
9th Asia-Pacific Conference on Plasma Physics, 21-26 Sep, 2025 at Fukuoka   
Determination of multi-variable control gain based on response characteristics 

and control tests in JA-DEMO plasma 
Kazutoshi Yasui, Takaaki Fujita, Atsushi Okamoto, Yuichi Kawachi, Seiya Tanaka 

Nagoya University 
e-mail (speaker): kani.kazutoshi.d9@s.mail.nagoya-u.ac.jp 

 
 

The design of fusion DEMO reactors is progressing.  
Among the challenges, the control of core plasma is a 
significant issue. In the control of fusion plasmas, a single 
manipulated variable affects many controlled variables. In 
addition, there is a mixture of phenomena with different 
time scales. Therefore, it is necessary to construct a 
control logic for such a complex system[1]. Additionally, 
real-time simulation using measured data is required to 
predict physical quantities that are difficult to measure. 
This requires the development of integrated codes that 
simulate the core plasma. The integrated code TOTAL[2] 
performs 1D particle and thermal transport analysis and 
2D magnetic equilibrium analysis. The purpose of this 
study is to develop the method determining the PID 
control gain using the multi-variable feedback control 
function of TOTAL, toward establishment of an 
appropriate control logic for DEMO plasmas.  

In multi-variable PID control, the j-th manipulated 
variable 𝑋௝is determined by 

𝑋௝(𝑡) = 𝑋௝
୮୰ୣ(𝑡) + 𝑋௝

ୠୟୱୣ + ෍ 𝐶௝
௞(𝑡)

௞
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where 𝑋୮୰ୣ , 𝑋ୠୟୱୣ  are the pre-provisioned and steady-
state (base) values. 𝐶௝

௞  is obtained by the PID control 
equation shown in 
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𝑒௞(𝑡) = 𝑌௞
୲ୟ୰୥ୣ୲

− 𝑌௞(𝑡) (3) 
where 𝑒௞ is the deviation at the k-th controlled variable 
𝑌௞ . In this study, manipulated variable 𝑋ଵ, 𝑋ଶ  and 
controlled variable 𝑌ଵ, 𝑌ଶ are defined as follows: 

൬
𝑋ଵ

𝑋ଶ
൰ = ൬

𝑃୒୆

𝑓୮ୣ୪
൰ , ൬

𝑌ଵ

𝑌ଶ
൰ = ൬

𝑃୤୳ୱ

𝑛௘തതത
൰. 

Here, 𝑃୒୆ is NB injection power, 𝑓୮ୣ୪ is pellet fueling 
rate, 𝑃୤୳ୱ  is fusion power, and 𝑛௘തതത  is electron density. 
The proportional control gain matrix 𝑮𝐩 was calculated 
based on the response due to the step change in 𝑋ଵ, 𝑋ଶ, 
assuming a linear relationship between the manipulated 
variable vector and the controlled variable vector.  
 𝑮𝐩

= ൬
0.2582 [−] −1.024 × 10ିଵ଻ [MW ∙ mଷ]

3.126 × 10ଵ଻ [sିଵ ∙ MWିଵ] 7.388 × 10ଵ [sିଵ ⋅ mଷ]
൰ 

(4) 
To evaluate the validity of the control gain calculated 

based on the step response, 2 types of control tests were 
carried out. One is decreasing 𝑛௘തതത while keeping the 𝑃୤୳ୱ 
constant (test 1), and the other is decreasing 𝑃୤୳ୱ while 
keeping the 𝑛௘തതത  constant (test 2). The results of each 
control test were shown in Fig.1 and Fig.2.  

To evaluate the influence of off-diagonal term of 𝑮𝐩 , 
two cases were compared in each test. Comparison of  
the calculation with and without 𝐺ଵଶ  in test 1, and 

comparison of  the calculation with and without 𝐺ଶଵ in 
test 2. In test 1, a significant difference was observed in 
the result of 𝑃୤୳ୱ . The off-diagonal term, which gives 
correction to 𝑃୒୆  (increase) from the deviation of 𝑛௘തതത 
(decrease), has a large influence on the 𝑃୤୳ୱ control, and 
a negative correction was made by the diagonal term to 
return 𝑃୤୳ୱ  to the target value. In test 2, there was no 
remarkable difference. These results show that the off-
diagonal element 𝐺ଵଶ , which adjusts 𝑃୒୆  based on 
deviation of 𝑛௘തതത , has a large influence, and the off-
diagonal element 𝐺ଶଵ , which adjusts 𝑓୮ୣ୪  based on 
deviation of 𝑃୤୳ୱ, has a small influence.  
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Fig.1. The results of control test 1 which comparing 
the calculation with (left) and without (right) off-
diagonal term 𝐺ଵଶ in 𝑮𝐩. The green line represents 
the target value and purple line represents the 
calculation result. 

Fig.2. The results of control test 2 which comparing 
the calculation with (left) and without (right) off-
diagonal term 𝐺ଶଵ in 𝑮𝐩. The green line represents 
the target value and purple line represents the 
calculation result. 


