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Radarbook2 Software

The central processing element of the Radarbook2 (RBK2) is a system-on-chip (SoC) with a dualcore ARM processor and an FPGA as shown in the block diagram in Fig. 1. Hence, the software
can be split into two different components. The first one is the software for the FPGA part and
the second component is the software executed on the dual-core ARM system.

Figure 1: Block diagram of the RBK2 with a dual-core ARM and an FPGA part.
In the following sections we will briefly describe the different components with the focus set to
the FPGA processing frameworks because this is essential to understand the implemented real-time
processing of the radar signals and to implement your own application on the RBK2. In addition to
the fucntional description of the frameworks, we will state the main constraints for the measurement
timing, which arise with the different FPGA configurations.

3

Dual-core ARM with Debian or Ubuntu Operating System

On the ARM system a Linux operating system is installed. After power-up, the system boots from
the NAND flash. The NAND contains the FPGA image and the FPGA is configured at startup.
If an SD card with a valid file system is recognized, then the file system on the SD card is loaded.
Users can use their own file system on the RBK2. Inras provides various applications for the RBK2:
 Sampling framework to access raw data over Ethernet from Python or Matlab scripts,
 FFT framework for range-Doppler processing with output of detections or range profiles,
 Tracker with output of object list as ROS messages.

The applications can be changed with the integrated webserver. The webserver enables the
installation of new applications or the active application can be changed as shwon in Fig. ??. Each
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application consists of an FPGA image and a C++ or python program, which is executed on the
ARM processor. The ARM program is the master and configures the FPGA and in addition it
implements the interfaces and or the signal processing. Different applications can be compiled
for the same FPGA framework. For example the tracker uses the FFT FPGA framework and
implements a clustering algorithm and a Kalman filter to track objects moving in the field of view
of the radar system. In the next section the available FPGA frameworks are described.

4

FPGA Software Frameworks

The FPGA part is used to access the transceivers and to interface fast data converters or transceivers
with LVDS output signals. The FPGA framework is can be split into three parts. The first part
is required to configure the transceivers of the frontend and the clock distribution circuits. For
transceivers with analog output signals the ADCs on the frontend must be configure too. The
second part of the framework is dedicated to the generation of timing patterns and to the selection
of the trigger source. Finally, the third part addresses the signal processing, which is performed on
the discretized IF signals. In the subsequent section the FPGA signal processing frameworks will
be explained in more detail. At first the sampling framework (SFR) is described and afterwards in
Sec. 4.2 the FFT processing framework, which can be used to implement range-Doppler processing,
is explained in more detail.
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4.1

Sampling Framework (SFR)

The sampling framework is designed to collect the raw data of the IF signals and store them to
the DDR3 memory of the RBK2. In Fig. 2 a block diagram of the FPGA part with the main
components is shown. The block diagram only includes the memory-mapped peripherals (MMP)
of the data path. The MMPs for configuring the frontend, typically SPI and I2C interfaces, are not
included in the description.

Figure 2: Block diagram of the data path of the FPGA framework.
The ADC MMP is used to collect the samples and outputs up to 16 parallel data streams on an
Avalon streaming interface, which consists of a 12 Bit parallel data bus, a valid signal, a start-ofpacket (SoP) signal and an end-of-packet signal. The ADC block outputs one streaming interface
(ST) packet for one chirp. The ADC requires a trigger input to collect the data and as response to
the trigger a predefined number of samples is recorded and output as ST-packet. The user has to
make sure that the number of samples collected matches with the duration of the chirp. Afterwards
the 16 parallel data channels can be exchanged arbitrarily with a data multiplexer (DatMux16).
Hence, a subset of the available channels can be copied to the first output channels. In addition the
data multiplexer supports a sign inversion of the data channels. In the block diagram the number
of ST channels is shown in the upper part. For example, for the interface between the DatMux and
the filters 16 real data channels (16Re) are implemented and the width of the channels is plotted
below the connection.
After the DatMux16 a programmable cascaded-integrator-comp (CIC) filter is used to filter the
IF data and to reduce the sampling rate. Typically the external ADC is configured to run at a
sampling rate of 40 MSPS and the CIC filter allows an integer sampling rate reduction by the value
RCIC . If desired, the CIC filter can be bypassed and in this case no filtering is performed on the
sampled data. The input values of the CIC filter are 12 Bit wide and the output values are 16 Bit.
The four additional bits are added to the LSB of the data channel in order to reduce numerical
errors and make use of oversampling.
Finally, a frame control MMP (FrmCtrl8) is used to number the data packets. By default
the frame number is enabled and in this case the first sample of every packet, which contains the
samples for one chirp, is replaced with a linearly increasing frame number. The frame number is
an INT16 value starting from one for the first data packet in the measurement stream. The frame
number can be used to check if all data packets have been transferred correctly, because the frame
number is incremented even if a packet is dropped. The outputs of the FrmCtrl MMP are fed to
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DMA channels in order to store the data in DDR3 memory of the Arria 10 SoC. In the Linux
system 1 GByte is reserved for storing the sampled IF signals. The FrmCtrl block implements a
flow control mechanism too. If the data cannot be transferred into the DDR3 memory then the
FrmCtrl MMP rejects new data packets at the input. This ensures that only complete packets are
rejected and not a part of the samples. Additional information can be added to the data packets
with the FrmCtrl MMP. For example the GPS time information can be added at the end of the
packets
19 19 19 19 19 19 19 19
UbxTim @Frm 1 : 2020-3-4 9:53:39
in order to read back the actual measurement time for the first frame.
All the MMPs of the sampling framework are running at 100 MHz, which is faster than the
maximum ADC data rate of 40 MHz. The memory bandwidth between the FPGA and the DDR3
memory is greater than 12 GBit/s. Hence, the samples can be transferred continuously to the
DDR3 memory until not free memory space is available.
In the ARM processor a task is used to configure the DMA controller. The available memory
space of 1 GByte is split into multiple buffers and up to 128 transfers are configured to ensure
a continuous data transfer as long as free buffers are available. The memory throughput can be
increased by transferring multiple ST packets with one DMA transfer. In the Matlab or Python
firmware the constant 'DmaMult' is used to set the DMA transfer size in multiples of the packet
size. The RBK2 offers a GBit Ethernet connection to access the data. The Ethernet connection
is controlled from the ARM processor and in the current software framework the maximum data
throughput is 550 MBit/s. If the overall data rate exceeds the maximum Ethernet data rate, then
measurement data will be dropped when the available memory space is full.
4.1.1

Measurement Example

In the subsequent example we assume that range-Doppler measurements are conducted. Every
interval TInt , Np chirps are triggered and the duration between the uniformly spaced chirps is given
by Tp . In Fig. 3 the measurement timing is sketched. In the current example we assume that we

Figure 3: Measurement timing for range-Doppler measurements.
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collect N = 1024 samples during one chirp with a chirp duration of 102.4 µs for NChn = 16 channels
in parallel. The chirp repetion interval Tp is 120 µs, one range-Doppler map consits of Np = 128
chirps and the time between two range-Doppler measurements is 75 ms. In addition the ADC
sampling frequency is set to the default value of 40 MSPS. With this settings the integer sampling
rate reduction RCIC = fADC
of the CIC filter is configured to four and the ADC MMP outputs
fs
packets of size 4096. The CIC filter removes higher frequency components and reduces the sampling
rate by a factor of four, which shrinks the size of the data packets to N = 1024. Thereafter the
frame control replaces the first value with the frame number and forwards the parallel channels to
the DDR3 memory. The required memory bandwidth is defined by the instantaneous data rate
NChn N
DR,inst = 16
= 2.18 GBit/s.
(1)
Tp
In the current example the instantaneous data rate is below 12 GBit/s and hence no packets will
be dropped by the frame control block. With the maximum sampling rate of 40 MSPS and 16
parallel channels the maximum data rate is lower than the available memory bandwidth and hence
packets will be dropped if all the space in the DDR3 memory is occupied. In case of range-Doppler
measurements the DMA transfer size should be configured to the number of chirps by setting the
parameter 'DmaMult' to Np . In this case the firmware splits the available DDR3 memory into
NBuf =

230
= 256
2N NChn Np

(2)

eually sized buffers. When a DMA transfer is completed the buffer can be accessed over the TCP/IP
connection. In the current example a data rate of
NChn N Np
DR,Over = 16
= 447 MBit/s
(3)
TInt
is required to transfer the data continuously without packets being dropped by the frame control
block in the FPGA. The minimum time for the range-Doppler measurements is
NChn N Np
TInt,min = 16
= 64 ms,
(4)
DR,Over,max
where the maximum continuous data rate DR,Over,max was set to 525 MBit/s. It should be noted
that Matlab and Python scripts are not capable of transferring this data rates continuously. Especially not, if signals are plotted or operations are performed on the data stream. However the
RadServe can be used to store the data to a HDF5 file.
For range-Doppler processing it is important that no packet is lost, because otherwise the
uniform timing is violated and the results show a poor sidelobe level in the velocity domain. The
frame counters can be used to ensure that all chirps belong to the same range-Doppler measurement.
4.1.2

Summary of the SFR

 The maximum instantaneous data rate is greater than 12 GBit/s.
 One GByte of the onboard memory are reserved for storing measurement data.
 Maximum overall data rate of 550 MBit/s is limited by the Ethernet connection.
 Matlab, Python and C++ firmware is available to configure sampling framework.
 Python and C++ applications can be executed on the ARM of the Arria 10 SoC.
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4.2

FFT Processing Framework (FFTFR)

The FFT processing framework can be used to calculate the range profiles, the magnitude rangeDoppler map or a list of detections for systems with up to 16 receive channels. In Fig. 4 a block
diagram of the FFT sampling framework is shown. It consists of two chains. The first FFT chain
is used to calculate a windowed FFT of the raw data and the second FFT chain implements the
velocity FFT followed by a local maximum extraction.

Figure 4: Block diagram of the FFT processing framework with two separate FFT chains.
The ADC data is output on up to 16 parallel streaming interface compliant data channels.
Similar to the sampling framework a data multiplexer is used to exchange the input channels (data
multiplexer is not shown in the block diagram) and afterwards the sampling rate can be reduced
by an integer value with the CIC filter block. After the CIC filter the 16 parallel channels are
buffered with the StRe16ToRe16Sc MMP. This MMP implements a ping-pong buffer scheme for
all input channels. If a complete data packet is received on the enabled channels, then the data
of the 16 input channels can be output on up to 16 output channels. The data packets of the
input channels can be output in a programmable order on a single or multiple output channels to
serialize the parallel data stream. For example, the buffer records input packets and afterwards the
data of the even input channels are output on the first output channel and the packets of the odd
input channels are output on the second output channel one after the other as shown in Fig. 6. In
this case the buffer acts as serializer and enables the calculation of the range profiles of all input
channels with two FFT entities.
The output channels of the buffer are fed to a multiply and summation block (MultSumR16Sc)
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in order to calculate a weighted sum of the input channels. In the simplest case this block is used to
multiply the data of individual channels with complex weights in order to calibrate the range profiles
by aligning the phase of the channels. The block also supports advanced calibration schemes where
the coupling between different channels is taken into account. In addition, it is possible to generate
up to 32 synthesized antenna beams, pointing to different directions. The MultSumRe16Sc supports
two independent complex-valued output channels, which are fed into the two windowed FFT chains.
The window MMP (Win0) is used to multiply the complex-valued data packets, which belong to
one calibrated input channel or an antenna beam generated with the MultSumRe16Sc block, with
a real window function. The coefficients of the window function are stored in a dual-port memory
and can be programmed freely. The output of the window function is fed into two FFT blocks
(FFT0 and FFT1). The size of the FFT can be selected by firmware, where the values 64, 128, 256,
512, 1024 and 2048 are supported for the size of the FFTs. Finally, the range profiles are stored into
the onboard DDR3 memory, where the FFT bins can be reduced to a desired consecutive interval.
For example, if a 1024-FFT is calculated for 16 real input channels then only the FFT bins from 0
to 511 are stored in the DDR3 memory because the second half of the FFT does not contain new
information.
In the next section we will explain the most important constraints for the calculation of the
range FFT.
4.2.1

Range Profiles for 16 Real Input Channels

In the subsequent example we assume that range-Doppler measurements are conducted. Every
interval TInt , Np chirps are triggered and the duration between the uniformly spaced chirps is given
by Tp . In Fig. 5 the measurement timing is sketched. The goal is to calculate a windowed 1024 point

Figure 5: Measurement timing for range-Doppler measurements.
FFT of all IF signals x[n0 , nChn ], where n0 = 0 . . . N − 1 refers to the time index and nChn = 0 . . . 15
N
numbers the input channels, and store the positive frequency bins k0 = 0 . . . 0,FFT
−1 to the DDR3
2
memory. The mathematical formulation of the implemented transform is given as
XRP [k0 , nChn ] = C[nChn ]

N
X

w0 [n0 ]x[n0 , nChn ]e

−j N

2π
k0 n0
0,FFT

for: k0 = 0, 1, . . . , N0,FFT − 1,

(5)

n0 =0
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where XRP [k0 , nChn ] denotes the output of the FFT, C[nChn ] are the complex-valued calibration
constants for the input channel given by the index nChn , w0 [n0 ] is the real-valued window function
and N0,FFT denotes the size of the range FFT. The FFT is implemented as fixed point FFT with
24 Bit width and the FFT MMP automatically scales the input data with the goal not to saturate
the output of the FFT block. The ouput of the window funciton is 18 Bit and 6 Bit are added to
the LSB of the data words. Nonetheless, the input should be scaled to the full scale range of the
FFT in order to reduce numerical errors in the calculation of the transform.
For the current example we assume that we collect N = 512 samples during one chirp with a
chirp duration of 102.4 µs for NChn = 16 channels in parallel. The chirp repetition interval Tp is
120 µs, one range-Doppler map consists of Np = 64 chirps and the time between two range-Doppler
measurements is 75 ms. In addition, the ADC sampling frequency is set to the default value of
40 MSPS. With this settings the integer sampling rate reduction RCIC = fADC
of the CIC filter is
fs
configured to eight and the ADC MMP outputs packets of size 4096. The CIC filter removes higher
frequency components and reduces the sampling rate by a factor of eight, which shrinks the size of
the data packets to N = 512.
As shown in the block diagram in Fig. 4 the FPGA framework features two 2048 point FFTs
for the calculation of the range profiles. The StRe16ToRe16Sc buffer is required to serialize the
input data packets of the 16 channels. The input packets of the even channels are forwarded to the
FFT0 and the odd packets are sent to FFT1 as shown in Fig. 6. Hence, eight consecutive output
packets are required to stream all the input packets on two output channels. In the given example
the size of the FFT is N0,FFT = 1024 and therefore zeros must be added to the end of the data
packet. The zeros padding is automatically implemented by the buffer.

Figure 6: Serialization of the data packets with the input buffer (StRe16ToRe16Sc).
In addition, the buffer supports a symmetrical implementation of the Fourier transform, where
the input signals are assumed to range from n0 = − N2 . . . N2 − 1. For the implementation of this
calculation the data is zero-padded at both sides and then the first half and the second half are
swapped. In the FPGA this is implemented with a modified index calculation scheme without
introducing an additional delay.
N
2

XRP [k0 , nChn ] = C[nChn ]

−1
X

w0 [n0 ]x[n0 , nChn ]e

−j N

2π
k0 n0
0,FFT

,

(6)

n0 =− N
2

The outputs of the buffer are fed to the MultSumRe16Sc MMP, which multiplies the serialized

© Inras GmbH

11

AnHa

Radarbook2 Software Frameworks

data packets with the complex valued constants C[nChn ]. The MMP has two independent multiply
and summation units which support up to 16 input channels and 16 programmable consecutive
complex values. In the current example a single complex value is multiplied to the input data
packets. Afterwards the packets are weighted with the window function w0 [n0 ] and then fed into
the FFT chains. The output of the FFT are packets of size N0,FFT and before storing them to the
DDR3 memory the range bins are truncated to k0 = k0,min . . . k0,max = 0 . . . 511.
The FFT is implemented with a fixed point number format with 24 Bit and the MMPs are
running at 100 MHz. Hence, the time for evaluating a single FFT with 1024 points is
TFFT = 10−9 (N0,FFT + 10) = 10.34 µs

(7)

given by the size of the FFT and the system clock period of 10 ns. In addition, the buffer inserts
10 clock cycles between two adjacent packets. The FFT processing time introduces a constraint
for the measurement timing. The minimal chirp repetition interval in the given example with 16
input channels and two FFT units KFFT = 2 is
Tp,min = 10−9

NChn
(NFFT + 10) = 82.72 µs.
K0,FFT

(8)

If the chirp repetition interval is shorter than Tp,min , then the calculation of the range profiles for
the channels at the end of the sequence can be corrupted, because the buffer does not implement a
flow control mechanism. On the other hand it is sufficient to use a slightly higher chirp repetition
interval because the ping pong buffer is implemented in VHDL and there is no timing uncertainty
introduced when the collected data is copied to the outputs. The data rate to transfer the truncated
range profiles into the DDR3 memory is given as
DR,inst = 64

NChn (k0,max − k0,min + 1)
= 5.12 GBit/s.
Tp

(9)

Each range bin of the range profiles is stored as complex value with 32 Bit for the real and 32 Bit
for the imaginary part. The FFT units output 24 Bit values and eight Bits are added at the LSB.
This eight Bits are used to add auxiliary data like GPS information or the data from IMU sensors.
The complex range profiles can be tranfered over the Ethernet connection. In the current example
the required data rate is given as
DR,Over = 64

NChn (k0,max − k0,min + 1)Np
= 447 MBit/s.
TInt

(10)

If the FFT framework is used to evaluate the range profiles and all the positive frequency bins are
stored, then the data rate is higher than the raw data rate, because the range bins of are stored as
64 Bit values instead of the 16 Bit for the raw IF samples.
4.2.2

Range-Doppler Maps for 16 Real Input Channels and Local Maxima Detection

The FFT framework can be used to read back the range profiles, but in this case the measurement
rate is limited by the maximum transfer rate of the Ethernet connection. The continuous data rate
(10) must be lower than 550 MBit/s. To make use of the full capabilities of the framework the
second FFT chain, as shown in Fig. 4, can be used. In this case a second FFT
XRD [k0 , k1 , nChn ] =

Np
X

w1 [n1 ]XRP [k0 , n1 , nChn ]e

−j N

2π
k1 n1
1,FFT

for: k1 = 0, 1, . . . , N1,FFT − 1, (11)

n1 =0
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is calculated with respect to the consecutive chirps numbered by n1 . In the block diagram Fig. 4
a DMA controller is used to copy the data for a fixed range bin k0 of a single channel nChn to
the buffer. The buffer is used to implement zero padding in the Doppler domain and to support a
symmetrical implementation of the FFT
Np
−1
2

XRD [k0 , k1 , nChn ] =

X

w1 [n1 ]XRP [k0 , n1 , nChn ]e

−j N

2π
k1 n1
1,FFT

,

(12)

N
n1 =− 2p

where it is assumed that the Np chirps are centered around n1 = 0. The framework supports
a programmable window function (Win1) for two complex-valued input channels. In contrast to
the range FFT chain, the Doppler FFT chain supports backpressure. This means that MMPs or
DMA controllers can stop the data processing, when they are not ready to accept new input data.
For instance, if the LoMax unit cannot accept new input data, it pulls the ready signal of the
ST interface low, and hence the processing chain is stopped. The window function implements a
freely programmable real window function for two complex input channels. Finally, two FFT units
(FFT2, FFT3) are used to evaluate the FFT. The maximum size of the velocity FFT N1,FFT is 512.
The output of the FFT is streamed to the detection MMP (LoMax16) as shown in Fig. 7. The

Figure 7: Block diagram of the local maximum detection.
goal of the detector is to reduce the data rates while preserving the information like micro-Doppler
signatures contained in the range-Doppler map of the different channels. At first the MMP sums
the data from the different channels non-coherently
X
J[k0 , k1 ] =
|XRD [k0 , k1 , nChn ]|2 .
(13)
nChn

Afterwards, local maxima of the cost function J[k0 , k1 ] are calculated
D[k0 , k1 ] = (J[k0 , k1 ] > J[k0 − 1, k1 ]) & (J[k0 , k1 ] ≥ J[k0 + 1, k1 ]) &
(J[k0 , k1 ] > J[k0 , k1−1 ]) & (J[k0 , k1 ] ≥ J[k0 + 1, k1+1 ]) ,
for: k0,min + 1 ≤ k0 ≤ k0,max − 1, and 0 ≤ k1 ≤ N1,FFT − 1 (14)
where the bin given be [k0 , k1 ] is compared to its local neighbors. For the range bins the search
interval is reduced by one bin at the lower end of the interval k0,min and one bin at the higher end
of the interval, because for these bins no neighbor is available. In the Doppler domain the interval
is not reduced, because due to the circular symmetry of the FFT all bins have a neighbor. With
the modulo operation the indices
k1+1 = mod (k1 + 1, N1,FFT )
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and
k1−1 = mod (k1 − 1, N1,FFT )

(16)

can be used to implement the circular symmetry. Finally, the local maxima are compared to a
threshold T [k0 ]. If the magnitude of the local maxima exceeds the threshold, then an entry is
added to the list of detections. For the threshold a fixed value can be configured or the threshold
can be calculated based on a noise floor estimation. The LoMax16 MMP implements a noise floor
estimation for every range bin k0
1
N0 [k0 ] =
k1,max − k1,min − 1

k1,max

X

J[k0 , k1 ]

k1 =k1,min

where a programmable interval k1,min ≤ k1 ≤ k1,max of the cost function is averaged and afterwards
filtered with a bank of IIR filter of first order and unity gain for every range bin. The threshold
for detection
T [k0 ] = TD N0,F [k0 ],
is derived from the output of the IIR filter N0,F [k0 ], where the value TD can be used to set the
threshold in relation to the noise floor. The factor TD is programmable and can be used to influence the false alarm rate. The number of detections for one range-Doppler measurement can be
configured and the maximum value is limited to 256 in the current software framework. Every list
entry contains the fields summarized in Tab. 1.
Field
'FrmCntr'
'RangeIdx'
'VelIdx'
'Mag'
'Thres'
'MagNeighbors'
'CplxAmp'

k0,D
k1,D
J[k0,D , k1,D ]
T [k0,D , k1,D ]
[J−− , J−+ , J+− , J++ ]
XRD [k0,D , k1,D , nChn ]

Datatype
INT32
INT16
INT16
INT32
INT32
INT32
CINT32

Description
Frame counter
Range bin of local maximum
Velocity bin of local maximum
Sum of squared magnitudes of local maxima
Threshold at position of local maxima
Magnitude of neighbors
Cplx amplitudes for all channels

Table 1: Entries output for every detection.
The 'FrmCntr' numbers the adjacent range-Doppler packets. It starts with one and the frame
counter is automatically incremented after one range-Doppler map is processed. The frame counter
relates the detection to the range-Doppler frame.
The 'RangeIdx' and 'VelIdx' specify the position of the local maxima in the range-Doppler
map. The magnitude field 'Mag' contains the value of the cost function J[k0,D , k1,D ] at the position
of the local maxima given by k0,D and k1,D . The 'Thres' field is used to return the value of the
threshold at the position of the local maxima. The position of the local maxima is given by the
integer indices. The 'MagNeighbors' can be used to calculate the position of the maximum with
a higher precision by fitting a parabola and solving for the extreme value. Finally, the complex
amplitudes for all input channels at the position of the local maximum are returned as array contained by the field 'CplxAmp'. With the complex amplitudes direction of arrival algorithms can
be implemented and in addition to the distance and the velocity the direction of the reflection can
be estimated.
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If the detection list is output then the data rate is reduced significantly. For the current example
with a maximum number of 256 detections ND,max for one range-Doppler measurement and 16 input
channels the data rate is given as
DR,Det = 32ND,max

8 + 2NChn
= 4.4 MBit/s,
TInt

(17)

where a measurement interval of TInt = 75 ms from the previous range-Doppler example is used.
With the output of detections the data rate is reduced significantly. The time for processing
the velocity FFTs for all the data channels and all the range bins cannot be calculated in advance,
because it mainly depends on the speed of the DMA transfers and the amount of zero padding. The
firmware provides the function Brd.BrdDispProcTim() to check the time required for calculating
the velocity FFTs.
Processing Time: 30.606 ms
NChn
16
16
16
16
16
16
16
16
8

Range FFT Size
1024
1024
1024
1024
1024
1024
1024
1024
1024

Np
64
64
64
128
128
128
256
256
256

Vel. FFT Size
128
256
512
128
256
512
256
512
512

Processing Time
15.5 ms
15.5 ms
21.83 ms
30.8 ms
31.0 ms
31.0 ms
60.0 ms
60.0 ms
30.0 ms

Table 2: Processing time for different configurations.
In Tab. 2 the measured processing times for different configurations are summarized. For the
current example with 16 receive channels and 512 range bins calculated with a 1024 range FFT
and 64 chirps the time to calculate the list of detections is 21.83 ms, if we use a 512 velocity FFT.
This means that we can process 16 channels with a 1024 range FFT and a 512 velocity FFT in less
than 25 ms and we can increase the measurement rate significantly compared to the 75 ms that
we assumed during reading the range profiles. It should be noted that if we reduce the number of
channels to eight, then the processing time is less than the measurement time and the measurements
can be conducted continuously.
4.2.3

Summary of the FFT Framework

 The maximum supported instantaneous data rate is greater than 12 GBit/s.
 Range FFT size is programmable to 64, 128, 256, 512, 1024, or 2048.
 Maximum overall data rate of 550 MBit/s is limited by the Ethernet connection.
 Matlab, Python and C++ firmware is available to configure the FFT freamework.
 Velocity FFT size is programmable to 64, 128, 256, or 512.
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 Python and C++ appications can be executed on the ARM of the Arria 10 SoC.
 Calculate two 1024 point FFTs in 10 us.
 Calculation of point clouds.

4.2.4

Improvements for the Next Release

 The next version will support four real 1024 FFTs in 10 us and a reduced calculation time
for the velocity FFTs.
 Increased maximum number of detections to 512.
 Faster velocity processing time.
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4.3

Imaging Framework (IMFR)

The FFT framework is focused on the calculation of large range-Doppler maps and the evaluation
of the direction of arrival algorithms is not included. The FFT framework enables the analysis
of scenarios with multiple fast moving objects. In contrast the imaging framwork is focused on
implementing beamforming algorithms and the calcultion of synthetic aperture images by means
of backprojection algorithms. This framework will we realeased soon.

© Inras GmbH

17

AnHa

