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Precise Temperature Control:
the key for biomedical applications

MaNIaC V2.0: one step beyond 

You will only have to be worried about the desired 
working temperature. The temperature control 
func�onality (embedded in DM100 Series’s so�ware, 
MaNIaC) allows the se�ng of a temperature set-point 
and through the control algorithm applies the needed H 
to reach and maintain this previously set temperature. 
The appropriate adjustment of the control response 
(velocity, overshoo�ng and residual state error) depends 
on the system characteriza�on (sample & applicator 
pair). However, the parameters defining the system 
change regarding to the frequency, the nature of the 
sample and other variables.

The DM series of magne�c hyperthermia applicators are 
based on a PI (propor�onal-integral) controller that 
allows precise, programmable control of the target  
temperature. Single or mul�ple temperature setpoints  
can be chosen by simple manipula�on of the 
propor�onal (P) and the integral (I) constants.

.
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Temperature Control adjustment. 
MANIAC V2.0 makes use of a propor�onal-integral 
controller (PI controller) to implement the Temperature 
Control func�onality.

This is a feedback control mechanism controlling the 
needed ac�on (in our case the necessary field) to reach 
the set-point (in our case the temperature value). The PI 
controller calculates the ac�on from the error value 
(the difference between the measured value and the 
desired one). The generic PI controller algorithm is:

MANIAC V2.0 includes a varia�on respecting to the 
general expression; the Ki parameter is replaced by the 
Ti parameter (which  is the integral �me)  defined by: Ti 
= Kp/Ki.

Available func�ons are:

 Test execu�on with Temperature Control.

 Experiment execu�on with Temperature Control

 Experiment defini�on with Temperature Control

 Adjust of Temperature Control Parameters, Kc and Ti

    

In the following example a set point  value of 35 ⁰C is 
showed: a small overshoot (orange circle) of <0.2 ºC 
(<0,1 %) is achieved before full stabiliza�on, within the 
next 120 seconds. 

Le� axis (red line): temperature vs �me. 
Right axis ( ): field varia�on to achieve the blue line
temperature.

In a single run, your magne�c colloid can be fully 
evaluated at different target temperatures. In the 
sample above: one hour experiment, at three  
different temperatures, which mimics the typical 
culture cell temperature (37 ⁰C), the hyperthermia 
death temperature, and finally thermoabla�on 
temperature. The stabiliza�on �mes were ΔT< 3 
min for each pulse.
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Where:

 u(t): controller output. In our case magne�c field B(t)

 e(t): error, difference between the real and the 
desired value (set-point)

 Kp : propor�onal gain

 Ki : integral gain
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Influence of the propor�onal constant: P 
Choosing a too large value of propor�onal constant 
could lead to lack of control and periodic overshoo�ng, 
yielding undesired overhea�ng of the samples

A value of P too small results in an ‘under-hea�ng’ for 
�me intervals of many minutes. If not properly 
accounted, underes�ma�ons of the hea�ng effects can 
be obtained. 
    

When op�mal P values are chosen, short stabiliza�on 
�mes (t < 3 min) are obtained. 
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The temperature assays were performed fixing the 
frequency mode (580 kHz) and modifying the 
propor�onal constant (P) which , the responsible of the 
ini�al slope to get the required temperature (50 °C). 
Propor�onal constant (P) could be modulated in a range 
of 50 to 300.  Three different P have been switched to 
check the difference between them and how the 
program could control the temperature modula�ng the 
magne�c field applied using a sample with a high 
hea�ng rate. 

 Propor�onal constant produces an output value that is 
propor�onal to the current error value. 

Tuning P the overshoot of the set point can be 
controlled. In the case where the propor�onal constant 
is the highest the temperature is oscilla�ng in all the 
experiment (ΔT =5,5 ⁰C), while the user is decreasing 
this constant, the �me to stabilize the setpoint is lower. 
Then, when the user has samples with high SPA, a low P 
will be defined to control the temperature, thus the 
overshoot (ΔT =2,9 ⁰C ) is reduced, as the �me to 
achieve the set point.
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The next step is the control of propor�onal and integral 
constants (P and I, respec�vely). However, since the 
integral term responds to accumulated errors from the 
past, it can cause the present value to overshoot the set 
point value.
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Influence of the integral constant: I 

Propor�onal constant was fixed in both tests to check 
the influence of the integral constant over the 
accumulated error. The so�ware allows the user to 
modulate, in the same way as the propor�onal 
constant, the control of the  integral constant (I) from 
50 to 300. 

    

When I is small, a small overshoot (0.1 ⁰C) over the set 
point is produced during few seconds (30s). In the other 
hand,  a fully stable temperature control is reached 
a�er increasing the integral term results in the 
elimina�on of the overshoo�ng, but a small (0.1 ⁰C) 
underes�ma�on of the target temperature will result 
during approx. 120 s, reaching the full stabiliza�on at 
longer �mes, when I is the biggest one.

Ti parameter can be configured from the following
MaNIaC screen:
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... summarizing

DM-100 series and their so�ware allows an accurated control of the temperature for all the assays, reducing the 
�me to get the set point in the experiment and going down the �me to stabilize the temperature.. 

But DM100 Series’ are not only intended to work with in-vitro samples, in-vivo experiments have been performed 
using our newest DM3 applicator obtaining surprising results.

...see it on Applica�on Note Nº3.

Gear

The following devices were employed for the experimental procedures described in this document:

DM1 Applicator
8 frequency modes

standard fiber op�c probe

DMC1 Controller
Standard 1,5 kWa� DM100 Series controller

So�ware
MaNIaC V2.0 

For a closer look to DM1 go to
h�p://www.nbnanoscale.com/content/cats/52/DatasheetDM1.pdf

 

For a closer look on MaNIaC, go to
h�p://www.nbnanoscale.com/so�ware.html
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