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Abstract. The number of people commuting by bicycle is constantly increasing,
while the ways of navigation for riders have potential safety hazards for they tend
to separate the rider from physical environment. We note that safety remains a
challenge, as interaction with a device in traffic will generally be less safe than
passive, stationary use. For navigation using a map while cycling in an urban
environment, we studied an solution: An arrow shaped beam would be projected
on the ground in front of the rider and the direction the arrow points at shows the
turning direction. (Figure 1). In addition to the conceptual description, we did a
user testing, and results showed that the system we designed is much safer, helpful
and which kept attention on the route. Every participant was able to reach an
unknown destination within an unexplored environment easily. Our findings will
be a good reference for designing navigation systems for bikes and even for cars,
helping cyclists and drivers be more attentive to their environment while navi‐
gating.
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1 Introduction

According to a recent report from the American National Highway Traffic Safety
Administration (NHTSA) [1], 17% of reported car crashes are caused by some sort of
driver distraction. Navigation systems are among the devices that cause these distrac‐
tions, and one solution is to apply holographic projection technique to its design. And
as a result of advocating a healthy lifestyle and reducing automobile exhaust emission,
the number of people commuting by bicycle is constantly increasing.

In addition to, the process of riding requiring a certain amount of concentration, the
rider also has to pay attention to the environment, making further actions potentially
dangerous. Despite this, the ways we acquire navigation information, especially when
maneuvering in transportation modes, are not convenient enough. One suggestion in
improvement is through a voice guided system, that needs us to hear out a string of
information including the name of the up-coming roads, the distance to them, and the
directions to turn. However, information delivered like this could be a cognition burden,
especially in busy periods or in a noisy environment. A more simpler suggestion was
that one could simply check the route information on the phone whilst stopped at a
crossroad, however yet again, the method poses potential safety hazards, as they tend
to separate the rider from the physical environment. Thus, a third suggestion is proposed,
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what if the environment could instead become a responsive part of the information
domain?

Fig. 1. Directions shown by smart flashlight

The prototype we will discuss in the following paper is one demonstration of the
idea above. This prototype is designed with bicycle riding in the evening in mind. We
have only utalized direction arrows from the map instead of the whole map as we could
simplify rider’s cognition. We then have the arrows projected on to the ground, and
would change according to the navigation app. Since we are supposed to wear use lights
on our bikes when we are riding in the evening to ensure safety, this prototype should
not be deemed as an extra burden for the riders. With our suggestion, we have conducted
some user surveys and investigations to testify some parameters refer to the prototype.

2 Related Work

2.1 Bicycle Dynamic

Bicycles and motorcycles are single track vehicles and the stability of them is related to
their self-stability and human-bicycle system. This self-stability is generated by a
combination of several effects that depend on the geometry, mass distribution and
forward speed, and the human-bicycle system refers to remaining upright whilst riding
- the rider must lean forward in order to maintain balance. This forward/backwards lean
is usually produced by momentary steering in the opposite direction, called counter
steering. Counter steering skills are usually acquired by motor learning and executed
via procedural memory. [2–4] In brief, cycling is one sport that needs constant concen‐
tration, and, since mobile devices are worn and used at almost all times, designing for
interaction in motion is necessary.
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2.2 Visual Angle

Similar to the research of Kaufmann and Ahlström [3], our study focused on comparing
map navigation using a smart-phone versus a portable projector. However, in our study,
we evaluated two alternative display types for map navigation during cycling and factors
affecting this task. One such visual-spatial factor was eye-to-digital information distance
(EI), which can be understood as the radius of a circle whose center is the cyclist’s face
and ends at the phone view or the projected view. In our study, the navigation information
was either visible at an arm’s length from the eyes of the cyclist or on the ground in front
of the them. Besides EI, another factor is normal-view-to-digital information distance
(NVI). There is thus a distance between the normal view and the information displayed
by the mobile and by the projection. For the rider, the normal view is ahead, towards
the road. The normal view is characterized by the field of view (FOV) and the line of
sight directed ahead. If digital information is presented outside of the FOV, the rider’s
head is required to move towards that information.

2.3 Prior Experiment

For in-vehicle systems such as radios and navigation systems, design recommendations
have been made by the American National Highway Traffic Safety Administration
(NHTSA 2010) and by the European Human Machine Interface Task Force (Godthelp
et al. 1998). According to these guidelines, primary task performance (i.e. driving),
should not be impaired by the secondary task. While operating a navigation system, the
driver has to be able to steer his car with at least one hand, have the ability to interrupt
the navigation task at any time, have clear view of the dis-play, and the driver’s main
focus should be on the road. As display design and driver’s focal point are inherently
related, these two recommendations have been tested as a separate entity in automobiles
(Broström et al. 2016). A similar system to the one demonstrated here used a bike-
mounted projector as an augmented headlight to display speedometer data1. Findings
from exploratory bike trips using handlebar-mounted smartphones reported that map
navigation is possible while cycling. It was reported that by not offering turn-by-turn
navigation, the bike rider could be more aware of the environment, but most cyclists
had to stop to read the map anyway, “since they found it too small” [5]. In a stationary
indoor study involving memorizing locations on a map, smartphone displays were
compared with handheld projectors. For that task and context, spatial memory improved
41% when using projectors [5]. We note that safety remains a challenge, as interaction
with a device in traffic will generally be less safe than passive, stationary use.

Automotive ergonomics state humans are comfortable with eye movements of 15°
above or below the line of sight, and can easily tilt their heads 30° upward or downward
[6]. These fields of view parameters are relevant to the. Research on car driver attention
and behaviour revealed how map system configuration (audio, visual, or audio-visual)
inside a car influences eye glance frequency [7].
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2.4 Similar Products

Actually, the design for riding navigation, has many excellent results to give us some
thoughts. For example, this Heilos Bars smart handlebar (Figs. 2, 3). You can see in the
picture that the LED lights used for navigation are flashing at the two ends of the handle
to indicate the direction, and the colour of the lamp can change with the speed. There is
also an LED lamp in the front for lighting the road. This product is not yet on the market,
so we are looking forward to its reflection. However, this way to get information is not
the way we are familiar with. That’s why we would like to use the indication arrows
that are consistent with the navigation app.

Fig. 2. Heilos Bars smart handlebar (Color
figure online)

Fig. 3. Heilos Bars smart handlebar (Color
figure online)

3 Prototype Design

To turn our prototype into a real product, the problem of the openness of map software
resources would be encountered, but the good news is that these resources are gradually
opening up in recent years. For example, Baidu Android navigation SDK provides a
simple and easy-to-use navigation service interface for Android mobile terminal appli‐
cations. As a result, developers can easily achieve accurate navigation function for
applications.

So here, we have designed a simulation experiment. The materials of the experiment
are the Arduino uno board, the servo motor, the Bluetooth module, a flashlight, and the
shading plate printed by the 3D. We send signals through the Bluetooth to the Arduino
board. Through the compiled program, the servo motor will control the shading plate to
rotate to the corresponding angle according to the signal, so that the arrow shaped beam
emitted by the flashlight through the shading plate will point to the right turning direction
at the right time (Fig. 4).
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Fig. 4. Prototype

4 Experiment

The international standard ISO 9241 defines product availability as follows: “specific
users when use a product for a specific target under the specific use scene feel the
effectiveness, efficiency and satisfaction.” [8] Effectiveness means that users can reach
their target. Efficiency means that users have no need to do idle work to achieve a goal
on the shortest path. Satisfaction means that there is no big problem in effectiveness and
efficiency. Also, it should be considered from the deeper levels. It doesn’t bring the
unpleasant experience to users.

Only to conform to the definition of ISO 9241 and satisfy the above-mentioned three
elements can it realize the product availability. In measuring problem seriousness, the
effectiveness problem should be firstly solved. Then, under the situation of allowable
time and costs, efficiency and satisfaction should be solved as much as possible. This
time, we tested the product availability and we used the product prototype for design.

Availability testing and in-depth interview are used as our testing method.

4.1 Participators

We recruited 7 participators in the campus (4 men and 3 women). The mean age of 7
participators was between 20 years old and 45 years old. The mean age was 29.1 years
old. Three of them are professors and the rest are all college students.

4.2 Props

We select a common bicycle as the experimental bicycle. We put the product prototype
on the flashlight support. The experimental route was constructed by Map application
program. The flashlight would display the route information on the ground, shown in
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Figs. 5, 6. The arrow shaped beam emitted by the flashlight through the shading plate
will point to the right turning direction at the right time.

Fig. 5. Forward sign Fig. 6. Left sign

4.3 Assignment

The experimental time was arranged in the evening. Volunteers who were invited were
required to arrive in another unknown place that they haven’t been there before from a
place. Volunteers must arrive at the assigned destination in line with the route direction
provided by the product prototype on the bicycle. Before the experiment, we would show
the rough position of the destination on the Map app first, but the specific direction and
riding route should be pointed out by the product prototype during the riding. In the
route selection, we designed a 1.6 km route, which includes 7 corners.

For safety reasons, we selected a route inside the university to do the experiment.
Before starting a task, users could adjust the angle of the flashlight. When volunteers
rode a bicycle, they received the navigation instruction to arrive at the destination as
riding a bicycle, hoping that they will realize their surroundings and use their visual
spatial function, instead of blindly following up with orders. Thereafter, they were asked
to complete a questionnaire and we subsequently conducted an interview, taking into
account their questionnaire answers. We used the collected data for an informal assess‐
ment of our prototype to incrementally adjust the system and the experiment.

The experiment also had two recorders. One person should observe the testing task
when users operated a product and recorded information on the experimental process
(distance, time and speed). Another one is supposed to perform an in-depth interview.

4.4 Measures and Analyses

Effectiveness. Measurement of task completion: we marked operational result of each
volunteer as failure, partial completion or all completions. In the route, including 7
corners in 1.6 km, the success rate of volunteers completing the turning operation in
each corner was calculated.
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Efficiency. Efficiency could be measured by time. We started to time when volunteers
took the task card and finished timing when volunteers announced that we have already
completed it. As calculating the efficiency of each task, we used users’ mean timing
divide by times of common users’ skillful riding. The larger numerical value is, the lower
efficiency will be.

Satisfaction. The satisfaction gets involved in the users’ subjective evaluation, thus it
should be collected through users’ self-evaluation scale. Here, we referred to the single-
item seven-point user experience measurement scale used by Jakob Nielsen [11]. [9]
The project took eight component scales (shown in Fig. 7), such as “complicated—
simple” and “traditional—novel”, which belong to 7-score system. Top four projects
stand for the practical product quality scale, and the last four projects represent the
enjoying quality scale. In the end, volunteers were asked their favorite one in the riding
navigation equipment used in the process, as well as whether our product concept could
help them a lot.

Fig. 7. User experience questionnaire [11]

5 Results

5.1 Effectiveness

Experimental results indicated that 7 volunteers could complete the task, but 2 of them
slightly paused in the experimental process at one complex intersection. They stopped
a little while because they were not sure of the direction which they need to turn to.

We also tried to use the flashlight under different environments to check the direc‐
tional readability of display. Only when there are vehicles with high beams passing by,
our navigation system would fail to be distinct on the ground.

5.2 Efficiency

We started to time from riding from start to finish of the task for volunteers. Baidu
navigation app showed it takes 7 min to finish the task on average. Through the navi‐
gation system, 7 respondents completed a task for 5.8 min averagely, which was much
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faster than the app suggested. The experiment indicated the flashlight projection scheme
had the higher efficiency for traditional users who directly used a mobile phone. In
interviewing users who used a mobile phone for navigation in the past, majorities of
them indicated that they had to stop their bicycle to check the mobile phone map, because
they couldn’t ride while operating a mobile phone. Stopping to operate a mobile phone
could reduce their riding efficiency and is also quite dangerous. The navigation form of
the flashlight projection could make them pay more attention to the surroundings, thus
they could greatly use their visual spatial function and improve the overall riding effi‐
ciency.

5.3 Satisfaction

On a whole, user experience questionnaire and interview results indicated that,
comparing to the existing form of navigation, our new scheme was more attractive,
stimulating, high-efficient and novel. (Table 1) All volunteers could arrive in the desti‐
nation in line with the direction projected by flashlight. In addition they also showed
that this design could make them pay more attention to surrounding environment. Users
had the higher satisfaction for our flashlight navigation system.

Table 1. User experience questionnaire [11]

Pragmatic quality Hedonic quality
Supportive Easy Efficient Clear Exiting Interesting Inventive Leading edge

Mean 2.3 1.0 2.3 2.6 2.1 2.0 2.4 2.3
Variance 0.6 2.3 0.2 0.3 0.5 0.7 0.6 0.9

Notes: For the user experience scales average values per scale are shown. All scales have a range from −3 to +3.

5.4 Improvement

Some volunteers suggested that our navigation system could be made as a part of the
bicycle, instead of an extra flashlight installed on the bicycle. In this way, it can reduce
users’ trouble in carrying the flashlight when going out. They also noted that in addition
to the direction, more road information should be added, such as danger and the sketch
of a complex intersection to show more clearly of the exact road we should turn on.

6 Conclusion and Future Work

In this paper, we have discussed a navigation system that improves the traditional navi‐
gation scheme, and have tested it. The prototype might be insufficiently elaborated,
however the testing results were unexpectedly satisfactory. All testers indicated that this
was a very effective navigation mode. In future research, a larger focus on artificial
engineering study will be added, such as the relationship between bright degree and
identification of projection lamps, placement angle of projection lamps and projection
information contents, and so on. At present, holographic laser projections have already
been used for the brand-new navigation mode of automobile design. This might be
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similar to the prototype that we discussed. It is therefore possible to realize safer navi‐
gation modes through the vehicle design like bicycles.
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