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Abstract: Driving is an information processing activity. In the process of driving, the driver constantly obtains and processes
information from various sensory channels to make decisions and take appropriate actions to control vehicle movement. This
paper will discuss four parts: sensory, cognition, decision making and automation.

1. Sensory Senses

1.1. Visual

1.1.1. Vision

The ability of the eye to distinguish objects is called vision,
which is divided into static vision and moving vision. Static
vision is the driver's vision when he is still, and dynamic
vision is the driver's vision when the car is moving. When
people with normal vision observe distant objects, their
dynamic vision decreases rapidly with the increase of speed.
For example, when the vehicle speed is 60km/h, they can see
the traffic sign at 240m.When the vehicle speed is 80km/h, it
can only see the traffic sign at 160m.In addition, according to
NHTSA2010-0053, drivers should not take their eyes off the
road in front of them for too long. Two seconds is the
recognized safe time limit.

1.1.2. Visual Field

The visual field refers to the range that can be seen on both
sides of the fixation point when the two eyes gaze at a certain
target. The size of the visual field is related to the speed of the
vehicle. With the increase of the speed, the driver's visual field
becomes significantly narrower. For example, when the
vehicle speed is 40km/h, the visual field is 90° ~ 100°;When
the vehicle speed is 80km/h, the field of view is 60°.Useful
Field of View (UFOV) refers to the interval diameter of
continuous eye movement between different fixation centers.
Within this range of View, all existing targets can be seen.
UFOV has been shown to be associated with the risk of
vehicle collision, obstacle collision and propensity to fall.

94°~104°

\

Left Eye I‘u‘
Boundary I‘.‘
\

1

| Monocular

"‘I visual field
\

Colour discrimination
of the visual field
\  Optimal eye rotation
| field of view
‘ 0°
Standard Line of Sight

° Right eye vision

Figure 1. Visual field of human eye
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1.1.3. Color

People's recognition and feeling of different colors is called
color sense. People have different reactions to different colors,
for example, red light visibility is high, strong stimulation,
make people alert; The highest brightness of yellow light,
reflected light intensity is the largest, easy to arouse people's
attention; Green light is relatively soft, giving people a sense
of calm and security. Therefore, traffic engineering will use
red light as a no-traffic signal, yellow light as a warning signal,
and green light as a traffic signal.
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Figure 2. Visual specification of Baidu Internet of Vehicles

1.2. The Hearing

When the human driver's visual channel is occupied,
auditory interaction is good at waking up and directing the
driver's attention. The types of sound symbols can be divided
into simple sounds, ear markers, symbolic sounds and speech
information.

Simple sounds can attract the driver's attention, and their
combination with visual communication can shorten the
driver's reaction time. Ear subscripts are suitable for
conveying suggestive information and can be used in less
dangerous scenes. Simple sounds and ear subscripts need to
be learned in advance by the driver, otherwise they may lead
to wrong responses.

Symbolic sounds have contextual meaning and can
promote drivers' understanding of unexpected situations, but
they are highly intrusive and less friendly. The voice
information carried by the voice message will lead to slow
response speed, but with the improvement of vehicle
intelligence, the voice message can meet the high demand for
information detail transmission.



Figure 3. Xiaopeng car voice assistant Xiao P

1.3. The Sense of Touch

In the car, most of the operation, information input and so
on before the full popularity of voice interaction, are done by
hand. The design of many keys on the car is also to facilitate
the driver to "blind operation" : without eyes to see, just touch
the hand can complete the input of information. At present,
with the trend of large-screen intelligent cockpit, many
manufacturers are adding tactile click feedback to touch
screens.

In addition, as a warning, compared with visual and
auditory prompts, some studies have shown that visual
prompts are the least intrusive, while tactile prompts are more
intrusive. Therefore, in very urgent driving scenarios, tactile
cues can be used to maximize the alertness of drivers.

2. Cognition
2.1. Attention 1.

Driver attention is a critical factor in safe driving. A new
concept, Area of Interest (AOI), is needed in visual attention.
AOI refers to an external physical area in which people can
find information relevant to the corresponding task. The
distance between two AOIs determines the amount of visual
Effort, which is called Information Access Effort (IAE).In the
actual driving scene, the advantage of the head-up display
HUD is to shorten the distance between the road AOI and the
center control screen AOIL.
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Figure 4. AR-HUD

Our vision wusually has two parallel processes:
automatically grouping similar content in the external
environment and using selective attention to pick out the
information we want to focus on. Therefore, when presenting
information, it is important to combine relevant information
organically for more effective visual search.
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Figure 5. Gestalt Principle

The perception of sound is governed by two types of
attention: one is differentiated attention, such as when a
person hears different sounds at the same time; And selective
attention, such as when we focus our attention on a certain
sound. People generally distinguish (recognize) sounds by
several different sound elements, including syllable, pitch,
timbre, spatial location, and timing. The sound design in the
cockpit should clearly distinguish primary and secondary
information for the driver.
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Figure 6. Nextev 5.1 speaker configuration



2.2. The Memory

Your memory can be divided into working memory and
long-term memory. Working memory is a kind of active
memory that is temporary and used to store new information,
and it requires a lot of attention. Long-term memory is when
we store knowledge about the world and how we do things
for long periods of time. Working memory is even more
important when it comes to safe driving.
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In working memory, verbal information is stored in words
and speech; Spatial information is stored in the form of sound
spatial localization and images. When a short text information
needs to be conveyed to the driver, the best way is through
speech, so that the information will not be lost in the auditory
sense when the information is received. The time of sound
retention in the auditory sense is 3~ 4S, which is longer than
that of visual retention. But if it is a longer message, then it
can stay longer in the way of text writing, or repeat the speech
information.
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How many items a person can remember simultaneously is
also related to the amount of time each item takes up. Never
design to require the user to remember more than five
numbers or letters at a time.

2.3. Work Load

Workload, "Workload," refers to the amount of work the
human body can handle per unit of time. Driving workload
refers to the driver's information processing ability under the
influence of road, traffic and environment, and more
importantly, it refers to the driver's psychological load.

For a skilled driver, highway driving is a scene that he is
comfortable with, in which he has excess psychological
resources to complete other tasks, such as making phone calls
and operating the vehicle-machine interface. However, if
there is an accident or road construction ahead and he needs
to change lanes or drive off the highway, the demands on his
mental load will reach a critical point. At this time, if there is
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a call, the driver may not answer.

Order the following variables according to the influence on workload:

Mental
demand

Physical
demand

Temporal

demand Effort

Performance | Frustration

Evaluate these variables during the monitoring of mission:

Metal demand:

2720 N O O O O B O M 72
Physical demand:

20 O O O O O A A O 2
Temporal demand:

Low [ TT T T TTTTTTTTT T T T T T T [Highf
Effort:

fow [ T T T TTTTTTTTTTTTT T T T [wigh]
Performance:

(ood T T T T T TTTTTTTTTT T T T T [eoorf
Frustration:

low [ T T T T T T T T T T TTT T TT T T T [Hih

Figure 7. Nasa-tlx Workload Scale

3. Decision Making
3.1. SRK Behavioral theory

Skills-rule-knowledge based behavioral models (which
classify people's work into three different levels according to
the complexity of their cognitive engagement. Skill-based
Behavior (SBB) operations are very skilled, almost
subconscious operations, which can also be called instinctive
operations.

For example, an old driver can drive a vehicle proficiently,
and the eyes, hands and feet cooperate well. The
corresponding interface is mostly state-type interface, such as
the safety state and speed of the vehicle. Rule-based Behavior
(RBB) operations that operate according to various rules,
such as maintaining lanes and obeying traffic laws, belong to
this type of operations. Guided interfaces can be used, such as
driving prompts and the status of collision times.

Knowledge-based Behavior (KBB) operation, facing
relatively complex problems, need a lot of Knowledge,
analysis and judgment. In interface design, it is necessary to
provide as much useful information as possible to assist the
driver's thinking.
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3.2. Situational Awareness

Situational Awareness (SA) is when the driver is aware of
what is happening around him, understands the significance
of relevant information, and what that information means for
the future.

Situational awareness is divided into three stages:
perception, understanding, and anticipation. The perception
stage can provide basic information about the current state,
goal, intention and plan to the driver. The understanding stage
should reveal the reasoning process and the constraints and
options considered. In the prediction stage, the driver is



provided with information about his prediction of the future
state, the consequences of the prediction, and the likelihood
of success or failure.
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4. Automation Automation

4.1. A distraction

Driving distraction is when the driver's attention is diverted
from safe driving activities to other competitive activities,
which can easily occur under assisted driving conditions.

When the level of automation is L3, the driver does not
need to supervise the road situation, and the driver can
participate in some non-driving sub-tasks, such as chatting on
the mobile phone, watching videos, etc.This will reduce the
situational awareness of drivers, and they need to understand
the current situation before they can take countermeasures,
which leads to a long time to take over and a decline in
decision-making ability, a great challenge to the safety of
driving, and a loss of trust in the automation system and a
poor sense of autonomous driving experience.

When designing take-over behavior in the context of
autonomous driving, designers need to focus on the situation
when the driver is not in the out-of-the-loop driving.

=~/

Figure 9. Three stages of situational awareness
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Figure 10. Autopilot assistance system takes over cue

4.2. Division of 2.

Automated systems need to define their divisions of labor
in their interactions with people. What tasks can be done by
people and what tasks can be done by the system. If the
information processing and decision-making processes of
automated systems are not communicated with people, people
will be in the dark, scratching their heads. Therefore, the
feedback design of automated systems is very important.

In addition, the division of labor can be between road users.
With the development of vehicle-to-vehicle (V2V)
communication technology, it is possible to understand each
other's intentions through Vehicle communication. For
example, when ramps merge, they can connect and avoid each
other better.
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4.3. Trust

In automated human-computer interaction, "trust" is
important. There are three relative relationships: appropriate
trust, insufficient trust and excessive trust. Appropriate trust
refers to that the subjective trust level of the driver is
consistent with the objective trust level of the system. Under-
trust refers to that the subjective trust level of the driver is
lower than the objective trust level of the system. Over-trust
usually means that the driver overestimates the ability of the
autopilot system and abuses the automation function.

Figure 11. Zhiji car confidence signal

4.4. Acceptance

Acceptance is a lower level factor than trust. Trust is built
on acceptance. Acceptance refers to people's willingness to
use new information technology. Specifically, it can be
understood in terms of usefulness and ease of use. Usefulness
is a measure of how useful the driver is to the automated
system, while ease of use is how easy the driver thinks the
automated system is to use. One of the ways to increase
acceptance can be achieved through anthropomorphic and
emotional appearance features to provide natural and
emotional interaction feelings.

Figure 12. NOMI, NIO's voice assistant
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The Summary

Intelligent cockpit provides abundant functions and

convenient operation for drivers and passengers. It is very
important to understand the underlying human factors. The
influence of human factors is always implied in the design of
automobile HMI.
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