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Real Time Implementation of Bi-Loop Recursive Least Squares 
Algorithm using a Blackfin Embedded Multiprocessor 

Sorin  ZOICAN*, Ph. D. 

Cuvinte cheie. Algoritmul recursiv al celor mai mici 
pătrate cu buclă dublă, capacitate de urmărire, 
implementare în timp real. 
Rezumat. Acest articol prezintă un nou algoritm de 
tip RLS (Recursive Least Squares) denumit “bi-loop” 
RLS (RLS-BL). Algoritmul RLS-BL are o capabilitate 
crescută de urmărire a coeficienţilor filtrului adaptiv 
pentru sistemele variabile în timp fară a utiliza date 
suplimentare. Este prezentată o modalitate de 
implementare cu ajutorul microcontrolerului DSP 
Blackfin (Analog Devices). 

Key words. Bi-loop recursive least squares 
algorithm, tracking capability, real time implemen-
tation. 
Abstract. This paper presents new recursive least 
squares algorithm named as recursive least 
squares “bi-loop” algorithm (RLS-BL). The RLS-BL 
promotes the tracking capability of parameters 
estimation for time-varying systems without any 
additional data. A real time implementation using 
the Blackfin Embedded Multiprocessor is pro-
vided.  

 
1. Introduction1 

Although the recursive least squares (RLS) 
algorithm has been extensively utilized in the time-
varying system identification, its slow tracking 
capability and the high predicted error are major 
shortcomings. Therefore, the modified RLS 
algorithm has received considerable attention to 
cope with time-varying system problems [1],[2][5]. 

These modified RLS algorithms can track slow 
time-varying parameters; they fail in fast time-
varying systems. Some algorithms that used 
polynomial time-varying models [3] can be used to 
enhance the tracking capability, but it has some 
practical problems, such as numeric instability and 
heavy computations. 

Other approaches [4],[5] alleviate the parameter 
variations using variable forgetting factors. 
Nevertheless, the variable forgetting algorithm still 
suffers from heavy computations and the complexity 
of algorithm schemes.  

In [5] a new RLS algorithm is proposed in order 
to overcome these flaws. Mainly, the RSL –BL 
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algorithm involves an inner loop in witch the filter 
coefficients are adapted. It is shown that the tracking 
capability is increased but the computational effort is 
not evaluated. At the first sight it seems to be 
proportional with the number of iterations in the inner 
loop but it can be reduced using some computation 
techniques presented in section 4.  

The goal of this paper is to evaluate the 

computational effort for this new algorithm (RLS-BL) 

and to prove that the increasing in computation is 

not so much comparing with the benefits of the RLS-

BL algorithm in tracking capabilities. 

2. The RLS- BL Algorithm 

The equations for the RLS algorithm, where 

updates are done based on a priori error are 

presented in relation (1) where the parameters are 

the following: 

M = number of filter taps  

u(n) = M-by-1 tap-input vector at time n,  

d(n) = desired response at time n,   

ŵ(n+1) = estimate of tap-weight vector at time n + 1.   

e(n) = a priori estimation error,  
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k(n) = time-varying “gain vector”,  

P(n) = inverse of the M-by-M tap-input vector 

correlation matrix with P(0) = δ-1I,  
δ = a small positive constant. 
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The RLS-BL algorithm flowchart is represented in 

the figure 1. 

The computations in the internal loop are the same 
with the computations illustrated in (1) applied on a copy 
of input vector, uin(n)  and desired response âdin(n). A 
new matrix, Pin, and a new estimate of tap-weight vector, 
win(n) are introduced. The equations implemented in the 
internal loop are illustrated in relation (2): 
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Fig. 1. The RLS-BL flowchart. 

 
3. The Experimental Results 

The RLS-BL implementation results are presented 

in figures 2 to 6. The RLS-BL performance (e.g. 

residual error and tracking capabilities) is compared 

with the RLS algorithm performance. 

We consider the filter length M=20. The main 
goal of implementation was to determine a 
reasonable limits for parameter imax   that controls 
the performance of RLS-BL, but increases the 
computational effort. We focus on the residual error 
(computed in decibels) and on tracking capability 
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(the third filter coefficients will change the sign at the 
iteration 100). The communication channel is a 
Rayleigh channel with parameter B=0.5. Two 
parameters are important here: the filter length and 
imax (that controls the residual error and tracking 
capability). We desire these parameters as larger as 
possible in order to achieve good performance and the 
filter implementation to be a real time implementation. 

The residual error is smaller for RLS-BL 
algorithm, even for small imax parameter. Also, the 
tracking capabilities are greater. The section 4 will 
evaluate the computational effort and the feasibility 
of the real time implementation. 

We consider a system filter with known 
coefficients that generates the desired signal used in 
the evaluation of RLS and RLS-BL algorithms. 

The figures 2 and 3 illustrate the residual error for 

RLS and RLS-BL (imax = 2) algorithms. We can 

observe that the residual error for the bi-loop algorithm 

is 30-40 decibels smaller than the classical algorithm. 

The tracking capability was tested by modifying the 

sign of the third coefficients of the system filter. Figure 

3 illustrates that the RLS-BL algorithm responds faster 

than the RLS algorithm. 

The residual error of the RLS-BL (imax =3) is 

illustrated in figures 4 and 5. We can observe a 

significant improvement in performance ( both error 

and tracking capability) for the RLS-BL algorithm 

(about 60 decibels smaller than RLS and a better 

respons to sign change of the third coefficient of the 

system filter). 

 

 

Fig. 2. Learning curves for RLS 

and RLS-BL (imax=2). 

Fig. 3. Learning curves for RLS and RLS-BL 

(imax=2) – the third coefficient changes its sign. 
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Fig. 4. Learning curves for RLS and RLS-BL 

(imax=3). 

Fig. 5. Learning curves for RLS and RLS-BL  

(imax=3)  – the third coefficient changes its sign. 

Fig. 6. The filter coefficients – system,

RLS and RLS-BL (imax=3). 
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4. The Real Time Implementation 

It is necessarily to evaluate the computational 
effort for RLS-BL algorithm before providing a real 
time implementation solution. The table 1 evaluates 
the execution time considered that the RLS-BL was 
implemented using a Blackfin BF5xx processor with 
 

16,6 nanoseconds instruction cycle. The code was 
written in C languages optimized for speed.  Also, 
the number of cycles and execution time is provided 
for RLS algorithm. 

The computation time for RLS and RLS-BL 
implementation for various filter length is illustrated 
in figure  7. 

 
Table 1 

 Execution time (microseconds)  

M imax=2 
imax
=3 

imax
=4 

imax
=5 RLS 

RLS(cycl
es) 

5 3 4 6 7 1 885 
10 19 29 38 48 10 5750 
15 51 77 102 128 26 15410 
20 126 189 252 315 63 37901 
25 228 341 455 569 114 68534 
30 386 580 773 966 193 116396 
35 599 899 1199 1499 300 180548 
40 892 1338 1785 2231 446 268755 
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Fig. 7. The computational effort for RLS-BL and  RLS algorithms (Blackfin implementation – single core). 

 
The table 1 and figure 7 illustrated that a real 

time implementation of the RSL-BL algorithm is not 
possible for a reasonable filter length (about 15 to 20 
taps) and imax greater than 3 if the sample period 
has a common value of 100 or 125 microseconds in 
telecommunications systems. 

We propose an enhanced implementation (in real time) 
approach that use an ADSP-BF561 dual core processor. 

In this implementation the two successive input 
samples are processing in the two cores of the 
processor and therefore the computation time for an 
input sample will increase to 200 or 250 microseconds. 
As we can see in figure 6  the filter length is increased 
up to 25 and the parameter imax up to 4. 

The ADSP-BF561 processor is a high 
performance member of the Blackfin family of 
products targeting a variety of multimedia, industrial, 
and telecommunications applications. At the heart of 
this device are two independent Analog Devices 
Blackfin processors. These Blackfin processors 
combine a dual-MAC state-of-the-art signal processing 
engine, the advantage of a clean, orthogonal RISC-like 
microprocessor instruction set, and single instruction, 
multiple data (SIMD) multimedia capabilities in a single 
instruction set architecture. The ADSP-BF561 
processor has 328K bytes of on-chip memory. Each 
Blackfin core includes: 

• 16K bytes of instruction SRAM/cache 
• 16K bytes of instruction SRAM 
• 32K bytes of data SRAM/cache 
• 32K bytes of data SRAM 
• 4K bytes of scratchpad SRAM 

Additional on-chip memory peripherals includes: 

• 128K bytes of low latency on-chip L2 SRAM 
• Four-channel internal memory DMA controller 
• External memory controller with glueless support 

for SDRAM, mobile SDRAM, SRAM, and flash. 
The Blackfin processor family includes dual-core 

processors, such as the ADSP-BF561 processor. In 

addition to other features, dual-core processors add 
a new dimension to application development. Each 
dual-core Blackfin processor has two Blackfin cores, 
A and B, each with its own internal L1 memory. 
There is a common internal memory shared 
between the two cores, and both cores share access 
to external memory. Each core functions indepen-
dently: they have their own reset address, Event 
Vector Table, instruction and data caches, and so 
on. On reset, core A starts running from its reset 
address, while core B is disabled. Core B starts 
running when it is enabled by core A. 

When core B starts running, it starts running its 
own application, from its own reset address. Having 
one application per core the full potential of the dual-
core Blackfin processor is exploiting. Effectively, two 
single-core applications are building independently, 
and run in parallel on the processor. The shared 
memory areas, both internal and external, are each 
sub-divided into three areas—a section dedicated to 
core A, a section dedicated to core B, and a shared 
section. It is left up to the developer to arrange for 
shared, serialized access to the shared areas from 
each of the cores.  

The figure 8 illustrates the input samples 
processing in the enhanced, real time implementation, 
of the RLS-BL algorithm. 

In the figure 8, T_RLS_BL is the computation 
time for RLS-BL algorithm (equations 1 and 2) and T 
represents the sampling period. Each cores in the 
Blackfin processor has its own interrupts system. 
We consider that the input samples are acquired 
from a serial port (SPORT0) that generates a com-
mon interrupt   for both cores (indicated in the figure 
8 as IRQ_core_A and IRQ_core_B). Each core 
implements the RLS-BL algorithm in its own main 
program (denoted as Main_core_A and 
Main_core_B) if an appropriate flag (flag_A or 
flag_B) is set to 1. These flags are set in the 
interrupt service routines for core A or core B. The 
main programs process the odd or the even input 
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samples only. A necessarily functioning condition is 
that T_RLS_BL < T.  

 

 

 

 

a)

b)

c)
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Fig. 8. a) Input samples processingfor the Blackfin – dual core; b) The program flow chart for core A; 
c) The program flow chart for core B. 

 
In the figure 8, T_RLS_BL is the computation time 

for RLS-BL algorithm (equations 1 and 2) and T 
represents the sampling period. Each cores in the 
Blackfin processor has its own interrupts system. We 
consider that the input samples are acquired from a 
serial port (SPORT0) that generates a common 
interrupt   for both cores (indicated in the figure 8 as 
IRQ_core_A and IRQ_core_B). Each core implements 
the RLS-BL algorithm in its own main program 
(denoted as Main_core_A and Main_core_B) if an 
appropriate flag (flag_A or flag_B) is set to 1. These 
flags are set in the interrupt service routines for core A 
or core B. The main programs process the odd or the 
even input samples only. A necessarily functioning 
condition is that T_RLS_BL < T.  

5. Conclusions 

An improved RLS algorithm (named RLS bi-loop 
or RLS-BL) was presented. This algorithm has a 
smaller residual error even for time varying 
communication channel (such Rayleigh channel) 
and better tracking capabilities.  

Computational effort for the RLS-BL algorithm was 
estimated and a real time implementation approach for 
RLS bi-loop algorithm was proposed using dual core 
Blackfin processor. This approach permits a real time 
implementation for reasonable filter length and internal 
loop parameter of RLS bi loop algorithm. 

 
 

 

 

 

 

 

 

 

Further works will improve the presented approach 

using the assembly language in order to increase the 

filter length and the internal loop parameter. 
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