
 

Navi: a tangible travel companion
 

 

Abstract 
With current Global Positioning Systems, people receive 
directions by looking at a screen and listening to 
instructions. Navi enhances this experience by 
providing a tangible method in getting directions. This 
paper describes the implementation and evolution of 
this tangible travel companion. 
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Introduction 
While Global Positioning System (GPS) is becoming 
increasing common as a standalone device in 
automobiles and as a built-in feature in mobile phones, 
the way people interact with the navigational system 
has not changed much and remains screen and audio-
based. The goal of Navi is to provide an alternative 
method in giving directions to people by considering 
the navigational device as a companion. Similar to a 
human, the companion points in the direction of the 
destination when prompted for directions. 
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figure 1. A prototype of Navi. 

Navi consists of a continuous rotation servo motor, a 
regular servo motor, a GPS module, a digital compass, 
an Arduino board and a 9V battery. The two servos are 
mounted orthogonally to each other to provide full 
rotation in the three-dimensional space (see figure 1). 
The continuous rotation servo is used to point in the 
direction of interest while the regular servo provides an 
extra degree of movement for mimicking human 
expressions. 

The Navi system yields other interesting applications. 
One such application is TrackMeNot. By using the digital 
compass, one can record a direction to be tracked to 
loosely simulate face tracking. The project is detailed 
later in this paper. 

 

Implementation 
The Navi prototype consists of: 

 1 continuous servo motor 

 1 regular servo motor 

 1 pan and tilt kit1 

 1 infrared proximity sensor (optional) 

 1 digital compass 

 1 Arduino Nano 

 1 mini breadboard 

 1 9V battery 

 
The continuous servo motor acts as the torso of Navi, 
with the regular servo motor mounted perpendicular to 
its horn using the pan and tilt kit. A metal bracket is 
attached to the horn of the regular servo motor which 
acts as Navi’s head. 

An infrared proximity sensor acts as Navi’s eyes. 
Although proximity sensing is not enabled for the 
current iteration, it can be used in the future so that 
Navi is aware of its surroundings. Interesting 
interactions can be implemented such as Navi greeting 
passersby with a nod when strolling down the street. 

The digital compass is attached to the head to provide 
navigational capabilities. Work is still ongoing to 
incorporate a GPS module in the future. 

Lastly, all sensors and actuators are connected to the 
Arduino board through a mini breadboard. The Arduino 

                                                   
1 Lynx B – Pan and Tilt Kit from http://www.lynxmotion.com 



  

board receives input from the digital compass to 
controls the rotations of the servos. 

Each sensor and actuator requires at least three wire 
connections, leading to a large number of wires. As a 
result, the wires become difficult to manage in a 
compact form. In addition, the rotation of the servos 
can cause the wires to tangle up. To resolve these 
problems, we plan to add a XBee module and a coin 
battery to each sensor and actuator. The XBee module 
provides wireless capability while the coin battery 
powers the system. Each XBee chip communicates to a 
central XBee receiver module attached to the Arduino 
board.  

 
Interaction 
For the current iteration without the GPS module, Navi 
uses the digital compass to indicate the direction of 
North to the user. While strolling down the street, the 
user holds Navi in one hand. As they make various 
turns towards their destination, Navi’s continuous 
rotation servo rotates to adjust its head such that it 
always points North. As a result, the user gets a sense 
of orientation within the space (see figure 2). 

 

 

figure 2. Navi’s compass interaction. 
(a) Navi is pointing North.  
(b) User makes a turn, causing Navi to no longer point North.  
(c) Navi rotates its head so that that it is pointing North again. 

 
Related Work 
Strachan et al. [1] suggest that traditional screen-
based techniques for mobile interactions are visually 
demanding and may not be suitable for ‘on the move’ 
interactions. Much work in alternative mobile navigation 
interactions has been focused on haptic feedbacks. 
Nagel et al. [2], Van Erp et al. [3], and Peilot et al. [4] 
used vibrotactile belts to indicate a direction cue to the 
user. Sokoler et al. [5] invented a haptic method where 
one of four pegs representing North, East, South and 
West is raised to provide a direction cue. Lin et al. [6] 
used tactons to generate rhythmic vibrations as 
navigational aids. Williamson et al [7] used vibrotactile 



  

feedback on the mobile phone to indicate direction of 
interest and proximity with other phones. 

The main difference between our work and others is 
that our work considers the device as a companion 
navigator that interacts with the user in a human-like 
approach, as opposed to a haptic approach. 

TrackMeNot 
We created TrackMeNot as a demonstration project to 
exlpore the possibilities of creating human experiences 
using the Navi system. 

 

figure 3. Navi disguised as an interactive toy for Making 
Things Interact final demos at CMU. 

The experience centers around an interactive toy that 
always keeps track of where the user is (see figure 3). 
No matter where the user spins the toy to, the toy 
would always spin back around to face the user. The 

only way to keep it away is to shine a light on its 
forehead. Only then does it get scared and scramble 
away. However, it would eventually come back if it 
does not see the light anymore. This simple interaction 
turns the toy into a believable creature that people can 
empathize with. 

HOW IT WORKS  
Underneath the cloth of the toy is Navi. By using a 
digital compass, Navi can loosely simulate face 
tracking. First, the user holds Navi in their hands and 
positions it such that the user and Navi are facing each 
other. Then, the user instructs Navi to record the 
current direction in which it is facing. Afterwards, Navi 
remembers the direction and will always return to it no 
matter how the user spins Navi around. This direction 
tracking creates the illusion that the toy is aware of 
where the user is. It loosely simulates face tracking 
without the need for computer vision. 

To implement the ‘shy away’ behavior, a photoresistor 
is added to the forehead of the toy so that it reacts to 
intense light (see figure 4). 

PRELIMINARY FINDINGS 
TrackMeNot creates an engaging experience that 
evoked many emotional reactions from its participants. 
During a school-wide demonstration session, five out of 
eight participants expressed surprise when the toy 
returned to face them every time they turned it away. 
All of the participants believed that the toy was able to 
track their location through face recognition. In 
addition, when they shined a light on the toy, the toy’s 
frantic reaction to get away strongly engaged the 
participants. One participant became protective of the 
toy by covering the photoresistor with their hand and 



  

expressing discontent when their friend continuously 
shined a light on it. 

 

figure 4. The toy shies away when a light is shined on its 
forehead. 

Future Work 
To make Navi into an effective navigator, a GPS module 
must be incorporated. Additional feedback mechanisms 
should also be explored. Strachan et al. [1] suggests 
that techniques that take more advantage of the users 
other senses (such as the audio or touch senses) are 
considered more appropriate for systems to be used 
whilst ‘on the move’. Ultimately, the solution should be 
tested by potential users 

To make Navi a more engaging experience, real-world 
metaphors can be used to turn Navi into a believable 
companion. For example, with a parrot metaphor, Navi 
can be mounted on the user’s shoulder while giving out 
audio directional cue. In addition, Navi can repeat the 
user’s speech from time to time to make Navi more 
believable as a pet parrot.
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