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Presenter
Presentation Notes
DISCLAIMER:
I’m not an “expert” on GPS technology and lack experience with many navigation mobile applications.  There are likely many members of this club that have years of real world experience in this field, so I welcome participation.

Introduction:
These three individuals found themselves in the desert without water.  Each one claimed to have special navigational skills and each one swore they knew the way to Tunis, where they were sure to find water.  We’ll find out at the end of this presentation how they solved their dilemma. 




Early Navigation Tools

Polynesian Stick Chart Sextant, Quadrant, Cross-staff, Astrolabe
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Presenter
Presentation Notes
Man has had a long history of coming up with methods of determining their location relative to survival resources ( water, food, shelter, etc.) or seeking riches and expansion.   Tools were developed to aid in navigating around their world.  



Where am I?   How to I get to …?

Coordinates

App

Triangulation

Trilateration
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Presenter
Presentation Notes
Show of hands:  How many of you still have a road map in your car?  How many of you keep Topo Maps in your backpack?  How many of you have used Google Maps Directions and knew it was providing directions that were not correct or optimal? 

Most of us are now familiar with mobile navigational systems in our car, cell phone, watch, and GPS receiver.  Most of the terms I’ve listed have become part of our everyday life.



Triangulation:
Object location by using angles and distances. 
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Presenter
Presentation Notes
Triangulation is the term used for location points, objects by using angles.   Surveyors make use of triangulation, locating a network of points by angles & distances.  



Snoring Boy Scout Dad
Triangulation!
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Presenter
Presentation Notes
Example:  Three Boys Scout dads woke up one morning in the Pecos Wilderness, complaining about the “Snoring Dad.”  “Boy, I could hear loud snoring from ’THAT’ direction.”  Each dad complained about the snoring, but pointed in different directions, relative to their own tent.  They soon realized what tent the noise came from, by combining each unique source and direction.  “Who’s slept in that green bivy?”

I had to come clean and claim my tent. The dads used “triangulation” to expose my talents.



Avalanche Beacon: Triangulation
Avalanche beacons 
work on the principle 
of triangulation.

Receiver detects the 
transmitter’s signal 
direction/strength on 
a standardized radio 
frequency (457 kHz)
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Presenter
Presentation Notes
Avalanche beacons transmit a signal at 457 kHz when set to transmit. 



Yagi Beam Antenna 
Triangulation:  Ham 
radio application 
using signal 
strength to locate 
emergency radio 
transmitters on  
downed aircraft.

2 Meter Measuring 
Tape Yagi Beam 
Antenna 
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Presenter
Presentation Notes
Radio Direction Finding (RDF)

Directional antennas are used to locate radio transmitters, some creating radio interference, or by SAR to locate aircraft Emergency Locator Transmitters.  The antenna operator rotates antenna while looking a signal strength meter. 

“T-hunt”, short for transmitter hunting, also, known as Foxhunting, sharpens skills needed for emergencies. 



GNSS (Global Navigation Satellite System)
Generic term for Satellite Navigation Systems

GPS (Global Positioning System)
US DoD System (USAF)

30 operational Satellites broadcast 
radio signals (Precise Satellite 
position, Atomic Clock Time)  

GPS receivers only receive signals.
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Presenter
Presentation Notes
Explain GNSS vs. GPS

As of December 2019, there are 30 operational GPS Satellites.  24 required for full global coverage.  Image shows the 24 satellites arranged in 6 equally spaced orbital planes around the earth, with 4 satellites equally space on each orbital plane. At any given time, at least four (4) satellites are visible from any point on Earth.  Each satellite circles the Earth twice a day.  

Main control center is located at Falcon Air Force base in Colorado Springs

Explain how “Distance” is the basis to GNSS/GPS. 



GPS satellites broadcast 
position and precise time.  

GPS receiver calculates 
DISTANCE to satellite by the 
time it takes for signal to 
reach receiver. 

D = c x T = c x (Ts – Tr)

Satellite time:  2 nanosecond drift /year
GPS receiver:  10 nanosecond accuracy/day 9

Presenter
Presentation Notes
This animation shows how various satellites come within view of a location on Earth where a GPS receiver is located.  The receiver detects the signal from each satellite and calculates the distance to each satellite given the position and clock time the satellite broadcasts.   

D = c x (Ts –Tr)    
Distance = SpeedOfLight  x (SatelliteTime – ReceiverTime)

                             c = 300,000 km/second



2D Trilateration:
Three distances are used to determine 
location of one intersection point. 
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Presenter
Presentation Notes
The GPS receiver calculates its distance to each satellite by calculating the time it takes for the signal to get from the satellite to the receiver.  This image illustrates the process on a two dimensional (2D) surface.  The radius point for each circle represents the satellite.  The circle represents the distance measured from the satellite to the GPS receiver, for each unique satellite.  As the GPS receiver detects another satellite signal, each a new circle is introduced to the algorithm.  Three distances are used to determine the intersection point of three circles, thus the receiver’s location.



4 Satellites provide 
4 spheres to locate 
GPS receiver more 
accurately!

5-8 satellites are 
usually visible from 
any location

3D Trilateration:
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Presenter
Presentation Notes
In a GPS system, Three Dimensional Trilateration algorithms use spheres to calculate the intersection point on 3 dimensional space.  A fourth satellite signal is used to locate the intersection point more accurately.   

5-8 satellites are usually visible from any location



3D Trilateration:
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Presenter
Presentation Notes
Here’s another graphic that illustrates how the GPS receiver uses multiple satellite information to determine it’s location on Earth. 



Cell Triangulation vs. Trilateration

Three towers are used to 
estimate cell phone 
location by estimating 
distance (trialateration) to 
cell phone or signal 
strength (triangulation).  

Caution:
Interchangeable terminology!
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Presenter
Presentation Notes
Cell Phone Location:
I came across various web sites where the graphics used to explain “Triangulation” were actually “Trilateration”. 



 



A-GPS:  Assisted GPS (cell phone)

GPS receivers take 
longer for “first fix.”  

Cell phone towers 
provide rough estimate 
of cell phone location, 
speeding up “first fix.”

A-GPS has been utilized 
by first responders and 
E911 Services.  
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Presenter
Presentation Notes
A-GPS takes advantage of the cell tower location process to speed up the GPS Time-to-First-Fix (TTFF) in system trilateration algorithm.  This also helps in areas where satellite signals are weak or there’s too much interference.



Cell Phone Ping

Google’s “LocateMy
Device” may use a 
“ping” to locate a lost 
phone. 

A “ping” request 
returns the cell phone 
GPS location, a more 
precise location.
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Presenter
Presentation Notes
Cell phone carriers may offer a tracking service for the cell phone numbers in your account.   Applications include:  “Fine My Friends” (iOS); GeoZilla, Life360, Google’s “Share My Location”, Find my Phone, etc.

Using Google’s “Locate My Device”, I was recently able to locate my lost, and damaged cell phone, change the banner on the screen, and locate the residence it was in.  I used Google Street view to get a picture of the residence, assuring me of going to the “correct” house.  I then performed a “Factory Reset”.  I eventually went to the residence and the broken phone was gladly returned.  





4 Basic Responsibilities:
• Coordinate w/responsible party
• Carry seasonal essentials for survival
• Carry topo map, base plate compass, & GPS receiver
• Carry cell phone & turn on periodically and note signal access.  

This also provides carrier with “ping” data in case rescue is 
needed.  (Optional: Satellite communicator – Personal Locator 
Beacon)

• NOTE:  Cold disables batteries; keep phone warm in zip-bag. 

11 Essentials?
Add communication device to 
Essentials List?

http://www.traditionalmountaineering.org 16

Presenter
Presentation Notes
The web site I reference here had some good information regarding the “4 Basic Responsibilities”.  Focus on maps and trails is in Oregon, but site has useful information. 



“Death by GPS”
Our trust in GPS technology has 
taken common sense out of the 
equation.  People became lost, 
injured or died, because they 
trusted GSP over obvious 
factors.

This was the cause of various 
deaths attributed to following 
GPS directions or GPS maps.   
https://listverse.com/2018/11/27/10-times-gps-failed-with-terrible-consequences/
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Presenter
Presentation Notes
GPS now allows me to travel without having to get out of my vehicle and ask someone for directions.  I no longer get impatient with my “Nag-ivator!” 

All kidding aside, GPS Park Service Rangers in Death Valley coined the term “Death by GPS” as a result of visitors trusting their navigation system’s directions over obvious terrain, road conditions, and seasonal factors.  In some cases, minor roads/paths may have been entered into a geographic database as navigable.  Some travelers ignore obvious signs such as turning off a highway onto a snow covered forest road. 
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Latitude: Horizontal
North of Equator 

(N or Positive)
South of Equator

(S or Negative )

Longitude: Vertical 
West of P.M.

(W or Negative)
East of P.M.

(E or Positive)

Geographic Coordinate System

Presenter
Presentation Notes
A Geographic Coordinate System (GCS) use 3D sphere to represent the earth. A point on earth is referenced by Longitude and Latitude values, which are angles measured from the earth’s center to a point on the earths surface.

The EQUATOR is the imaginary horizontal line representing 0-degrees and separates the southern hemisphere and the northern hemisphere.  Angular measures to the north and south of the equator are the LATITUDE lines.  These range from 0-degrees to 90-degrees, north and south.  They are also signed a “positive” to the north and “negative” to the south. 

The vertical imaginary line, called a LONGITUDE, separates the earth into two hemispheres is called the Prime Meridian, and passes through Greenwich, England.  Angles measured to locate points range from 0-degrees  to 180-degrees.  An angle measured to the left of the PM is referred to as W (for WEST), or signed as a negative number.   An angle measured to the right of the PM is notated with or E (for EAST), or signed as positive.
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Projected Coordinate System

Presenter
Presentation Notes
A Projected Coordinate System reflects the transformation of a 3-dimensional coordinate system to a flat surface, or 2-dimensional surface.   

Another example of Latitude & Longitude:  Is this image, you may relate the Cartesian Coordinate system, where we locate a point using (x,y).  

When working with Latitude and Longitude, we use the notation LAT/LON for the angles used to locate a point. 



Longitude

Latitude
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Presenter
Presentation Notes
This image shows coordinates for Crested Butte, CO. 

One representation is in LAT/LONG as an ordered pair of decimal numbers.  The Latitudinal angle is 38.870682 degrees to the north of the Equator.  The Longitudinal angle is 106.98900942 to the left of the PM, thus shown as a negative value. 

The other representation, in GPS Coordinates, is in Degrees-Minutes-Seconds.  The letters, N & W are used to denote a measure North of the equator and WEEST of the Prime Meridian, respectively.  



World Geodetic System (WGS84)
Spheroid/Ellipsoid, Geoid, Topography Elevation
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Presenter
Presentation Notes
The Earth’s shape is closer to an Ellipsoid than a sphere, however a more detailed description of the earth is called a geoid.

Vertical Datums are used as a frame of reference for “Zero Elevation”, to which heights can be referred to.   

The Geoid surface reflects a measure of gravity, providing a “true zero surface” for measuring elevations. 

GPS uses WGS84 as its reference coordinate system (a reference ellipsoid, horizontal datum, vertical datum (elevation), and a coordinate system.  .)  Earth’s center mass is the coordinate origin.  This is a global ellipsoid model.  
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Projected Coordinate System

Presenter
Presentation Notes
An image of the Projected coordinate system known as WGS84 (World Geodetic Survey 1984).

Since every point on the Geographic Coordinate System must be transformed to only one point in a Projected Coordinate System, we see a distortion in the shapes that are easily recognizable on a sphere of earth (i.e., globe). 



GPS receiver’s algorithm 
utilizes “Distance and 
Time” to determine a 
receivers location.  

Standard Positioning Accuracy:
25 m horizontal (95% time)
43 m vertical (95% time)
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Presenter
Presentation Notes
Accuracy:  Factors that impact receiver accuracy include:
Satellite geometry (horizon); signal blockage; atmospheric conditions; receiver design features/quality; receiver calibration, signal reflection (Urban/Terrain)

Allow receiver “Time-to-First-Fix (TTFF)” 

Circular Error Probable (CEP):  Expressed as number of points that fall within a circle (e. g., 2 meters)  50% of points fall inside circle, while 50% fall outside 
95% Confidence:  95% probability that a point is inside a circle of specified diameter. 
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GPS Precision vs. Accuracy
Gaia (5 dec)

ViewRanger (8 dec)

Garmin (10 dec)

https://gis.stackexchange.com/questions/8650/measuring-accuracy-of-latitude-and-longitude/8674#8674

Presenter
Presentation Notes
This slide compares Gaia and View Ranger GPS data (i.e, lat and lon) representation.  Gaia uses 5 decimal place precision compared to ViewRanger’s 8 decimal place precision.  The Garmin file uses 10 decimal place precision Do I consider this when selecting an one over the other?  I probably wouldn’t care since I’m not using my device to survey.  I should be able to see my point of interest (trail head, spring, cliff, hut, road) with 4 decimal places. 

The URL I’ve included has a good discussion about decimal places and what type of accuracy you expect.  

4th decimal place is about 11 meters (36 feet)
5th decimal place is 1.1 meter (3.6 feet)
8th decimal place is 1.1 mm (.04 inches)

URL: https://gis.stackexchange.com/questions/8650/measuring-accuracy-of-latitude-and-longitude/8674#8674



  



Comparison of mobile phone 
App and a Garmin  
The red track reflects A-GPS on a 
phone app.  

The blue track is from a Garmin 
with freshly charged batteries.  
Collection was started without 
calibration and no wait time for 
“first-fix”.  Are the 10 decimal 
places providing me with better 
accuracy?

25

GPS Precision vs. Accuracy

Presenter
Presentation Notes
Although the Garmin is collecting 10 decimal places, on this walk it doesn’t reflect good data collection for the reasons explained in the slide.
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GPS Data Collection Quality

Presenter
Presentation Notes
Here are two examples of the types of data collection quality one should be aware of. 

The image on the left show the red Garmin track.  I stopped to  talk to a person who had a house for sale.  My Garmin continued to collect points, even though I was pretty much standing within a 10-20 foot radius.  

The image on the right show my Garmin track in an area very close to Albuquerque.  Any guesses?  The “Rock Slide” on La Luz.  GPS signals get scattered and bounced around by the high rock faces.  

Mike Coltrin, author of “Sandia Mountain Hiking Guide” commented that he cleans up his tracks before he publishes them.   



Devices/Batteries vs. Outing Type
Determine what devices/batteries you really need
Keep batteries warm
Specify battery type in use on GPS receiver
Shorten backlight timeout period 
Conserve battery power - “Battery save” mode
No WiFi, Bluetooth, Lowest display level, Airplane mode
Carry spare batteries and/or USB charger
Consider solar charger for devices/batteries
Group: Consider coordinating device usage
Emergency: Turn GPS/phone on as needed
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Presenter
Presentation Notes
Before you haul all your electronics on your outing, consider factors which may impact what you actually take with you.  These include outing type, season, weather, distance, risk factors. 

I’ve been fortunate to find high-end Magellan & Garmin GPS receivers at the REI Garage Sale.  Although the features were there, I never took up storage space with music, pictures, or video.  I tried to optimize battery power.  My devices were strictly used for tracking, navigating, compass, etc.  I kept the screen on the lowest display level.  I also carry backup batteries in a zip lock bag (Sweat!) inside my jacket.  Cold is known to degrade batteries. 
 




Batteries
“Traditional Mountaineering”

Made a recommendation for Lithium batteries
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https://www.rei.com/learn/expert-advice/batteries.html#right-type

http://www.traditionalmountaineering.org/FAQ_LithiumBatteries.htm

REI “Expert Advice” 
Lithium for high drain devices such as digital 
cameras and GPS  receivers and NiMH & Li-ion
rechargeable batteries.

Presenter
Presentation Notes
Everyone wants to get the best batteries for their devices.  I suggest doing some research, however, I came across a few internet articles. 




New Mexico Ham Radio
• FCC Amateur Radio Operator 

License
• 37 “Open” repeaters on 35 

mountains
• Networked to act as on repeater
• need line to sight
• Good statewide coverage
• Some coverage to adjoining states

Mega-Link

www.nm5ml.com
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Presenter
Presentation Notes
Is there still room for ham radio?  New Mexico Mega-Link (www.nm5ml.com) (37 Open repeaters on 35 mountains) is a network of repeaters, but you need line to sight.  Still viable option if SAR has been initiated.  Paul Choc (WA5IHL) and others maintain system. (www.specialty-communications.com)




Personal Locator Beacon (PLB)

https://www.theverge.com/2019/4/12/18306207/best-gps-communicator-
hiking-trails-garmin-spot-somewear-bivy

Garmin
Spot
Bivy
Somewear

https://www.greenbelly.co/pages/best-personal-locator-beacons-satellite-
messengers
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Presenter
Presentation Notes
Personal Locator Beacons (PLB) send a one-way emergency distress signal.  No turning back!  No messaging.  No subscription required.  Required by law to register and renew every 2 years or if ownership change.

GPS Communicators have SOS features, but also receive GPS signals and use a different satellite network to send/receive 140 character messages using subscription services (Iridium or Globalstar). 



goTenna
MESH technology allows 
users to link two or more 
smartphones into a local, 
secure network (UHF 
Frequency).

Extend network with 
other goTenna users or 
drop off Stationary 
Relays in key areas.  
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Presenter
Presentation Notes
goTenna is a new product/technology that allows the paring of smart phones into a local, secure network.  Allows text and GPS location sharing, no voice. Topography and foliage will impact signal coverage.  You may place a dedicated “relay” as high as possible to increase signal propagation. 

433MHz UHF Band falls in the 70-centimeter band of amateur radio operations.(430-44- MHz)

goTenna 2-pack runs about $179.00



Cell Phone Triangulation vs. Pinging

Cell phone location data is 
protected by Fourth 
Amendment of the US 
Constitution.

Supreme Court Decision
(June 2018)
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Geo-Referenced Map (PDF)
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Georeferenced PDF maps are 
designed to be displayed on your 
GPS-enabled mobile device.  
When viewed with a mobile map 
application, your location may be 
viewed on that map, without the 
need for cell reception.  

https://www.blm.gov/maps/georeferenced-PDFs

BLM developed georeferenced 
maps for various

Presenter
Presentation Notes
Georeferenced PDF maps allow you view the map on your mobile device and see your GPS position on the map. 

BLM provides such maps for various location. 

Various web applications and mobile apps allow you to save georeferenced maps for use on the field.  The mobile device’s GPS reveiver provide your location information without the need for cell phone reception.



That’s a lot of information!
We’ve learned about:
• Triangulation (Angles/Distance)
• Trilateration (Distance)
• GNSS / GPS (Satellite)
• Latitude/Longitude/Elevation
• A-GPS (Cell Phone)
• Ping (Cell Phone)
• PLB / Communicators
• Amateur Radio - Mega-Link
• “Essentials List +”
• goTenna
• Georeferenced Map
• Batteries
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Presenter
Presentation Notes
Lots of information!



Apps vs. Applications
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Some cell phone “Apps” have 
corresponding “Web Applications”, 
making it difficult to organize this part 
of the presentation.   

Due to screen size, some features are 
best suited on a computer than a cell 
phone.  

Computer’s higher resolution is best 
tool for route planning and research.  
Cell phone’s small footprint and light 
weight make it the ideal tool for the 
field.

Presenter
Presentation Notes
We’ll transition now discussing Applications, also known as Apps on mobile devices.  Were talking about software.  Many applications are now “web apps” since the program resides on a server but is deliverd to your computer/device through the internet. 
 



Applications
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• Gaia GPS
• ViewRanger
• Strava
• CalTopo
• ShowMeHills
• CBGTrails – Gunnison-Crested  Butte Tourism Association
• COTREX – Colorado Parks & Wildlife
• EasyGPS – transfer data to various GPS receivers
• Daily Roads Voyager – use mobile phone camera to record video  (Carbam-like)
• Google Earth Pro
• GPS Track Editor
• onX (Hunting app shows property ownership
• OsmAnd - Open Source, offline Travel maps

Presenter
Presentation Notes
I’ve been asking people I meet about the applications they use when they plan and outing or track an activity.  I’ve listed the product names that I’ve been hearing about.   I didn’t feel I could present details on all the popular applications, so I’ll start off with a list.





Data Resources
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• Albuquerque Senior Center’s Hiking Group
• Gaia GPS
• New Mexico Meanders
• Powder Project
• ViewRanger
• Avenza
• CalTopo
• Strava
• Hiking Project
• Map My Run
• GPS Visualizer

Presenter
Presentation Notes
I’ve been asking people I meet about the applications they use when they plan and outing or track an activity.  I’ve listed the product names that I’ve been hearing about.   I didn’t feel I could present details on all the popular applications, so I’ll start off with a list.

Workflows:
     JS: CalTopo, Gaia, Strava (Airplane mode)
     TH: Garmin Map 64




Albuq. Senior Center Hiking Group
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http://www.aschg.org/jsp/home.jsp

http://www.aschg.org/jsp/gpsToolHelp.jsp “Tools for GPS Data” by Marylin Warrant 

Presenter
Presentation Notes
I’m really impressed with the detail provided in this web site.  Although it focuses on hiking, I hope to study technical processes used to create each hike’s description page.  

I want to look at some of the free apps where each person can post their tracks.  If NMCCSC members were to post their tracks using a prefix such as “NMCCSC”, other members could go in and perform a search using that tag.  



Tutorials
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Taos Search & Rescue (CalTopo) 

https://sar-taos.org/how-to-use-caltopo-to-plan-hike/



Intelligent Transportation Systems (ITS)

https://www.pcb.its.dot.gov/eprimer/module9.aspx#detection

Bluetooth and Wi-Fi Sensors 
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Presenter
Presentation Notes
Various technologies are combined to collect traffic flow data. 

Probe Detection Technology: 
Bluetooth and Wi-Fi broadcast discovery messages as they look for devices or networks to connect to.  Sensors detect unique device identifiers (not traceable to individual) as they pass by.  Time and speed calculations for multiple vehicles are used to display estimated travel time on roadway Dynamic Message Signs.  



Factors you “may want to consider:             (1)
• Assumptions:  You’re prepared physically, did your your

research, have the “11 Essentials”, have a reliable contact 
that knows your plan, etc. 

• Determine what type of outings you plan to go out on.
• Will you be in areas that don't have cell phone coverage? 
• Will you be in well-traveled areas or remote areas?
• Will you be solo or part of a group? Group: Consider 

coordinating device use to conserve battery power. 
• Are there health/terrain risks that would justify an 

Emergency Communicator ?
41

Presenter
Presentation Notes
I’ve come up with my list of things to consider when purchasing and using GPS technologies (receiver& cell phones).  

I like to hike solo and leave my emergency info (my cell #, my blood type, no allergies, time of departure, trail I’m hiking, expected return time, and my reliable contact’s name with their information on a 3x5 card on my dash.  



Factors you “may want to consider:             (2)
• Do you plan to travel internationally? Map availability?
• Do you have the patience to research and test various 

applications and hardware?  Settle on the mix you like. 
Practice, practice, practice… 

• Learning map navigation (compass & paper maps).
• Can you reading the terrain that you find yourself in? 
• Analyze risks before you encounter and plan any 

adjustments or cancel outing in interest of safety?
• Carry spare power source or solar recharger for 

devices proportional to expected excursion time.  
42

Presenter
Presentation Notes
I’ve come up with my list of things to consider when purchasing and using GPS technologies (receiver& cell phones).  



Questions?

Gerry Trujillo   
gerttruj@yahoo.com

What happens 
in Tunis stays in 
Tunis!
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Presenter
Presentation Notes
Well, our three friends made it to Tunis.  They teamed up, put their heads together, and located a “reliable” coordinate for the water source.  They’ve been digging for some time now…we wish them luck!
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