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研究成果の概要（和文）：本研究では，IoT技術とマルチセンサを用いたサイバーフィジカルシステム（CPS）を
開発し，プロセスの一例として気液接触型蒸留装置を対象に流動状態の計測をおこない，内部状態の推定を試み
た。CPSでは流動状態の加速度データを収集し，従来法として圧力損失データとの比較を行い，開発したシステ
ムの有用性を明らかにした。

研究成果の概要（英文）：Cyber physical system of chemical process has been developed using internet 
of things such as multi sensors. Using this system, the fluid dynamics of distillation were modeled 
and analyzed. Cyber physical system has rigorously analysis of distillation process compared with 
conventional system.

研究分野： 化学工学

キーワード： システム設計　化学システム　計測　解析

  １版

令和

研究成果の学術的意義や社会的意義
安心かつ安全な化学プロセスを運用するための技術としてIoTに着目し，これまでにない計測，評価，運転技術
の確立につながる基礎的研究を実施した。



 

Apple Watch

 2015 5
CPS

IoT
AI IT

CPS
 

 90
( )

 
 

 

IoT
 

 
 



Web Camera

Acceleration
Geomagnetism
Angular velocity 
Temperature
Humidity
Pressure
illuminance

Multi Sensor

Gateway

Data transmission

Internet Control 
computer

Wifi

Wifi

Bluetooth

Sensor control

Data Storage

Data Analysis



a b
c

d
e

g

f

a. Compressor
b. Regulator
c. Pressure gauge
d. Valve
e. Mass flow meter
f. Digital manometer
g. Sieve tray

IN

IN
OUT

OUT
Gas
Water



 Yamaki, T*., K. Takane, R. Akimoto and K. Matsuda; “Operation Range of Modified 
Petlyuk Process for Separation of Benzene, Toluene and p-Xylene Mixture,” J. Japan. 
Petrol. Inst., 62(1), 45-51 (2019)  

 Ladadok C., T. Yamaki, K. Matsuda, H. Matsumoto and D. Na-Ranong*; “Kinetics, 
Isotherm and Thermodynamics of Sterol Adsorption on Styrene-Divinylbenzene 
Anion-Exchange resins,” ScienceAsia, 44, 346-354 (2018)  

 Suzuki, K., K. Takane, Y. Yamaki, T. Wakabayashi, J. A. Rafael, H. Matsumoto, T. 
Horie M. Nakaiwa and K. Matsuda*; Economic Evaluation of the Heat Pump 
assisted Distillation Systems,  Kagaku Kogaku Ronbunshu, 44(5), 303-307 (2018) 

 
 Suzuki, Y., Y. Yamaki, R. Akimoto and K. Matsuda*; “Separation of 

2-Propanol/Water/n-Hexane Ternary System using the Batch Distillation Commercial 
Plant,” Kagaku Kogaku Ronbunshu, 44(6), 350-354 (2018)  

 Takehiro Yamaki, Keigo Matsuda*, Duangkamol Na-Ranong and Hideyuki 
Matsumoto : Intensification of Reactive Distillation for TAME Synthesis based on 
Analysis of Multiple Steady State Conditions, Processes, Vol. 6, No.12, 241(1-11), 2018

 
 Yamaki, T., K. Matsuda*, D. N. Ranong, H. Matsumoto; “Energy-saving Performance 

of Reactive Distillation Process for TAME Synthesis through Multiple Steady State 
Conditions,” Chemical Engineering and Processing: Process Intensification, 130, 
100-109 (2018)  

 Yamaki, T., K. Matsuda*, D. N. Rannong and H. Matsumoto; “Energy Saving 
Characteristics of an Internal Heat Integrated Reactive Distillation for Methyl Acetate 
Synthesis,” Kagaku Kogaku Ronbunshu. 42(2), 56-59 (2016)  

 
7  

 



 
 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

15  

0

 


