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Abstract
In recent years, the progress of drones has been fierce, and it is used in many fields. Up to now, observation of the global
environment was carried out by artificial satellites, aircraft and stationary stations on the ground. Drone exploration can
complement these observations. It is also expected to lead to exploration outside the earth by survey of the underground

cavities on the earth.
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1. Outline of drone terrain survey and atmospheric component observation

Conventional field survey and topography surveying have constraints "Human enters the site by carrying
equipment, measures and moves”, and it was difficult to achieve both high efficiency survey work and high
accuracy survey at the same time, but in recent years The drone made it possible to achieve this
compatibility. It is very difficult to fly by low-speed airplane with fixed wing aircraft or helicopter, and easy
stopping in the air is advantageous for fine aerial photography. It is possible to perform close observation
and measurement survey of the steep cliff, the caved landform, the vertical hole, and the side hole with
crack, landslide, vertical wall surface, overhang. Also, by installing a small gas measurement device in the
drone, atmospheric observation in the no-entry area becomes possible. Only fixed point observation can
be done for measuring instruments installed on the ground. With drone, it is possible to measure the
three-dimensional distribution of atmospheric constituents.

2. Actual observation by drone in Aso

Three-dimensional measurements of particulate matter and gas components in the atmosphere using a
drone flying object are performed.

2-1. Aso volcano west lava field investigation
1. Atmospheric observation of lava field: Detection and measurement of volcanic gas with a drone
mounted gas sensor

2. Photogrammetry of lava field by drone: Three-dimensional data measurement of terrain
3. Installation of volcanic gas measuring instruments on lava field by drone
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2-2. Operation of Drone

Drone model

DJI Matrice 600

DJI Phantom 3 Advanced
DJI Phantom 4 Pro

1) Measurement with compact PM 2.5 meter (0.3 kg)
Space measurement using small drone (Phantom 3,4)

2) Measurement by particle size distribution measuring device (1.5 kg)
Spatial measurement using a relatively large drone (Matrice 600)

3) Measurement of various kinds of particle / gas components with sensors (1.7 kg)
Measurement using a relatively large drone (Matrice 600)

2-3. Many types of sensors to be mounted

PM 2.5: Small size sensor of Panasonic

CO2: NDIR infrared sensor (Sense Air company)

NO, Ox, CO, SO 2, NO 2: electrochemical sensor (Alphasense)
Test of Alphasense B type sensor

Actually, the electrochemical sensor has no selectivity depending on the type of gas.The CO sensor is
referred to as a CO sensor since it leaves only about CO when an activated carbon filter is attached to the
head of the sensor.Because SO 2 and NO 2 are gases of similar nature, there is no filter to distinguish.

[Future]

Measurement of fine particles and chemical components in the atmosphere is also measured in Mars
exploration.

| would like to consider the method of performing 3D measurement with Martian drone.
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Using small compact PM2.5 sensors, long term and multipoint
measurements in Hanoi, Vietham
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A year round observation of PM, . mass concentrations was conducted in Hanoi University of Science and
Technology (HUST) from July 2016 to now using newly developed highly sensitive sensors. And also from
October 2017 to now, we have installed the PM2.5 sensors in Thai Nguyen University of Technology
(TNUT) and Vietnam National University of Agriculture (VNUA). Hourly PM,, . concentration data in HUST
agreed well with corresponding data obtained with a beta attenuation monitor, located 3 km away. The
monthly variation showed that PM,, . levels were high in the dry season, particularly in December (median
=62 mg m ) and low in the rainy season, particularly in June and July (medians = 19 mg m™3). PM, . haze
episodes with levels higher than 100 mg m > were observed 13 times during the dry season (October
2016-March 2017). These episodes may link to meteorological conditions, because the daily PM,, . and
CO levels increased several days after a cold surge for most of the PM, . haze episodes. Two episode
events were investigated further in higher temporal resolution. For both events, PM, . peaks appeared at
midnight for some days after a cold surge, while CO levels often increased at rush hours. For first event,
short peaks of PM, . (duration of about 1 h) with fast rates of increase of "5 mg m~ min” were observed.
This highlights the importance of high temporal resolution of PM, . sensors in assessing of health effect.
For second event, a broad peak (duration of one and half days) of PM,, . with gradual increase was
observed together with high CO levels. This research reveals for first time characteristics of PM, . haze
episode in Hanoi that should be studied further to develop an effective air pollution management in this
city. This study is supported by JSPS Kakenhi (17H04483).

F—7— K :PM25HIZE, MEHIESR. TRORX, X#H, RETV7T
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Development of accurate low-cost PM2.5 instruments and
measurements in Asian countries

Wataru Okamoto, Institute for Space-Earth Environmental Research, Nagoya University, Nagoya, Japan
Takayuki Yamasaki, Institute for Space-Earth Environmental Research, Nagoya University, Nagoya, Japan
Tomoki Nakayama, Institute for Space-Earth Environmental Research, Nagoya University, Nagoya, Japan
Yutaka Matsumi*, Institute for Space-Earth Environmental Research, Nagoya University, Nagoya, Japan

The new compact, low-cost PM2.5 sensor has been developed with Panasonic Corporation. We are
developing and planning many applications of the compact, low-cost and simple PM2.5 instruments. In
urban areas, many instruments can be installed with high densities. Local PM2.5 sources in the urban
areas can be detected with the PM2.5 instruments. Especially, the new PM2.5 instruments are suitable
for the measurements in developing countries. Many developing countries suffer from serious
environmental problems of extremely high PM2.5 concentrations and their health effects. The PM2.5
observations in the developing countries have difficulty to install valuable and delicate PM2.5 instruments
because of many serious difficulties about space, electric supply, dust, temperature, roof leaks, insects,
safety, transportation, maintenance access, standard-gas supply and so on. The new PM2.5 instruments
can be installed and operated in those conditions. The PM2.5 instruments widely distributed in high
PM2.5 concentration area are suitable for epidemiological studies. In this presentation, we will present
the features of the compact PM2.5 instrument, and also present the new applications such as
measurements in the developing countries.

Reference:

Tomoki Nakayama, Yutaka Matsumi, Keiko Kawahito & Yoshifumi Watabe (2017): Development and
evaluation of a palm-sized optical PM2.5 sensor, Aerosol Science and Technology, DOI:
10.1080/02786826.2017.1375078
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Development of small multi-function instruments applying small low-cost
PM2.5 sensors : Fixed point types and mobile personal exposure types
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Abstract
Fixed-type and mobile-type instruments to measure PM, s and trace gaseous have been developed. These instruments
have been applied to a variety of fields, including air pollution studies in developing countries, personal exposure

studies, and measurements using multi-copter.
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Fig.1. Snapshot at a subway station during a one-day
personal exposure measurement using our PM,s
instrument.

Fig.2. Snapshot of Jogging test on the track.
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Fig.3. PM,5s mass concentrations displayed on a smart
phone.
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iiig.4. An example of measurements of commuting
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Fig.5 An instrument for the measurement of PM2.5 and
trace gases (CO, CO,, NO., NO,, and SO,)
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Fig.6. An example of measurement of PM,s, CO, and
CO, over a bonfire using an instrument on board a
multi-copter.
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abstract

Knowing the atmospheric constituent around the living environment on Mars leads to a life and
death problem. Also, in order to expand the new living space it is essential to explore the topography
skillfully. Utilization of drone is considered promising for this exploration. Before actually
conducting exploration on Mars, fundamental research on the earth is indispensable. These series of

processes will be reported.

International SETI conference

Three-dimensional haze observation using UAV
Wataru Okamoto

abstract

In the world, 9 million people are annually dead due to air pollution. Knowing the atmospheric
constituents around the earth's living environment leads to life and death problems. In addition,
burning and burning the mountain are the cause of large air pollution. Indonesian haze is famous.
Simply not only measuring the atmosphere but also getting involved with topographical information

is an important way to obtain new knowledge.
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