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Motivation

PID (Proportional-Integrative-Derivative) control is widely adopted in robotics and 
autonomous systems in both the commercial and defence sectors. 

(Research Question) How can we automate the estimation of the necessary precision 
for PID control in power-constrained systems?

How to design and implement approximate PID control on an FPGA, for significant 
resource/power savings.
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Affine Arithmetic (AA)

Affine arithmetic (AA) is one of many proposed models for function self-validation. In 
AA, the uncertainty of a variable � can be represented as 

� = �0 +  �=1
� �� ∙ �� ,

where �� is an interval [−1,1], �� is a partial deviation, 

��� �� ∙ �� represents the range of uncertainty 

caused by ��ℎ incidence (source of error). 

Advantages:
• uncertainty cancellation
• avoids catastrophic overestimation of errors
• potentially long-iterative support

In our work, we use the YalAA library, because 

• It uses the C++ programming language, easy to integrate with our framework
• non-affine forms approximate

Final uncertainty
Estimates of a circular
function



 

PID Controller

Proportional-Integrative-Derivative (PID) controller Definition:

��� � = ����� � + ��  ��� � �� + ��
���� � 

��
,

where ��, ��, and �� are the coefficients of the proportional, integral and derivative 
control processes. 

Given the reference input � � , the error term ��� �  is derived by subtracting the 
measured plant output ��� �  from � � .

This is repeated until the plant output matches the reference. 



 

PID Benchmarks

We consider nine standard benchmarks for the Plant Transfer Function

For each benchmark, Table 1 shows the uncertainty intervals, [lb, ub]. of each parameter 
in the PID control process, using full precision, when using AA.

AA output and the adjusted approximation:

 [
� − �

� ] < �
where � =  �� − �� /2 represents the variance of 
approximate error propagation. 



 

Design Process: Automated Infrastructure

Top-down flow:

• C++ template kernel (PID)

• Apply AA data type in YalAA1 library

• Bit-width estimation through AA simulation

• Evaluate approximation performance

• C o m p i l e  t h e  ke r n e l  w i t h  e st i m at e d 
precision

• Synthesize the code onto a hardware 
accelerator



 

Bit-width Estimation: Floating Point

��� =  −1 � × � × 2 127−� 
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Bit-width Estimation: Fixed Point
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Approximate PID Performance: 
one benchmark

• Fp32 – single precision floating point
• Fpx_e6m13 – 6 bits exponent, 13 bits mantissa
• Fxp_i6f19 – 6 bits integer, 19 bits fraction



 

Approximate PID Performance: 
all benchmarks



 

Approximation: 
Resources and Performance

All implemented PID benchmarks are compared to single precision floating point.



 

Summary 

• Automated framework for optimal precision estimation for both 
floating-point and fixed-point binary formats

• Custom accelerator generation on a Xilinx FPGA platform, specifically an 
approximate PID controller,  leads to reductions in both resource cost 
and power consumption

• Our work is potentially applicable to multi-dimensional iterative 
applications, such as a multi-variable PID controller and iterative solvers 
for convex optimization


