and wires -- and to then locate a disabled firefighter who was 
presumably located along the hose. For some of the tests, the victim was moved off 
the hose and the RIT team would have to search the two rooms, which were about 
15-20 feet across. Tests were normally done with PASS devices in alarm mode on 
the victim. 
» When the RIT team used the Pulse system, the victim was located about 6-8 feet 
off the hose line in the first room. When the lead member of the RIT team made it 
through the obstacle course, 
» he scanned the area with the Tracker,
» and immediately headed toward the victim. The instructor, who had been near the 
start of the obstacle course, came into the room where the victim had already been 
found and commented that he was disappointed that they found him so fast 
because he wanted to watch it. In previous situations with the victim off the hose 
line, the RIT teams had first proceeded to the end of the hose before doing an area 
search, which cost considerable time. 
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Indianapolis FDIC HOT

Small Apartment: Straight to Victim using Pulse System

Search & Rescue Time: 1:37 (Pulse) vs 8-10 min (PASS)
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1

1
1

1

2 2 2

2

2

22222

2

3
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This Hands-On-Training evolution occurred at the FDIC show in Indianapolis in 
April, 2003. The tests were done in a small apartment with theatrical smoke in the 
air. In addition, the students wore their Nomex hoods reversed to limit visibility. 
Students were split into groups of three. One of the three would serve as the 
disabled firefighter, and the other two would try to rescue him. The tests were 
conducted repeatedly over a two-day period. The victim wore either a PASS device 
in alarm mode or the Beacon in alarm mode.
The first time the Pulse System was used, the victim was located on the interior 
wall.
» Left-hand searches would typically miss the victim.
» Right-hand searches also tended to miss him at first. Using PASS devices, the 
search times for the victim on the interior wall were in the 8-10 minute range. 
» After a very brief explanation of how to use the Pulse system, the RIT team 
headed into the building. The instructor then turned around and said he had about 
five minutes to talk before the group would be out. 
» Suddenly, at 1 minute, 37 seconds after entering the building, the group exited 
with the victim. The instructor turned around and said, “Hey, what went wrong? Why 
are you out so fast?” He then realized that the RIT group had actually located and 
rescued the victim. 
After the two day period, the instructor commented that in all cases, search times 
with the Pulse system were faster, typically a factor of 2-3 over that of activated 
PASS devices. In some cases, the Pulse system was a factor of 4-5 faster than with 
activated PASS devices. 
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Providence Survival Seminar  HOT: 1
Abandoned Supermarket: Victim believed on left wall

110 ft

145 ft

Search Time: Approx 20 min. (Blind Search)

This Hands-On-Training exercise was conducted at an abandoned supermarket at 
the Providence Survival Seminar in May, 2003. 
RIT teams consisting of five firefighters would search a large abandoned 
supermarket for a disabled firefighter. The supermarket was approximately 110 feet 
wide and 145 feet deep. Firefighters wore their Nomex hoods reversed to limit 
visibility. No PASS devices were used. In the first scenario, the team was told that 
the victim was reported to be on the left wall. 
» The group entered the main doors and proceeded toward the first corner. They 
spread out to cover as much area as possible. When they got to the corner, they 
had to reorient themselves and again get spread out to cover a wide area. Four 
different groups each took about 20 minutes to reach the victim.
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Providence Survival Seminar  HOT: 2
Abandoned Supermarket : Victim believed on right wall

110 ft

145 ft

Search Time: Approx 28 min. (Blind Search)

A second wide-area search was conducted with the victim reported to be on the 
right wall. 
» The rescue group of five firefighters entered the main doors and proceeded 
toward the first corner. They spread out to cover as much area as possible. When 
they got to the corner, they had to reorient themselves and again get spread out to 
cover a wide area. In this case, the victim was located off the wall far enough that 
most groups did not initially find him. When they reached a point near the back of 
the building, the instructor made them turn around. The group then headed back 
toward the front of the building, only farther away from the wall, and this time they 
found the victim.  Four different groups each took about 28 minutes to reach the 
victim for this situation. 
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Providence Survival Seminar  HOT: 1

110 ft

145 ft

Abandoned Supermarket: Victim believed in center

2

2

1

Search Time: Approx 4 minutes using Pulse

Distance Traveled: Approx 80 ft

1

For this test, the rescue team was told that there a firefighter had fallen through the 
roof near the center of the building. A Beacon in muted alarm mode (that is, 
ultrasound on, audible sound off) was placed on the victim. The team headed into 
the building, thinking they were headed towards the center of the room. In fact, they 
were about 30 degrees to the left. The team leader headed into the building and the 
firefighter #2 had a Tracker. 

» As the group of five firefighters got about half-way into the building, firefighter #2 
with the Tracker stopped the leader and insisted that they head towards the right. 
After a short discussion, the group headed straight toward the victim and quickly 
reached him. 

» The distance traveled by the group was about 80 feet, and the victim was located 
in about 4 minutes. 



42

42

Providence Survival Seminar  HOT: 2
Abandoned Supermarket : Victim believed in center

110 ft

145 ft

2

2

1

1

Search Time: Approx 5 min using Pulse

Distance Traveled: Approx 80 feet

For this test, a second RIT team was told that there a firefighter had fallen through 
the roof near the center of the building. A Beacon in muted alarm mode (ultrasound 
on, audible sound off) was placed on the victim. In addition, one instructor put 
ceiling tiles on top of the victim to camouflage him. 

» The RIT team headed into the building, thinking they were headed towards the 
center of the room. In fact, they were heading about 45 degrees to the right. The 
team leader headed into the building and firefighter #2 had a Tracker. As the group 
of five firefighters got about one-third of the way into the building, firefighter #2 with 
the Tracker stopped the leader and insisted that they head towards the left. The 
group then headed straight toward the victim. 

» The distance traveled by the group was about 80 feet, and the victim was located 
in about 5 minutes. After the group had rescued the victim, one instructor 
commented that he felt that if the group had used standard search techniques, they 
might never have found the victim.
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Syracuse NYSAFC HOT

Activated PASS

Search Time: 12-18 min using PASS

In this wide-area search evolution, teams of three firefighters would head into the 
open building, with the team leader carrying the rope bag for the main rope, and the 
other two firefighters on tag lines off the main rope. The leader would first go about 
10 feet into the building and the other two would search to the left and right, 
eventually reaching the leader. The leader would then go another 10 feet into the 
room and the process would be repeated, and so on. When the leader was at the 
10-foot point, the PASS device of the victim was activated. 

The slide shows that the team leader is at the 30-foot point and the other two 
members of the RIT team have just arrived to perform searches to each side of the 
main rope. Although all three can hear the loud PASS device, at this point they are 
unaware that they are within arms reach of the victim. 

The search time for this photo took 18 minutes, using an activated PASS device. It 
is important to note that the search technique was not changed due to the presence 
of the PASS device. That is, the team would have found the victim in the same 
period of time had there been no PASS device. 
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Wide-Area Search: 1
80 ft

40 ft

1 of 20 Teams Find Victim in 10 min. using Blind Search

21
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For this test, conducted in a large equipment bay at a training academy, the victim 
was positioned near the center of the room. The victim was covered with debris to 
make identification more difficult. Several fire hoses were strewn on the floor, but 
not near the victim, so as to further confuse the search teams. No PASS devices 
were used. Teams were allowed 10 minutes before having to leave the building.
For standard searches, no ropes were used. Teams of 2-5 firefighters would enter 
through the double doors at the lower left.
» Those doing left-hand searches would often get tangled in a small shelf/room at 
the lower left. In addition, a series the lockers along the upper wall would slow down 
the search.
» Those going right would typically reach the upper right hand corner in the allotted 
ten minutes, having spent some time searching a small stage along the right-hand 
wall.
» During the day-long tests, only one group out of the twenty that searched actually 
found the victim. This group was one of the larger ones, with 5 firefighters, and was 
able to discover the rubble pile and then the victim. 
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Wide-Area Search: 2
80 ft

40 ft

4 of 4 Teams Find Victim in 10 min. using Pulse
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2
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For this test using the Pulse system, the victim was again covered with debris and positioned near 
the center of the large equipment garage. An ultrasonic Beacon was placed on the victim. The teams 
had to use standard protocols of left-hand or right-hand searches, but could use the Tracker to help 
them find the victim.
Four different groups used the Tracker, with two groups having 2 firefighters, and two having 3 
firefighters. 
»Two of the groups did a left-hand search, but were able to speed up the process near the lockers 
because the Tracker indicated the victim was near the center of the room.
» Two groups did right-hand searches. The last group, a team of two firefighters, did an initial scan 
near the double doors, determined that the victim was to the right, and decided to do a right-hand 
search (#2). This group decided to have the searcher farthest from the wall use the Tracker. Since 
the victim was about 25 feet away from the wall, the team had to improvise considerably to span the 
gap between the wall and the victim. They managed to have the firefighter closest to the wall move 
off the wall using a short piece of hose. He then stretched out flat on the floor and the second 
firefighter used an axe to hook onto his foot. This enabled the second firefighter to get far enough to 
reach the victim. Afterwards, one of the instructors commented that he was amazed that a team of 
only two firefighters was able to span a distance of about 25 feet and find the victim. He commented 
that he had never seen anything like that before.

» All four of the search teams essentially found the victim using the Pulse system. Two teams were 
about one foot away from the victim, digging in the debris pile, but were told they were out of air. The 
remaining two teams put their hands on the victim, and were then told to exit the building. 
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This is a preview of the Survivair booth in the main exhibit hall. There is a plexiglass
maze set up so you can try out the Pathfinder system.
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Another view of the maze.
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Exit Technologies
Firefighter Rescue Transceiver

These two photos show the Back Country Access avalanche tracker on the left, and 
the Exit Technologies Firefighter Rescue Transceiver on the right.
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Exit Technologies

This is from the Exit Technologies website, and shows the path that a rescuer would 
travel if the transmitter unit were held in a horizontal position.
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Exit Technologies

This shows the magnetic field lines if the transmitter is held in a vertical position. 
Depending on whether the transmitter is horizontal or vertical, the user needs to use 
a different search technique.
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Exit Technologies

This shows one of the suggested ways of using the avalanche tracker. The user is 
supposed to make a series of parallel tracks such as the orange lines. On each 
path, when the distance readout suddenly jumps to a large number, you make a 
mark (the red star). You then make a line through all the red stars. 

You then go to another point, and repeat the pattern, such as the green lines. 

The then go to a third area and again repeat the pattern, such as the blue lines. 

When you have finished doing all this, the lines through the red stars should all 
meet at the location of the transmitter.
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How to Use Pulse™

• Sweep with the Tracker in a 360º circle
• The largest signal is the direction to go
• Cardinal Rules:

– Never forget Firefighting basics
– Always scan slowly (a full circle in 8 seconds)
– Always do a 360º scan (every 5-10 feet)
– Don’t crawl/walk when scanning (Doppler)
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How to Use Pulse™: Example

• Firefighter in trouble
– In upper right room
– Passes out
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How to Use Pulse™: Example

• Beacon starts
– PASS Device alarms
– Ultrasound transmits
– Some goes out door
– Goes down both halls

• Firefighter in trouble
– In upper right room
– Passes out
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How to Use Pulse™: Example

• Firefighter in trouble
• Beacon starts
• RIT enters w/ Tracker

– Start at left door
– Signal is down hall 
– Signal is to left
– Signal from room door
– Firefighter found
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How to Use Pulse™: Example

• Firefighter in trouble
• Beacon starts
• RIT enters w/ Tracker
• Other rescue option

– Start at bottom door
– Signal is down hall 
– Signal is ahead not left
– Signal from room door
– Firefighter found
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How to Use Pulse™: Exits

• Firefighter is Found
– In upper right room
– How do they get out?
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How to Use Pulse™: Exits

• Firefighter is Found
• Exit Beacons transmit

– Previously deployed at 
exits

– Ultrasound transmits 
down hallways

– Some goes through 
door

– Reaches Firefighters
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• Tracker is used
– Switch to Exit mode
– Directs them to door
– Directs them down hall
– Head straight or right?
– They head RIGHT
– Firefighters find exit

How to Use Pulse™: Exits

• Firefighter is Found
• Exit Beacons transmit
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• Tracker is used
– Switch to Exit mode
– Directs them to door
– Directs them down hall
– Head straight or right?
– They head STRAIGHT
– Firefighters find exit

How to Use Pulse™: Exits

• Firefighter is Found
• Exit Beacons transmit
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Tracker-CAM

View to left door: No Beacon signal

The next few slides show an experimental system that was built by combining a 
commercial thermal imaging camera (TIC) with the electronics and sensor section 
of a Tracker. The TIC allows the searcher to see where he is going but provides no 
information as to what direction he should go. The added Tracker bargraph shows 
the searcher the preferred direction in order to find the downed firefighter.

The horizontal bargraph along the lower part of the screen is a duplicate of the LED 
bargraph on the regular Tracker. The horizontal bargraph is color coded to make it 
easier to judge the length of the bar.

Three searches were done in a burn building with a live fire and dense smoke. In 
the first search, the firefighter is located in a room on the second floor of the three-
story burn building.

In the first slide, the camera is pointed to the left and no Beacon signal is detected.
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Tracker-CAM

View to right door: Definite Beacon signal

The searcher pans the camera to the right and begins to detect a Beacon signal 
that appears to be coming through the door to another room. Note that the downed 
firefighter is not visible in the thermal image.



63

63

Tracker-CAM

Move to doorway: Stronger Beacon signal

The searcher moves toward the doorway and the Beacon signal is stronger.
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Tracker-CAM

View to left: Stronger signal; Firefighter found

Once inside the room, the searcher pans to the left and finds the firefighter on the 
floor.
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Tracker-CAM

View down stairs: No Beacon signal

In the next series, the firefighter was instructed to go down the stairs to the first floor 
and hide. In fact, he went to the third floor to confuse the searcher. In this view, the 
camera is pointed toward the first floor and no Beacon signal is detected.
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Tracker-CAM

View upwards: Weak Beacon signal

The searcher then points the camera upward and detects a weak Beacon signal 
bouncing off of the wall beyond the stairs that heads toward the third floor.
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Tracker-CAM

View up stairs: Stronger Beacon signal

The searcher walks around the stairs and points the camera upwards toward the 
third floor. A stronger Beacon signal is detected, indicating that the downed 
firefighter is on the third floor above, rather than on the first floor below the 
searcher.
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Tracker-CAM

Top of stairs: Stronger Beacon signal

The searcher goes to the top of the stairs at the third floor and detects a stronger 
Beacon signal.
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Tracker-CAM

View toward sofa at left: Very strong signal

The searcher pans the camera toward the left and detects a stronger signal in the 
direction of a sofa.
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Tracker-CAM

Firefighter found past sofa

Working his way around the sofa, the searcher finds the downed firefighter on the 
floor. Note that the ultrasonic signal from the downed firefighter had to bounce off of 
the wall next to the firefighter, then rattle around the third floor with some of the 
sound heading down the stairs to the second floor, and bounce off of the wall on the 
second floor in order to get to the searcher when he was on the second floor.
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Tracker-CAM

View toward door: Beacon signal

In this last search, the searcher is looking at a closed door on the second floor and 
detects a Beacon signal. 
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Tracker-CAM

View above door: Beacon signal

The searcher points the camera in an upward direction (above the door) and also 
detects a Beacon signal.
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Tracker-CAM

View into room: No Beacon signal

In order to determine if the downed firefighter is in the room, the door is opened 
slightly and the Beacon signal drops, indicating that the firefighter is probably not in 
the room.



74

74

Tracker-CAM

View into room: No Beacon signal

The door is opened wide and no signal is detected from the room. Thus the 
searcher does not have to further search the room because the downed firefighter is 
clearly not in the room.
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Tracker-CAM

Go Upstairs: Beacon signal

The searcher goes to the next floor and looks at the door of the room above the 
previous room. He detects a stronger Beacon signal.
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Tracker-CAM

View into upstairs room: Stronger Beacon signal

The door is opened slightly, but this time the Beacon signal becomes stronger, 
indicating that the downed firefighter is in this room.
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Tracker-CAM

Open Door: Stronger Beacon signal

The door is opened wide and the Beacon signal is stronger. Clearly the downed 
firefighter is in this room.



78

78

Tracker-CAM

View to Left: Stronger Beacon signal

The searcher pans to the left and gets an even stronger Beacon signal.
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Tracker-CAM

View downward: Firefighter found behind couch

Panning downward, the firefighter is found behind the couch.
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Tracker-CAM

Walk around couch: Weaker Beacon signal

The searcher walks around the couch, and detects a weaker signal than when he 
was pointing directly at the firefighter.
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Tracker-CAM

At end of couch: Firefighter found again

Going around the end of the couch, the searcher detects a stronger signal, and the 
firefighter is again found behind the couch.
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Tracker-CAM

Behind couch: Firefighter found again

The firefighter is again found behind the couch.


