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ABSTRACT
This paper presents a versatile hardware architecture that
implements six variant of the CFAR detector based on linear and non-linear operations. Since some implemented
CFAR detectors require sorting, a linear sorter based on a
First In First Out (FIFO) schema is used. The proposed
architecture can be used as a specialized module or coprocessor for Software Deﬁned Radar (SDR) applications.
The results of implementing the architecture on a Field
Programmable Gate Array (FPGA) are presented and discussed.
1. INTRODUCTION
The problem of detecting target signals in background noise
of unknown statistics is a common one in sensor systems
such radars and sonars. In radar applications, this noise usually comes from thermal noise, clutter, pulse jamming or
other undesired echo received by the antenna. Adaptive digital signal processing techniques are often used to remove
noise and to enhance the detectability of targets in many situations. An attractive class of schema that can be used to
overcome the problem of noise added to the target signal are
the constant false alarm rate (CFAR) algorithms which set
a threshold adaptively based on local information of total
noise power. The threshold in a CFAR detector is set on a
sample by sample basis using estimated noise power by processing a group of samples surrounding the sample under
investigation [1], [2].
There are various CFAR techniques proposed in the radar
literature in order to deal with different problems present
in radar applications. These techniques require linear operations or nonlinear operations like sorting a set of values
and selecting one on a speciﬁc position before performing a
linear operation. These different techniques have been developed in order to increase the target detection probability
under several environment conditions [2].
Although the theoretical aspects of CFAR detectors are
very advanced [2], [3], [4], [5], [6], and analog implemen-
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Fig. 1. Traditional Signal Processing Radar Chain.
tation have been used in radar systems for a number of years,
recent developments in programmable logic have made practical to explore digital implementations of CFAR and other
algorithms to support the SDR paradigm. SDR systems can
be implemented using programmable logic to accommodate
various radar sensors for different detection conditions. This
means they can be changed in run-time either by control of
stored software or by downloading new functions [7]. Using a conﬁgurable architecture implemented on FPGA is an
alternative to avoid the ﬁxed-functional hardware since it allows the modiﬁcation of certain CFAR detector’s parameters. For practical SDR applications, all processing blocks,
including the CFAR detector, must support several processing modes and operate with a high computational load in
real-time. This work presents a versatile hardware architecture that supports six CFAR detectors. The proposed
CFAR hardware architecture can be used as a specialized
processing module or co-processor in the receiver´s processing chain of a SDR system.
2. CFAR AND OS-CFAR DETECTORS
A radar transmitter generates an electromagnetic signal that
is broadcast to the environment by an antenna. An energy
portion of this broadcast signal is reﬂected by targets. This
reﬂected energy is received by the same antenna and sent
to the receiver. In the receptor this energy is digitalized to
produce raw data that is then processed to obtain the desired
target information. Figure 1 shows a radar receiver processing chain and the position of the CFAR detector.
The CFAR detector (Figure 2) consists of a reference
window with 2n cells which surround the cell under test.
Each cell stores an input sample and the values stored in the
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Fig. 3. Sorting Array

Fig. 2. Generic CFAR Detector.
cells are right shifted when a new sample arrives. Some m
guard cells are incorporated in order to avoid interference
problems in the noise estimation. The reference cells are
used to compute the Z statistic. This Z statistic and a scaling factor α are used to obtain the threshold. This scaling
factor depends on the estimation method applied, the false
alarm required according to the application and it is related
to the noise distribution in the radar environment. The resulting product αZ is directly used as the threshold value
that is compared with the cell under test (CUT) to determine
if the CUT is declared a target. The target detection problem can be modeled by H1 : y = d+g and H0 : y = g; where
H1 and H0 are the target present and target absent hypothesis, respectively; d represents the target signal and g the
environmental noise component. If the values of the CUT
exceed the αZ, then the target present is declared, i.e. the
CFAR processor outputs 1 if a target is present, otherwise
outputs 0. The decision criterion is represented by:

H1 , CU T ≥ αZ
(1)
e(y) =
H0 , CU T < αZ
The method to obtain the Z statistic from the reference
window might be based on linear or nonlinear operations.
The most common linear detectors are the cell averaging
(CA), greatest of (GO) and smallest of (SO). These detectors
calculate the arithmetic mean of the amplitude contained in
the Y1 lagging cells and Y2 leading cells from the CUT. The
equation 2 summarizes these three linear operations for the
Z statistic:
⎧
1
⎪
⎨ 2 (Y1 + Y2 )
Z = max(Y1 , Y2 )
(2)
⎪
⎩
min(Y1 , Y2 )
Among the nonlinear detectors are the order statistics
cell averaging (OSCA), order statistics greatest of (OSGO)
and order statistics smallest of (OSSO). These order statistics detectors need to perform a rank-order operation over
the leading and lagging reference cells, i.e. sort the reference cells values and then select the k-th sorted value. The
OSCA, OSGO and OSSO CFAR detectors perform the selection of the k-th (Y(1) ) and i-th (Y(2) ) sorted value from the

leading and lagging cells, respectively. Once selected these
two values, the Z statistic is calculated in a similar way as
the linear detectors as shown in the following equation:
⎧
1
⎪
⎨ 2 (Y(1) + Y(2) )
(3)
Z = max(Y(1) , Y(2) )
⎪
⎩
min(Y(1) , Y(2) )
A CFAR detector that can be considered optimal under
any environmental circumstances has not been designed yet.
Each one of the explained detectors has its advantages and
disadvantages, and may be optimal under particular environment conditions. The detection performance is altered
by varying the number of references cells, guard cells, the
CFAR detector, the k-th rank-order sample and the false
alarm required (represented by the scaling factor α) [2]. In
order to give robustness to the target detection process radar
applications, a specialized architecture which supports several of these detectors, and allows to change their parameters
such as, selection of scaling factor α and the k-th and i-th
rank-order sample is required. The proposed architecture
presented in this work support the six previously explained
CFAR detectors.
3. HARDWARE ARCHITECTURE
The proposed architecture uses a linear sorter in order to perform the rank-ordering operation needed in the order statistic detectors. Since keeping the values sorted does not affect
the averaging process needed in the linear detectors, the use
of a linear sorter is possible. The architecture is parameterizable in terms of its reference cells, guard cells and arithmetic
precision.
3.1. Linear Insertion Sorter
The linear sorter used in this architecture implements the insert sort algorithm. It consists of an array (ﬁgure 3) of identical processing elements (PE), called Sorting Basic Cell
(SBC). In order to fulﬁll the FIFO sorting functionality, the
SBCs must be interconnected in a simple linear structure,
called sorting array. This SBC array sorts the values as
they are introduced into the sorting array, discarding the oldest value in the sorting array, while maintaining the values
sorted in a single clock cycle i.e. in a FIFO schema. The
SBC has a register with synchronous load to store the value,
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Fig. 4. Architecture of the SBC.

either manually by the user or by an automatic control expert system. A multiplier scales up the Z statistic with a
ﬁxed scaling factor α and a comparator decides whether a
target is present or absent as indicated by equation 1.
In this architecture, on each clock cycle, values ﬂow
from the lagging sorting array, to the shift registers and to
the leading sorting array. In order to begin the target detection processing, a reset signal must be applied. Once data
begin to ﬂow as mentioned above, 2n+2m+1 clock cycles
of latency are required for having all the values stored in the
sorting arrays and in the shift registers. After this latency
time, the architecture produces a valid output for each clock
cycle allowing for the continuous operation of the target detection process.

a counter with synchronous reset and load to store the period life of the value, a comparator, four 2-1 multiplexers
and control logic (ﬁgure 4). This linear insertion sorter is
explained in detail in [9].
3.2. CFAR Detector Architecture
The proposed CFAR detector architecture, ﬁgure 5, has two
SBC’s sorting arrays for 2n the reference cells, 2m+1 shift
registers for the guard cells and CUT, which is at the middle
of these registers. Also, the architecture has two n-1 multiplexers for the lagging and leading sorting arrays respectively. One of each side of these multiplexers performs the
rank operation. Given that the reference cells values are ordered, the k-th and i-th value can be selected by the control
signals Sel-k and Sel-i respectively. The result of this selection are the Y(1) and Y(2) values needed in the nonlinear
operations.
According to equation 2, it is needed to add all the values
stored in the leading and lagging sorting arrays. In order to
perform this operation, it is not necessary to add all values
each time that one value from the sorting array is inserted
and deleted. Only by adding and subtracting the newest and
oldest values respectively, the next result is obtained. This
whole operation can be performed by the PE Accumulator,
which computes the accumulation of the Y1 and Y2 values
on each sorting array. This PE Accumulator, consists of an
adder, a subtracter and a register to store the accumulated
Yn value. The multiplexer control line value is generated by
a priority decoder whose input is a data bus formed by the
cntn signals coming from the SBC. This cnt signal indicates
when the life period value has expired inside of one SBC’s,
i.e. the oldest value that must be subtracted and passed to
the shift registers. Two 2-1 multiplexers perform the selection between Y1 and Y(1) from the lagging side and Y2 and
Y(2) from the leading side. An ALU-like module provides
the three modalities for computing the Z statistic: the average, the maximum and the minimum of the rank-order or
the accumulated value. The desired modality is chosen using the control signal SelDet (Select Detector) established

4. RESULTS AND DISCUSSION
The architecture was development for a commercial X-band
non-coherent radar, which performs a 360 degrees scan in
2.5 seconds (24 rotations per minute, RPM). Incoming raw
data from the receiver is sampled to produce a set of more
than 16M samples per scan that are processed in a stream
fashion. For the purpose of validation, the proposed architecture was modeled using the VHDL Hardware Description Language and synthesized with Xilinx ISE 9.1 targeted
for a XtremeDSP Development Kit, with a Xilinx’s Virtex-4
XC4VSX35 FPGA device. The default conﬁguration of the
CFAR detector uses 12-bit for data, 32 reference cells and 8
guard cells which is a common conﬁguration used for most
radar-based applications with a good performance-accuracy
trade-off [1]. The area results for this device are 1,364 (8%)
slices, 2,637 (8%) ﬂip ﬂops and 690 (2%) LUTs meanwhile
the maximum frequency operation is 198 MHz. This architecture requires 84 milliseconds to process a radar data set,
which is 30x times faster than the required theoretical processing time of 2.5 seconds needed for this application parameters; thus this same module can be potentially used in
radars with much higher resolution or CFAR detectors with
larger n and m values.
A direct comparison between our proposed CFAR architecture and other architectures is not possible, because they
do not perform the same functionality. In [8] the proposed
CFAR detector use only three linear detectors, besides this
work does not implement the sorting functionality. Nevertheless, a parallelism grade can be applied between [8]
and our proposed architecture. This grade can be the architecture’s throughput measured in millions of operations
per second (MOPS). Concurrently our architecture performs
2n+7 arithmetic operations each cycle, while the other architecture performs only 7 arithmetic operations. This means
that for a same CFAR detector conﬁguration and the maximum operation frequency, the proposed architecture achieves
a throughput of 14,058 (MOPS). The throughput achieved
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Fig. 5. CFAR Detector Hardware Architecture.
in [8] is 840 MOPS on a XC2V250 Virtex II. For throughput
comparison purpose, our architecture was also synthesized
for this last FPGA device, getting a throughput of 7,526
MOPS which is nine times more that in [8].
5. CONCLUSION
CFAR detectors are used in signal processing applications to
extract targets signals from background noisy. For radar applications, the theoretical aspects of CFAR detectors is advanced, with a number of CFAR algorithms proposed for
several environment conditions. As no optimal CFAR detector has been proposed, for practical implementations of
software deﬁned radars, a versatile processing architecure
that is able to switch among different CFAR detectors and
perform in real time is required. The proposed architecture
allows to select among six CFAR detectors, scaling factor
α and the k-th and i-th rank-order sample giving robustness
to the target detection process. In order to support the nonlinear processing, the architecture performs a linear insertion sort based on a FIFO schema. The linear sorting operation is performed with an array of PE called SBC. The
architecture exploits the parallel nature of the CFAR signal
processing and it can be easily extended to accommodate
larger CFAR detectors as required by more demanding applications. Thus, this high performance, yet compact, architecture can be used as a specialized processing module or
co-processor in the radar processing chain for conventional
or in SDR systems.
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