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ABSTRACT
Demonstration for a dynamic depth-of-field projection mapping on a 3D moving object would be
performed. Conventional projection mapping was limited on 2D space, due to their narrow depth-of-
field projection range. Our system included a high-speed projector, a high-speed variable focus lens, a
depth sensor by a stereo camera, so that the depth information would be detected and then served
as feedback to correct the focal length of the projection. As a result, a projection mapping would be
well-focused projected on a 3D dynamic moving object.

Permission to make digital or hard copies of part or all of this work for personal or classroom use is granted without fee
provided that copies are not made or distributed for profit or commercial advantage and that copies bear this notice and the
full citation on the first page. Copyrights for third-party components of this work must be honored. For all other uses, contact
the owner/author(s).
CHI’19 Extended Abstracts, May 4–9, 2019, Glasgow, Scotland Uk
© 2019 Copyright held by the owner/author(s).
ACM ISBN 978-1-4503-5971-9/19/05. . . $15.00
https://doi.org/10.1145/3290607.3313246

CHI 2019 Interactivity CHI 2019, May 4–9, 2019, Glasgow, Scotland, UK

INT021, Page 1

https://doi.org/10.1145/3290607.3313246


Dynamic Depth-of-Field Projection for 3D Projection Mapping CHI’19 Extended Abstracts, May 4–9, 2019, Glasgow, Scotland Uk

CCS CONCEPTS
• Human-centered computing→ Displays and imagers.
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INTRODUCTIONDepth of Field (DOF)Projector

Figure 1: A conventional projector has a
fixed focal length and a narrow depth of
field (DOF), so the objectedwithin itsDOF
could be well-focused, but when the ones
are out of its DOF the projction become
blurry.

Projector

Lens 1 Lens 2
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Figure 2: A sketch of the dynamic focal
tracker projection system was illustrated.
A variable focus lens was employed to re-
alize a dynamic DOF in the optics unit.

Projection mapping continues to be one of the hottest research fields. Projection mapping includes a
projection unit, image generation unit, and projection target. The projection target is traditionally
a fixed object, like a projection screen, as shown in Fig.1. Nowadays projection mapping includes
the human-machine interaction entertainments, and the projection targets are not to be limited as a
static object or a dynamic object in 2D [3, 4]. The projected targets tend to be dynamically moved
in three-dimensional space, but it becomes challenge to traditional projection unit. Conventional
projector is designed with a large-open aperture so that the project information could address a high
resolution. However, the depth of field (DOF) of the projection system becomes narrow. As a result,
when the target moves out of the projection DOF, the information becomes blurry.

One method for dynamiclly changing the projector’s DOF could be changing the focus status in
a very high-speed. However, traditional lenses are made by solid materials, such as glass or plastic,
and they have fixed focal lengths. To change the focal length of an optical system, the conventional
approach is to employ two or more lenses, which are mechanically moved over specific distances.
However, the traditional solid lenses are too heavy to move fast, so the typical response time is around
1.0 second. It is not suitable to be used in real-time projectionmapping and human-machine interaction.
In recent years, compact optical systems using variable focus lenses have become popular[1, 2], which
is a term given to a single lens whose focal length can be changed dynamically[5–7].

We would like to demonstrate a dynamic DOF projector, as shown in Fig.2, which could detect the
depth information of the target in real-time and feedback to adjust a best projection focal length, in
turn, a well-focused high-resolution projection could be realized. The system includes a high-speed
projector, a high-speed variable focus lens, a depth sensor by a stereo camera, and an image processing
and control. The demonstration showed that our system could project well-focused image on the target
from 0.5 m to 2.0m. The system potentially improved the feasibility of the 3D projection mapping.
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DESIGN PRINCIPLE
A conventional projector has a fixed focal length, but it could be tunable by adjusting the lens. However,
due to the limitation of the response speed of the traditional lenses, it cannot meet the needs of the
dynamic interaction environment. Flicker fusion threshold shows that the response speed would be
higher than 60 Hz, so that the display flicker can be un-noticeable. A liquid-filled variable focus lens
was employed in the optics unit of the projector. It could control its focal length by adjusting the
bending curvature of its lens body. Instead of the back and forth motion of the solid lens, the focus
changing is realized by changing the curvature of one lens cell. The response speed is over than 100
FPS, according to the technical data. A light beam of a projector was collected by the first lens (focal
length = 50 mm), converged by the second lens (focal length = 60 mm) to form the beam and pass
through the variable focus lens, and then expend by the third lens (focal length = 100 mm). A sketch
of the system setup was shown in Fig. 2 and a photo of the experimental setup was shown in Fig. 3.
To recognize the depth changing of the target, a depth sensor was employed and realized by a

stereo camera. The dynamic changing of the depth information would be detected, and the feedback
speed should be higher than the flicker fusion threshold (60 Hz). As long as the depth information was
updated, two functions of the projection would be conducted. The optics system would control the
variable focus lens to modify the projection focal length, so as to project an well-focused projection
image. On the other side, the contents of the projection information should be updated so that it
could be used as an interactive device in the future.

PROTOTYPE
A photo of the experimental setup was shown in Fig.3. A high-speed projector (TI DLP, LightCrafter
4500) was employed and placed tilt-up to align the optical axis. As shown in the sketch in Fig. 1 three
solid lens (Focal Length = 50 mm, Focal Length = 60 mm, and Focal Length = 100 mm) and a variable
focus lens (Optoune, EL-10-30) was used. The variable focus lens was driven by a lens driver (Optoune,
Lens Driver 4i), which was controllable by the external voltage. A stereo camera (Intel, Real Sense
D435) was placed on the side-by-side position, and it could provide a sampling rate at 90 FPS. The
depth information was acquired by the camera, the control command was computed by PC, and then
the command sent to the lens unit. The dynamic DOF projection range was from 0.5 m to 2.0 m.

High-speed 
Projector

Tunable Lens

Lens 2

Lens 1

Lens 3

Depth Sensor

Lens Driver

Figure 3: A photo of the experimental
setup was shown above. A high-speed pro-
jector, three solid lenses and a variable fo-
cus lens was placed along the optical axis.
A stereo camerawas placed on the side-by-
side position with the last lens.

EXPERIMENT AND DEMONSTRATION
A target screen, a whiteboard, was used as a target and moved back and forth along the projection
depth. Because our dynamic depth tracker would recognize the variation of the depth changing,
the focal length of the projection would be controlled in high-speed around 10 milliseconds. A 2*2
monochrome chessboard was projected so that the edge boundary would be used to analyze the
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focusing status. At the same time, in the middle of the projection image, the depth information
content was shown and update in real-time on the screen as an example of animation.

2.0 m

1.5 m

1.0 m

0.5 m

Figure 4: Four screen-shots of the demon-
stration video were taken and shown. It
showed that the dynamic focal tracker
projection could track the depth changing
of the target and projected a well-focused
image between 0.5 m to 2.0 m.

The experiment result shows that with the help of our dynamic DOF projection, when the target
moved from 0.5 m to 2.0 m, the projection information formed a focused image on the screen, and the
varies distance information as an animation content updated in real-time. As shown in Fig.4 that four
screen-shots of the demonstration video were taken and shown. It showed that the dynamic focal
tracker projection could track the depth changing of the target and projected a well-focused image.

DISCUSSION
To conduct a projection mapping on a 3D movement object, especially the one moves along the depth,
is a challenging job, because of the limitation of the response speed by moving the solid optics of the
projector. This work showed a possible solution for 3D projection mapping by employing a high-speed
liquid-filled variable focus lens and a depth-senor module. The dynamic projection range covered
from 0.5 m to 2.0 m. The demonstration illustrated that a well-focused projection was confirmed when
a target moved gradually from 0.5 m to 2.0 m, and it was also suitable for the target that suddenly
flew into the project area at a random distance.
The main of the projection center area was focused, but the boundary area was blurry. However,

this optical performance can be improved by employing an optical design to correct that aberration.
On the other side, some other depth sensors are still available for this application to improve the
response speed and increase the recognition.
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