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Abstract — Embeddinga fuzzy controller into a 

microcontroller is a complex development compared to a simple 

PID controller. There is a possibility to choose the 

implementation strategy between full calculation with low 

memory and full memory with low calculation solution. The 

Lookup table (LUT) based fuzzy implementation helps to reduce 

the required calculation at the expense of required memory, 

which could be the best solution for a low-power 

microcontrollers. This research presents the lookup table solution 

for a fuzzy controller with two input and one output, where the 

resolution is 8-bit. The reduced 6-bit resolution LUT’s cost is 

only 4Kbyte memory, and the 2D linear interpolation only needs 

27 operations. The fuzzy surface errors are between 2-5% 

compared to the original fuzzy controller developed in Matlab 

with double precision. This implementation is tested for DC 

motor controlling, and a similar solution will be suitable for 

controlling 18 DC motor of the Szabad(ka) hexapod robot series.  

Keywords—Fuzzy Controller; Lookup Table, Linear 

Interpolation, Microcontroller 

I.  INTRODUCTION  

A. Fuzzy controller and low-power micro-controller 

In this document 8 or 16 bit with 512Kbyte or lesser 
amount of memory processors (example the Intel 8051 core 
micro-controller or the PIC family) understood under the term 
―low-power‖. The low-power micro-controllers are still used in 
the industry despite the fact that in the last ten years the 
evolution of the processors greatly increased, they are a lot 
faster, more energy efficient and have greatly increased cache 
and memory bus efficiency. Mainly due to the fact that in 
larger manufactories it‘s not easy to substitute a proven 
technology, due to the costs and safety reasons. Besides, there 
is the low-power regulatory needs, they are cheaper, but 
embedding and programing is easier. 

The fuzzy controllers alongside with the fuzzy logic are 
spread widely, mostly because of the more frequent usage of 
the programmable digital processors. The necessary computing 
and memory resources for a fuzzy controller is very wide, and 
depends on many things, but basically it can be said that more 
resources are needed for a conventional PID controller type. 
The advantages of the fuzzy controller compared to the PID 
controller have been discussed earlier: [4, 5]. 

B. Fuzzy motor controller of Szabad(ka)-II robot 

There is a need for the fuzzy controller implementation in 
low-power processor due to the facts described above. 
Furthermore if there is a more powerful micro-controller, there 
may also be the case that less resources remains for the fuzzy 
controllers, besides performing other tasks (the remaining 
resources can be used for another application). Actually this is 
the main reason of resource reducing of fuzzy controller in case 
of Szabad(ka)-II hexapod robot. All these statements are 
backed up with help of the last eight years of development at 
the Appl-DSP company, and with the development of the 
Szabad(ka) walking robots and fuzzy controllers [1-5]. 

Fig. 1 illustrates the previously researched fuzzy controlling 
of DC motor drives [1, 4, 5]. The control behaviors and the 
fuzzy rules are described in [1]. This solution produces a fuzzy 
surface as example for the current study. The two inputs of the 
controller are the 1) angle error and 2) the motor current, while 
the output is the DC motor voltage.  

 

Fig. 1 Fuzzy controller of DC motors in Szabad(ka)-II hexapod robot. 

The quality definition of the driving and the performance 
test comparison with classical PID was published in [16]. 

C. Lookup table based Fuzzy implementation 

The lookup table (abbr. LUT) is a series of numbers, which 
substitutes a run-time calculation with a simple indexing. This 
results in better calculation time at the expenses of memory 
usage, because looking up and reading one value from the 
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memory is usually faster than calculation of the same value. 
This is the case in almost every fuzzy systems, since there‘s a 
need for a lots of function calls, multiplication and integration 
in a Mamdani-Type Fuzzy Inference to calculate the desired 
value. 

Multiple instances can be found about these kind of lookup 
table based fuzzy implementations in the literature [7-
13].Besides, Mathworks presents an example in Simulink [6]. 
The lookup table approach with interpolation algorithm is 
widely used in the industrial and the manufacturing 
applications [9]. Choosing the suitable interpolation method is 
important to fit the target pose errors based on the pose errors 
of the neighboring grid points around the target. [9]. 

D. Calculation versus memory 

Not only in the case of fuzzy systems, but generally in all 
programs, there is some freedom of implementation between 
more calculation less memory usage and less calculation with 
more memory usage strategies. 

In the fuzzy controller systems there‘s three possible ways: 

1) Complete calculation from the beginning till the end 
with least amount of memory. Calculation is used in all 
three parts: fuzzification, rule-base inference system, 
defuzzification. 

2) Calculation with pre-computed membership functions, 
which also can be considered as a lookup table. This 
kind of realization makes sense, when the membership 
functions are fairly complicated and it is worth to pre-
calculate them and store them in the memory.  

3) Without calculations, with the highest amount of 
memory usage, where for every output belongs one 
lookup table, which is actually the fuzzy surface. This 
approach can be applied when there is enough 
computation memory and the fast calculation is the 
main priority, which can be performed in a few steps. 

Hereupon, this paper will only deal with the solution under 
the point 3). The memory size required for the lookup table 
    calculated based on the first formula, which depends on 
the following properties of the fuzzy controller: 

    – Number of inputs, the dimensionality of the 
lookup table is the same as the number of inputs 
(mostly one, two or three) 

    [   ] – The resolution of the inputs. In embedded 
systems the variable and calculations are usually 
integer based, especially in case of low-power 
processors. Accordingly, the resolution can be 8, 10, 
12, or 16-bit.  

    [   ] – The resolution of the output variables, 
similarly as the inputs 

    – Number of outputs, usually one or a few. 

      [    ]          ( 
  )   

The most critical part is the parameters with exponent, i.e. 
the number of inputs and bit resolution. For example a 16 bit 
resolution can cause implementation problems: the memory 
needed for a fuzzy system‘s lookup table with one input and 

two outputs with 16bit resolution is        
  

 
 (   )  

          [    ]   [     ] , while if it is an 8bit system: 

           (  )       [    ]    [     ] 

From the upper example can be seen that, neither the 
lookup table solution is not that simple, since it‘s not easy to 
calculate, store and search 8Gbyte of data, especially in a small 
embedded system. Of course compromises can be drown, using 
lesser memory, but it will result in more calculation. Example: 

 The lookup table can be compressed either with or 
without data loss 

 Leaving out the unused portions of the table (example 
if the input is 16bit, but the real domain is smaller) 

 Usage of not linear resolution, which in the insensitive 
parts of the fuzzy stores samples in larger increments 

 Storing the values in smaller resolution than the inputs, 
using interpolation. 

II. COMPROMISED SOLUTION – SMALL AMOUNT OF 

CALCULATION WITH SMALL MEMORY USAGE 

A compromised solution is introduced in this research, for 
fuzzy controllers with one output and two inputs, which are in 
8 bit resolution. The aim is that it is programmed with the most 
accurate copy of a fuzzy controller, but only with 4Kbyte of 
memory and with roughly 30 statements. This can be 
implemented into a small 8-bit microcontroller with flash 
memory, for example INFINEON XC835/836 [14]. 

In the simplest case (8bit) 64Kbyte of memory is needed 
for the whole lookup table, as it mentioned before. But if 6 bit 
resolution data storage is used for the 8 bit resolution inputs, 
with linear interpolation, than the necessary memory is only 
4Kbyte:           (  )      [    ]   [     ]. 

Fig. 2 shows an example, where the two inputs horizontally 
with 8 bit resolution and one 8-bit output vertically dimension 
determined (quantized)from the original double precision 
continuous numbers. The 8-bit outputcan be stored easily in 1 
byte. Fig. 3 shows differences between the 8 bit and the 
reduced 6 bit resolution lookup table, where only every fourth 
value will be stored horizontally in the plane. 

The 6 bit lookup table still needs to provide results for the 8 
bit resolution inputs, hence the need for a linear interpolation to 
calculate the intermediate values. Many interpolation methods 
were studied [9], searching for the best fitting method, but this 
study‘s situation requires the easiest solution. The basic 
principle of the used interpolation illustrated with the following 
formulas (2), (3), (4), (5) and in Fig. 4. 
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Fig.2. original 8 bit lookup table with continuous values - left, 8 bit converted to integers - right (illustration). 

 

 
Fig.3. 8 bit resolution lookup table - left, resolution reduced to 6bit - right (illustration). 
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Fig.4. Whole numbered linear interpolation with reduced resolution lookup table, 1D - left, 2D - right (illustration). 

 

                    

     – indexes for   and   in the lookup table 

  – the down sampling factor 

               

(2) 

       (   )        (   ) 

     – left-over indexes for   and   , corresponds 

to the [15] 

(3) 

        

(       ) 
      (   [     ]    [       ]     ) 
      (   [       ]    [         ]     ) 
      (          ) 

      – linear interpolation function, which 

calculates the outputs from the reduced resolution 

lookup table (6bit) 

         
      – values of the 6 bit lookup table 

    [   ] – given value from the lookup table  

          – two 8 bit resolution input variable 

        – output variable 

(4) 

      (         )   ((   )       )    

    – whole numbered one-dimensional linear 

interpolation 

   – initial value 

   – end value 

(5) 

  – left-over index, which determines for which 

index the   interpolated value should be calculated 

between the initial and end value 

A. Simplified implementation of linear interpolation 

algorithm 

With the equations (2), (3), (4) introduced algorithm can 
be speeded up on the one hand by merging equations on the 
other hand, the induction of the operations division. If there‘s 
a need to divide or multiply an integer with the power of two, 
than a bit shifting equation can be used. This option exists in 
this case, so the following equations can be substituted: (2) 
with the (6), (3) with (7), and (5) with (8). 

               

          – the bit shift operator 
(6) 

   (    )       (    )    (7) 

     (         )

 

{
 

 
(           )       
(           )       
(           )       
(           )       

 (8) 

The Table I summarizes all the operations of the fuzzy 
lookup interpolation table for one cycle. These are all basic 
operations like bit shifting, summation, branches, function 
calls, so the multiplication, division, and the modulus 
calculation is induced. If the lookup table is in the flash 
memory, then a flash memory reader is added. 
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TABLE I.  REQUIRED OPRATIONS OF THE IMPLEMENTED FUZZY LUT WITH INTERPOLATION 

EQUATION 

equation (6) Operation Data Type Quantity 

equation (7) Division of the input variables 8bit Bit shift   

equation (7) 
equation (8)  

(from (3) and (4)) 

Remainder of the input variables division   
8bit Bit shift   

8bit Summation   

equation (8)  

(from (3) and (4)) 
equation (4) 

Linear interpolation calculation 

16bit Summation        

16bit Bit shift       

- Branch   

all Minimum of all function calls - Function call   

  

 

B. Error of the fuzzy lookup table 

Fig.4 shows a specific two-input fuzzy controller engine, 
and in the right, the difference between the results obtained 
from the original Matlab procedure as described above, i.e., the 

error. The size of the error depends on the fuzzy surface, and 
also the value of the gradient. Can be seen that it miscalculates 
on average 1 or 2 whole numbers, which correspond to 2-5% of 
error. 

  

Fig.4. The 6-bit reduced lookup table based fuzzy surface is illustrated in the top graph. The error compared to the Matlab generated original continuous 
number is presented in the bottom graph 

 

III. CONCLUSION 

If high precision is required by an application then the 
presented solution is not suitable. There are applications where 
the 16bit or higher resolution is necessary, and the [9] research 
studied the high-precision interpolation methods in more detail. 
This study only deals with the explicitly small resource 
microcontroller environment, like 8-bit processor with 8Kbyte 
flash memory. The presented solution is acceptable, since the 
authors was successfully implemented such a 6-bit Fuzzy LUT 
with linear interpolation in an INFINEON XC835 processor for 
DC motor controlling. However more details cannot be 
published because of privacy reasons.  

Most probably a similar Fuzzy LUT solution will be used 
for the motor controlling system in the Szabad(ka)-II hexapod 
walking robot. It has 18 DOF and each leg has a MSP430 
microcontroller, therefore three fuzzy controller should run in 
each processor, which can easily use the common LUT. This 
endeavor to reduce the required resource of fuzzy control 
implementation is enable to keep some other important tasks in 
the mentioned microcontrollers.  

REFERENCES 

[1] Kecskés, István, and Péter, Odry. Optimization of PI and Fuzzy-PI 
Controllers on Simulation Model of Szabad (ka)-II Walking Robot. Int J 
Adv Robot Syst 11 (2014): 186. DOI: 10.5772/59102, 
http://cdn.intechopen.com/pdfs-wm/47878.pdf 



81 

[2] Kávai Gábor, Kecskés István: Motor szabályzás Fuzzy–neurális 
hálózattal, BMF, TDK, 2005, Online: http://www.uni-
obuda.hu/statikus/tdk_pdf/05TDKPROGKVK.pdf 

[3] Odry Péter, Kávai Gábor, Kecskés István, Búcsú Ottó, Szakáll Tibor, 
Farkas Imre: Fuzzy-Neural motor control with MSP430x14x, XXIIIth 
Kandó Conference 2006, ISBN 963 7154 42 6, 2006, Online: 
http://inf.duf.hu/publikaciok/pub_lista2.php?dolg_id=36 

[4] Istvan Kecskes, Peter Odry: Fuzzy Controlling of. Hexapod Robot Arm 
with Coreless DC Micromotor, XXIII. MicroCAD, Miskolc, 2009 march 
19-20 

[5] István Kecskés, Péter Odry: Protective Fuzzy Control of Hexapod 
Walking Robot Driver in Case of Walking and Dropping, Springer, 
2010, Volume 313/2010, pp. 205-217, DOI:10.1007/978-3-642-15220-
7_17, Online: http://www.springerlink.com/content/v7675v72773nw203 

[6] Mathworks: Using lookup table in Simulink to implement fuzzy PID 
controller, Online: 
http://www.mathworks.com/help/fuzzy/examples/using-lookup-table-in-
simulink-to-implement-fuzzy-pid-controller.html 

[7] Jinwook Kim, Yoon-Gu Kim, and Jinung An: A Fuzzy Obstacle 
Avoidance Controller Using a Lookup-Table Sharing Method and Its 
Applications for Mobile Robots, IJARS 2011, Vol. 8, No 5, pp. 39-48 

[8] Sobhan, P.V.S: Look Up Table Based Fuzzy Logic Controller for 
Unmanned Autonomous Underwater Vehicle, Advances in Computing, 
Control, & Telecommunication Technologies, 2009, pp. 497-501, ISBN: 
978-1-4244-5321-4, DOI: 10.1109/ACT.2009.128 

[9] Ying Bai, Nailong Guo, and Gerald Agbegha, Fuzzy Interpolation and 
Other Interpolation Methods Used in Robot Calibrations, Journal of 

Robotics, vol. 2012, Article ID 376293, 9 pages, 2012. 
doi:10.1155/2012/376293  

[10] Wang, Y. and D. Bai, Advanced Fuzzy Logic Technologies in Industrial 
Applications. 1st Edition, Springer, pp. 334, London, 2006, ISBN: -10: 
1846284686 

[11] Bai Yanhong; Zhao Zhijuan; Sun Zhiyi; Quan, Long: A Linear 
Interpolation Fuzzy Controller for a Boiler Pressure Control System, 6th 
IFAC Symposium on Mechatronic Systems, MECH 2013, pp. 650-654, 
Hangzhou, China, 2013, doi:  10.3182/20130410-3-CN-2034.00070 

[12] Mastacan, L; Dosoftei, C.: Level Fuzzy Control of Three-Tank System, 
Control Systems and Computer Science (CSCS), pp. 30-35, 2013, 19th 
International Conference, Bucharest, ISBN:978-1-4673-6140-8, 
doi:10.1109/CSCS.2013.36 

[13] Yanhong Bai; Zhiyi Sun; Long Quan; Shaojuan Yu: A Linear 
Interpolation Fuzzy Controller with NN Compensator for an Electro-
hydraulic Servo System, Computational Aspects of Social Networks 
(CASoN), 2010 International Conference, pp. 565-568, Taiyuan, 
ISBN:978-1-4244-8785-1, DOI:10.1109/CASoN.2010.131 

[14] Infineon Technologies AG: INFINEON XC835/836, Online: 
http://www.farnell.com/datasheets/1648162.pdf 

[15] Wikipedia contributors: Modulo operation, 2015, Online: 
http://en.wikipedia.org/wiki/Modulo_operation 

[16] István Kecskés, László Székács, János C. Fodor, Péter Odry (2013) PSO 
and GA Optimization Methods Comparison on Simulation Model of a 
Real Hexapod Robot. ICCC, pp. 125-130, ISBN:978-1-4799-0060-2 

 

 

 

http://www.uni-obuda.hu/statikus/tdk_pdf/05TDKPROGKVK.pdf
http://www.uni-obuda.hu/statikus/tdk_pdf/05TDKPROGKVK.pdf
http://inf.duf.hu/publikaciok/pub_lista2.php?dolg_id=36
http://www.mathworks.com/help/fuzzy/examples/using-lookup-table-in-simulink-to-implement-fuzzy-pid-controller.html
http://www.mathworks.com/help/fuzzy/examples/using-lookup-table-in-simulink-to-implement-fuzzy-pid-controller.html
http://www.farnell.com/datasheets/1648162.pdf
http://en.wikipedia.org/wiki/Modulo_operation

