
1

Introduction
The new microcontroller families RX23T and RX24T featuring 
the new RX v2 core are designed to ensure the best 
compromise in terms of performance and cost to address 
motion control. In case of the RX23T, the latest benchmarks 
are showing a performance of 80 DMIPs at 40 MHz. In case 
of the RX24T, the MCU reaches up to 160 DMIPs at 80 MHz. 
For both cores, according to EEMBC Certified Scores, the 
RX23T/24T deliver up to 4.25 CoreMark per MHz. For more 
details, please refer to the official website:
www.eembc.org/coremark/
These MCU’s are designed to operate at 5 V to ensure the highest 
noise immunity and incorporate key hardware modules like the 
Floating Point Unit (FPU). The FPU is the main topic of this paper 
as it is becoming fundamental for software engineers to deliver 
state of the art software, easy to maintain and to test.

Why has Renesas implemented a Floating Point unit 
on the latest RX23T/RX24T families?
The current RX62T & RX63T have been extremely successful 
in the current generation of motor control solutions. These 
families already integrate Floating Point Unit. Renesas 
decided to improve the overall RX Core and the FPU was 
one component of it.
Please find below the instructions of the RX V2 Core 
included in “red” the new one added to the V1.

Based on the three additional FPU instructions below and the 
fourteen DSP new instructions, the RX v2 core offers higher 
calculation accuracy by executing 32-bit multiply by a single 
instruction. Furthermore, the specific instructions to manage 
the accumulator and the rounding processing ensure high 
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overall performance. The new RXv2 offers up to 2 DMIPs 
per MHz, compared to 1.65 DMIPs per MHz of the RX v1.

By comparing the implementation of a three shunts sensorless 
vector control algorithm on the same Microcontroller 
RX23T, the on-chip FPU module shows high benefits by 
decreasing the processing time by 27% and by reducing 
the CPU load by 28%.

The measurements above are done on the inverter kit 
software running on the RX23T kit called YROTATE-IT-RX23T 
kit. The software incorporates the following software blocks: 

• Proportional-Integral Current Controller

• Proportional-Integral Speed Controller

RX23T Inverter Kit – What enables you
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Figure 2 – Typical Sensor Solution

New RX v2 Instruction Function
FSQRT Floating point square root
FTOU Floating point to integer conversion
UTOF Integer to floating-point conversion

RX23T
CPU clock 40 MHz, V2 core Perform.

Diff.Arithmetic used in software Fixed Float
Control loop Timing 51 µs 40 µs 27%
Code size in Flash 26 KB 20 KB 30%
Code size in RAM 3 KB 2 KB 50%
CPU load @ 16 KHz PWM/Control loop 82% 64% 28%

• Clamped Pulse Width 
Modulation

• Clarke and Park 
Transformations

• Flux Phase estimator

• Speed estimation

• Three shunt current 
reading

The complete source code of 
the software used for the 
benchmarks and tests are 
fully available and royalty-
free.
Additionally, in many motion 
control applications, the 

equipment is connected to sensors and filtering the signals 
and data coming from them is a fundamental tasks.
That’s why Renesas performed some comparisons 
between the RX V1 and V2 versions, in various filtering 
operations.
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As you can observe above, for each filtering operations 
using Fast Fourier Transform (FFT), for the Infinite Impulse 
Response (IIR) and the Matrix multiplication, the newest 
core RX v2 is minimum two times faster. The graph is 
normalized compared to the RX V1 core, the data are 
relative to the RXv 1 core. There is no timing unit.
In case of the second order filter (IIR Biquad), the RX v2 
core is three times faster than the RX v1 core thanks to the 
new instructions, at the same clock frequency.
Up to now, it was presented the reasons to embed a 
Floating Point Unit module and the results in terms of 
performance, code size and overall code efficiency.

How can I move from fixed arithmetic to float?
The first step is to start by evaluating available 3-phase 
inverter reference platform driving already Permanent Magnet 
Motors. The kit based on RX23T (e.g. YROTATE-IT-RX23T) 
enables any developer to quickly experiment the usage of 
float variables.

The complete material related 
to the RX23T kit available on 
the website:
www.renesas.eu/motorcontrol 
First, let’s dive into the 
embedded software source 
code of the inverter. The 
constants used in the inverter 
algorithm are showing high 
resolution and accuracy. It 
means the overall control of 
the torque and speed is 
accurate. The development 
and the maintenance of 
the embedded software is 
becoming easier. Furthermore, 
the variables used in the 
firmware are directly 
representing the real units 
in Ampere, in Volt, in Hertz, 
in Weber and in Henry, etc. 
Using Float variables is a 

way to represent real numbers on a Microcontroller.

All the internal representation of physical quantities of the 
system of the 3-phase inverter is very simple using floating 
point. There is no need to normalize the variables or scale 
them. Thanks to these the code is becoming easy to 
manage and read. The motor model can be easily worked 
out without scaling efforts on each intrinsic.
Furthermore, let’s have a look at the “Flux Phase Estimation” 
block as shown on the next page.
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The implementation of the Flux Phase estimation method 
is shown above The implementations of three major low 
pass filters are using only three lines of code and a few 
clock cycles.
Using the FPU will strongly decrease the risk of errors and 
variables overflow compared to a fixed arithmetic. 
The development time and test procedure are also shorter.

Finally the trigonometric 
functions are the real 
one using real value, 
no tables or else, so it 
ensures high accuracy. 
Please find below the 
software source code 
used for the Park and 
Clarke transformations.
Each transformation is 
using maximum two 
lines of codes and no 
tables are used to 

manage the Cos and Sin. Compared to any implementation 
using the integer arithmetic, the Cos table is using 256 bytes, 
the Sin table also and the Arctangent.
Finally, the overall implementation is strongly reduced in 
terms of code size, the code is becoming easy to maintain. 
By using Simulink, or Scilab or any modelling tools, the output 
models is using Float which can be reused directly into the 

e2studio project used by the RX23T inverter kit.

Which are the concrete FPU benefits for 3-phase 
inverter?
The FPU enables an efficient implementation of the 
sensorless vector control algorithm as the control 
loops and the transformations are executed very 
quickly, which speed-up the overall rotor position 
estimation.
Finally, it guarantee high dynamics algorithm which 
can run at the same speed at the Pulse Width 
Modulation frequency. In case of the RX23T, the 
implementation ensure efficient control up to 22 KHz 
control frequency (the complete algorithm uses 40 µs).
It means that for each PWM cycles up to 22KHz, the 

control algorithm can react and adjust the torque and 
current under high load variations.
Within the RX23T kit, the complete software package is 
delivered including the following blocks.
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By setting up the RX compiler optimization level to “Max”, 
the performances below are reached.

The resources used by the software running on the RX23T 
are very limited: 20 KB flash and 2 KB RAM, so it means, 
up to 108 KB free for the application on the RX23T with 128 KB 
flash.

Conclusion
This paper is describing in details how much the 
performance of the inverter algorithm are improved using 
the RX23T Floating Point Unit. 
The overall code is reduced, the overall software 
implementations are executed much faster as no scaling or 
saturation occurred. Furthermore, it offers a higher accuracy 
than the integer implementation as the real physical units 
are used in the embedded software. Finally, the FPU 
guarantees a faster computation time for PI controllers 

and estimators. So, stop waiting and download the latest 
material on www.renesas.eu/motorcontrol to evaluate 
by yourself the source code delivered royalty-free.
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