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Prefatory Note

“High-quality Feel Engineering” supporting
Nissan Intellgent Mobility

Kinichi Tanuma
Corporate Vice President

Previously, I lived in the United Kingdom for about four years while I was assigned to Nissan
Technical Center Europe, the company’s development center in Europe. Partly because of the close
distance to London, the capital, I often went there with my family on weekends and at other times. On
those occasions, I had a chance to see traditional luxury brand cars such as Rolls-Royce or Aston Martin
vehicles. Their interior trim made abundant use of what was probably hand-crafted wood grain and
wrapped real leather, and they were carefully maintained, so I was fascinated looking at them. However,
such vehicles were limited to certain people, and in fact I felt that they were different from the products
we were aiming for as a full-line OEM.

In coming in contact with a vehicle, what is it that customers feel its excellence as a product? There
may be customers who are especially particular about cool styling, some legendary power unit or crazy
about acceleration performance. However, I wonder if the vast majority of ordinary customers don’t
perceive the excellence of a vehicle during everyday use in terms of being well made. For example, the
feel of operating the door handle to open the door, the feel of a comfortable grip on the steering wheel, or
the pleasant sound heard when operating something, which should not be noise! I think the accumulation
of such everyday experiences is what gives customers the impression that they own an excellent, well-
built vehicle.

The automotive industry is now undergoing a period of transformation that is coming to be
characterized by the acronym CASE, which stands for connected, autonomous, shared and electric. In
this regard, at Nissan we are moving ahead with the development of distinctive products for the future
under a program called Nissan Intelligent Mobility (NIM), which includes autonomous driving and
electrification. In particular, we have put on the market our ProPILOT 2.0 driver assistance technology,
which is introduced in this issue and is featured on the new Skyline, and already the second generation of
the Nissan LEAF electric vehicle, among other products. However, even in that case, the well-made feel
that customers perceive in their everyday lives is one area where we must continue to provide value to our
customers, especially in this age when emerging-market brands are beginning to come to the forefront.

At Nissan, we are continuing to research and develop “High-quality Feel Engineering,” which we have
defined as ones for assessing and improving the impression of being well made. The special feature in this
issue introduces specific examples of the results of these efforts. The technologies supporting a pleasing
operational feel and a comfortable grip are definitely not ostentatious things, but they will gradually
convey their value to customers during everyday use. Previously, some target values were determined by
the sensibilities of the engineers in charge, but now we can evaluate and judge targets objectively by
treating people scientifically. Those criteria are deployed in every development project. We hope that

customers will feel the results of our work whenever they come in contact with Nissan vehicles.
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1. Introduction

At Nissan, we develop our products to enable
customers to feel joy in every interface with their Nissan
vehicles through built-in excellence for a high-quality/
high-class impression and thoughtful execution exceeding
their expectations. Based on our approach of analyzing
people scientifically, which is the fundamental principle of
Life On Board (LOB), we incorporate in our technology
indicators “thoughtful, high-quality feel engineering” that
people can perceive with their five senses. In this way, we
define human sensibilities, which tend to be qualitative and
ambiguous, in terms of technology and execute element
designs accordingly.

These activities are clearly differentiated from
ones aimed at eliminating customers’ dissatisfaction and
product defects. The objective of these efforts is to enable
customers to feel joy and excitement when they see, touch,
operate and use Nissan products (Fig. 1). This special
feature explains our approach to thoughtful, high-quality
feel engineering and introduces five specific activities.

2. Technology and Market Trends

The environment surrounding the automotive
industry has been changing rapidly in recent years. In
addition to the emergence of new competitors and intense
competition in the areas of CASE, which stands for
connected, autonomous, shared and electric, customers’
values and the value of ownership are changing toward
the value of User Experience (UX).

Amid this environment, we aim to provide
thoughtful, high-quality feel engineering that exceeds
customers’ expectations and that they experience every
day when they see, touch, operate and use our vehicles.
We believe that by endowing all Nissan vehicles with this
consistency, we can markedly enhance the value of our
products.

3. Definition of Thoughtful, High-quality Feel
Engineering

We define thoughtful, high-quality feel engineering
as built-in excellence for a high-quality/high-class impression
and thoughtful execution exceeding customers’ expectations.

3 NISSAN TECHNICAL REVIEW No. 86 (2020-3)
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This is experienced in the course of approaching a Nissan
vehicle, getting in, driving and until getting out (Fig. 2).
We have established related design criteria and technical
solutions and are incorporating them into our new models
in turn (Fig. 3).

4. Technologies Introduced in This Special Feature

The following activities are introduced here as
some examples of the results of our efforts to embody our
vehicles with thoughtful, high-quality feel engineering.

(1) Approach to incorporating thoughtful, high-quality
feel engineering

The approach described involves applying technical
function deployment to thoughtful, high-quality feel
engineering that is perceived visually, tactilely, audibly
and by bodily sensations as a result of analyzing people
scientifically. Target values are defined for substitute
characteristics perceived as thoughtful, high-quality feel
engineering and are embodied in product designs.

(2) Interior lighting for thoughtful, high-quality feel
engineering

The improvement of interior lighting, lighting
methods, functionally illuminated places and unified light
colors are described for enhancing functional value by
making the shapes of objects clearly understandable based
on analyses of occupants’ behavior.

(3) Comfortable feeling and touch for door handle and pull
cup

The approach described is applied to establish
shapes for the door handle and pull cup that are easy
for the fingers to grasp, comfortable to grip and allow
uniform application of pressure based on analyses of the
characteristics of the hand when gripping something.

(4) Door closing sound for thoughtful, high-quality feel
engineering

The approach described is applied to obtain a
door closing sound with an impressive feeling and good
convergence based on frequency analysis. This involves
developing a door structure for increasing sound in the

Al

2014 2015 2016 2017

Cumulative number of
solutions developed

2018 2019 (planned)

X-3 EmEZEHEILLCEMY Y 1—Y 3 VOREH
Fig. 3 Cumulative number of high-quality feel solutions
developed
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low-frequency region and a door latch structure for
reducing sound in the high-frequency region.
(5) Comfortable feeling and touch for leather-covered
steering wheel

The approach described is applied to develop the
vertical width, lateral width and angle R shape of the grip
cross section for ensuring gripping ease and distributing
pressure by providing a large contact area with the palms
of the hands. It is also used to develop the wheel cover
with a wrinkle depth and coating thickness that provide
suitable combinations of firmness/softness, dryness/
moistness and roughness/smoothness, making it highly
comfortable to touch.
(6) High-quality switch operation feeling

The approach described is applied to develop push
switches, lever combination switches, rotary switches,
paddle switches and push-pull switches. This involves
defining the operation characteristic for imparting an
impression of thoughtful, high-quality feel engineering
through the click feeling, response, solid feeling and
smoothness of each type of switch when operated.

5. Conclusion

These activities for incorporating thoughtful, high-
quality feel engineering into our products are continuing
to evolve with the aim of creating vehicles that astonish
and excite customers. Based on our principal of analyzing
people scientifically, we will continue to develop products
that appeal to the five senses in new areas of technology
accompanying the evolution of design and functionality.

5 NISSAN TECHNICAL REVIEW No. 86 (2020-3)
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Summary Nissan has been working to develop products with thoughtful, high-quality feel
engineering so customers can recognize built-in excellence with a high-quality/high-class feel and well-
considered execution exceeding their expectations. This can be experienced in all situations, including
approaching a Nissan vehicle, getting in, driving and until getting out. By analyzing people scientifically,
we define how customers perceive high quality visually, tactilely, audibly and by bodily sensations.
Subjective evaluations are conducted with test vehicles and prototype samples, and targets are
established for thoughtful, high-quality feel engineering. The target values are then incorporated in
product designs and engineering solutions are developed to attain them. This article describes our
approach to thoughtful, high-quality feel engineering and some specific examples are explained in latter
articles.

Key words : Human Engineering, Research & Development, high quality, interior, exterior, five

senses
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1. Introduction

Not only Japanese, American and European
automakers but also local Chinese automakers and other
companies have dramatically improved the customer
appeal of their products at competitive prices. This
includes the improvement and expansion of advanced
equipment features and the provision of attractive
decorative trim. In this environment, all automakers are
striving vigorously to enhance the appeal of their products
by building in added value. This article describes Nissan’s
approach to thoughtful, high-quality feel engineering.

2. Nissan’s Approach to Thoughtful, High-quality
Feel Engineering

2.1 Defining activity themes

The first task was to ascertain the total number
of activity themes to be addressed. We identified activity
themes by extracting the places and parts where
customers can perceive thoughtful, high-quality feel
engineering visually, tactilely, audibly or by bodily

fepr —

*Nissan 45 L5 BA38#B, Nissan Product Development Department No. 2 ** P43 4f7 B 388, Interior and Exterior Engineering
Department ** 7% A% <% —/37 3 — < v A &HEFEERFEL  Customer Performance and Vehicle Test Engineering Department
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sensations as a result of looking at or operating them
or driving the vehicle (Fig. 1). This encompassed all
situations from approaching the vehicle until exiting it,
including opening the door, entering, preparing to drive,
taking out/putting away things, operating equipment,
driving and spending time in the interior. The parts
identified included the headlamps, instrument panel and
the steering wheel, representing exterior and interior
trim parts and a driving system part. These are all parts
that customers either look at or operate. Figure 2 shows
examples of extracted interior parts for activity themes and
related situations.

Looking at/approaching a car

= A PR FEAT R
Situation Exterior parts Interior parts | Driving system parts
SR D & LD HES5<

F7 &P, EEICEYEY 55
Opening the door and getting in/out

EHLANT S
Taking out/putting away things

RO E T D

Preparing for driving

e 2

Operating equipment

HPY T I

Spending time in the interior

R D
Driving
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high-quality feel engineering perceived
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Fig. 1 Matrix of situations and parts for thoughtful, high-quality feel engineering
P,
Interior parts
b Ny
N b = N
~ N S
" - . . S INE|~5128] v |N=lr
- g X N S5 [2E[xE|ITE | Bl 2| xAl) 5
g e DA N PP Y PP | NI BNy §§1mTfn“;m°{\§vzm—§ S
=X ~oINglIg|NEledmE|lL 8y 8|l+g g2l  E|CEIXERTIX S |=T|E g
N2 | SlX BN 2|7 BlE o= 2N e|g 5| B '1,9\v~—'”’—~5\_ﬁ\_?-8\C\(%qm<ﬂm:a
N S » S IO g2le2(d 5| E ‘] EINSIX S| |22 L= Er s
A SEIXEINSINEINSINEICEINSINE|[ (S ERE|CEl=EhEnEcs|VEIEY
N2 ~ERC S| LB|=a|X o nal D EISEISLIREa 2| 8| ~8 -
B X @ = “ = NEIEE: m{\H01§1>$<
7 S 2 A R Bl D2 L2 2L IL A
' = nol uing| & B
- N < uoR
» S kD
S kg BB /ES< ®
Looking at/approaching a car
R7 MY, MECR D K015 ole o
Opening the door and getting in/out
WaHLART S . . . d
Taking out/putting away things
RO Z 35 ° [ I J ] o
Preparing for driving
HRIET % ® L] () [ [ [ (] [ [ [ ] [ I J [ ©
0 ; . [ ) [ I ] [ [ N J [ ] [ J [ J o | o [ ] [ I J { I BN J
perating equipment °
HN G : : : (] [ N ) o |0 [ o | 0 : [ N ) : o (]
Spending time in the interior
% e e ° °
Drivi [ ]
riving
@ i @ filit TG ® (FREH
Visual Tactile Audible Bodily sensation

-2 PEEBGRDHE D #Hdr T — il

Fig.2 Examples of interior parts for thoughtful, high-quality feel engineering
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Establishment of
evaluation criteria

A wide range of activity themes were extracted,
which we began working on in turn from 2014 in conjunction
with the development of new models and entirely new
parts.

2.2 Approach to addressing activity themes
Function deployment is carried out in three steps
for activity themes: (1) defining the value to be provided
to customers, (2) extracting substitute characteristics
for thoughtful, high-quality feel engineering and setting
target values, and (3) determining the design elements for

achieving the targets (Fig. 3).

« Step 1: Defining the value to be provided to customers

For each activity theme, aspects appealing to
customers’ sensibilities are made clear and the value to be
provided to customers is defined.

* Step 2: Identifying substitute characteristics for
thoughtful, high-quality feel engineering and setting
target values

Subjective evaluations are conducted using actual
vehicles or prototype samples. The things that influence
customers’ sensibilities visually, tactilely, audibly or
by bodily sensations are made clear. Next, substitute

1 w i2heE w 3R w Al
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Activity themes  Value provided to Substi Establist of
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Fig. 4 Example of function deployment diagram for thoughtful,
high-quality feel engineering of console lid
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characteristics are measured and the correlation with
subjective evaluation scores is investigated. Target values
are then defined for the perception of thoughtful, high-
quality feel engineering. Subjective evaluations are
conducted with participation by male and female evaluators
in the principal markets of Japan, America and Europe,
taking into account the influence of their physique, age,
gender and country of residence.
« Step 3: Determining design elements

The factors determining the physical quantities of
the substitute characteristics are broken down into design
elements on the basis of the structures of the component
parts. Numerical values, dimensions and geometries are
allocated to the design elements for attaining the target
values defined for perceiving thoughtful, high-quality feel
engineering and design solutions are determined. Once
the solutions are determined, subjective evaluations are
conducted again using prototypes for proof of concept.
Whether thoughtful, high-quality feel engineering has
been achieved as designed is validated on the basis of
the results. Verified solutions become the basis for design
criteria.

2.3 Examples of this approach
Two examples of this approach based on these
three steps are explained here.
* Example 1: Center console lid with thoughtful, high-
quality feel engineering
B R e e e e e e e e e e e

(4) AR
Trunk trim lip shape

€5
(3) K DA E

Floor surface angle
(2) HE O EMIE
Parting line straightness
(1) i o> D e

Number of side panel surfaces

®-8 IoEDULREINSVIMULRRIORAEE
Fig. 8 Design parameters of trunk trim appearance

VIoxD
Neat-looking

v UL

H-9 SmEICKUS ST M LERES
Fig. 9 Example of thoughtful, high-quality feel engineering of
trunk trim
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An example of the function deployment is shown
in Fig. 4. The value to be provided to customers here
includes the smooth opening/closing movement of the lid,
a premium-feel lid closing sound, and a comfortable
feeling when resting an elbow on the lid. The lid opening
speed was measured in multiple models with regard to its
smooth opening movement. Target values were set for
three substitute characteristics: (1) smooth change in
speed, (2) gentle deceleration and (3) the time to the
completion of movement. The targets were then allocated
to the constituent parts of the lid (Figs. 5 and 6).

e Example 2: Trunk trim for perception of thoughtful,
high-quality feel engineering

An example of the function deployment is shown
in Fig. 7. Based on the results of subjective evaluations
conducted with actual vehicles, the following substitute
characteristics were selected for the perception of
thoughtful, high-quality feel engineering: (1) number
of side panel surfaces, (2) straightness of parting lines,
(3) angle of the floor and (4) trunk trim lip shape. Target
values were defined for each one (Fig. 8). The neat-looking
appearance obtained by applying the target values is
shown in Fig. 9.

In the course of investigating a number of activity
themes to date, it was found that the concepts shown
in Fig. 10 can be applied in common to various places
and parts among the substitute characteristics for the
perception of thoughtful, high-quality feel engineering
visually, tactilely, audibly and by bodily sensations. At
Nissan, we apply them to all vehicle parts that customers
see, touch or operate in order to develop products based
on a consistent philosophy.

3. Application to Vehicle Development

The target values and design solutions for the
substitute characteristics established by applying the
approach described here to the activity themes are steadily
being incorporated in our engineering criteria for product
development. To ensure that they are applied reliably,
both design and testing experts conduct application checks
at the design conceptualization stage. Moreover, vehicle
evaluation sessions are conducted in the mass production
phase to investigate whether products have been designed
and engineered according to the intended aims. The results
confirm the level of accomplishment achieved.

4. Conclusion

In the activities described here for thoughtful,
high-quality feel engineering in Nissan’s R&D programs,
we are continually establishing and evolving the necessary
technologies with the aim of designing and developing
highly competitive vehicles. We are continuing to expand
their application to new models, beginning with the
new Altima and the QX50, and have received favorable
feedback from the market. This special feature presents
examples of principal applications to date.
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Summary

In recent years, the number of vehicle interior lights has increased and are used for

various purposes due to the application of light-emitting diodes (LEDs). Customers have come to
consider lighting not only for its functionality but also for its quality. Therefore, we clarified factor
characteristics regarding interior lighting quality and defined evaluation criteria. This article describes
lighting sufficiency, lighting methods, functional illumination areas, and unified light color as elements

of high-quality lighting.

Key words : Electric Equipment, interior lighting, lighting evaluation
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Fig. 1 Functional breakdown of high-quality interior lighting

1. Introduction

The use of light-emitting diodes (LEDs) for vehicle
lighting has been advancing in recent years. The smaller
lamp size and ability to change the color temperature have
increased the degrees of freedom for interior lighting. It is
now possible to install LEDs in places where incandescent
lights could not be positioned and to adjust the color
temperature. The increased number of lights and changes
in use have made customers more conscious of the quality
of lighting, not just its functionality. Therefore, we clarified
the factor characteristics related to the impression of
lighting quality and defined the requirements for interior
lighting with thoughtful, high-quality feel engineering.

Assuming that lighting which satisfies customers’
requirements leads to an impression of quality, we defined

ROBH || R | g
Entering In the interior Exiting

TE iR

Driving

- i
& H EATAL
Stopped Loading/unloading
cargo

X-2 =mERY—Y

Fig.2 Vehicle usage situations
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“lighting sufficiency and lighting methods” as an element
of high-quality lighting. In addition, we devoted efforts to
“functional illumination areas” as a way of improving the
functional value of lighting, such as making the shapes of
objects clearly discernable. Moreover, we defined a “unified
light color” as another element because illuminating the
entire interior uniformly is desirable, rather than simply
installing many lights. In order to satisfy these three
elements of high-quality interior lighting, we determined
evaluation criteria for (1) the number of lights and lighting
methods, (2) optimal illuminance and illumination range,
and (3) light color (Fig. 1).

2. Evaluation Items

2.1 Lighting sufficiency and lighting methods

Vehicle usage situations include entering, being
in the interior (while driving and stopped), exiting and
loading/unloading things (Fig. 2). A situation of entering a
vehicle at night is described here as a typical example.

A driver behavior analysis was conducted to analyze
in detail the situation of entering a vehicle at night. The
results are shown in Fig. 3. Up to the third step, 90% of the
drivers showed a common behavior pattern of approaching
the vehicle and sitting in the driver’s seat, but they
displayed different behavior patterns in the subsequent
steps. Lighting is necessary for entering a vehicle at night
with respect to the situations of (1) approaching the vehicle,
(2) unlocking the door, (3) opening the door, (4) closing
the door, and (5) starting the engine. As shown in Table
1(a), the things drivers want to do are shared in all the
situations.

We investigated the types of lighting for satisfying
customers’ requirements when entering a vehicle at
night and the rates of installation in each vehicle class.
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Fig. 3 Order of actions in entering/existing a vehicle
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The results are presented in Table 1(b). A total of 28
vehicles of Japanese, American and European brands
were investigated, which consisted of 5 premium-class
vehicles, 15 medium-class vehicles and 8 entry-class
vehicles. The premium-class vehicles had high installation
rates for lighting that illuminated the area near a person
when opening a door and for lighting with low illuminance
when closing a door. The installation rate for entry-class
vehicles was 0%. This type of lighting illuminates the
entire interior and also the area near a person who
opens a door. It also provides phased illumination of low
illuminance momentarily before the interior lighting is
extinguished. In addition to satisfying the functional
illumination requirement, this type of lighting has certain
presentational aspects. Presumably, that is why the
installation rate is higher for premium-class and medium-
class vehicles in more expensive price ranges. Among the
types of functional lighting, door handle lights have a low
installation rate compared with floor lights and console
lid light. That is probably because an order of priority is
applied according to the frequency of using each type of
lighting. Door handle lights are used momentarily when
opening a door, whereas floor lights and the console lid
light assist in confirming footing when entering a vehicle
and when searching for something in a dark interior. That
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can be considered as the reason why higher priority is
given to their installation.

In addition to basic lighting such as the dome
light, increasing lighting sufficiency is important for an
impression of high-quality lighting. This includes the
provision of local lights like door handle lights installed on
premium-class vehicles as well as lights with presentational
aspects.

2.2 Functional illumination areas

The interior lighting installed according to
various usage situations includes the dome light, reading
lights, and storage space lights. Suitable illuminance and
illumination range are required according to the location.
Meanwhile, various problems occur in actual usage
situations with regard to lighting requirements. Depending
on the location, the brightness of the lighting may be
insufficient or an object may be hard to see because the
illuminated area is limited. For example, something falls
on the floor but cannot be seen because it is too dark. Even
if something is visible, it cannot be confirmed if it is the
object that fell. An object cannot be recognized in the dark
without getting close to it. Therefore, we reasoned that it
is essential to focus on recognition behavior concerning
the visibility of objects with regard to the location of
an object and what it is in concrete usage situations.
Accordingly, new evaluation criteria were determined for
lighting brightness and illumination range for more easy
recognition of objects in the interior.

As a specific example here, we will explain the
details of the suitable illuminance and illumination range
defined for luggage area lights when loading/unloading
cargo in that storage space at night.

In order to define target values for suitable
illuminance in a situation for loading/unloading cargo,
we first extracted the specific actions performed in this
situation. Regarding the visibility of objects, we determined
subjective evaluation criteria from the standpoint of
recognition behavior concerning whether the location of
an object and what it is can be recognized immediately
and can be recognized unconsciously. Evaluation levels of
0 to 5 are shown below when loading/unloading cargo with
the luggage area hatch open (Fig. 4).

0: Object cannot be seen

1: Can recognize something is there by staring hard

2: Can recognize something is there

3: Can recognize at a glance something is there

4: Can recognize at a glance something is there and can
identify it

5: Can recognize at a glance something is there and
identify it with the same feeling as during the daytime

Lighting for the perception of thoughtful, high-
quality feel engineering was defined as an evaluation level
of 4 or higher. This means being able to find an object
without any hesitation in any corner of the luggage area
when loading/unloading cargo with the luggage area hatch
open.
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Subjective evaluations were then conducted for
various levels of illuminance using a vehicle mockup. The
purpose was to investigate the illuminance needed in the
luggage area for imparting an impression of high-quality
lighting. Like the characteristics for the level of visibility,
high sensitivity to the change was found in dark places
where illuminance was low, and a slight difference in
illuminance resulted in a higher evaluation. As the level
of illuminance was increased, sensitivity to the change
declined and no large difference was observed at an
illuminance level of 4 or higher (solid line in Fig. 5).
Evaluations conducted with actual vehicles yielded nearly
the same results as for the mockup (Fig. 5 A-G).

As explained here, in order to achieve an impression
of high-quality interior lighting, such as for luggage area
lights, it is essential to define suitable brightness and
illumination range from a functional standpoint based
on an analysis of customers’ behavior in actual usage
situations. This method has also been applied to other
locations for defining suitable illuminance and illumination
range for an impression of high-quality lighting.

2.3 Unified light color

The color of light greatly influences human emotions
and sentiments. For example, the atmosphere at home
can be changed by adjusting the light color to match daily
life situations. A difference between priority seats and
ordinary seats on trains can be created by changing the
color of the fluorescent lighting. Trials have been conducted
for making participants aware of different types of spaces
in this way.”® However, illuminating the same area with
different colors of light generally affects the impression of
the space, resulting in an unnatural feeling that detracts
from quality. Consequently, it is better to harmonize the
color of light. Here, we will explain a method for creating
a unified light color in the interior.

Color temperature is a typical measure for
expressing the color of light. It is known that the color
perceived by human sight is generally not proportional
to the color temperature. For example, in relation to an
identical amount of change of 100 K, the change in the
light color is perceived as being small in the high-
temperature region around 6000 K but large in the low-

IR K
Large color temperature
difference

BIREZE )
Small color temperature
difference

A

-

X-6 ®iRFEOEEEETM
Fig.6 Evaluation of color temperature difference between
front and rear seats
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temperature region of 3000 K. Accordingly, the way

proposed by Judd et al.¥ for human perception of color was

investigated using a scale for expressing color changes

in equal intervals and reciprocal color temperature. The

following expression is formed by letting M represent the

reciprocal color temperature and K the color temperature.
M=K1.10°

It has been reported by Judd and others*® that
a threshold value of 5.5 mired is necessary for people
to recognize the same color. However, an actual vehicle
interior has complex shapes owing to the seatbacks and
trim parts. Therefore, in addition to light from the interior
lighting, there is also the influence of reflected light from
various objects. For that reason, it was hypothesized that
the threshold value for recognizing the same color in the
interior might differ from 5.5 mired.

Subjective evaluations were conducted in which
participants were asked if they felt the light color was
appropriate when the color temperature in the interior was
varied between the front and rear seats. The purpose was
to make clear the conditions whereby customers would
perceive a unified light color from the lighting throughout
the entire interior. The condition of the color temperature
difference between the front and rear seats is shown in
Fig. 6. The color temperature was varied in a range of
3000-6000 K and the difference between the front and
rear seats ranged between 200-500 K.

The subjective evaluation results for the color
temperature difference between the front and rear seats
and the impression of a unified light color are shown
in Fig. 7. It is seen that the evaluation scores rose as
the reciprocal color temperature difference decreased,
regardless of the absolute value of the color temperature.
The reciprocal color temperature was found from the
evaluation results at level 4 where the difference became
imperceptible. As mentioned in the hypothesis above, the
value was larger than 5.5 mired. Focusing on the way in
which light color is perceived in the vehicle interior, we
established a new criterion for representing unified light
color, and that made it possible to achieve interior lighting
with an impression of high quality.

3. Conclusion

This article analyzed interior lighting with
thoughtful, high-quality feel engineering in terms of
“lighting sufficiency and lighting methods,” “functional
illumination areas” and “unified light color.” In the future,
customers’ expectations will probably increase for lighting
with presentational capabilities in addition to essential
lighting functionality. The development of lighting that
appeals to human sensibilities while at the same time
providing improved functionality will enhance the overall
value of our vehicles. Therefore, we intend to create
lighting quality indexes and develop related technologies
so that customers will perceive the high quality of our
interior lighting systems.
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Comfortable Feeling and Touch for Door Handle and Pull Cup
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Summary

When people hold and operate something, the area they grip should be large enough

and comfortable to touch. In that case, their force is efficiently transmitted and their hand receives
uniform pressure. As a result, people feel it is made well and has high quality. This article describes our
activities to develop a comfortable gripping shape for door handles and door pull cups based on a
human factor analysis in order to improve vehicle quality. The parts thus developed are applied to the

new Altima and other models.

Key words : Human Engineering, Research & Development, interior, door, sensation, evaluation
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Fig.1 Picture of door handle and door pull cup

1. Introduction

The action of gripping something frequently occurs
in the course of using a vehicle, such as gripping a door
handle to open or close a door or gripping an assist grip to
support one’s posture. There is ample space for gripping
the portion of these parts for the intended operation. A
feeling of a comfortable grip significantly influences
operability and the impression of quality. Door handles and
door pull cups that customers grip to open or close the
doors are often their initial point of contact with a vehicle.
This article presents specific examples of analyses of a
comfortable grip based on human characteristics and
describes the resultant contribution to the engineering of
high-quality vehicles. There are many degrees of freedom
for the ways of gripping the door handle and commonly
used grip-type handles were the object of this study (Fig.
1).

2. Factor Analysis of a Comfortable Gripping Shape

The factors contributing to a comfortable gripping
shape for the operating portion of a heavy part like a
vehicle door handle were analyzed by conducting a survey
of the literature, a questionnaire survey and a subjective
evaluation of actual vehicle handles. The results revealed
that a comfortable gripping shape is mainly influenced by
two factors: (1) the fundamental shape of a part that is easy
to grip or easy to grasp with the fingers; (2) the surface
shape with a feeling of fit that allows uniform application

*Nissan 45— L5 B35 %8, Nissan Product Development Department No. 1 7 A ¥ < —/37 & —< > A & B FERER, Customer

Performance and Vehicle Test Engineering Department
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of force. The first factor regarding ease of gripping/grasping
is influenced by whether the fingers can grasp the part
firmly without slipping and whether there is sufficient
size or space for placing the fingers needed to perform the
operation. The second factor regarding the feeling of fit is
influenced by the size of the contact area with the fingers

(Fig. 2).
3. Door Handle

The action of gripping the door handle was
observed to examine how people actually grip the door
handle in order to investigate a door handle shape that
would be comfortable to grip. The results revealed the
following three ways of gripping the door handle as
illustrated in Fig. 3.

(1) One-half of the participants gripped the door handle
from above and one-half from below.

(2) Approximately one-half of the female participants with
a weaker gripping force gripped the door handle with
their entire hand to operate it.

(3) The majority of the participants who gripped the
handle either from above or from below gripped the
door handle with their second knuckles to operate it.

Based on these results, gripping the door handle
with the fingers as far as the second knuckles was defined
as the general operating mode.

Next, 23 vehicles with different door handle shapes
were selected from among a group of vehicles having large
sales volumes. The surface pressure distribution when
operating the door handle in the defined mode was
measured for 34 evaluators and subjective evaluations
were made of the feeling of fit. The relationship between
the cross-sectional shape of the door handle and the inner
curved shape of the handle was analyzed based on the
results. As shown in Fig. 4, when the cross-sectional shape
of the handle followed the bending angle from the second
knuckle to the fingertip, the area of contact with the
fingers was larger and the feeling of fit increased. In
addition, as shown in Fig. 5, a shape that provided contact
with the inner surface of the handle from the index finger
to the ring finger, which have high gripping force, enabled
uniform force to be applied to the entire door handle, thus
increasing the feeling of fit. Based on these study results,
three substitute characteristics were defined as shown in
Fig. 6.

Finally, an investigation was made of the range of
the substitute characteristics for which the feeling of fit
increased, and a prototype door handle was made that
satisfied the specified requirements. Figure 7 presents the
results of subjective evaluations of the prototype handle
and other vehicle door handles of various shapes. Because
the prototype door handle enabled force to be applied
uniformly to the entire handle, the results show that the
feeling of fit was higher and that it felt comfortable to grip.

4. Door Pull Cup

An investigation was made of a door pull cup shape
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that would fit the fingers well and allow easy operation.
First, the operation posture of evaluators having different
physiques was analyzed to examine how they gripped the

door pull cup when entering a vehicle. As shown in Fig. 8,

the operation of the door pull cup when entering a vehicle
can be classified into the following four steps.

* Step 1: The door is held open as far as the check link
position or wide enough for the person to pass
through in entering the vehicle.

« Step 2: While sitting in the seat, the person reaches out
a hand to the door pull cup.

« Step 3: The person inserts the fingers in the door pull
cup with the fingertips bent at approximately a
45° angle.

* Step 4: The person grips the door pull cup opening with
the second knuckles.

As was predicted in advance, the results verified
that the requirements differ between the time of inserting
the fingers in the door pull cup and after their insertion.

First, in steps 1-3, good access is necessary for
inserting the fingers in the door pull cup at an angle with
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the arm extended. A big enough opening is necessary so
that even large-bodied persons can reliably grip the cup
with their fingers. As shown in Fig. 9, the requirements
for the width of the door pull cup are that the fingertips
should not touch the back surface of the cup in the course
of inserting the fingers and that the fingers should not
touch the back surface when pulling on the cup to close the
door. The requirements were defined on the basis of the
middle finger thickness and length of large-bodied persons.
The length of the door pull cup must be long enough so
that a large-bodied person can firmly grip the cup with
four fingers. That is because the deep flexor muscles of the
fingers are used in the action of gripping the cup and when
one finger bends, the other fingers also follow.
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Comfortable Feeling and Touch for Door Handle and Pull Cup
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Fig. 11 Characteristics summary

Next, in step 4, good finger grip is required so that
force is reliably applied in order to close the door with the
second knuckles gripping the door pull cup. Specifically, as
shown in Fig. 10, a gradient that curves around inwardly in
the pulling direction is needed so that the fingers are not
likely to slip. In addition, the contact area should be shaped
for surface contact in order to make the contact area with
the fingers larger. The substitute characteristics defined on
the basis of this operation posture are shown in Fig. 11.

Finally, vehicles with door pull cups of various
shapes were used to conduct subjective evaluations like
those done for the prototype door handle. Figure 12 presents
the results obtained for the substitute characteristics
defined on the basis of the operation analysis. The results
confirmed that having a gradient which curves around
inwardly in the pulling direction and an opening angle
R that forms a shape following the bending angle of the
fingers allow a good grip by the fingers, which was highly
evaluated.

5. Conclusion

This study confirmed the influence of two factors
affecting the comfortable grip of the door handle and
door pull cup for opening/closing vehicle doors: (1) the
fundamental shape of a part that is easy to grip or easy to
grasp with the fingers; (2) the surface shape with a feeling
of fit that allows uniform application of force. The results
of detailed analyses of each part made it possible to define
shapes for the door handle and door pull cup that make
them comfortable to grip and enable easy door opening/
closing action with uniform and effective application of the
necessary force. The adoption of these parts beginning
with the new Altima and the new QX50 has enhanced the
perceived quality of both Nissan and INFINITI brand cars.

A comfortable grip for operating parts is difficult to
notice immediately, but it is a fundamental characteristic
that high-quality products should have. In the future, we
intend to focus attention on finer details and accumulate
further research in order to contribute to the engineering
of high-quality vehicles.
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Fig. 12 Subjective evaluation results for how well fingers fit
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Development of High-quality Door Closing Sound
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Summary

The doors are the first component customers come in contact with when using a vehicle,

and the door closing sound is an important element of the impression of vehicle quality. Therefore, it is
essential to provide a high-quality door closing sound. This article describes how we define, measure,
evaluate and design for achieving a high-quality door closing sound.

Key words : Human Engineering, Body, Aerodynamics, door, sound, acoustics
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1. Introduction—development aim

The doors are customers’ first point of contact
with a vehicle in ordinary usage situations. The door
closing sound after entering a vehicle is a key element of
customers’ judgment of the quality of a vehicle. Therefore,
many studies have tried to improve the sound quality??".

‘We have been conducting quantitative evaluations of
the door closing sound, but the accuracy of the evaluations
has been an issue, so the results have not been fully
incorporated in vehicle designs. In this work, we defined
a high-quality door closing sound and established related
measurement and evaluation methods. Measures have
been developed for embodying the defined sound in the
design of several models.

2. Identification of Items for Sound Evaluation by
Customers

In order to develop a high-quality door closing
sound in this work, we first investigated what type of sound
would give customers an impression of high quality. The
defined sound was broken down into various elements and
evaluations were conducted. It is said that a solid sound
generally imparts a high-quality impression, so evaluations
conducted heretofore in the vehicle development process
have been based on comparisons of sound pressure and
the quantity of low frequencies. However, that approach
alone does not fully represent customers’ feeling of sound.

* HLARH 7B 5630, Body Engineering Department ** 5 A% < —/37 + —< ' A & HjFZE#ES, Customer Performance and Vehicle

Test Engineering Department
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Fig.1 Relationship between explanatory factors and
adjective pairs for customers’ expression of door
closing sound

Therefore, as the first step we decided to apply
the semantic differential (SD)* method and principal
component analysis to identify the impression evaluation
structure by customers. As a preliminary experiment, a
total of 100 people, 25 from Japanese, American, British
and Chinese were selected without bias for gender and age,
and we have a sensory evaluation (same as the method
described later) to clarify the impression structure of door
closing sound. And the main principle components were
extracted. Each extracted principal component is named
while considering it as a customer's evaluation word, and
it is decided to express it with four explanatory factors
classified based on the three elements of pitch, tone and
loudness. As a result, it became clear that they could be
expressed by four explanatory factors (Fig. 1).

(*The SD method is an effective technique for evaluating
the emotional impression conveyed by a phenomenon using
pairs of opposite adjectives.)

The explanatory factors identified were a solid
feeling, damping, no metallic sound and smallness. Subjective
evaluations were then conducted using a panel of subjects
to make clear the extent to which each one influences the
impression of a high-quality sound. A multiple regression
analysis was conducted on the evaluation results. For the
subjective evaluations, the door closing sound was recorded
by binaural for 25 vehicles ranging from entry-level models
to flagship models made by Nissan and other automakers.
The recorded sounds were reproduced on a PC together
with a video of the action of closing a vehicle door. The

EREFHEIE B
Subjective evaluation items
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High-quality feeling No high-quality feeling
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Solid Light
INED DR o IE D OEN
Damped Undamped
HF ¥ DI s VA oAV
No metallic Metallic
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Fig.2 Subjective evaluation items
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Fig. 3 Blind evaluation of door closing sound
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Development of High-quality Door Closing Sound
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output of the headphones was adjusted to reproduce the
actual sound pressure when the sounds were presented to
the evaluators. Each explanatory factor was rated by the
evaluators on a five-point scale (Fig. 2). The same video
of closing a door was used for all the recorded sounds
evaluation so as to conduct blind evaluations that were
not influenced by visual or tactile factors (Fig. 3).

An equation for predicting the evaluation scores
of a high-quality door closing sound was calculated in
connection with the multiple regression analysis of the
subjective evaluation results. The contribution of each
explanatory factor was clarified. (Fig. 4).

Evaluation score for high-quality door closing sound =
aX1+bX2+cX3+dX4 +e

X1: score for a solid feeling, X2: score for damping, X3:
score for metallic sound, X4: score for loudness, a-e:
coefficient

Based on the foregoing results, a solid feeling was
the index with the highest sensitivity, as seen in previous
evaluations. Yet, it was also made clear that good damping
and metallic sound must also be considered in sound
evaluations.
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3. Extraction of Physical Characteristics of Sound
and Establishment of Evaluation Equations

In order to design a high-quality door closing
sound, it is necessary to make clear what physical
characteristics of sound influence explanatory factor.
Toward that end, physical quantities were extracted for
the sensory evaluated door closing sounds and correlations
were studied with the explanatory factors clarified in
section 2. In consideration of the characteristic of transient
sound in the extraction of physical quantities, analysis
was performed using time varying loudness analysis (DIN
45631/A1) in addition to the conventional Fast Fourier
Transform (FFT) analysis and stationary sound loudness
analysis (ISO532B). A comparison of the FFT and time
verifying loudness methods are shown in Fig. 5.

Time varying loudness analysis is a method that
has often been used in recent years in evaluations of
transient sound quality. It enables “feeling” to be quantified
by a calculation process that considers human auditory
characteristics. The key point of this analysis method is
that it takes into account three auditory characteristics:
time resolution capability corresponding to human
perceptual resolution, time masking that influences
subsequent sound, and frequency masking that influences
sound at adjacent frequencies (Fig. 6).

A time varying loudness analysis was performed
on the door closing sound data measured for each vehicle
model, and multiple physical characteristic candidates
expected to correlate with the explanatory factors were
extracted (Fig. 7). A multiple regression analysis was then
performed on the subjective evaluation results for each
explanatory factor. The results revealed that the four
explanatory factors could be calculated accurately using
six physical quantities. The evaluation equation for each
explanatory factor showed that it is important to focus
on low sound and fast damping with regard to a solid
feeling, on the high sound share of the absolute quantity
with regard to metallic sound, and damping speed and
smoothness with regard to good damping (Fig. 8).

Y1: low frequency ratio (%)

Y2: convergence time (sec)

Y3: high-frequency volume (sone)

Y4: high frequency ratio (%)

Y5: mean value of attenuation regression curve R2 in a
graph of each frequency band from 45-5 kHz

Y6: loudness level (phon)

It possible to predict the explanatory factor score
of a high quality feeling from the measured physical value
of the sound. Also, by using the prediction formula in
Chapter 2, high quality evaluation scores can be predicted,
and development goals can be set.

4. Incorporating Analysis Results in Design of High-
quality Door Closing Sound

The measurement method established in this study
was used to measure the door closing sound of multiple
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vehicles, including the Nissan vehicle evaluated in this
work and other companies’ vehicles. The results obtained
with the evaluation equations are described below and
shown in Fig. 9. The reason why the chart is a distorted
quadrangle is that the drawing was made in order to
make the area correspond to the high quality feeling by
considering the contribution factor of the high quality
feeling explanatory factor.

The Nissan vehicle evaluated ranked equal to
another company’s top benchmarked vehicle in terms of
the overall evaluation score for high quality. However,
an examination of each of the four evaluation axes
indicates that it ranked lower than another company’s
top benchmarked vehicle with respect to a “solid feeling”
(Fig. 10). Among the substitute characteristics for a solid
feeling, the Nissan vehicle ranked lower especially for the
low frequency ratio. Upon analyzing the low frequency ratio
further in more detail, it was concluded that the proportion
of low frequencies should be increased and that of high
frequencies should be reduced. The following section
explains the efforts made to accomplish that.

4.1 Efforts for increasing the low frequency ratio
First, a sound image analysis was conducted to

identify the places producing the low-frequency sound of
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the Nissan vehicle evaluated. The results revealed that
the door outer panel itself produced a low-frequency sound
at 45-225 Hz (Fig. 11).

Next, we measured the acoustic radiation
characteristics of the door outer panel on another company’s
top benchmarked vehicle and the Nissan vehicle evaluated.
It was found that the low-frequency radiation characteristic
of another company’s top benchmarked vehicle was larger
(Fig. 12).

As a design measure, the door outer panel structure
was changed focusing on the radiation characteristic by
vibration mode changing; the door was then installed on a
vehicle and evaluated. The results showed that radiation
characteristics were improved in the vicinity of both 125
Hz and 155 Hz. The quantity of low frequencies was
increased to the same level as that of another company’s
top benchmarked vehicle (Fig. 13).

4.2 Mechanism producing high-frequency sound
and reduction measures

Similar to the identification of the place producing
low-frequency sound, a sound image analysis identified
the door latch engagement parts as the location producing
most of the high-frequency sound (Fig. 11). It was assumed
that the principal mechanism consists of the following
elements:

(1) Initial striking sound produced by contact between the
door latch and striker

(2) Metallic sound inside the door latch produced by door
vibration

(1) Regarding the initial striking sound of the door
latch and striker, the hitting of the highly stiff striker and
the claw inside the highly stiff door latch produces a high-
frequency sound when the door is closed. As a measure
against that sound, a cavity was provided at the claw tip
to reduce the stiffness of the contact area. This acts like
a cushion to convert the contact force to elastic energy,
thereby reducing the generation of high-frequency sound
(Fig. 14).

(2) Regarding the metallic sound inside the door
latch, the door overstrokes beyond its neutral position
when it is closed. That causes the door itself to vibrate,
inducing repeated contact between the claw and pawl,

MBEWER . 7 m— L R—L
Engagement parts: Claw & pawl

7 @@=
Claw

7 @=

=L
Pawl

F—RA hr—7
Overstroke

H-15 R7ZDREEDEILCLDIBREXAHZIL
Fig. 15 Sound mechanism due to door vibration
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which prouces a sound. As a measure against that sound,
a stopper was provided inside the door latch to shorten
the overstroke amount and reduce door vibration. This
measure effectively reduces the sound (Fig. 15).

As a result of these efforts to address low-
frequency and high-frequency sounds, the solid door
closing sound of the Nissan vehicle evaluated received the
best evaluation score for a high-quality feeling, exceeding
that of another company’s top benchmarked model.

5. Conclusion

In this study, explanatory factors of high quality
regarding door closing, and made it possible to predict
high quality score and its explanatory factors score from
quantitative sound physical characteristic. And measures
for achieving the desired sound were incorporated in
the design. The application of these measures has made
it possible to create a high-quality door closing sound
superior to that of other companies’ vehicles.

Finally, the authors would like to take this
opportunity to sincerely thank everyone concerned inside
and outside the company for their cooperation with the
development of the technology described here.
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Comfortable Grip and Tactile Feeling for Leather Steering Wheel
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The grip shape and surface sensation are major factors affecting the comfortable grip
and pleasing tactile feeling of a leather steering wheel. This study focuses on the mechanism of tactile
feeling, and the definition of appropriate requirements for designing a comfortable grip shape and a
high-quality tactile feeling of a leather steering wheel.

Summary

Key words : Human Engineering, high-quality, interior, steering, material
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1. Introduction

The grip of a steering wheel depends on many factors
including the size of the customer hands and the driving
situation and as such, defining a design that offers a good
grip experience to a maximum of customers represents a
challenge. The steering wheel is held for a very long time
while driving, thus accounting for a large part of the global
feeling of quality of a steering. This study will shed some
light on designing requirements of the steering wheel
based on human characteristics while focusing on its shape
and tactile feeling for improving its grip comfort.

2. Grip Size and Gripping Ease

2.1 Grip cross section survey and selection of evaluation
samples

In order to select steering wheel samples for
evaluation, we studied the height and width of the grip
cross section of both domestic and foreign brands, and
compared the results in Fig. 1. The steering wheel grip
cross section of Japanese and Chinese automakers tends
to be shorter in both height and width with a narrower
diameter. In contrast, the grip cross section of American
and European automakers tends to be longer in both
height and width with a wider diameter. To determine
a steering wheel cross section for a comfortable grip in
this study, we selected samples A and B with a tall height,
sample C with both a standard height and width, sample D
with both a short height and narrow width, and sample E
with a short height and a broad width.

*Nissan Technical Center North America ** P4V E547BA%8%8, Interior and Exterior Engineering Department **# A # < —/%
7 —~ v A &HBLMFEERER, Customer Performance and Vehicle Test Engineering Department
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2.2 Determination of substitute characteristics for
grip cross section

A preference survey was conducted among 112
test subjects using the five steering wheel samples A to
E in Fig. 1 to investigate what type of grip cross section
they preferred. The survey method excluded the influence
of appearance and the center emblem of the steering
wheel was covered so that the brand name could not be
identified. Subjective evaluations were made using five
levels designated as “like the most,” “like,” “cannot
say either way,” “dislike,” and “dislike the most.” The
evaluation results are presented in Fig. 2. Samples A,
B and C had the highest percentages of “like the most,”
but there were also subjects who gave the exact opposite
response of “dislike the most.” Presumably, that was
because hand size differs from one person to another.
Therefore, we decided to determine the requirements
for the optimal cross-section shape based on a detailed
analysis of their evaluation comments.

An analysis of the dissatisfied comments revealed
that they fell into four categories: (1) too wide, (2) too
narrow, (3) unpleasant edge radius, and (4) unpleasant
profile step in contact with the hand (Fig. 3).

We compared the cross-sectional grip shape of the
samples in Fig. 4. Dissatisfaction with the width expressed
by comments (1) and (2) and comments about samples C
and D being too narrow were presumably due to a common
factor of a short height. On the other hand, many subjects
commented that sample E was too wide, which was probably
due to the broad width of the wheel. There was little
dissatisfaction with the width of samples A and B, which
implies that a certain amount of height is necessary.
Samples A and B with a tall height showed low level of
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dissatisfaction. Therefore a tall height has influence on
grip comfort. A verification experiment was conducted to
compare the difference in contact area of three samples
X, Y and Z) having different widths. The steering wheel
shape with the greatest height has the largest contact area.
The results indicated a correlation between the size of the
contact area and the gripping ease (Fig. 5).

Dissatisfaction (3) unpleasant edge radius was
caused by partial line contact due to edge radius (E in Fig.
6) on the driver’s side. This revealed a necessity to define
a suitable edge radius.

Finally, dissatisfaction (4) unpleasant profile step
in contact with the hand was due to an unnatural feeling
caused by large level difference between the spoke surface
near the rim and the spoke backside shape. Therefore, we
decided to reproduce a shape that would not cause a level
difference between the two.

Based on the results explained here, the height,
width, contact area at the base of the fingers and edge
radius were expressed in terms of seven substitute
characteristics, and the optimal cross-sectional shape
was specified as shown in Fig. 6.

3. Tactile Feeling of Steering Wheel Cover

3.1 Determination of substitute characteristics for
tactile feeling of steering wheel cover

The impressions for giving the steering wheel
a pleasing tactile feeling include a firm/soft feeling
(amount of deformation), a dry/moist feeling (friction
characteristic), and a rough/smooth feeling (surface
roughness). Substitute characteristics corresponding to
these properties include shore hardness, mean frictional
coefficient (MIU) /fluctuation of mean frictional coefficient
(MMD), and grain depth.? The relationship between
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characteristic values and subjective evaluations was
investigated in order to determine optimum quantities
for obtaining the desired tactile feeling for the steering
wheel. As shown in Figs. 7 to 9, the region of high perceived
quality was specified based on the results obtained for the
relationship between characteristic values and subjective
evaluations.

3.2 Design techniques for obtaining a high-quality
optimal tactile feeling

The following design techniques were applied to
obtain a high-quality tactile feeling. (1) A smooth type was
selected for the grain pattern that determines a rough/
smooth feeling (grain depth) (Fig. 10). (2) Because dry/
moist feeling (coating layer thickness) is determined by
the contact area between the leather surface and the hand,
it was decided to control it based on a concave/convex
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surface combination in addition to the grain pattern. The
coating is a resin compound with urethane as its principal
component and consists of two layers comprising a high
haptic coating and a special smooth layer. It is thinly
applied to the leather surface using a roll coater or other
similar equipment, to achieve the required quality (Fig.
11). The use of these techniques expands application
possibilities to split leather, instead of just the full grain
real leather conventionally used as the top leather.

4. Conclusion

In this work, we developed a new steering wheel
with a comfortable grip and tactile feeling to give an
impression of high quality, while reducing its cost.
Application of this new steering wheel technology is
expanding steadily to new models since it was adopted on
the new Altima that went into production in 2018. We are
confident that a wide range of customers worldwide are
satisfied with this steering wheel featuring a high-quality
tactile feeling.

Finally, the authors would like to thank everyone
inside and outside the company for their tremendous
cooperation with the development of this new steering
wheel.
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Summary Switches are important interfaces between users and vehicles. Consequently, the
operation feeling of switches very much influences the overall image of vehicle quality. Nissan
established an operation feeling target in the late 1980s. However, customers’ preferences have been
changing due to the penetration of digital devices. We updated the target for operation feeling based on
the latest customer evaluations. A consistent modern operation feeling was established for all Nissan
and INFINITI vehicles.

Key words : Human Engineering, Electric Equipment, switch, human-machine interface,
sensation

1. U & [ 1. Introduction
At Nissan, we have been working on the operation
HEHSE TIXENOEmEKom L2 Big L. 1980 feeling of switches since the latter half of the 1980s with
ERDOBEDPS AL v T OBRVEBIZI Y HATED Y the aim of improving the high-quality feel of our vehicle
ittt r ) CEEsE 7S > FE LCINIFNITI v 5 interiors.? That was precisely the time when we launched
FUFEHETH D . KEXERAL 9 F OB — b INFINITI as an exclusive luxury brand. We reviewed the

P ‘ o e operation feeling of various switches from scratch and
RIE L CERN 2 EELAFR L, i LRk L J0 created quantitative criteria for achieving a consistent

LT&7, feeling for switch operation.
LA LIES. 8 8F 2 FIEHERTE LA A A However, as digitization of various consumer
Ay FITROONBBIEERDZILL TETWB 720, B
DA—FDEHEIIT v F LIF LW AL v FOREEE E
FL. SR SNLIHEMOBEERE L) AATV S,
ZMrJ“C“i Ty 7 ¥y FDAAL Y FITOWTORLY A

AT %o FoYa AL vF 2B L= v F
Push switches Lever combination switches

2. MOEFORRRAA vF&EF7TO—F

WHRET DALy FIZTY 7 EY FDIFITTRTDA
A9 FT, TETLHEUTOLHIICARS (K1),

B. L&
NENVAAL v F Ty aZ VAL vTF

LA AN D n—ZY)—2A vF
TR T Rotary switch/ Paddle switch Push-pull switches
2% Ll — K7 S ag > — °
HAEDON /OFF, E— FAaLDERL, o007 D1 24 FOIAT

YaAAL v FEIIZLTLNVDT vy T F T IZHwL R Fig.1 Types of switches

* IS EERATBR 58 %R Interior and Exterior Engineering Department ** /1 A % < — 37 4 —< » A & B ZEER#E,~ Customer
Performance and Vehicle Test Engineering Department *** 4,5 & 5% 514547 558758 Product Quality Design Technology

Evolution Department **** 3 % I —Bi%#EB, Chassis Engineering Department

H ZE ¥ #R No. 86 (2020-3) 38



High-quality Switch Operation Feeling

Bo F—FT 4 FREROEARN L AL v FDIED, ST

FRBEBED A A v F L b TV 5,
e IV LN—=ZA v F

ATTV Y7 AT AR sh, Ny FVICFEE
WA T-FF ETRIRICEN T ZEDWEETH S EFTHD
BFICELTBY), =23 7R A N EBEICHC S
NnN<Twb,
cU—F =S vF

TFa T nmORER, B ORI B LM
EWTHbNL, =T 4 FDOR) 2— LT, ZZROEE
I, TAT A TN REZ L EITHWSENTW S,
e ISFIVAAL T

NG RVOEMNZE DTS, Ny FvgkLonb &
R LCEEFTBMETE, o843 — 0 T
WZEBEDSTTRE R 72, 7 bR =27 IV E— FEEIC
Honohs?
e T AT IWVAAL T

HELE v D& ETHICEBETE, LA THRD
FERBIZHEID DU B0 BEITBEF OO ITO LR v8
=AY FY 2Ly FIZHWHENTWA,

LROENEFNDAAL v F 54 TIZDONWT, TFD LS

% NEF TR 2 33 9072,

(1) HEAAL v FIZOWTEBOMHRE T hl- 72
EERIK U E BRI L, SRS EE S
YD

(2) ANEDPE U2 & LB L OBBREPS TS

(3) YWHECEEMEZET S

(4) BEMEZERT 5720 OFRFHRNT %17\ BERHEIC
EE LA

3. IREROFHEEE

FAA Y FEALTIIBWT, EFSERBIEEDOAA v
FRED, —HEOI—PFIBIES ., ZOE F2 W5

7ol A v bR b EZEHIEE A HEE L 72, E R
Foo BAERFICF TR L 22—V ORIt GEIE. K& UTF
DOUDIZDOITFEND Z EbhoTz,

1) 79 7R

2) 72z

(3) Lohnk

4) ZHHNE

K21k 3 > L oN— OEBIEEROE Rl R % T 805557
MLHEBICTHE, FIThoz - 7))y 70l adoshs
g, Lo Vo3 FEIGHENsE I evbrd, 20
£ KA AL v FOBEN (F) LA a—2 (S) O
TALTERT I ENTED, NMTE/EZHLZL XIS
B8R F - BiOBEH b ) O 10ELE L [EW] [F

39  NISSAN TECHNICAL REVIEW No. 86 (2020—3)

electronics devices has advanced in recent years, the
operation feeling required of switches has also changed.
Therefore, we defined a new operation feeling for switches
that matches the sensibilities of today’s customers. That
operation feeling will be built into our new vehicles to be
developed in the coming years.

This article describes our activities undertaken for
cockpit switches.

2. Targeted Switches and Approach

Nearly all cockpit switches are the target of these
activities and can be classified as explained below (Fig. 1).
* Push switches

These switches are used for turning something
On/Off or mode selection. Two push switches are used as
a pair to increase/decrease the level of something. Besides
being the basic switches of audio and air-conditioning
systems, they are widely used to control a variety of
functions.
* Lever combination switches

These switches are incorporated in a lever attached
to the steering column. They can be moved up/down and
back/forth while keeping one hand on the steering wheel.
Being suitable for operation while driving, they are used
to activate the turn signals and operation of the wipers.
* Rotary switches

They are used for making analog quantitative
adjustments and for switching among many different
functions. Typical uses include for adjusting the audio
system volume, the air-conditioner temperature and
changing the lighting.
 Paddle switches

They are attached to the backside of the steering
wheel and can be operated while the driver firmly grips
the steering wheel. Because they can be operated reliably
in various driving situations, they are used for manual
mode shifting.?
¢ Push-pull switches

They can be operated in up/down directions around
a rotating hinge and are applied for the function of raising/
lowering something. They are mainly used for power
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This study was conducted in the following sequence
for the types of switches noted here.

(1) Sensations that users felt when actually using each
type of switch were organized systematically and the
evaluation structure was made clear.

(2) The relationship between the sensations that users felt
and physical quantities was made clear.

(3) Target values were defined for the physical quantities.

(4) Design simulations were conducted for attaining the
target values, and the results were incorporated in the
switch design values.

3. Evaluation Structure for Operation Feeling

Switches with various kinds of operation feeling
were collected for each type of switch above. Users were
asked to operate the switches and the evaluation structure
was estimated based on their evaluation comments. The
results indicated that users’ evaluation structure of the
tactile sensations felt when operating the switches could
be divided into the following four elements:

(1) Click feeling
(2) Response

3) Solid feeling
(4) Smoothness

Figure 2 presents an example of a principal
component analysis of the subjective evaluation results for
the operation feeling of lever combination switches. The
results indicate that the operation feeling breaks down
into three axes, namely, response/click axis, smoothness
axis and solid feeling axis. These elements of the operation
feeling can be represented by changes in the switch
operation force (F) and stroke (S). Feelings of “heavy”,
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“responsive” and “being solid” can be detected kinematically
by capturing the change in muscle force that occurs in
the fingers and around hand/arm joints when a person
presses something (Fig. 3). Meanwhile, it is presumed
that tiny changes indicated by waveform roughness can
be detected with sensory receptors such as Merkel’s
corpuscles, Meissner’s corpuscles and Pacinian corpuscles
present in the skin.®

Each element of the feeling of switch operation has
the following meaning for people (Fig. 4).
(1) Click feeling

In order to enable people to understand the On/Off
operation of a switch tactilely, a tiny change that occurs in
the operation force absorbed at the switch contact position
provides a feeling of moderation. If the change is too tiny,
there is little feedback, creating an unnatural feeling. If the
change is too smooth, it affects the sensation of accuracy
and imparts a feeling of imprecision.
(2) Response

This expresses how much force a person applies
to a switch and is related to the amount of work done by
the fingers. The feeling of pressing becomes stronger as
the amount of work increases. A suitable pressing feeling
is related somewhat to the importance of the function
envisioned by a person. The magnitude of the response
and pleasure of operation are generally contradictory. It
is necessary to carefully find a suitable point of balance
between them. However, that point of balance presumably
changes depending on the era. At a time when mechanical
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operations were the main type, a feeling of a solid response
was demanded. As the operation force has been gradually
decreasing, it is necessary to pursue a point of balance
that matches the sensibilities of people today.
(3) Solid feeling

A solid feeling comprises two elements. One is
the play of switch displacement at the time of a low load
and the other is the feeling of stiffness when a switch is
pressed hard. Because the former feeling is a small-is-
better characteristic for which the obvious target is zero,
this article describes the latter characteristic felt when
pressing a switch hard. A solid feeling is influenced by the
magnitude of the force felt by the fingers.
(4) Smoothness

People feel the operation of a switch is smooth or
gentle without any catching when the curve of a stress-
strain (F-S) diagram changes smoothly. The smoothness
of the change at the inflection point of the force influences
the evaluation.

4. Switch Design

The switches were designed by defining target
values suitable for each type of switch based on the
evaluation results.

(1) Push switches

Compared with the results of previous studies, the
present study confirmed that users tend to have a clear
preference for a shorter stroke. Therefore, the switch was
designed to click at an earlier position and the operation
force was made heavier to a corresponding extent (Fig. 5).
A push switch produces a click feeling by the bending of
a rubber skirt inside the switch. Accordingly, a suitable
click feeling was produced by optimizing the thickness
and inclination angle of the skirt (Fig. 6).

(2) Lever combination switches

It was found from the results that users wanted
greater smoothness for the lever combination switches,
while the current operation force was judged to be suitable.
Therefore, the smoothness of the force peak after passing
the click position was specified, and a target was set so as
to obtain a gentle, smooth peak (area 3 in Fig. 7).

The cam ridge and other components of the cam
mechanism (Fig. 8) that determine the operation feeling
were tuned to obtain the targeted smoothness, and the
target was attained.

(3) Power window switches

The results indicated that users also wanted a
shorter stroke and a more distinct click feeling for the
push-pull type of power window switches compared with
previously. The design targets were reviewed accordingly
(Fig. 9). The initial slope of the waveform (“a” portion in
Fig. 9) was made steeper and the “b” portion was made
longer, which achieved a clearer, crisper operation feeling.

The operation feeling of the power window switches
was previously produced using a rubber component, but a
cam mechanism was adopted instead in order to produce
a distinct click feeling (Fig. 10).
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5. Conclusion

This article has explained several examples of
switches, but the same activities were undertaken for
nearly all the cockpit switches with the aim of creating a
consistent switch operation feeling for the entire interior.
We began to undertake these activities starting with the
new Altima and XQ50.

Switches are important communication interfaces
between users and their vehicles in addition to the
execution of driving operations. The operation feeling of
switches significantly influences the overall impression
of a vehicle. By carefully watching changes in society
and conducting user surveys, we will continue to create
an operation feeling that always imparts an advanced
impression.

Finally, the authors would like to take this
opportunity to sincerely thank everyone inside and outside
the company who was involved in this switch development
project for their fine cooperation.
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ProPILOT 2.0 of New Nissan Skyline
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Summary For more than 20 years, Nissan has led technological advancement in driver assistance
systems as a pioneer in this field, engineering countless world’s first technologies. The all-new Skyline
is equipped with ProPILOT 2.0, incorporating the latest driver assistance technologies. These
technologies provide driver assistance linked to the route entered in the navigation system on multi-lane
highways. This article describes these technologies, which facilitate a lane-keeping function, a
key feature of ProPILOT 2.0, including precise, smooth steering control, navigated route driving
functionality and the details of the system interface.

Key words : Electronics, automatic driving system, intelligent vehicle, human-machine-interface,

driver assist system
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1. Introduction

Nissan has been a leader of technological
innovation in driver assistance systems for over twenty
years as a pioneer in this field, developing many world’s
first technologies.”® In 2016, ProPILOT ? driver assistance
technology was implemented on a production vehicle to
provide comprehensive capabilities for helping drivers in
single-lane highway driving. Application of the system has
so far been extended to seven models globally in Japan,
the U.S., Europe and China, and cumulative sales of
Nissan vehicles equipped with ProPILOT have reached
350,000 units to date.

‘We have now substantially evolved our ProPILOT
technology with the development of ProPILOT 2.0 (Fig. 1)
that is featured on the new Skyline. This latest version
operates with the navigation system and can follow a
predefined route in multi-lane highway driving, which is
referred to here as navigated route driving.

With ProPILOT 2.0, the driver first enters the
destination in the navigation system. Once the vehicle
enters a through traffic lane on the highway, navigated
route driving can be activated. Upon activation, this new
driver assistance system provides a wide range of support

*AD/ADAS AT HT B 5850, AD/ADAS Advanced Technology Engineering Department ** A% < —/87 + —< » A & H[ij LB
B, Customer Performance and Vehicle Test Engineering Department
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for driving operations until reaching the specified highway
exit on the predefined route, including helping the driver
with overtaking, lane changes, road branches and so on.

This article mainly describes the smooth, precise
steering control of the lane-keeping function and the
navigated route driving function and its interface, which
are major distinctive features of ProPILOT 2.0.

2. Functions of ProPILOT 2.0

ProPILOT 2.0 includes the following principal
functions.

2.1 Vehicle speed and headway distance control
function

The system controls the vehicle speed to maintain
the speed preset by the driver. Upon detecting a preceding
vehicle, the system controls the headway distance so as to
maintain a suitable distance to the vehicle ahead according
to the ego vehicle speed. The system also controls vehicle
speed according to the magnitude of upcoming curves in
the road ahead.

Moreover, the system can set the vehicle speed
according to the posted speed detected by its traffic sign
recognition function.

2.2 Lane-keeping function

The system assists the driver with steering
operations by controlling the steering so that the vehicle
travels near the center of its lane. Drivers can remove
their hands from the steering wheel so long as they are
always attentive to the road ahead and are prepared to
take manual control of the steering wheel immediately
when the conditions of the road, traffic or own vehicle
require it.

2.3 Lane change assist function

When the driver activates the turn signal,
the system controls the steering to assist the driver in
executing the steering maneuver needed to change lanes.

2.4 Overtaking assist function

Upon detecting a vehicle ahead that is traveling
more slowly than the speed set by the driver, the system
proposes overtaking the vehicle to the driver through an
indication shown on the display. The driver can agree to
the proposal by pushing a switch. The system then controls
the steering to assist with the overtaking maneuver.

2.5 Navigated route driving assist function

When the vehicle reaches a point where a lane
change should be made in order to follow the route to the
destination entered in the navigation system, the system
proposes changing lanes to the driver by means of an
indication shown on the display and an auditory cue. By
pushing a switch, the driver can agree to the proposal.
The system then controls the steering to assist with the
execution of the lane change maneuver.
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Fig. 2 360-degree sensing of surroundings
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Fig. 3 3D high-definition map data

3. Sensor Configuration

The sensor configuration consists of 7 cameras, 5
radar sensors, 12 sonar sensors, Global Navigation Satellite
System (GNSS) capability and 3D high-definition map
data for obtaining 360-degree information on the vehicle’s
surroundings, its precise position relative to the road,
and the road configuration, including the curvature and
gradient of the road ahead. Figure 2 illustrates the concept
of 360-degree sensing of the surroundings, and Fig. 3
shows an example of 3D high-definition map data.

4. Steering Control

4.1 Control system configuration

Figure 4 is a block diagram of the steering
control function incorporated in ProPILOT 2.0. With
this control configuration, real-time lane configuration
information detected with the cameras is compared with
3D high-definition map data to enhance the reliability
of the information. When it is difficult to secure 3D lane
configuration information with the cameras, it is obtained
from a 3D high-definition map to enable accurate
calculation of the steering angle needed for the vehicle
to travel in the center of its lane. To verify the steering
control capability of ProPILOT 2.0, tests were conducted
on a Nissan test course to compare the performance of the
system with that of a skilled test driver.

4.2 Test overview

Lane centering tests were conducted on a test
course with a series of consecutive curves having a radius
of 500 to 1000 m (500-1000 R). Data were measured and
compared for a case with ProPILOT 2.0’s lane centering
control and a case where the skilled test driver drove the
vehicle without any lane centering control. The test driver
was instructed to drive in the center of the lane as much
as possible.

4.3 Test results

Figure 5 shows the lateral position from the lane
center obtained with ProPILOT 2.0’s lane centering control
and for the skilled test driver. The results indicate that the
lateral position from the lane center was smaller with the
control than for the skilled test driver, thereby confirming
the high lane centering capability of ProPILOT 2.0.

Figure 6 shows the steering angle results
measured for lane centering control and the skilled test
driver. At the entrance and exit of curves where the

2D lane
information )
Cameras > Calculation g‘ir%:t steering
of target g Steering
steering angle control
1
3D HD map R
3D lane
information

®-4 L—rEVHUVIHIETOY IR
Fig.4 Block diagram of lane centering control
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steering angle changes, the data show that lane centering
control smoothly controlled the steering angle without
any overshoot just like the skilled test driver. In addition,
on curves where the steering angle was nearly steady for
approximately 50-150 s, lane centering control kept the
steering angle change smaller than that seen for the skilled
test driver.

These results confirmed that adopting a control
configuration that shown in Fig. 4 enables ProPILOT 2.0
to provide smooth steering angle control equal to or better
than that of a skilled test driver.

5. Application of 3D High-definition Map Data to
Lane Change Assist Function

This section explains an example of the application
of 3D high-definition map data to the lane change assist
function with respect to judging the feasibility of a lane
change and lane-level route planning.

5.1 Judgement of lane change feasibility

One issue that can be cited concerning the
provision of lane change assistance is to obtain information
on the adjacent lane in the forward direction. At the time
a lane change is initiated, there are situations where the
onboard cameras cannot fully measure lane information at
the end point of the lane change. Accordingly, with camera-
based information alone there is a possibility that a road
marking prohibiting lane changes might appear in the
course of changing lanes, making it impossible to execute
the maneuver. On the other hand, because 3D high-
definition maps contain lane-level information on the road
curvature, road markings and other details, information
can be obtained on the road configuration beyond the
detection range of the cameras. This facilitates judgment
of lane change feasibility, taking into account the entire
process from an arbitrary lane change starting point to
the end point.

5.2 Lane-level route planning

With the lane change assist function, the system
proposes changing lanes at a suitable timing for the
purpose of providing overtaking assistance and for
proceeding along the route recommended by the navigation
system. That judgment is made possible by the creation of
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Fig. 7 Block diagram of route planning function

a route plan using the lane-level data contained in the 3D
high-definition maps possessed by the system. A route
plan refers to an indication of the lane in which the vehicle
should travel in each section of the trip and a lane change
proposal plan for guiding the vehicle into the proper lane.

Figure 7 outlines the process for creating a lane-
level route plan. First, the system calculates the number of
lane changes needed to travel the route recommended by
the navigation system in cases where the road branches,
including highway exits. It also calculates the road distance
to a branching point and selects the lane in which the
vehicle should travel.

Next, we will present an example to explain lane-
level route planning. Figure 8 schematically shows the
road configuration near a highway branching point.
Consider that the route recommended by the navigation
system is defined as proceeding toward the exit from point
P in the figure. If the vehicle is in the rightmost lane of the
through traffic lanes as the exit approaches, the system
recommends changing lanes toward the left until the
vehicle is in lane A. The system does not recommend
moving to lane B because doing so would increase the
number of lane changes needed to exit from point P. If
the vehicle is initially traveling in lane B, the system
recommends changing lanes to the right and guides the
vehicle into lane A. Regardless of which lane the vehicle
is traveling in, the system recommends changing lanes
so that the vehicle is ultimately guided into lane A as
indicated here.

Having a lane-level route plan also enables the
system to propose a suitable timing for overtaking a
vehicle in front. For example, consider that the route to be
followed specifies taking a branch road to the left and also
that the distance to the branching point is close. In this
case, the system judges that a proposal to overtake the
preceding vehicle should not be given.

As explained here, having a lane-level route plan
based on 3D high-definition map data enables the system
to know in which lane the vehicle should travel. As a result,
it can propose a suitable timing for changing lanes.

6. Intelligent Interface

This section explains the function for transmitting
to the driver real-time information on surrounding vehicles
and the interactive display for lane change assistance,
which are capabilities included in the Intelligent Interface.

Driving direction FeT .

X p <

(i 1] B
T\

_/- A
o
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Fig.8 Schema of a highway including branches

H ZE # #R No. 86 (2020-3) 48



ProPILOT 2.0 of New Nissan Skyline

Wb, ZORRE, BY%y A IV S TOEGERDOR
BRI Do

6. 1VFUIIIVNIYI—TI—R

RKETIE. A VT)P2 MMy —Tz—AIZO0
T, FABRHEEE Y 7V A4 DT AR 2 DL,
HEETRBIIBI AL V557 T4 TRERIZOVTIR

X%,

6.1 BEOE@HRR

V= NETHOFIERCIBWE L D722, BEHEEHD
WY RIS 4 30 7% v AT AT 5 ECEERE
AR BEMOFERA D b ¥ AT MIHEBEEDOFEST
W2 ¢ A ERO—2E LT, 360y 7 En
IBHREHCTWSE, SOy IHRE YTV A A
IR L. VAT ADREBEmZ ED L) IZE#EKL T 5
BERITANIULGZHZET, FIAND Y AT LADKE
EHBELRLTTHILENTE S,

D7, BICEBEMANND 2 & ERFRT A5 TR
Bl VAT ADPKHIL TWBEMIZRIEREZ ) TV Y A L
WCEHTDLEDR DL, ZOEMGET7-012, £t
VAR L MR R E OB F T ORAEICIG U iE
BA—FTAATVAERT DL ICHEET L7 (K9,
ZHUCED . AT APFEBORRE EDO L) ICFERRL T
WEIE FITANZEBICO2 DRI EZTWA,

6.2 EREEXEROBERRKRR

BB OSMIRNEEZE L, VAT LIEHERDOS 1 2
YUERRFEL. FIANDPREL AL H L HEHEHEIIR
ZBMGT A, COEMERTEO—EOFTNOHFT, FF
A NIR L B T SRR O IR & BIRE (B 2 B
W Do

AR L 2 HEBETE R, FIANIEINY FVvE
R0 v, EHEEHORENAEIND &,

®-9 RFEHIEJEOT « RTUAFRR
Fig.9 Surrounding vehicle display

49  NISSAN TECHNICAL REVIEW No. 86 (2020—3)

6.1 Surrounding vehicle display

Information on surrounding vehicles is essential
for the system to judge a suitable timing for initiating
a lane change to overtake a preceding vehicle or take a
branch road while traveling the predefined route. The
system uses information obtained by 360-degree sensing
as part of the data for judging the feasibility of changing
lanes. This sensing information is displayed in real time
to convey to the driver how the system has recognized
surrounding vehicles. This makes it easy for the driver to
understand the current status of the system.

For that purpose, simply indicating just that
surrounding vehicles are present is not sufficient. It is
necessary to display detailed information that the system
detects in real time. To satisfy that requirement, the
system has been designed to show in the meter display
the types of vehicles and their positions corresponding
to the distance to them, which have been recognized by
the various onboard sensors (Fig. 9). This information is
conveyed to the driver in an intuitive, easy-to-understand
format to indicate the surrounding circumstances
recognized by the system.

6.2 Information displayed at the time of lane
change assist

The system proposes a suitable timing for
changing lanes based on consideration of the surrounding
traffic situation. Once the driver accepts the proposal, lane
change assist is activated. In the course of executing lane
change assistance, it is necessary to convey clearly to the
driver the progress of the assisted lane change maneuver.

The driver shall be holding the steering control
during the execution by lane change assist. Upon the
driver’s approval of the lane change proposal, the color of
the associated icon shown in the display changes to green
to convey the driver that it is necessary to be holding the
steering control (Figs. 10 and 11).

Before the execution of the lane change is actually

ThICEREELET
-

km/h

\
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Fig. 10 Lane change assist proposal display
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initiated following the driver’s approval, the arrow in
the head-up display repeatedly changes color from the
foreground into the lane in which the vehicle will change.
This enables the driver to understand intuitively that the
lane change is about to start. A message is thus conveyed
to the driver to anticipate the lane change action to be
performed (Fig. 11).

The system then blinks the turn signal indicator
and the vehicle begins to change lanes. The arrow in the
display blinks a green color to tell the driver that the lane
change is under way (Fig. 12).

These display indications enable the driver to
easily understand intuitively the progress of the lane
change.

7. Conclusion

ProPILOT 2.0 has been developed to assist drivers
with a wide range of driving operations in highway driving,
operating in conjunction with the navigation system to
follow a predefined route on multi-lane highways.

We hope that the technologies described here will
increasingly evolve in the future and contribute to the
attainment of a society in which many people can move
about freely in their vehicles safely and confidently.

Finally, the authors would like to thank everyone
involved inside and outside the company for their invaluable
cooperation with the development and commercialization
of ProPILOT 2.0, including the development of technologies
that could not be fully described here.
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Summary

The all-new Juke, classified as a B-segment crossover, is intended to contribute to

Nissan’s business in Europe as one of the company’s main core models. As the 2nd-generation model,
the all-new Juke continues the distinctly unique design and fun-to-drive feeling provided by the first
generation launched in June 2010. At the same time, it also meets various customer preferences while
delivering improved safety and fuel efficiency. This article presents a product overview of the all-new

Juke.

Key words : Automotive General, new model, Juke
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1. Introduction

Since the Nissan Juke was released in June 2010
as the pioneer of the B-crossover segment, 1.55 million
units have been sold worldwide. The first-generation Juke
provided value as a model embodying various strong
points, including a design combining toughness with
agility, control systems based on advanced technologies
and agile driving pleasure, among others.

This second-generation Juke has been developed
for the European market where the first-generation model
has been highly acclaimed. It is an extremely important
model for Nissan Europe, which is aiming for the next
highest sales volume after the Qashqai. At the same time,
the Juke also has the role of contributing significantly to

M-1 #HBIa21—5
Fig.1 All-new Juke
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enhancing the brand image of Nissan vehicles. The new
Juke further advances the normal evolution of the series
while retaining all the advantages of the first-generation
model. Its introduction is aimed at securing sales even
among customers who have not considered buying a
Nissan vehicle in the past.

2. Product Concept

The concept defined for the development of the new
Juke was to create a vehicle with overwhelming presence
and providing exhilarating agility like a runabout in
typical driving situations in Europe. The Juke is targeted
at people who like to be forever young and possess their
own definite values. It is aimed at satisfying all the
expectations of even the most particular customers at
the highest possible levels. This is accomplished by the
distinctly individualistic design that distinguishes the
Juke at a glance, an interior that uplifts the spirit just by
entering it, and exciting driving performance that makes
one want to drive forever upon starting the engine and
gripping the steering wheel.

3. Appealing Features

3.1 Exterior design

The concept defined for the exterior design was
“bold” and “authentic.” As a coupe-SUV crossover, the Juke
features powerful, dynamic proportions and body panel
expression. In addition, it is fitted with 19-inch wheels
and tires that rank among the sportiest in the B-segment
in Europe. These features express its powerful stance and
authentic SUV character. This successful combination
of bold and authentic further evolves the Juke’s striking
presence (Fig. 1).

The wheelbase has been further extended to make
the overall length 106 mm longer than that of the first
generation and its overall width has also been increased
by 35 mm. These larger dimensions made it possible to
approach more idealistic proportions. As a result, larger,
more comfortable rear-seat space was also successfully
ensured.

While adopting the V-motion grille and other

X-3 mIFEER1 T U7
Fig. 3 Cockpit area
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design cues for consistency with the Nissan brand, the
new Juke further pursues its own unique identity. Like the
first generation, the new Juke also adopts the same round
headlamps. A more sporty and novel look is projected by
the increased use of light-emitting diodes (LEDs) on all
models (Fig. 2).

Eleven attractive body colors are available,
including “Fuji Sunset” as a new exterior color reminiscent
of the first-generation Fairlady Z. Sportiness is further
heightened by the adoption of two-tone color combinations,
including a selection of three roof colors.

3.2 Uplifting interior

Concerted efforts were made to improve the visual,
tactile and auditory aspects of the interior (Fig. 3), with
the aim of uplifting customers’ spirit as a result of simply
entering the vehicle. With regard to visual and tactile
aspects, trim combinations have been expanded to meet
customers’ diverse preferences. Ambient lighting has also
been adopted to provide an interior for further elevating
customers’ mood (Fig. 4). Soft-touch pads have been
adopted for the knee pads, armrest and other places that
drivers often touch, thereby substantially improving
perceived quality. With regard to auditory aspects, the
Bose® Personal® Plus sound system expands the headrest
speakers to both the driver’s seat and front passenger’s
seat, whereas they were only applied to the driver’s seat
on the first generation. This successfully creates a sound
environment for customers who are particular about sound
quality (Fig. 5).

Moreover, the longer wheelbase and more efficient
packaging compared with the first generation make the
interior space larger. In addition to providing greater
comfort during driving, this also contributes to improving
ease of rear-seat entry and exit. The luggage area capacity
has been improved to 422 L for larger storage space than
that of the first generation. Moreover, the height of the
largest opening area has been lowered and the width of
the lower opening has been expanded. These measures
successfully improve ease of loading and unloading cargo
(Fig. 6).

With regard to quality aspects, the thickness of the
window glass, positions of the outside mirror mounts and
the floor carpet have been improved, among other things,
to create a quieter interior. Along with other improvements,
the new Juke provides class-leading interior comfort.
Special attention was also paid to the switch layout around
the driver’s seat, with greater emphasis put on ease of
operation. Consequently, switches are positioned where
they can be easily operated without interfering with driving
tasks. As a result of these special attentions, customers
can enjoy driving the Juke without feeling any stress.

3.3 Exciting driving pleasure

While the first generation has provided outstanding
driving pleasure with notably agile handling among
B-segment crossovers, the new Juke aims to further refine
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the driving experience. The performance envisioned here
was the driving pleasure of runabouts that are commonly
encountered on roads in Europe. Toward that end, every
effort was made to ensure forward visibility. First, the
A-pillars were slimmed down as much as possible and
also the outside mirrors were mounted on the doors to
maximize forward visibility. As a result, the new Juke can
be driven with complete peace of mind like the runabouts
characteristic of Europe.

Care was also taken to improve handling
performance. Body torsional stiffness was increased
by 13% over that of the first generation. In conjunction
with that, the settings of the tires and suspension were
also changed. These measures serve to suppress tiny
movement of the body, thereby improving allowable
acceleration (G) during cornering. A quick gear ratio was
also adopted to achieve a vehicle that moves as customers
desire.

With regard to acceleration performance, a 7-speed
dual clutch transmission was adopted in place of the
continously variable transmission(CVT) used on the
first generation. This transmission provides a feeling
of direct, linear acceleration. Paddle shifters have also been
added to enable quick shifting according to the driver’s
wishes. Powering the new Juke is a 1.0L turbocharged
engine that delivers both acceleration performance and
fuel economy at the highest possible levels for strong
competitiveness. This newly developed engine adopts a
delta cylinder head, a centrally positioned fuel injector and
a mirror-like bore spray coating that is used on the GT-R
and other models. These features significantly improve fuel
economy. In addition, the new Juke incorporates weight-
reduction technologies that lighten the vehicle mass by
over 5% from that of the first generation. Even though the
new vehicle is larger in size, it weighs 23 kg less than the
previous model. Moreover, the exterior design improves
aerodynamic drag while still ensuring a larger interior
space.

3.4 Advanced equipment and safety technologies
The new Juke is equipped with Nissan’s ProPILOT

following upon the Qashqai and the Nissan LEAF in the

European market. This system assists the driver when
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driving in the same lane on highways and reduces the
driver’s workload during long-distance journeys and in
congested traffic.

Thorough pursuit of safety performance was not
overlooked either. With its full complement of necessary
safety equipment, the Juke has obtained the highest
evaluation in the European New Car Assessment Program
(NCAP), which has the most rigorous standards of any
such program worldwide. The new Juke notably features
Nissan’s first application of Blind Spot Intervention (BSI)
in Europe ahead of other rival models in this segment. In
addition, it comes with many other safety technologies
including Intelligent Emergency Braking and Rear Cross
Traffic Alert (RCTA), to provide customers with peace of
mind while driving.

These advanced technologies are expected to
contribute to the provision of Nissan Intelligent Mobility,
the company’s solution for future society.

4. Conclusion

The new Juke achieves a higher level of evolution
while continuing the outstanding qualities of the first-
generation model. It embodies various technologies and
wisdom to enable customers to drive the vehicle with
pleasure even in the European market with its more
rigorous standards. As such, the new Juke is expected
to contribute to enhancing the brand image of Nissan
vehicles in that market.

Finally, the authors would like to sincerely thank
everyone involved with the design, development,
production, marketing, sales and product planning of the
new Juke.
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The all-new Roox, classified in the minivehicle segment that is the largest sector of the
Japanese car market, is intended to contribute to Nissan’s business in Japan as one of the main core
models. This 2nd-generation Roox is Nissan’s second minivehicle model to be equipped with ProPILOT
after the new Dayz that was launched in March 2019. In order to meet the high expectations of
customers, the all-new Roox combines the best aspects of a minivan and a minivehicle to create a new
product. Useful storage spaces, a minivan-like roomy, comfortable interior, and easy maneuverability are
among the key highlights of this new model. This article presents a product overview of the all-new

Roox.

Key words : Automotive General, new model, Roox
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1. Introduction

The first generation of the Dayz Roox was launched
in 2014 as the second model in the Nissan Dayz series. It
has delivered excellent value as a super-high-roof wagon
type of minivehicle combining many outstanding features.
These include packaging that provides both roominess
and convenience, advanced convenience features for
comfortable everyday use, exterior styling suggestive of
dynamic performance and spaciousness, and a superior
quality interior, among other attributes.

The competitive environment in the minivehicle
segment in Japan has been intensifying every year. There
are demands for improvement of acceleration performance
and fuel economy within the limited engine displacement
allowed and for a level of advanced equipment features
still not commonly seen even on registered vehicles. Today,
the advantages of selecting a minivehicle are not limited
to tax breaks. Rather, it now represents an attractive
choice of a reasonably priced vehicle loaded with advanced
technologies in a compact size. Amid the stagnant vehicle
market growth in Japan in recent years, the demand for
super-high-roof wagon-type minivehicles has continued to
grow, and the overall demand for minivehicles has reached
nearly 40% of new car sales.

For this largest market segment in Japan, Nissan
has been emphasizing the development of attractive
products with unique Nissan features, including the

* T i35, Product Planning Department
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Fig.2 Three pillars of Nissan Intelligent Mobility

adoption of advanced safety technologies and stylish design
comparing favorably with that of registered vehicles. In
March 2019, Nissan launched the new-generation Dayz
for which a thorough review was made of automotive
engineering basics from scratch. Nissan was directly
involved from product planning through the development
stage to incorporate the company’s vaunted technologies in
this new model. Following the new-generation Dayz, the
all-new Roox is a super-high-roof wagon type of minivehicle
that is expected to play an important role as a core brand
in securing a wider range of customers (Fig. 1).

2. Product Concept

The concept defined for the development of the
new Roox was to create a highly usable interior space for
stylish mothers. The aim was to respond to customers’
every expectation at the highest possible level within the
severe restrictions imposed by the minivehicle standard.
Special care was taken to ensure a comfortable, easy-to-use
interior space in a new form combining both a minivan’s
convenience of use and a minivehicle’s driving ease.

In addition, the new Roox is positioned as a
reasonably priced model that provides the technologies
associated with the three pillars of Nissan Intelligent
Mobility, the company’s proposed technology message for
the future of driving. These pillars are intelligent driving,
intelligent power and intelligent integration (Fig. 2).

3. Appealing Features

3.1 Design

The exterior design concept embodies the themes
of dignified refinement and an imposing demeanor. A
smoothly flowing horizontal line motif combines with
generous panel surfaces to impart a sense of dignified
refinement, while the crisp, eye-catching front end and
the overall large-looking silhouette exuding a solid,
stable impression express an imposing demeanor. The
character of the Highway Star model is reflected by
its dignified presence, while the Standard model has a
friendly, endearing character. While the V-motion grille,
the signature boomerang-shaped headlights positioned
toward the bumper and other details maintain unity with
the Nissan brand, the design also adds new freshness.
The distinctively shaped LED headlamps and also the
adaptive LED headlights with decorative lights featuring
a clear, vapor deposited lens further heighten the car’s
advanced image (Fig. 3).

Quality aspects also received flawless attention.
The alignment of the headlamps incorporated in the hood
and the design of the Highway Star model grille that varies
gradually toward the openings are examples of details that
project an impression of superior quality combined with
stylishness.

The themes of the interior design concept are
refined, intuitive, and easy-to-use simplicity. The design
achieves a comfortable, easy-to-use interior providing both
convenience and roominess. The flat design that minimizes
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level differences to the extent possible and the integrated
design linking the instrument panel and the doors create a
refined, premium quality interior equal to that of registered
vehicles (Fig. 4).

The automatic air-conditioner with electrostatic
touch panel controls that has been a popular feature on
the first-generation model has evolved further. The display
and the control switches are now integrated to enable
intuitive operation. The design combines ease of use with
a beautiful appearance (Fig. 5).

The all-new Roox is available in a total of 17
body colors, including five varieties of two-tone color
combinations imbued with a feeling of bright cheerfulness
and fun. The improved and expanded color variations
are intended to meet a wide range of customer needs for
minivehicle body colors.

3.2 Proudly presenting advanced technologies
exemplifying Nissan’s engineering excellence

Nissan’s advanced driver assistance technologies
are fully incorporated in the Roox to make everyday
driving a more confident, pleasant experience. Intelligent
Emergency Braking and an assistance system for preventing
a collision due to accelerator pedal misoperation are
provided that were also installed on the first-generation
model. In addition, the Roox is the first minivehicle to
be equipped with Intelligent Forward Collision Warning
(FCW) technology that detects two vehicles traveling in
front and urges the driver by audible and visual warnings
to be careful of potential risk ahead. It detects changes in
the forward circumstances that the vehicle ahead blocks
the driver from seeing and warns the driver of the risk of

A=— FRfEVEESF
Smart operation

OM-OFF' E , ,@ l AUTO I ArC
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\
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Electrostatic touch panel:
Integration of display and switches for intuitive operation
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Fig. 5 Electrostatic touch panel
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a multiple vehicle crash or a forward collision. The Around
View Monitor, which has been a popular item on the first-
generation model, now includes a moving object detection
function for driving with greater peace of mind. Driver
assistance technologies have been further improved with
the provision of Intelligent Driver Alertness (DA), Lead
Car Departure Notification and Traffic Sign Recognition,
among other features aimed at enabling customers to
drive the Roox with enhanced confidence (Fig. 6).

The new Roox is also available with SOS call,
which has been a popular feature on the new Dayz, as
a factory-installed option. In parallel with our efforts to
prevent accidents in the first place by providing advanced
driver assistance technologies, installation of this system
gives customers further peace of mind when driving the
Roox. In emergency situations, such as in the unlikely
event of an accident or if a sudden illness should occur, this
feature assists the driver in obtaining an ambulance by
immediately notifying the police and the fire department.
In addition, if the driver should become the victim of road
rage, which has become a social issue recently, necessary
help can be obtained by pushing the SOS call button (Fig.

T e e e e R

-7 SOS d—JL
Fig.7 SOS call
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7).

Nissan’s ProPILOT, a popular item on the new
Dayz, is also offered as a factory-installed option for
confident, enjoyable driving not only in everyday use close
to home but also on family trips and at other times. This
system assists with the actions of accelerating, braking and
steering during monotonous driving in congested traffic
and long periods of cruising on expressways. In this way,
it serves to reduce the driver’s workload in expressway
driving (Fig. 8).

3.3 Well-thought-out ease of use

Our aim was to create a vehicle that even persons
who are not so good at driving can operate with confidence,
thanks to its outstanding visibility and maneuverability.
The height of the driver’s eye point is the best in this class
and equal to that of a minivan. The feeling of confidence
while driving has been enhanced by enlarging the driver’s
field of view as a result of lowering the height of the hood
and the waistline.

The opening of the rear-seat sliding doors has been
widened as a matter of course and also the floor at the
opening has been made flat. These specifications enable
even small children and elderly persons to enter and exit
easily without stumbling. In addition, the hands-free auto
sliding doors can be opened and closed with a just a simple
motion of sliding the foot under the door when carrying a
child or when both hands are full with bags, an umbrella
or other things (Fig. 9).

The rear seats have a long-sliding mechanism for
greater ease of use and enjoyable driving by customers
traveling with small children. By sliding a rear seat all the
way forward by 320 mm, the driver can easily tend to a
small child in the rear seat while sitting in the driver’s
seat. This mechanism eliminates the hassles that occur
in other vehicles, such as moving to passenger seat then
sliding the seat rearward or the driver putting the shift
lever in Park and sliding the driver’s seat rearward to
tend to a child (Fig. 10).

In addition, this mechanism enables a child seat
fitted in a rear seat to be moved just beside the side door.
This makes it possible to transfer a child from one’s arms
to the seat or pick up a child from the seat without bending
over and stepping inside the interior.

X-10 #EOYVIRSAR
Fig. 10 Long-sliding rear seats
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3.4 Comfortable interior for relaxing even for adults

Particular attention was paid to the comfortable
roominess and large-capacity luggage space that typify
the convenience of minivans. The aim was to create a
vehicle in which four adults can relax in spacious comfort
for traveling long distances without getting tired. Class-
leading elbow room and knee room contribute substantially
to improving comfortable roominess. Not only can the rear
seats be used like a kids room for changing their clothing
or diapers, the floor area can also be used as another
luggage space for holding a stroller or a shopping basket.

The long-sliding rear seats and large-capacity
luggage space give the Roox a highly convenient interior
for versatile use. Examples include domestic trips carrying
the suitcases of four adults, day-trip barbeque outings for
a family of four, and picking up children from a tutoring
school along with taking their bicycles home.

Special care was taken to build comfort into the
Roox. The shock absorbers have been increased in size and
incorporate a high-response valve to quicken responsiveness
for generating damping force. As a result, the Roox provides
both supple ride comfort and solid handling.

Quietness has been improved by increasing the
stiffness of the engine framework and reducing the noise
volume of noise sources. Gaps connecting the outside of the
vehicle with the interior are blocked, and sound-absorbing
materials are effectively placed around the engine and the
doors that tend to be noise sources. Interior comfort has
especially been enhanced by putting priority on reducing
noise at frequencies that significantly influence the ease
of conversation between occupants.

4. Conclusion

The wisdom and ingenuity of everyone involved in
this project, beginning with the design and development
people, have been concentrated in the new Roox for the
very reason that it is subject to severe restrictions as a
minivehicle. By executing the design in full consideration
of the special characteristics of this Japanese market
segment, we are confident that the new Roox has been
suitably engineered as a product capable of appealing to
many customers.

Finally, the authors would like to sincerely
thank everyone involved in the product planning, design,
development, production, marketing and sales of the new
Roox.

KB OERET
Kanako Motojima
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1. Introduction

It is envisioned that the introductory period of
automated driving will include a stage where vehicles will
be equipped with both manual and automated driving
systems. The criteria by which drivers will judge the
suitability of automated driving operations will likely
be their personal driving style. Accordingly, reflecting
personal driving styles into automated driving technology
may result in a system that is more readily acceptable to
drivers. At present, drivers themselves preset the headway
distance to a preceding vehicle for automatic following.
The aim of this research is to propose a technology for
automatically setting the headway distance to a preceding
vehicle based on an individual’s driving style that the
system learns during manual driving.

2. Overview

This research was conducted on the basis of three
approaches. First, vehicle-following data were collected on
ordinary roads for a wide range of drivers who were selected
for having different driving styles. The headway distance
when following a preceding vehicle tends to be unstable on
ordinary roads because it is easily influenced by driving
situations and the traffic environment. Therefore, the
headway distance was investigated separately for different
driving situations. The results revealed that the headway
distance showed less variation during vehicle deceleration
compared with other situations because the drivers actively
tried to maintain a certain distance. This indicated that
deceleration was suitable for modeling individual driving
characteristics regarding headway distance (Fig. 1).

Next, using the headway distance data obtained
during deceleration, a method was conceived for modeling
headway distance that reflects the sensitivity of individual
drivers to the traffic environment. Because the headway
distance Df is dependent on the vehicle speed Vf, a
multiple regression model was created, expressed basically
as Df = aVf + b, where a is the time gap and b is the
distance until stopping. They represent two coefficients
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Fig. 2 Rating of conformity of auto following distance with
that of manual driving (N=10)

corresponding to the individual driver and the traffic
environment. The traffic environment was annotated on
the basis of map information and camera images, assuming
that vehicles would be able to obtain the traffic environment
in the future. Factors thought to cause the headway distance
to vary were analyzed statistically, and ones found to be
influential were incorporated in the model.

Finally, the modeling method was used in
experiments to evaluate automatic following where the
headway distance was adapted to individual driving styles.
The experiments were conducted on a proving ground
course using a test vehicle capable of switching between
manual and automated driving. The results showed that
the headway distance for automatic following adapted to
individual driving styles conformed to the drivers’ feeling
of it (Fig. 2). The results also revealed that the drivers’
feeling of safety and acceptance of the automated driving
system was high when their rating of conformity of the
headway distance was high (Fig. 3).

3. Conclusion

This research demonstrated for the first time
using a test vehicle that adapting automated driving to
individual driving styles contributes to improving drivers’
acceptance of the system. One task for future work is to
verify the degree of conformity of the headway distance
and its allowable range by conducting evaluations of the
modeling method under various driving environments
on actual roads. Another task is to extend the method to
other driving parameters having many degrees of control
freedom and large individual differences, such as in the
case of braking timing at intersections and vehicle launch
acceleration. It is assumed that the technology for adapting
automated driving to individual driving styles will be
helpful in promoting the diffusion of automated vehicles.
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The Outstanding Technical Paper Award is given by the Society of Automotive Engineers of Japan to an individual member (and their
co-authors) for publishing an outstanding paper concerning automotive technology.
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Editorial Postscript

I wonder when it was that I stopped washing my car by hand. In the past, I filled a sponge with soapy water
and washed off the dirt from one corner to another and then applied wax everywhere while sweating profusely. One
private pleasure in that process was the discovery of the detailed part structures that the car had. It was possible
to find the well-thought-out ideas and ingenuity of the designers everywhere, such as in the mechanism of the door
handles, the fit & finish of the bumpers and the movement of the center console lid.

The special feature in this issue focuses on “High-quality Feel Engineering,” creatively embodied in the fine details
of the parts. Most of the scope of this issue concerns upper body parts. The engineers who developed them are so
busy pursuing one project after another that many people have not been able to describe the results of their work
in the form of a manuscript. We are publishing this issue in order to convey to readers both inside and outside the
company the engineers’ efforts in which they worried about customers’ perceptions, struggled to incorporate their
ideas into concrete structures, also felt satisfaction when the parts they developed functioned well. It is very difficult to
understand and quantify people, i.e., our customers, but we hope that the technologies introduced in this issue will be of
some help to engineers who are distressed by this same problem.

As a result of everyone'’s efforts, our activities have been highly acclaimed, as typified by the selection of the new
INFINITI QX50 for Wards 10 Best Interiors list in the U.S. However, it is not easy to maintain this kind of advantage
in the interior, especially as the incorporation of information technology (IT) in vehicles continues to advance, even
higher levels of quality will be demanded in the future for such things as the movement of graphical user interfaces
(GUIs) or the click sound of software switches embedded in display screens. The challenge of “High-quality Feel
Engineering” continues.
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This is the fourth year that I have been responsible for activities to achieve
thoughtful, high-quality feel engineering that exceeds customers expectations.
These activities are based on the concept of building into our vehicles functionality
and shapes that appeal to human sensibilities as a result of analyzing people
scientifically. To accomplish that, we develop designs that quantitatively link
vehicle functionality and shapes to human senses and characteristics. The cover
design of this issue envisages various situations related to customers use of
Nissan vehicles, including approaching the vehicle, entering, operating equipment
and driving. The images incorporated in the cover design indicate that customers
perceive thoughtful, high-quality feel engineering in the various vehicle parts and
locations involved in these actions. The parts and technologies created through
these activities are being adopted on our new models, enabling customers to
actually see, touch and experience first-hand our thoughtful, high-quality feel
engineering. We will continue to move ahead with these activities so as to
contribute to the design and engineering of even better vehicles in years ahead.
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