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Abstract 

The Back Seat Driver is a research prototype 
of a system to use speech synthesis as a naviga- 
tional aid for an automobile equipped with localiza- 
tion equipment. We are evaluating the user interface 
by field trials. As this is work in progress, this pa- 
per will primarily give an overview of the system and 
describe its components. Included will be discussion 
of the map database, route finding algorithm, repair 
strategies, and the discourse generator. 

With advances in navigation technology and automo- 
tive electronics[3,8] has come increasing interest in cars 
that  know where they are and can help you figure out 
how to reach your destination. Most prototype projects 
have used various forms of display to present this infor- 
mation, and not all of them have included route finding 
ability~2,5,7,10,12,13,14,15,18,20,21] For safety reasons, a 
display may not be particularly suited to this task, more- 
over there is some evidence that drivers do better following 
spoken directions than reading maps [19]. Our project, the 
Back Seat Driver, uses synthetic speech to give driving di- 
rections in real time. It plans a route, talks the driver 
through the route, and not only warns the driver when she 
has made an error, but also plans an alternate, corrective 
route. 

This paper is an overview describing work in progress. 
We hope to publish more detailed explanations of the var- 
ious portions a t  a later date. At the time of this writing 
(June, 1989) we have a working system on the road and are 
simultaneously conducting field trials and improving the 
direction giving ability and database. Although we do not 
aspire to prove that voice is better than graphics for direc- 
tion giving, we do aim to build an optimal system. Early 
results are very encouraging, suggesting that  speech may 
prove to be a powerful technology in automobiles of the 
future. 

Talking about Directions 

There are many factors which contribute to good route 
description by people, some of which our system only touches 
on. The problem is complex and simple solutions are not 
likely to produce comfortable interfaces. 

A good route is not simply the shortest, but is more 
likely to be a combination of the fastest and the easiest to 
follow. "Easiest to follown will, however, differ between di- 
rections given in advance and directions given in real time 
by a fellow passenger. Directions given in advance (as e.g. 
by [4], or the system at  Hertz rental counters) must be sim- 
ple, because the driver alone has the burden of interpreting 
and following the directions, and there is no help if the 
driver gets lost. When the direction giver is in the car it is 
practical to use minor streets or short cuts. 

Good directions take into account conceptual portions 
of a route, which make it easier of the driver to keep track 
of her location on a more global basis. These may include 
named neighborhoods, types of neighborhoods (business, 
residential, parks) and types of roads (expressways, park- 
ways, "mainn roads, twisty or narrow streets). 

By way of example, one of the authors was recently 
given directions at  a car rental counter in a city new to him. 
The agent a t  the counter said "As you leave the airport, 
keep bearing to the right. You'll go around the end of the 
runway and see signs for the Interstate north." The "com- 
puterized driving directions" printed a t  the counter de- 
scribed the same route as 5 separate segments, with mileages 
and names for each. Especially as it was night, the latter 
were almost impossible to follow, while the former had suc- 
cinctly captured the salient aspects of the route. 

When the directions are being given by a passenger, the 
real-time aspect becomes more important. Directions will 
be given just in time, taking into account vehicle speed, 
difficulty of the expected maneuver, driving styles, and 
road, weather, and traffic conditions. During long highway 
stretches with little need for description, the direction giver 
must maintain the driver's confidence. The passenger will 
also be watching for errors and trying to warn against them, 
again based on fine observations of the vehicle's speed and 
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direction. When a mistake is made, the passenger will tell 
the driver about it and together they will take corrective 
action (which is unlikely to be simply a sudden stop!). 

Project Goals 

The main goal of this project is to evaluate the util- 
ity of speech synthesis as the user interface to a real-time 
navigation system in an urban environment. Of particular 
concern is the discourse structure: 

how should driving acts be described? 

how can a description be generated from a route? 

how should timing considerations be applied? 

what kinds of feedback, both positive and negative, 
does the user require? 

what kinds of visual cues are most useful in describing 
an approaching location? 

This information is gained from both laboratory simula- 
tions and field trials. 

Our desire is to build the best possible real-time route 
describer. Although we believe a speech interface to the 
navigation unit is superior and safer than a visual interface, 
we do not plan to conduct direct comparison studies. 

In the course of field trials to evaluate and improve our 
automatic direction giving, we hope to specify key com- 
ponents of the map database. We expect discourse be- 
havior may need to vary with conditions (traffic, weather, 
daylnight). It is likely that different visual cues may be 
useful in these situations. All must be represented in the 
database. 

Geographic Database 

Our database covers 41 square miles in the Boston area, 
iricluding parts of Boston, Cambridge, Brookline, Somerville, 

and Watertown. It originated as a DIME (Dual Indepen- 
dent Map Encoding) file distributed by the United States 
Geological Survey[l]. A DIME file consists of a set of 
straight line segments, each with a name, a type, endpoints 
in longitude and latitude, and some additional information 
such as address numbers. Initially our database contained 
many errors. Correcting them required actually traveling 
most of the segments. 

A DIME file alone is not sufficient for finding routes. 
The DIME files indicate physical connectivity, but route 
finding requires legal connectivity, i.e., one can legally drive 
from one segment to the next (one way streets are a simple 
example). We extended the data base format to explicitly 

represent legal connectivity. Since some streets are bet- 
ter than others, the database must include a measures of 
quality. We take this to be a largely subjective measure of 
the ease of locating and following a street. This allows the 
route finder to prefer to use streets of higher quality. 

The generation of easily followed natural descriptions 
requires more extensions. We added a number of new seg- 
ment types to distinguish bridges, underpasses, tunnels, ro- 
taries, and access ramps. All these extensions were done for 
an earlier route finding project[4]. 

We are presently adding landmarks to the database. 
Drivers need landmarks to know how far to drive and when 
to turn. If the Back Seat Driver had eyes, it could sim- 
ply choose landmarks as needed by looking for them in the 
landscape. Being blind, it must rely on landmarks coded 
into the map database. We have added traffic lights,.stop 
signs, and some buildings to the portions of the landmark 
database. A main task now is to determine what else must 
be added. 

In addition to landmarks, other information is useful for 
providing assistance following a route. We found it very 
useful to add lane information, both number of lanes as 
well as any turn restrictions on lanes (e.g. left turn only). 
On short street segments, it is important to give lane advice 
( "After the tu rn  you'll want t o  get into the left hand lane. ") 
or else the driver may be unable to make the following turn. 
Lane warnings ( T t n y  out of the left turn lane.") are also 
important driving cues. 

An interesting problem arises at  complex intersections, 
typically a maze of ramps between major arteries, possi- 
bly at  different elevations (see figure 1). Such intersections 
are typically not accurately recorded in the map. Further- 
more, limitations in the resolution of the position tracking 
equipment make it difficult to distinguish one segment from 
another, especially as they are likely to diverge at narrow 
angles. The combination of uncertainties in the map and 
uncertainties in position make it difficult to give a clear 
spoken directions. Fortunately these intersections are usu- 
ally well signed, so the Back Seat Driver can give direc- 
tions by referring to the signs, e.g. "Follow the signs t o  
the ezpressways and airportn. The wording of these signs 
needs to be in the database. It is important that Back 
Seat Driver's understand what the sign says, not simply 
utter the words. There are two reasons for this. First, 
our internal representation for text is based on syntactic 
structure, not text strings. Second, the objects mentioned 
in the signs (cities and roads) should be entered into the 
discourse model. They should become salient for future ref- 
erence. This means that the text of a sign must be parsed, 
so that e.g. the sign text 'Tambridge, Somerville, and Stor- 
row Drive" should become a conjunction of the two cities 
"Cambridge" and "Somerville" and the street named "Stor- 
row Drive". 
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Figure 1: Access ramps a t  an interchange 

System 

Our vehicle is equipped with a localization unit built 
by NEC Home Electronics, Ltd., the project sponsor. It is 
a dead-reckoning position keeping system which uses speed 
and direction sensors. To compensate for error, it uses map 
matching on a map database stored on CD ROM. The sys- 
tem described more fully in [16,17] 

As this is a research prototype, much of the computa- 
tion is done in a base station computer laboratory (on a 
Symbolics Lisp Machine), rather than a computer on the 
vehicle. Two cellular telephones link the computer to the 
car. The on board navigational hardware transmits posi- 
tion and velocity via modem and cellular phone to the base 
station. The base station computer does all route planning 
and discourse generation. Speech synthesis is performed in 
a commercial text-to-speech synthesizer (Dectalk) cabled 
to the Lisp Machine. Synthesized instructions to the driver 
are relayed via the second cellular link and a speaker phone 
in the car. The keypad of the second phone also serves as 
the driver's control unit for the Back Seat Driver. Through 
this keypad a driver selects a destination, requests repeats 
of spoken information, and accesses other services of the 
Back Seat Driver. 

Routes 

The Back Seat Driver can find the shortest, fastest, or 
most easily followed route. Route finding uses an A* search 
algori thm[~l] .  Depending on the driver's preference, one of 
three cost metrics is used, The distance metric is simply the 
sum of the lengths of the segments which compose a route. 
The speed metric scales each distance by a factor dependent 
on street quality. In addition, penalties are incurred for 
turns (more for left turns than right), stop signs, and traffic 
lights (which may be red). The simplicity metric, following 
(61, seeks to minimize the number of turns by imposing a 
distance penalty for each turn. 

Discourse Strategies 

The instructions are detailed and natural, and include 
a rich taxonomy of driving verbs. The dialog system uses 
cues such as vehicle speed and difficulty of driving actions 
to attempt to deliver instructions at  the proper pace and 
in a timely manner. In addition, the system can anticipate 
some of the driver's possible mistakes and give warnings to 
avoid them. 

Describing a route requires going from a series of seg- 
ments (typically city blocks) in the database to a series of 
travel segments which will be separated by decision points. 
For example, going straight down a main street for fixe 

blocks will not be thought of by the driver as five separate 

acts, but rather one street traversal. A key piece of this 
analysis is that  the need to make a decision is based on 
knowledge of what is obvious. Drivers do not want to be 
nagged a t  each corner to continue straight, but when they 
come to a questionable fork in the road they do want to be 
told which way to proceed. 

If the driver does make a wrong turn, or misses a turn, 
the Back Seat Driver describes the error and then incre- 
mentally calculates a new route, rather than simply back- 
tracking to the point of the error. Route planning includes 
weighting for length of the trip, difficulty of driving maneu- 
vers (such as left turns against traffic), street quality, and 
complexity of the spoken directions. 

A block diagram of the system appears in figure 2. 

Lisp 
Machine 

Y I u I a r  1 'peech 
phone p h o n e H  Dectalk 

Figure 2: Communications block diagram 
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As opposed to much prior work in discourse generation, 
the Back Seat Driver is a real-time system which must fac- 
tor in a number of temporal considerations. It needs to 
give each stage in the directions at just the right point, in 
terms of the time it takes to execute the driving maneuver 
as well as the speed of the vehicle approaching the inter- 
section. For safety considerations, we would rather err on 
the side of giving the driver plenty of warning, but a cue 
given too far in advance may be miscued (e.g., a turn taken 
at an earlier intersection). Additionally, the software must 
consider the length of time it will take to recite an utter- 
ance. It is better to miss a turn and plan a new route than 
start describing the turn at a time when it may be unsafe 
to execute it (i.e., already well into an intersection). 

There are several reasons to give instructions before the 
act, if time permits. One is to allow the driver to hear the 
instructions several times, and the other is to allow time to 
prepare for some acts, e.g., turns from a multi-lane street. 
These advance notices are lower priority than the descrip- 
tion of the act itself, according to an internal set of system 
goals. Thus, they can be presented if there is adequate 
time, but will be ignored if the vehicle is approaching the 
next decision point too quickly. 

Reassuring 

While the driver is following a route, the system adopts 
a persistent goal of keeping the user reassured about her 
progress and the system's reliability. If Back Seat Driver 
were a human, this might be unnecessary, since the driver 
could see for herself whether the navigator was awake and 
attending to the road and driver. But the driver can not 
see the system, and so needs some periodic evidence that 
the system is still there. 

One piece of evidence is the safety warnings the system 
gives (e.g. "slow down" before a turn), but if all is going 
well, there will not be any. The system gives two other 
kinds of evidence that things are going well. First, when 
the user completes an action, the system acknowledges the 
driver's correct action, saying something like "nice workJJ or 
"good". This feature is very popular with most test drivers. 

The second form of evidence is to make insignificant re- 
marks about the roads nearby, the weather, and so on. If 
the driver assumes that the navigator is being cooperative, 
as set out in Grice's maxims of cooperative conversation 
[9], then the driver can infer that everything is going well, 
for otherwise the navigator would not speak of trivial mat- 
ters. It isn't clear, however, that one really wants a chatty 
speech synthesizer. Certainly this feature could be useful 
in a rented car in a new city, where it might actually have 
some interesting things to say. 

Summary 

The following is one of the more complex utterances of 
the Back Seat Driver to date. It summarizes many key 
points mentioned in this paper, and indicates the current 
state of operability of the discourse generator: 

Get in the left lane because you're going to take 
a left at the next set of lights. It's a complicated 
intersection because there are two streets on the 
left. You want the sharper of the two. It's also 
the better of them. After the turn, get into the 
right lane. 

The Back Seat Driver is already working in prototype 
form. Our present concerns are to determine what a spoken 

driving assistant should say, to understand how time and 
speed affect this decision, and to learn what features a map 
database must have to support generation of instructions. 
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