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The high performance Digital Radio Receiver (DRR) system from Innovative Integration is a 
powerful solution for multi-channel, software defined radio (SDR) applications that combines the full 
flexibility of a programmable design with high performance signal processing hardware.  A high 
dynamic range front end digitizer is integrated with a Xilinx Virtex II PRO FPGA, which provides the 
possibility of painless system upgrading and the realization of SDR.

Figure 1. Block diagram of one channel in the II DRR system

The SDR can be customized for multiple applications and optimized by customers using the 
SDR reference design under Matlab Simulink environment with Xilinx System Generator, as shown in 
Figure 2.  In System Generator, data is bit true, cycle true, and reflects the performance of the real 
system.  Characteristics of the system can be easily modified by changing the parameters in the 
blocksets and verified in the real-time simulation.  The ample calculating power is provided by four 
Texas Instruments 1 GHz TMS320C6416 DSPs for the advanced operations, such as signal encoding, 
decoding, and compression.

Figure 2. Blocksets constructed using Xilinx System Generator under Matlab Simulink environment 

In the DRR system, the Digital Down Converter (DDC), consisting of a Cascaded Integrator-
Comb (CIC) filter, a Compensation filter (CFIR), and a Programmable filter (PFIR), decimates the RF 
to IF signal, providing signal compensation and shaping.  CIC filter is useful to realize large sample 
rate changes in digital systems.  CIC filters are multiplierless structures, consisting of only adders, 
subtractors and registers, which is a benefit for hardware implementation.  The compensation filter is 
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used to flatten the passband frequency response.  The low-pass programmable filter is used to lower the 
magnitude of the ripples of the CIC filters.

The entire SDR signal processing for the DDC and channel filtering is built in Figure 3 under 
Matlab Simulink using the SDR blockset.  The input signal is tuned to the target frequency using a 
mixer and a Direct Digital Synthesizer (DDS), followed by the CIC, CFIR, and PFIR.  From this block 
diagram, the SDR can be fully simulated under Matlab then implemented directly in hardware by using 
the Xilinx System Generator tool to generate the signal processing logic and fit into the FPGA the 
Xilinx ISE tools.  The whole system can be designed and downloaded to the hardware in hours, which 
effectively shortens the period of product development.

Figure 3. Block diagram of DDC.

Using Matlab Filter Design and Analysis Tool (FDAtool) and the script file provided by 
Innovative Integration, the desired filter can be easily designed and optimized according to the 
instructions.  An example of a particular GSM system is shown in Figure 4, and the filter specification 
is Fs /2=32500kHz , Fpass=490kHz , Fstop1=541.666kHz , Fstop2=1350kHz .  The input 
signal frequency is 130 MHz and the decimation factor is 120.  Figure 4 (b) shows the theoretical 
system response from 0 Hz to 65 MHz.  In Figure 5 (a) and (b), the passband ripple is within 0.8 dB; 
the magnitude is down to -40dB at 544 kHz and below -90 dB after 1365 kHz.  The channel filter 
design verified in the simulation is bit-true cycle-true so that the DDC design matches the  theoretical 
expected response.

(a) (b)

Figure 4. (a) Desired filter specification; (b) frequency response of digital down converter of R = 120.
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(a) (b)

Figure 5.  (a) Frequency response at the corner of Fpass = 490 kHz; (b) frequency response within 5 MHz.

In Figure 6 (a), a 100 kHz sine wave is passing through the DDC blocksets shown in Figure 3. 
The peak in the frequency response points the exact location and a steep slope occurs after 490 kHz. 
Figure 6 (b) and (c) show the overall frequency response simulated using System Generator blockset. 
The simulation results are very close to the theoretical filter design results shown in Figure 4.  There is 
a passband attenuation within 2.5 dB from the low-pass filtering, and the noise level is effectively 
suppressed around -90 dB applying limited taps FIR filters.  It is possible to increase the taps of the 
filters to achieve flatter passband, sharper transition area, and higher SNR.

(a)

(b) (c)

Figure 6. (a) Frequency response of 100 kHz sine wave; (b) system frequency response within 5 MHz; (c) system 
frequency response within 65 MHz simulated using System Generator.
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II DRR system consists of one Quadia DSP card  and two UWB PMC IO modules, which 
perform digital down conversion on 40 channels simultaneously.  The high speed, front end signal 
processing for the DRR is implemented in the Xilinx VP40 FPGAs on the Quadia and UWB modules, 
as shown in Figure 7.  The Quadia has four Texas Instruments 1 GHz TMS320C6416 DSPs that are 
used for baseband processing.

(a) (b)

Figure 7. (a) Quadia DSP/FPGA card; (b) UWB PMC Module: 210 MSPS A/D with FPGA.

Figure 8 is the chart of the captured I/Q data from one UWB.  The frequency of input sine wave 
is 32.5 MHz, and the tuning frequency ranges from 32.51 MHz to 32.60 MHz.  The output channels are 
tuned at the accurate frequency with noise level around -90 dB, verifying the frequency response in 
Figure 6 (a).  The DRR system is proved reliable in the complete ATP tests, and in the aspects of 
theoretical design and hardware implementation.

Over 40% of the VP40 Logic and four high throughput DSP chips are available for customer's 
applications.  All the development kits, including Matlab board support packet, can be found in the 
Innovative Integration website.

Figure 8. Frequency response of the II DRR system.

The software provided for the II DRR system supports the complete configuration of the system 
and the acquiring of data from target processors on the Quadia's DSPs.  The example supports using a 
single pair of DSPs or a full configuration with four DSPs and two UWB modules. Logic downloads to 
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all the devices in the system are supported.
C++ Development libraries on both the host and the target DSPs are provided to perform the 

management of the hardware and data flow. Most system operations including data transfer from target 
to host, loading system logic, and DSP COFF file downloading can be performed with a single function 
call. The host uses Innovative's Malibu library, while the target uses the Pismo library.

Figure 8. Testbed Setup and Logic Loading Panels.

An advantage of the Malibu Library is that the code to control the baseboards is standard C++ 
code and is portable between different compilers. Malibu supports Borland C++ Builder version 6 and 
Microsoft Visual Studio 2003. An version of this example is provided for each of these tools. The 
illustrations are of the Borland version.

Figure 8 shows two of the configuration panels for the example. In the first panel, the boards to 
use are selected from a list of available hardware on the computer. At the bottom, the user can select 
using a two DSP or the full four DSPs as the configuration.  The second panel allows loading the logic 
of the Quadia baseboard selected and the UWB baseboards selected. Logics only have to be loaded 
once each power cycling of the system.

Figure 9 shows the next two panels of the example. The Configuration panel allows the setup of 
the channels on each of the two UWBs. Each channel can have its A/D set, its tuning frequency, gain 
and spectral inversion configured. This setup can be saved in a named settings file for later loading, 
which saves typing.

Tuning frequencies are saved relative to a base frequency. This base frequency can be measured 
in calibration and loaded into the program on this page to allow selection of the precise tuning 
frequency.

The second panel in Figure 9 performs the downloading of code to the DSPs. Given the 
configuration set in the first panel, the application knows which DSPs are to be loaded with the selected 
target program and loads them. Progress of the download is displayed in the progress bars on the panel.

This application allows the capturing of a snapshot of data from any one of the DSPs to disk. 
Once the target program is allowed to proceed by a start command, it continuously takes data to keep 
hardware FIFOs drained and prevent overflow. On a signal from the host, data will be collected and 
delivered to the host. 

Innovative Integration Digital Radio Receiver System 5



Figure 9. Channel Configuration and Coff Downloading Panels.

Figure 10 shows Data Streaming panel of the application. The Capture button signals the DSP 
selected to send data to the application. The number of events required is sent with the command as an 
argument. When the data is collected, the target DSP will package it and bus master it to the host. The 
application will log the data to disk for analysis.

A global trigger is present on the Quadia to stop data flow on all DSPs at the same time. The 
controls in the Acquire Data box allow this trigger to be used in the application.

Figure 10. Data Capture Panel
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