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Abstract

We have developed a portable bioactive monitoring de-
vice for observing growth conditions of domesticated
plants to contribute to the efficiency of farm work. The
small device with a CMOS image sensor is attached to a
leaf surface and observes time-dependent change of
stomatal transpiration without invasiveness. It can re-
veal water transport mechanism in vivo.

1. Introduction

Currently, growing management of agricultural plants is
carried out based on the plants' outward information such
as the size of plants and the leaf development. However,
these methods have not obtained real time information from
the plants. There is a problem that it is difficult to respond
promptly because of delay from the information. In order to
respond quickly, methods for monitoring physiological
activities such as water transport of plants in real time are
studied. Focusing on water transport measurement, it is
possible to measure in a non-invasive method without dye
and obtain the relationship between the water transport and
the growth of the plants. At present water transport
researches in plants are actually measured using the
magnetic resonance imaging [1] or the positron emission
tomography [2]. However these methods need a large-scale
devices. It is difficult to observe the water transport in the
field such as a farm. If the water transportation of plants
can be measured noninvasively in real time at the farm, a
more efficient cultivation strategy can be achieved.

In this research, we have developed a small optical
imaging device that has a compact shape and a versatile
system for measuring water transport by using CMOS
integrated circuit technology [3].

2. Potable monitoring device

In order to observe water transport in plants, we have de-
veloped a potable monitoring device with small shape and
lightweight structure (Fig. la). This device includes a
CMOS image sensor, a fiber optic plate (FOP) and LEDs
that are placed on a small printed-circuit board (Fig. 1b).
The sensor specification is shown in Table I. For protect the
sensor from scuffs and moisture, the FOP is placed on the
sensor’s surface.

The device has two LEDs with different color for illumi-
nation, which are transmitted to plant tissue for detecting

water transport of the leaf. Green LED with an emission
wavelength of 525 nm is located on opposite side of the
sensor as light sources for observing the surface of the leaf.
This wavelength is absorbed little by the chloroplast [4].
The device enables to acquire fine images of the leaf (Fig
Ic). Infrared LED with an emission wavelength of 940 nm
is used for observing the water transport. This wavelength
is high absorption spectral of the water and has little influ-
ence on plants. We can observe the water transport in plants.
In this experiment, observe the movement of the pores and
the stomatal transpiration.
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Fig. 1 A potable monitoring device for observing water trans-
port in plants (a) Overview of the device. (b) Structure of the
device. This device has two color LEDs for observing two
functions. (c) It shows transmission images of the leaf. Left
image was captured with a green LED light source. Right im-
age was captured with an infrared LED light source.

Table I. Specification of the CMOS imaging device

0.35-pum 2-poly 4-metal stand-

Technology ard CMOS Process
Operating
CMOS voltage 33V
image Chip size 1048.6 um*2700 pm
sensor

Pixel array size 900 pm x 1920 pm
7.5 pum % 7.5 pm

33768

Pixel size

Pixel count

LED Wavelength 535 nm, 940 nm

Our proposed device is so small that it can be attached to a
leaf in a plant for optical imaging as shown in Fig. 1. Thus,
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it does not need any bulky optics such as an objective lens.
These small and light features enable observation of water
transport with minimizing the effects of stress to the plants.

3. Experimental setup

For observing the water transport in a plant’s leaf, we at-
tached the device to a leaf of a poplar as shown in Fig. 2.
First, the device was attached to the leaf directly (Fig. 2b).
Next, we put the two types of LED light sources mounted
on the other side of the leaf.

After setting up the device, the LEDs were turned on (Fig.
2¢). In this experiment, we covered the sensor with alumi-
num foil for shading (Fig. 2d). There was small stress to the
plants from the device.

Fig. 2 Photos of the potable monitoring device with the poplar.
(a) The CMOS image sensor. (b) The sensor attached on the
leaf surface. (c¢) The green LED light source. (d) Experimental
set up of the potable monitoring device for measurements.

4. Observation of stomatal transpiration
The water transport in the plant is correlated closely

with transmission images. It is important to observe the
stomatal transpiration for understanding plant growth. We
performed optical imaging using our CMOS imaging de-
vice. The illumination light at 940 nm is effectively ab-
sorbed plant surface by the water. Thus, transpiration
changes in the leaf can be imaged our device. In this ex-
periment, we measured the stomatal transpiration of the leaf.
We obtained sequential images at a frame rate of 40 fps.

We observed the leaf with the infrared LED light source
as shown in Fig. 3a. Leaf veins can be seen in this figure.
The five squares in the figure indicate regions of interest.
Figure 3b shows the results of the imaging. The intensity
changes of the leaf surface were observed after 500 seconds
(Figure 3c). These intensity changes indicate the stomatal
transpirations of the leaf surface. Our device can observe
the stomatal transpiration in vivo experiments.

Conclusions

We have developed a portable bioactive monitoring
de-vice for observing growth conditions. We successfully
obtained fine images of the leaf. Moreover, we observed
the stomatal transpiration of the leaf by using our device. In
the next work, we will try to observe of stomatal transpira-
tion related to the movement of the pores with the green

LED light source at the same area of the leaf.
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Fig. 3 Results of stomatal transpiration measurement with
infrared LED light source. (a) Transmission image of the leaf
with regions of interests. (b) The continuous images of inten-
sity changes of the leaf. The stomatal transpirations occurred
during the experiments. (c) The signal intensity changes of the
regions of interests of Fig. 3a. The timing of the stomatal
transpirations occurrence can be observed.
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