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Abstract—This paper proposes a temperature monitoring sys-
tem as an IoT application. The system is designed for temperature
monitoring of koji which is an important material for sake,
Japanese rice wine, brewing and investigating brewing environ-
ment. The system has been installed in a brewery and is being
used to monitor koji making from steamed rice and koji mold to
finished koji. We demonstrate that koji temperature transition
can be observed in real time and logged by the system.

I. INTRODUCTION

Internet of Things (IoT) technology which can connect
various physical objects to the Internet has been developing in
recent years[1]. IoT devices have already been used in various
fields such as healthcare, agriculture, smart home, vehicle,
school, market, industry, transportation, to name a few. The
number will continue to increase.

Last year, we implemented and demonstrated a mash mon-
itoring system for a mash tank in Tottori[2]. This year, we
have introduced monitoring systems to all the sake brewing
processes in a sake brewery in Oita as a regional industry-
university collaboration. This research applies the IoT tech-
nologies for reducing working burden of workers in sake
brewing and avoid yield loss or improve manufacturability.

In this paper, we focus on koji temperature monitoring. In
sake brewing, koji temperature monitoring is one of the most
important works. During koji making, a worker must go to a
koji room for checking koji temperature many times even if
in late night or early morning. Even if during working hours,
the worker must interrupt some other work for doing it. For
helping them, we propose a koji temperature remote monitor-
ing system. Further, the brewery has the problem that quality
of koji is not always equal, but the cause is unknown. The
proposed system also logs the monitoring data for investigating
the cause too. The research joins a demonstration experiment
of the Wide Area Data Collection Infrastructure, the Science
Information Network (SINET), which is Japanese academic
backbone network[3].

The system is implemented and demonstrated in the brew-
ery. This paper shows the monitoring results of actual koji
making.

II. STEPS OF MAKING KoOIJ1

There are six making steps until koji is completed. (1)
Inoculate koji spores / Mixing of koji rice: Rice is inoculated
with koji spores and after inoculation of it, koji rice is kneaded
and mixed well to put it evenly onto rice. (2) Kirikaeshi:
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Fig. 1: Installation positions.

After 10-12 hours of step (1), the pile of koji is spread and
piled up again to keep the even temperature. (3) Mounding:
After the first day, koji is transferred into shallow trays. (4)
Intermediate mixing: Mixing operations are carried out to
control the temperature, moisuture and growth of koji. (5)
Final mixing: Same work as step (4). (6) Dekoji: Finished
koji is taken out from the koji room.

In the brewery, koji is transferred into three trays and the
trays are mounted in an automated koji rack which controls
temperature of the rack for step (3).

III. PROPOSED SYSTEM

Our proposed temperature monitoring system consists of
a koji-room computer with wired sensors and wireless sen-
sors installed in the koji room of the brewery and an IoT
server installed in the university. In the proposed system,
four wired sensors: one on a koji table for steps (1) and
(2) and the others on the trays mounted in the koji rack for
steps from (3) to (5), were installed for monitoring the koji
temperature. For monitoring the environment, three wireless
sensors of temperature and humidity were installed in the room
(including the koji rack). These environment sensors could
be easily moved anywhere. The wireless sensors are similar
to the one presented in [4]. The wired sensors are directly
connected to the koji-room computer. The koji-room computer
is used to collect data from all the sensors. For supporting
wireless sensors, the koji-room computer is equipped with
short range wireless communication too. Figure 1 shows the
overall positions of the system in the koji room. All the data is
sent through SINET and stored in a database of the IoT server.
Figure 2 shows the overall picture of the proposed system
including communication among the koji-room computer, the
IoT server and user terminals.
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Fig. 2: Communication mechanism.

Digital temperature sensor DS18B20 (Maxim Integrated
Products, Inc.) is used as a wired sensor for measuring koji
temperature. For short range wireless communication between
the koji-room computer and the wireless sensors, ZigBee is
employed. Each wireless sensor is composed of a temperature
and humidity sensor BME280 (Bosch Sensortec Inc.), a Zig-
Bee module and two AA batteries. The koji-room computer
is composed of a computer, an LTE modem and a ZigBee
module. Raspberry Pi Zero W with Raspbian is employed
as the computer. The LTE modem is Huawei MS2372h-607
with an antenna and a SIM of SoftBank provided by National
Institute of Informatics to connect SINET. By using the
connection, an IP address of the university is assigned to the
koji-room computer. Therefor, we can directly access to/from
the remote koji-room computer from/to a host located in the
university without considering firewall. The ZigBee module
for both the wireless sensor and the koji-muro computer is
TWELITE BLUE[5]. The batteries for the wireless sensor can
drive it for more than a year. To build communication between
the IoT server and the koji-room computer, open-source IoT
platform Kaa v0.10.0 (Kaa IoT Technologies)[6] is used.

IV. DEMONSTRATION EXPERIMENT

A demonstration experiment of the system has been done
in the brewery. The sensors have been installed in the koji
room on Deecember 25th, 2018. One cycle of making koji
takes 55 hours and the cycle starts at 8:00 and end at 15:00.
The sensor data was collected every 300 seconds. The koji
room had a network connection problem. We supposed to use
3G modem AK-020 (ABIT Corporation). However, the system
using AK-020 with SoftBank’s network could not establish
connection. In the case of using the Huawei with the network,
the connection could be established and with an antenna 4G
CRC9 Antenna (URANT) improved sufficiently. Therefore,
the Huawei with the antenna was used in the system finally.

The workers did not have to come to the koji room in early
morning and their another works were not interrupted because
they could check the koji temperature at remote by using the
system. They could come to the koji room only at appropriate
time by checking the temperature on their mobile terminals.

Figure 3 shows the transitions of a cycle from January 8th
to 10th, 2019. The step numbers correspond to the steps ex-
plained in Section II. Figure 4 shows transitions of temperature
and humidity in the rack between steps (3) and (6) of another
cycles from January 22nd to 24th, January 31st to February

AR « AAZERGIT
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Fig. 4: Transitions of another cycles between steps (3) and (6).

2nd and February 5th to 7th, 2019. Figure 3 and 4 show that
temperature of the bottom tray is lower than those of the top
and middle trays (between steps (5) and (6)). The koji’s quality
of the top and middle trays is better than that of the bottom
tray. This results shows that the difference of the qualities
relates to the difference of the temperatures in the koji rack.
It is conceivable that the heat of vaporization decreased the
temperature of the bottom tray and the koji was dried faster
than the others.

V. CONCLUSIONS

We proposed a koji temperature monitoring system. Our
proposed system has been installed in a brewery to monitor
koji temperatures and its environmental data in real time.
It also logged the transitions of the koji temperatures and
environmental data. The monitoring results help to improve
the qualities of sake brewing processes in the future.
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