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MULTI-CHANNEL IN-VEHICLE INTERACTION
DESIGN UNDER L2-L3

- FOR DRIVER’S BLIND-SPOT DETECTION
ENHANCEMENT

ABSTRACT

It’s a well-recognized truth that vehicles are getting smarter in the future. This includes
communication technology (V2V, V2X), active safety and driving assistance, and autonomous
driving. Vehicle, as an important role in IOT (internet of things), has revealed its value as an
expansion of living and working space. The demand for in vehicle multi-task has been increasing.
Yet driving is an activity demanding high attention, thus, many countries have strict ban on phone
using while driving. In addition, the realization of fully autonomous driving is still far away from
us, which lie on the sophisticated algorithm and big data, the infrastructure construction of V2V
and V2X communication, and establishment of new law and insurance policy. Therefore, in the
coming decade, cars that belong to autonomy section level2 to level3 will be majority driving on
the road, instead of fully autonomous vehicles. This paper focuses on the most possible traffic
accidents and most demanding driving assistance technology, and base on which carries out interior
HMI design with the principle of recognition and multi-channel interaction technology. The design
aims at providing intuitive and low cognitive cost interaction, thus enhancing the driver’s detection

of outer environment, and to avoid potential accidents.

Key words: multi-channel interaction design, active safety and driving assistance, in-vehicle

interaction design, interior design
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float d = distSq(rl, gl, bl, r2, g2, b2):
float distSq(float x1, float yl, float zl, float x2, float y2, float z2) {
float d = (x2-x1)*(x2-x1) + (y2-y1)*(y2-yl) +(z22-21)*(z2-z1);
return d;

}

B, KIS RENGR R SETAL A6, HRRRAEELNBR RO RA,
R AR B — N E T B AR, ARMERAG L BT s IR B R DL B B B,
threshold = 50;
if (d > threshold¥threshold) {

avgX += x;
avgY += y;
count+t;
color(255) ;

pixels[loc]
} else {
pixels[loc] = color(0);
}
F=, WWEASR N A AR S IE, SRS SRR G, NG E] T
BRI BARNE, BIA yArduinof tHAH RN 454
if (count > 200) {
motionX = avgX / count;

motionY = avgY / count;

lerpX = lerp(lerpX, motionX, 0.1);

lerpY = lerp(lerpY, motionY, 0.001);

£i11(100, 200, 255);
strokeWeight (2. 0) ;

stroke (0) ;

ellipse(lerpX, lerpY, 36, 36);

FEIXH, I 2 — MRE, YRR ISR R Boririd ik (&
3.14.1, 3. 1.4.2) o R BIPE PIANLEDAT BREEREAEArduinobi I, #%523K HProcessing
WAL EE S . @ X PR E T LA H, S TR sl m A M, e ) o 5 S 7%
3, FMPILEDT 7i2, BahBAMET, A MELEDT . R, Zikkisir 7
Processing 5Arduinof BB AT 4714 .
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MULTI-CHANNEL IN- VEHICLE INTERACTION
DESIGN FOR DETECTION ENHANCEMENT

To enhance driver’s detection of outer-vehicle environment is one of the main
topics of driving assistance and active safety technology of vehicle industry. The
multi-channel interaction works with feedback from several dimensions (mainly
visual and auditory channels), thus enable the driver gat a more intuitive and accurate
perception of the outside world, without being distracted from driving, and also free
from additional cognition burden. The system focuses on mainly blind spot around the
rear of a car, containing also the sides and the front. Under different circumstances the
system will send out different signals or warnings, either weak or strong.

Demand

Statistic shows that every year, around 500000 traffic accidents globally, are
caused directly or indirectly by the influence and ignorance of blind spot. In each
passenger car, about one sixth of the driver’s vision is blocked by either a pillar or a
seat or another passenger. And that’s the blind spot just for cars, not to mention larger
vehicle like a SUV, a van or even a truck. Another survey on most desired driving
assistance technology indicates that up to 42% users tend to expect for blind spot
detection other than even front crash alarm.

80 percent information attained by the driver is visual feedback. With car
technology developing so rapidly that cars are getting more quiet inside, one can
barely hear anything from the outside, making visual sense way more crucial.

Multi-channel interaction

Unfortunately, one man can only focus his attention on a relatively small area
where his eyes are focusing. Other areas out of focus are ignored by the brain unless
there’s something pops up in a sudden, like something flashing or really shiny,
distinguished significantly from the background. Then it may arouse the attention’s
transfer from previous view to the flashy or shiny object. And so does hearing sense.
One sudden signal of sound may arouse the prior attention, like a scaring scream.

However, information processing from multi-channel is what we human
evaluated for hundreds of millions of years. We watch, hear, smell, touch and taste, to
attain what we want to know about, either a hidden potential enemy or prey to be
hunted. To detect, seeing and hearing collect most of the information that we need.
Visual sense help us to get an idea of our surroundings. Sound, despite the
background noise ignored for most of the cases, is being collected 24 by 7, 360
degrees around us, helping us to be alarmed by something approaching from outside
our sight, locate them and escape. While we don’t have that many enemies, but still
we can follow the sound, turn and look for the sound source, and figure out what is it
that interests us.
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We are so used to this multi-channel information processing that we may find it
so confusions or weak when we lose either eyes or ears. This is instinct programmed
in our gene, helping us escape from danger.

Design

My design, is an application of such instinct. Two channels, visual and auditory,
sending out signals or warning under different circumstances, giving the driver a
much more instinctive and precise knowledge of outside world. And also the system
can judge for the driver if he can change lane.

The design is based on a whole set of interior design. Visual signals are sent by
the LED strip around the inside cabin. The strip starts from the driver’s front, the
steering wheel, then extend both side, through the dashboard, all the way to the driver
and parallel passenger’s body side. The strip can either be atmosphere light or alarm
light. Unlike the classical Doppler red-blue graph, the strip shows only one color a
time, fade-in and fade-out, considering the color-blind user who cannot distinguish
certain colors. Also, not to confuse to the driving with meaning of each color, whether
the object is approaching or departing.

Sound signals are sent from the stereo speaker installed inside headrest. Being
stereo speaker means processed sound from outside world can be transmitted to the
driver with the dimension of location, indicating where the sound source is. Also,
such speaker can also be used as private music player or phone which keeps the
driver’s privacy yet not disturbing other occupants. Additionally, the parallel
passenger seat has a set of stereo speakers as well.

Interaction structure

Interaction structure is set according to driving scenario. Main situations are
following three: normal driving, preparing to change lane, and getting too close to
another vehicle.

Under normal driving mode, the driver will not change lane. He may only drive
in his own lane, following the previous car or just cruising under a pre-set speed. The
system tends not to disturb the driver. It will gently indicate the passing car with LED
strip only on the side. The driver may realize that there’s something approaching or
passing by, or may not. It depends. It just kindly shines there. The speaker signal can
be turned off manually by the driver if he wants to enjoy the Hi-Fi music while
cruising along the highway.

When the driver turns on turning signals, the system turns into “preparing to
change lane” mode, which means sensors and alarm signal getting more sensitive.
When another car is approaching, the system will come to calculate the motion of it.
When the other car comes to a certain distance, the LED strip is lighted first,
indicating driver that someone is approaching, and speaker will play sound from the
direction of sound source. If the other car slows down and give way as the system
detects, the system will remain current condition, telling the driver to turn or change
lane carefully. If the other car insists on passing, the system will immediately send
strong alarm to the driver, including all the LED strip on this side shining and speaker
on this side beeping, stopping the driver from further turning until the driver turn off
the turning signal.
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The third situation is often seen when the driver is distracted from something
outside or nearly falling asleep when he barely has control of the vehicle, and the
vehicle slides away. When it’s about to crash into another car, the system will send
strong alarm on this side telling the driver there’s danger of getting too close to each
other and crash.

Interactive prototype

This prototype includes two parts. One is a one fourth scale modal, another is
modal of multiple sensors.

The modal is made in the modeling software, made sketches and PS rendering
erected from paper. Considering that there will be bunches of wires and LED bulbs
inside, I didn’t just finish the look of the interior, but also modeled the structure
inside. This saved a lot of time when I communicated with engineers from the model
workshop. He followed my design and didn’t made too much change on the structure
where wires and LED bulbs are placed.

Another part, the electrics, is the essence of the whole interactive prototype demo.
The electrics is composed of two parts as well: sensors, which do the input work;
LED bulbs and a speaker, the output part. Sensors contains a camera, an ultra-red RC
receiver and an ultra-sonic distance sensor. The camera is in charge of motion
detection and tracking. The camera uploads real-time video to Processing (a software
for visual art). Processing will compare each frame from the video and track the
different pixels, which is the moving object. Ultra-sonic distance sensor is in charge
of setting the working area. When a visitor walks into the working area, the whole
system will then respond. RC receiver receive signal from the controller and switch
modes. All the sensors and output electrics are connected to Arduino UNO board,
where the calculation happens and output signals are sent.

How to play with the modal

A visitor is supposed to be a car on the nearby lane. When the visitor walks into
the detecting area, which is set by the ultra-sonic distance sensor, relatively a pretty
close position to the vehicle, the system starts. The default mode is normal driving
mode, under which the LED bulbs follow the visitor gently. Visitor can switch mode
by pressing any button on the remote controller. When it comes to the second mode,
system gets more sensitive. When the visitor passes a certain position, as if the other
car doesn’t slow down and insists on taking over, the system alarms hard, with all the
LED bulbs shining, and speaker beeping.

Conclusion

The design is an interaction of both inside and outside the car. It is based on the
knowledge of mainly interaction design, also joined with driving safety principle,
human cognitive principles. From further interview with drivers, the design is
considered as a meaningful innovation on vehicle safety issue.

2 29 J O3t 29

=



