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In the automotive industry, advanced driver-assistance systems (ADAS) and autonomous driving
technology (AD) are evolving every day. Moreover, a growing demand exists for methods that enhance
visibility to prevent serious driver-accidents related to unnoticed signs/pedestrians. Nikon and Mitsubishi
Fuso have developed an innovative in-vehicle camera system to create new safety value for future trucks

and buses.

The initiative resulted in the development of an innovative camera featuring a single-lens system
integrating telephoto and wide-angle functions to facilitate both long-distance and peripheral visibility.

The optical axes of the far-away and periphery shots are the same, which prevents parallax. Therefore,
the camera system reduces the risk of losing track of an object or detecting a double image when used
as an in-vehicle camera with Al image recognition to collect road information with tracking signs or other

vehicles in the distance.

Using this system requires fewer cameras to be installed in the vehicle owing to its effective positioning
and integrated telephoto and wide-angle lens system. This innovation facilitates uninterrupted 360°
coverage and addresses common challenges such as high system costs and failure rates.
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1 Introduction

In the automotive industry, advanced driver-assistance
systems (ADAS) and autonomous driving technology (AD)
are evolving every day. Moreover, a growing demand exists
for methods that enhance visibility to prevent serious driver-

accidents related to unnoticed signs/pedestrians.
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Nikon and Mitsubishi Fuso have developed an innovative
in-vehicle camera system to create new safety value for
future trucks and buses. The initiative resulted in the devel-
opment of an innovative camera featuring a single-lens sys-
tem integrating telephoto and wide-angle functions to facili-
tate both long-distance and peripheral visibility (Fig. 1).

The optical axes of the far-away and periphery shots are
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Fig. 1 Tele & Wide coaxial camera integrating telephoto and wide-
angle lenses

the same, which prevents parallax. Therefore, the camera
system reduces the risk of losing track of an object or
detecting a double image when used as an in-vehicle camera
with Al image recognition to collect road information with
tracking signs or other vehicles in the distance (Fig. 2).
Using this system requires fewer cameras to be installed in
the vehicle owing to its effective positioning and integrated
telephoto and wide-angle lens system. This innovation facili-
tates uninterrupted 360° coverage and addresses common

challenges such as high system costs and failure rates.

Telephoto View Telephoto View

Wide Angle '

This-video is for illustrative purposes only.

Wide Angle  J§

Fig. 2 Comparison between separated telephoto and wide-angle
lenses (left) and coaxial configuration (right)
(coaxial configuration is free from parallax effects)

7 Tele & Wide Coaxial Camera

The wide-angle lens is designed with a FOV of 190° and
the telephoto lens with a FOV of 20°. The light from each
lens enters from the object side, passes through a common
lens group, and is then split into separate optical paths by a
beam splitter. The reflected and transmitted light from the
beam splitter passes through subsequent lens groups and is

then focused onto the image sensors (Fig. 3). This configu-
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ration enables the acquisition of parallax-free images for both
the wide-angle and telephoto views. In addition, considering
factors such as downsizing the housing and manufacturabil-
ity of the lenses, the reflected path is assigned to the wide-
angle lens and the transmitted path to the telephoto lens.

Fig. 3 Configuration of the Tele & Wide coaxial camera

Considering in-vehicle applications, the optical design was
advanced with careful consideration of the following six

points:

1) Projection Characteristics of the Fisheye Lens

As mentioned above, the wide-angle lens of this camera is
a fisheye lens with a FOV of 190°. A fisheye lens can be
designed to alter its projection characteristics, allowing it to
enlarge the central area of the image while compressing the
periphery, or achieve the opposite characteristics. Because
this camera is configured to enlarge the central area of the
image with the telephoto lens, it is desirable for the wide-
angle lens to provide higher resolution in the peripheral
areas than in the center. Based on this concept, the wide-
angle lens was designed with projection characteristics that

enhance resolution in the peripheral areas of the image.

2) Resolution Performance

To enable object detection across the entire image, the
optical design ensures high resolution not only in the center
but also in the peripheral areas. In particular, because it is
necessary to satisfy the performance requirements of both
the wide-angle and telephoto lenses, the common lens group
located before the beam splitter was designed with an opti-
mal lens power that balances the wide-angle and telephoto
performance. Considering maintainability, the design has
been implemented to make the front lens replaceable, while
suppressing resolution degradation caused by mounting

€rrors.
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3) Optimal Sensor Placement

This camera is intended for installation outside the vehi-
cle, where dust, dirt, water droplets, and similar contami-
nants are likely to adhere to the front surface of the lens. If
the sensor is positioned to focus on nearby objects, any
adhering contaminants become more conspicuous, whereas
positioning the sensor to focus on distant objects reduces
detection accuracy for nearby objects.

Based on these considerations, the sensors are positioned

at locations optimized for the intended use cases.

4) Robustness to Temperature Variations

When the environmental temperature is high or low, focus
shift may occur, resulting in image quality degradation. This
camera employs a robust design that minimizes image qual-
ity degradation in high- and low-temperature environments
by selecting materials and shapes for optical and mechanical
components with consideration of their thermal deformation

characteristics.

5) Ghost and Flare

We took measures to minimize the occurrence of ghosting
and flare, which can be detrimental to object detection. In
particular, because a fisheye lens has a wide FOV and is
susceptible to strong light entering from various sources, we
conducted ray-tracing simulations to examine the optimal
shapes of optical and mechanical components and determine

their placement.

6) Telephoto Lens Customization Capability

On the wide-angle side, an FOV exceeding 180° is required
to detect surrounding objects, whereas on the telephoto side,
the required FOV varies depending on the use case. To
address this, the camera is designed such that the wide-angle
configuration remains unchanged, while customization is
enabled by replacing the entire set of lenses on the sensor
side of the beam splitter for the telephoto path. This enables
the FOV on the telephoto side to be changed at low cost, and
we have actually conducted development and evaluation using
multiple types of telephoto lenses.

Based on these six points, we have achieved an optical
design optimized for in-vehicle cameras.

It is difficult to imagine how the images will appear when
the camera is mounted on a vehicle without actually seeing
them. By conducting real-image simulations of the camera
mounted on a vehicle from the initial design stage, we exam-
ined optimal camera specifications suited to the intended use

cases. In addition, real-image simulations make it possible to
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conduct various verifications without producing prototypes
(Fig. 4).

Fig. 4 Image obtained from real-world simulation

Using the developed camera, we conducted a comparative
evaluation by photographing a STOP sign placed 150m away
with both the wide-angle and telephoto lenses. When the
sign portion of the image captured with the wide-angle lens
was digitally zoomed in, the letters “STOP” appeared blurred
and unreadable; however, in the image captured with the

telephoto lens, the letters “STOP” were clear and could be

distinctly recognized (Fig. 5).

“STOP” cannot be recognized

Fig. 5 Real-world image captured with the Tele & Wide coaxial
camera

3 Tele & Wide Image Composition Processing

We developed image processing technology for a camera
that integrates a wide-angle lens and telephoto lens. This
technology is designed to provide the driver with highly vis-
ible images by combining the wide FOV of the wide-angle
image with the detailed information of the distant scene
captured by the telephoto image. We implemented distortion
correction for the wide-angle image, composition of the tele-

photo image, and a digital mirror display that allows the
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driver to adjust the FOV, Roll (horizontal rotation), Pitch % e
(vertical rotation), and Yaw (horizontal direction) (Figs. 6
and 7).

While the wide-angle lens offers a wide FOV, it produces
characteristic image distortion. To accurately correct this
distortion, we mathematically modeled the characteristics of
wide-angle lenses, including fisheye lenses, using Scar-
amuzza's model [1]-[3]. This model represents the projec-
tion of a wide-angle lens and the distortion in its image as
polynomial functions. Using this model, parameters are cal-
culated (calibrated) based on feature points obtained from

projecting a checkerboard. By applying the obtained param-

eters to correct distortion in the wide-angle image, straight-

. tored. allowing the driver ve inf i Fig. 6 Example of digital mirror operation
ness is restored, allowing the driver to perceive information (left: FOV = 90°, right: FOV = 40°)
in a visually natural manner.

Because it is difficult to discern detailed information at w

long distances using only the wide-angle image, the tele-

ey
-

photo image was composited onto the wide-angle image. In
principle, because the wide-angle and telephoto lenses are
aligned on the same optical axis and no parallax occurs,
aligning the two images is straightforward. However, to com-
pensate for manufacturing tolerances, it is necessary to
perform precise alignment for each unit using an optimal-
homography matrix. This made it possible to reliably inte-
grate the wide FOV of the wide-angle image with the
detailed information from the telephoto image.

In the digital mirror display, a projection transformation
matrix is calculated from the FOV, Roll, Pitch, and Yaw
parameters set by the driver, enabling real-time conversion
of the distortion-corrected wide-angle and telephoto compos-
ite image to any desired viewpoint. When the FOV is set
wide, the broad view of the wide-angle image is displayed,
and when it is set narrow, the detailed information from the
telephoto image is displayed, allowing the driver to obtain
optimal information according to the situation.

In addition to the aforementioned alignment, the composi-
tion of the wide-angle and telephoto images requires that the
exposure timing of both images match and their brightness
and color tone be consistent. If these differ significantly
between the two images, unnatural discontinuities may
appear at the boundary between the wide-angle and tele-
photo images, even when they have been precisely aligned.
To address this issue, our camera system incorporates a
mechanism that enables coordinated operation between the

image sensors and image processing on the wide-angle and

telephoto sides. First, the vertical synchronous (Vsync) sig-

Fig. 7 Example of digital mirror Pitch and Yaw operation
nals of the two sensors are synchronized to match their (center: Pitch and Yaw = 0°, top/bottom/left/right: Pitch

exposure timing, thereby eliminating temporal misalignment. or Yaw varied by 25° in each respective direction)
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Next, luminance and color information are calculated from
the exposure data of each sensor, and after coordinating the
image processing, the two sensors are controlled again to
match the brightness and color tone of the wide-angle and
telephoto images. Figure 8 shows the composite results of
the wide-angle and telephoto images with coordinated opera-
tion turned ON and OFF (the area inside the dashed line is
the telephoto image). It was confirmed that the coordinated
operation of the image sensors and image processing imple-
mented in this camera system is effective in eliminating

temporal misalignment and boundary discontinuities.

Coordinated operation ON / Coordinated operation OFF

Fig. 8 Composite of wide-angle and telephoto images
(coordinated operation ON/OFF: area inside the
dashed line is the telephoto image)

4 Near-Infrared Compatibility

To enable shooting during both day and night, a filter that
transmits only visible and near-infrared light (a multi-band-
pass filter) is used. In general, the focal positions for visible
and near-infrared light differ; therefore, if the sensor is posi-
tioned to focus on visible light, the focus will shift for near-
infrared light. As a result, even if image quality is good for
daytime shooting, it deteriorates during nighttime shooting.
To mitigate this effect, the optical design incorporates axial
chromatic aberration correction to minimize changes in focal
position, thereby reducing image quality differences between
daytime and nighttime shooting.

The advantage of near-infrared imaging with in-vehicle
cameras is that it enables the acquisition of bright images,
even at night in areas where light does not reach, such as in
the shadows of vehicles or structures, without the need for
additional visible illumination, thereby improving image rec-
ognition around the vehicle and enhancing safety. In addi-
tion, visible illumination can appear glaring to humans and
may cause discomfort or impair visibility for pedestrians and
drivers of surrounding vehicles, whereas near-infrared illu-
mination does not adversely affect the vision of others and
can further enhance their safety. Furthermore, because this
camera system achieves near-infrared imaging using a multi-

bandpass filter, it does not require switching between optical
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filters for visible and near-infrared light depending on bright
or dark environments, eliminating the need for a filter drive
mechanism and filter storage space, thereby contributing to
camera miniaturization and cost reduction. Figure 9 shows
the imaging results of this camera system and a conventional
camera under dark conditions using near-infrared illumina-

tion.

This camera system / Conventional camera

Fig. 9 Image comparison in a dark environment (illuminance:

approx. 0.05 lux)
(with near-infrared illumination)

Meanwhile, because this camera system captures light
containing a greater proportion of near-infrared components
than conventional cameras (designed for visible light), main-
taining conventional image processing results in images that
appear visually poor to humans and reduce visibility. One of
the intended applications of this camera system is an in-
vehicle digital mirror, for which images must be rendered in
a manner that humans can perceive naturally without dis-
comfort. To address this issue, we optimized the multi-
bandpass filter as well as the image processing, thereby
achieving image quality comparable to that of conventional

cameras, as shown in Fig. 10.

Image comparison under daytime conditions

Fig. 10

5 Other Considerations

The body of this unit employs a robust yet lightweight
aluminum alloy and features a weather-resistant surface
treatment, along with a sealed design with dustproof and
waterproof protection applied to each component.

The shape was designed with mounting surfaces on the
top, bottom, and sides to allow for various installation con-

figurations, with a focus on robustness; however, because the
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wide-angle side provides an ultra-wide FOV of 190°, minimiz-
ing the body size was an essential requirement to prevent
the camera itself from appearing within the FOV.

In general camera development processes, the design of
the lens unit—which requires a long development period—
typically takes precedence, and the body is then designed to
match it; however, this often leads to restrictions on the body
shape. In particular, this unit required a more efficient body
design, as it needed to accommodate a specially shaped lens
unit with two image sensors arranged orthogonally, along
with the interface boards for each sensor.

Therefore, in this unit, the lens unit and body were
designed concurrently, with design information fed back
between them to optimize their respective forms, and by
leveraging high-density design expertise cultivated through
the development of consumer cameras—where stringent
miniaturization is required—we realized a body design that
does not interfere with the ultra-wide FOV (Fig. 11).

Fig. 11 Body design of the Tele & Wide coaxial camera

As mentioned above, although the focus position has been
adjusted to account for reduced visibility caused by scratches
or contamination, repair of the front lens may still be required
depending on the extent of the damage. Regarding the repair
method, the entire camera is often replaced with a new unit
or disassembled to replace only the affected component;
however, such approaches increase costs as well as the lead
time and labor required for repair.

Therefore, in this unit, only the front lens was modular-
ized to allow users to replace it themselves without the need
for disassembling the body, thereby reducing repair costs
and shortening lead time (Fig. 12). The replacement unit
itself is also designed to ensure waterproofness, and its
design maintains imaging performance even after replace-

ment.
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Fig. 12 Front lens replacement image

6 Conclusion

By contributing to advancing the driver-assistance systems
and autonomous driving in the future automotive industry,
Nikon aims to make broad contributions to society. These
include reducing traffic accidents and improving safety, sav-
ing time and fuel and lowering CO, emissions through alle-
viation of traffic congestion, as well as enhancing delivery
efficiency and addressing driver shortages in the logistics
industry.

Finally, we would like to take this opportunity to express
our sincere gratitude to the many individuals who devoted
their efforts to the planning and development of this prod-

uct.
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