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Figure 1: Results of our method
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1 INTRODUCTION
Recently, the targets of projection mapping have included various
objects ranging from buildings to fish. However, it is difficult to
project onto dynamic and deformable objects, such as leaves. There-
fore, we propose a semi-automatic system to calculate the image
registrations of projections for leaves and to interactively track the
projection area. We describe our results with some animated effects
on various shapes of leaves (Fig. 1).

One fantastic artwork related to the projection mapping of plants
was createdwith themotif of bioluminescence [Friedrich van Schoor
2014]. However, the mapping required a considerable length of time
to register the projection images manually for plants in a forest.

Various methods of automatic registration have been proposed
[Bermano et al. 2017]. However, it is difficult to automatically reg-
ister images for dynamic and deformable targets without inputting
a 3D model or attaching markers in advance. Our system automati-
cally registers images for dynamic and deformable targets without
such preparations.
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2 METHOD
Leaves were chosen as the projection targets for our proposed
system, which comprised an infrared (IR) camera, an IR light, and
a projector. The projector–camera system consisted of a camera
and projector packed together as close as possible. In dark places,
acquiring images by an IR camera is important because projection
mapping systems are usually applied in low light conditions and
such cameras are able to acquire images without any influence from
a projected image.

Figure 2: Overview of our method: (a) input image, (b) im-
age after homography transformation, (c) detected projec-
tion area, (d) mapping generated effects to tracked areas.

Initially, an input image is obtained with the IR camera (Fig.
2a) and transformed to register the projection area, which is also
acquired by the camera (Fig. 2b). The preprocessing procedure is
described in Section 2.1. The projection areas are specified by the
user interface from among the regions via contour extraction from
the image (Fig. 2c). Then, the animated effects are generated from
the acquired contours and deformed to the tracked projection area
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Figure 3: Registration by the homography transformation (H) on the left, and the calculation of qi by the rate on the right.

(Fig. 2d). The tracking method is described in Section 2.2. Finally,
the effects are projected onto real-world leaves.

2.1 Registration of the Projection Images
During preprocessing, the sizes of the projected images at differ-
ent distances from the screen are recorded. When the system is
online, the homography transformation applies the reprocessing
information at the same distance to the input image. This process
fits the images to the whole projection area (In the left of Fig. 3).
An overview of the system for registration is given below.

Preprocessing:
1. Projection of the image, which exhibits four white corners.
2. Recording the positions of the four corners.
The online system (during a projection mapping):
3. Registration by homography transformation using the
recorded positions.
Steps 1 and 2 are performed once in advance. During recording,

the projector–camera system is set vertically to a flat screen and
records the positions of the four corners in the camera space after
every 10 cm at a distance of 0.5–2.5 m from the screen.

White rectangles are projected at the corners of the projection
area to obtain the positions of the corners by image processing.
These four positions are then used to perform a homography trans-
formation, after which the corresponding positions are the four
corners of the projector’s resolution size. When the system is on-
line, the distance between the projection target and the projec-
tor–camera system is taken as the input, allowing the calculation
for the transformation even though the projection target is not flat.
Our proposed procedure significantly reduces the time required to
measure the sizes of the projection areas manually from approxi-
mately 40 minutes to 10 minutes.

2.2 Tracking Method for Leaves
For projection onto dynamic and deformable leaves, the targets are
tracked by the following steps. On the first frame, each projection
area is divided into trianglemeshes using the extracted points on the
area’s contour. Animated effects are applied to the areas by texture
mapping with the meshes. After the first frame, the corresponding
points between the previous and current frames are calculated to
map the effects. We generated some animated effects matching
leaves. However, it is possible to input any images or movies as
visual effects.

On the assumption that the target leaves are almost elliptical with
long and short axes, the two farthest points pfart on each contour at

time t are tracked as the apex and base to correspond to the contours.
If the tracked point poptt by optical flow and pfart are closer than the
given threshold, then the result is pfart . Otherwise, the result is the
point on the contour closest to poptt . The results of the other points
qi are calculated by using the initial rates of the length from the
farthest points to the point on the contour (The rate of qi is b/a, in
the right of Fig. 3).

However, the above result has noises that cause the effects to
flicker. To reduce the flicker, the weighted average of the move-
ment vectors at times t-2, t-1, and t are used as the distance of the
movement of each point. Moreover, if some of the movements at
times t-2, t-1, and t differ by greater than a certain value from their
weighted average, the movement vector with the mean movement
value is used.

3 RESULTS AND CONCLUSION
A system is proposed to support projection mapping for leaves
and significantly reduce the time required to register images for
projection. The system interactively tracks the movements of leaves
as closely as possible within the current settings (30 fps) of the
devices used. We generated some animated effects, as shown in Fig.
1, 4.

Figure 4: The result of projected animated effect.

It is assumed the system can be easily applied to an extensive
range of natural objects and creatures by a more general and flexible
tracking method, etc.
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