
In June 2013, the Optical Devices Division (Former Fujinon) and Electronic Imaging Division were integrated to establish the 
Optical Device & Electronic Imaging Products Development Center. This collaboration enabled us to develop a novel Head-Up 
Display (HUD) system for automotive devices. We adopted a newly designed free-form mirror system. By the mirror system, we 
were able to simultaneously realize following features in our HUD system: distortion-less large virtual images, high brightness/
contrast, and small unit size. Herein, we report the development results related to this HUD system.

Abstract

1.  Introduction

  Recent automobiles have come to have multiple function-
alities. Due to them, they are equipped with systems to provide 
drivers with various information. Among these systems, the 
ones providing visual information to drivers, such as a car 
navigation system, as well as instrument panels in front of 
the driver seat, have been penetrated. Meanwhile, people 
have pointed out new problems for drivers who need to 
move their line of sight to obtain such information, causing 
an inattentive driving, which in turn results in an accident. 
Therefore, the head-up display (hereafter called HUD) 
technology has attracted much attention, as it supports 
information recognition without causing the movement 
of the driver’s line of sight by overlapping driver support 
information on the background through the windshield in 
front of the driver. This market is expected to grow in the 
future.

  Meanwhile, in June 2013, the Optical Devices Division 
(Former Fujinon) and Electronic Imaging Division were 
integrated to establish the Optical Device & Electronic 
Imaging Products Development Center. We started review-
ing about the creation of new businesses by combining each 
division’s competitiveness in optical device and electronic 
imaging technologies, and leveraging their synergy. As a 
result, we decided to focus on HUDs because of two rea-

sons. One is expectation of market growth. The other is 
technical advantages in both optical design capability and 
optical material manufacturing technology based on long 
experience of projectors as well as movie theaters. Finally, 
we have commenced the development of the HUD system 
for automobile in September 2013.

2.  Principle of HUD

  We will explain about the principle of HUD using Fig. 1.
  An image from the picture generating unit is projected on 

the surface of the diffuser as an intermediate image. This inter-
mediate image is enlarged with the magnifier, and the lights are 
reflected with the windshield then led to an observer. At this 
point, a driver (observer) recognizes the intermediate image as 
a virtual one. Actual lights from the picture generating unit are 
transmitted through the light paths show in solid lines in Fig. 1, 
and entered into the driver’s eyes. He/she feels that lights seem 
to come through the light paths in dotted lines (the right side 
of the windshield) in Fig. 1 before entering into his/her eyes. 
As a result, the driver recognizes as if the images displayed as 
intermediate ones (A, B, C) were placed on other points (A’, 
B’, C’), and feels that driving support information is floated on 
the road.
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3.  Confi guration of picture generating unit

  The schematic confi guration drawing for the picture gener-
ating unit is shown in Fig. 2. The light emitting diode (LED), 
laser beams, etc. are used as light sources. The vacuum fl uo-
rescent display (VFD), liquid crystal (monochrome/color), and 
micro electro mechanical systems (MEMS) elements are 
used as image display elements.

Optical parts constituting the light paths from the light 
source to image display elements, and lenses enlarging and 
projecting image display elements are also used. The picture 

generating unit is comprised of various other parts, but its 
element technologies are roughly divided into fi ve fi elds: 
optical, mechanism, electric/electronic, software and mate-
rials.

4.  Development of prototype HUD system

  We had manufactured a picture generating unit, one com-
ponent of the HUD system using our traditional projector 
technologies that had been accumulated, and started market-
ing activities in April 2014. During our marketing activities, 
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Fig. 1　Schematic of the optical system used to develop the HUD
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Fig. 2　Schematic of the internal structure of the projection system
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we found that: (1) there are a lot of needs for providing an 
entire HUD system; (2) the keywords for their performance 
were “large screen”, “high brightness”, “high image quality”, 
and “small HUD unit body size”; and (3) providing only one 
component would not create an added-value, which would 
soon make us facing a price competition.

  Considering these backgrounds, we started the development 
of a prototype HUD system. After a lot of trials and errors, we 
have fi nally realized a smaller unit body size, while maintain-
ing distortion-less large virtual images with high brightness 
and high quality by incorporating a newly designed free-form 
mirror system. We will report our challenges we have done in 
the development process as follows.

4.1  HUD unit body size
  Optical designs realize desired optical performance by 

optimizing various parameters specifying optical part shapes, 
while maintaining manufacturability. There are huge numbers 
of rays to be controlled and performance indicator functions 
describing the light-focusing status. Therefore, optical design 
software to be used in optimization is extremely important. 
The Optical Device & Electronic Imaging Products Develop-
ment Center has developed in-house optical design software 

and utilized in the vast product portfolio of Fujifi lm since 
the beginning of the company’s history. The software has 
accumulated experiences and know-how of various types in 
several decades and still been making evolutions with optical 
designers.

  As we proceeded the design of devices, we found that 
the unit body size depends specially on the “fi eld of view 
(FOV)”, “eyebox (the range where the virtual image can be 
seen)”, and “virtual image distance (distance from eye to the 
virtual image)”. Customers often request us to expand FOV 
and enlarge eyebox, but if we do so, the unit body size (near-

Fig. 4　Schematic of the relative eyebox size vs. mirror sizeFig. 3　Schematic of the relative horizontal FOV vs. mirror size

Fig. 5　Schematic of the virtual image distance vs. mirror size
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Fig. 6　Representation of the virtual image viewed by the right eye 
(red) as compared to that viewed by the left eye (blue)
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ly equal to the free-form mirror size) increases accordingly 
(Figs. 3 and 4). Customers also request us to push the virtual 
image further (i.e. 5m or so) than conventional 2 m. Such 
demands would also increase the unit body size, however it 
is saturated about 10 m (Fig. 5). Such trend is caused by the 
absence of optical power in the light path from the driver 
to the magnifi er (free-form-mirror) via the windshield. This 
condition is mandatory to install the HUD system into auto-
mobiles, therefore competitiveness should arise from how we 
can reduce the unit size. 

4.2  Quality of HUD virtual image
4.2.1  Suppression of position and shape displacements 

due to the eye position
  If the image position or shape changes due to eye position 

variation in the eyebox (ex. right eye or left eye), it causes the 
driver’s discomfort or his/her eye fatigue with, for example, 
doubled images and shaken images. To solve this issue, we 
optimized the mirror’s position and shape optically. By this 
optimization, we realize to minimize image distortion within 
entire eyebox (Fig. 6).

4.2.2  Goals of reducing difference seen by the left and 
right eye

  Here we discuss the situation when the driver focuses on 
the virtual image locally. Since the visual acuity of 1.0 means 
the ability to recognize the direction of a gap with the width 
of 1.5 mm in the ring with the diameter of 7.5 mm from the 
position 5 m away from the ring (angular resolution capability 
at 1 arc min). If the virtual image distance is 2 m, for example, 
the resolution capability for a person with the visual acuity of 
1.0 is about 0.6 mm in calculation. The difference in grids at 
the lowermost drawing in Fig. 6 caused by parallax is about 0.6 
mm at maximum.

4.2.3  Quantifying sense of resolution
  When projecting information as a virtual image, the 

readability for drivers also plays an important role. We have 
tried quantifi cation of a sense of resolution (sensory evalu-
ation results) by establishing an evaluation environment in 
Fig. 7, aiming to optimize specifi cations and apply this as 
an inspection method in manufacturing lines. As a result, we 
have quantifi ed necessary and suffi cient resolutions and set 
design goals for optical devices.

4.2.4  Distortion evaluation
  The HUD optical system tends to generate asymmetrical 

distortion as it does not use rotational symmetry. As described 
in 4.2.1 and 4.2.2 above, we need to strictly control the differ-
ence between the distortion in the virtual images seen by the 
right and left eyes, as it would cause the driver’s eye fatigue. 
We therefore verifi ed the validity of optical design simulation 
results and actual distortion of prototypes (Fig. 8).

  As a result, we confi rmed that the simulation results 
and actual distortion almost coincided in the eyebox center. 
Meanwhile, distortion seen from the left and right sides in 
the eyebox were different from the simulation results. We 
will analyze the cause to brush up the evaluation accuracy. 
We have achieved quantifi cation of distortion measurement 
values, and are establishing a strict control method for asym-
metric distortion. In the future, we plan to defi ne necessary 
and suffi cient distortion specifi cations, and to further develop 
a distortion correction method utilizing image processing.

4.2.5  Environment robust design (measures against 
stray light)

  The in-vehicle HUD system is required to secure visibility 
in various outdoor environments. To establish a design policy 
for inhibiting stray light caused by sunlight, one of causes 
interfering with the visibility, we compared the optical design 
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Fig. 7　Schematic of the quantifi cation methods used for quantifying 
resolution
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Fig. 8　Schematic of the quantifi cation methods used for quantifying 
distortion
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simulation and actual device evaluation, thereby verifying 
the effectiveness of optical design simulation and reviewing 
countermeasures (Figs. 9, 10, 11).

  For the light path ①, we have already found a counter-
measure of mechanically covering the HUD opening. For the 
light path ②, we will continue to study countermeasures as 
we have confi rmed the actual light path by optical simulation.

4.3  Design of prototype (further downsizing)
  We have explained about the verifi cation results for the 

basic performance with the quality of virtual images of the 
HUD system in 4.2. We have further downsized the unit body 
size by adopting a newly designed free-form mirror system, 

while keeping its performance (latest prototype). The new 
optical design (leftmost in Fig. 12) realizes further body size 
reduction as well as distortion suppression by two surfaces 
– three refl ection magnifi er. These two free-form mirrors are 
placed afterward of intermediated image resulting longer 
light path and freedom to correct aberrations. 

  Depending on automobiles, there are variations of accept-
able volumes and shapes for HUD unit, so we have variations 
of confi guration of free-form mirror systems to achieve the 
best optical characteristics. The examples are shown in the 
center and right of Fig. 12.

  Simplifi ed specifi cations for the past and the latest pro-
totypes for the HUD systems are shown in Fig. 13 above, 
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Fig. 12　Schematic of the variation of the free-form mirror
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Fig. 9　Schematic of the paths of stray light that hit the HUD

Fig. 10　Illustration of the optical simulation of the stray light path ① Fig. 11　Illustration of the optical simulation of the stray light path ②
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Fig. 14　Schematic of the confi guration of the proposed prototype

and the schematic diagram is in Fig. 14. The latest prototype 
achieves a smaller (thinner especially) unit body while 
maintaining optical characteristics. We have demonstrated the 
latest prototype to several potential customers, and received a 
high evaluation with its wide fi eld of view and distortion-less 
virtual images. We have also confi rmed that the unit body 
size is at a level of installable to actual vehicles.

5.  Conclusion

  In this paper we reported our development of prototype 
achieving “distortion-less large virtual images”, “high image 
quality”, and “small unit body size”. Currently we are 
addressing with various challenges, such as electronic 
distortion correction, internal production of free-form mirror 
systems, review of their materials (change from glass to 
plastic), and realizing further higher brightness with our 
material technologies. In the future, we will aim to enter into 
the market by fully utilizing FUJIFILM’s technical strengths 
to generate customer value.

References

1) Panasonic Intellectual Property Management Co., Ltd. 
Kuzuhara, Satoshi. Display equipment and display unit. 
WO2015098078. 2015-07-02

2) Fujinon Corporation. Koizumi, N. JP-A-2009-115908. 2009-
05-28.

Trademarks

・Company names or system and product names referred to in this 
paper are generally their own trade names, registered trademarks 
or trademarks of respective companies.

FUJIFILM RESEARCH & DEVELOPMENT (No.62-2017) 59


