
Copilot
Embedding turn-by-turn trail directions on a watch



Why do this?
● Trail runners are a feisty bunch… they expect

○ You’ll always know the route
○ Route directions will always be provided
○ You’ll never need to pause a conversation to look at a map
○ The mileage you provide will 100% always match their GPS watch

● Writing software for tiny platforms is fun



Wouldn’t it be cool if...
● All of Forest Park could be represented in a single data structure?
● That you could use along with a specified route to print out turn-by-turn 

direction labels?
● And upload onto a wearable of some kind to provide instant navigation 

capabilities during a run?



But which wearable to target?
The Pebble smart watch seemed like the best fit (as of mid-2015)



Pebble Specs (I owned a Pebble Time, C SDK)



But first, some prerequisite work...
● Figure out how to structure the (80+ miles of) trails in the park
● Decide how to structure specific routes
● Provide a way to create new routes
● Provide a means to visualize both the routes and the entire park for easy 

reference



How to structure the trail data?
● For every path (portion of trail between 2 junctions) in the park:

○ Measure the distance of the path
○ Assign a unique integer ID for the path

● For every junction in the park:
○ Take a compass bearing for each outward path
○ Assign a name to each outward path
○ Associate the integer ID of each outward path
○ Assign a unique integer ID for the junction

● A route is simply a junction ID followed by a sequence of
path IDs



How to structure the trail data?



Applications
Now that a data model exists for the park, we can write applications to

● Print out turn-by-turn directions for a route
● Construct mathematical curves to visualize the data model
● Build arbitrary routes for different runs
● Give turn-by-turn directions for a route as it’s being traversed



Applications - Route Stickers
● Generated with a Python script
● Walks the route, keeping track

of mileage and turns along the
way



Applications - Route Maker
A C++ / Qt application to visualize trails/routes



Applications - Pebble App
● A C application to provide turn-by-turn

directions
● Quiet “buzz” when nearing a junction
● Requires no GPS! (Rate*Time = Distance)
● Gives est. mileage remaining
● Tracks PR’s
● The entire app, including database, fits

in < 64K RAM
● Pause/Resume a run
● Stores run data in EEPROM



What’s next?
● Pebble Time 2 was due to be released shortly after I designed the first version 

of the application
○ It was going to be amazing!
○ Bigger Screen!
○ More RAM!

● But then they went out of business (assets acquired by FitBit)
● Fast forward 2 years… FitBit creates the Versa, which

looks suspiciously similar to the never released Pebble Time 2!
○ Even more amazing!
○ Even bigger screen!

● But it’s super buggy and rushed to market :(
● Not sure what’s next, but after doing all this work, I know the

trails so well that... I don’t really need a watch anymore


