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The processing bandwidth requirements for
a wide range of security analytics applications
are forcing companies to reconsider their
approach to system hardware. A single video
and imaging DSP processor is insufficient for
performing some of the computationally
intensive analytics operations at acceptable
data rates. Also, no reliable and robust solu-
tion has been demonstrated that handles
high-definition (HD) resolution at full video
frame rates. This has forced systems engi-
neers to consider either a multichip or an
alternative single-chip system. Both solutions
have advantages and disadvantages. 

A multichip system comprised of mul-
tiple DSPs generally offers designers a
more familiar design flow, but has added
PCB costs, takes up board/system space
and can create system performance issues.
A single-chip solution, on the other hand,
would seemingly have cost, footprint and
power advantages—but it could potential-
ly present designers with a steeper learning
curve, adding complexity and engineering
cost to the design project and potentially
delaying the product release.

That was the dilemma we faced here at
Eutecus, Inc., a video analytics company
based in Berkeley, Calif., during the system
specification phase of our next-generation
analytics product, the Multi-core Video
Analytics Engine (MVE™). 

We had implemented our first-genera-
tion product on Texas Instruments’
DaVinci Digital Media System-on-Chip
platform. But for our second generation,

we needed a bit more processing power
and system integration. We quickly decid-
ed that a multidevice, DSP solution wasn’t
cost- or system-effective. We needed a sin-
gle-chip solution that would allow us to
easily port the IP developed in our earlier
product and add more to it for the MVE. 

With a bit of research, we found 
the Xilinx® Spartan®-3A DSP 3400A.
The device provided 126 dedicated
XtremeDSP™ DSP48A slices, had more
than enough performance to accommo-
date our system requirements and came
in at an attractive price.

Further, our migration fears were
quickly laid to rest when we realized that
the Spartan-3A DSP was supported by the
Xilinx Embedded Development Kit. The
EDK allowed us to implement a dual-
processor hardware architecture, based on
the Xilinx MicroBlaze™ embedded
processor, similar to the dual-processor
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hardware architecture we had been using
on Texas Instruments’ DaVinci platform.

With our device selected, we set out to
create a single-chip analytics design by port-
ing our existing DaVinci code base to the
Xilinx dual-processor embedded system.
We then created just the right set of acceler-
ator blocks in the FPGA fabric to meet our
exact performance requirements, which
included processing high-definition video
at full frame rates. The result was the MVE,
which is sold into the aerospace/defense,
machine vision and surveillance markets.

Video Analytics Product Overview
The Multi-core Video Analytics Engine
relies on our InstantVision Embedded™
software and a specialized Cellular Multi-
core Video Analytics (C-MVA™) coproces-
sor equipped with many advanced features
and capabilities.

The latest version of the MVE/C-MVA is
capable of handling HD resolution at video
frame rates. It consumes less than 1 watt and
executes multiple event-detection and classi-
fication algorithms fully in parallel. Figure 1
shows the output of a video analytics traffic-
monitoring example, which classifies differ-
ent types of vehicles, flow direction, lane
changes and lane violations—all concurrent-
ly and marked by different colors.

We designed the C-MVA coprocessor in
such a way that we can significantly expand
the complexity of its operations to support
the analytics functions in the dense-object
space, which is particularly challenging
because it requires analysis of overlapping
and incomplete objects/events. Application-
specific DSPs offer extremely poor support
for this type of feature as well as for process-
ing scaling. Both are much more flexible
within FPGAs.

The 126 XtremeDSP DSP48A slices
within the Xilinx Spartan-3A DSP 3400A
FPGA  are capable of 30 GMACs of DSP
performance, so the device was well suited
to the demanding cost and performance
requirements of video analytics.  The
Xilinx FPGA also allowed us to add future
video analytics functions and the associat-
ed event-detection examples, based on our
customers’ needs. We’ve summarized
them in Table 1.

allowed our engineers to reuse our dual-
MicroBlaze embedded system to create a
different FPGA programming file,resulting
in an extremely scalable solution that we
can easily tailor to a wide variety of analyt-
ics applications.

Migrating from DaVinci to Xilinx FPGA
Our previous-generation video analytics
products were based on the TI DaVinci
Digital Media System-on-Chip TMS320-
DM6446, which included both the
ARM9x processor and the C64x+ DSP
coprocessor. Our design used the ARM9x
for communications and control and the
C64x+ for the DSP processing for the ana-
lytics algorithms. However, that combined
system could not address the processing
requirements our second-generation

Further, the Xilinx FPGA and ISE®

Design Suite tools gave our analytics design
teams more flexibility in customizing solu-
tions for end customers. We can tailor the
video analytics engines and system-on-chip
(SoC) solutions quickly, by rapidly proto-
typing for both standard- and high-defini-
tion video processing. This allows us to
efficiently use the available resources in the
Spartan-3A DSP 3400A or the lower-cost
Spartan-3A DSP 1800A FPGA device
based on the customer’s needs.

An FPGA solution has the added bene-
fit of allowing us to create a variety of
derivative end products that use the same
hardware platform. Since we have designed
multiple analytics accelerator engines using
VHDL, we can integrate specific cores into
the C-MVA coprocessor. This approach
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Resolution (pixnum)

2073k
HD  1080p MVE/C-MVATMV3

Multi-core Video Analytics
Engine (MVATM)

MVE/C-MVATMV2
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HD  720p

QV  GA

921k

77k

Power(W) Speed (Frames/sec)
0.01 0.1 1 30 3000 3000

Event Detection Examples Enabled by C-MVA Ver. 1 Ver. 2 Ver. 3

Detect and count all moving persons, vehicles and other objects

Detect, count and differentiate people, vehicles and other objects

Detect objects moving in line with the specified motion flow/counterflow

Detect and classify lost or stolen objects, entering-loitering 
in forbidden area, lane violation 

Detect and classify gestures, characteristic motion paths

Detect and classify related behaviors within the crowd

Table 1 – Supported video analytics functions for typical event detection applications

Figure 1 – Road map of the Multi-core Video Analytics Engine (MVE) and example application



product would need. Thus, we turned to
the Spartan-3A DSP FPGA family.  

We simplified the task of design migra-
tion by creating a Xilinx embedded system
that included two MicroBlaze v7 soft-core
processors running independently. This
architecture allowed us to port the ARM
and DSP processor code separately, which
greatly simplified design migration. Figure
2 shows a block diagram of the Eutecus
hardware system and the MVE-based refer-
ence SoC design.

Our MVE engine consists of the
InstantVision Embedded software running
on the MicroBlaze (MB0), system control
and communications on the MicroBlaze
(MB1) and the C-MVA coprocessor, which
we designed as a modular chain of hard-
ware accelerator IP cores running in the
FPGA fabric.  

Migrating our ARM and DSP code
proved to be straightforward using the
Xilinx ISE Design Suite and the
MicroBlaze soft cores. One of the distinct
advantages of our InstantVision cross-plat-
form environment is that it was written in
high-level, standard C/C++ language and
required little modification.  

Once we ported the code, we validated
that it had the correct functional behavior
and identified any performance bottle-
necks. Accelerating the C/C++ code that
we initially developed for the TI processors
proved to be the critical challenge, as we
used several of the DaVinci C64x+
coprocessor accelerator blocks during the
assembly-level optimization for this plat-
form. We followed a series of steps in this
transition, starting with initially replacing
these blocks with high-level C functions.
Eventually, we replaced the majority of
these functions with equivalent accelerator
blocks running on the FPGA fabric. 

From a functional point of view, our
solution has three layers that comprise the
MVE, which receives the standard-/high-
definition video flow as input data and
then generates the event-detection meta-
data. This resultant metadata provides the
object/event-tracking and classification
results, along with several image flows for
debugging purposes as the output of the
analysis. We implemented functional

blocks as either embedded software run-
ning on a MicroBlaze processor or spe-
cialized IP cores. We placed these
specialized hardware accelerators into the
FPGA fabric, and the complete chain of
these accelerators comprises the C-MVA
analytics coprocessor.

As shown in Figure 3, the three algo-
rithmic layers of the MVE video analytics
engine consist of several main functional
blocks, most of which we can significantly

accelerate by using specialized IP cores that
rely on dynamic configuration of the
resources available in the FPGA. We
designed the C-MVA coprocessor based on
these IP cores, so as to accelerate the pro-
cessing front end and midlayer (see Figure
4) of the entire analytics algorithm. This
modular approach, supported by Xilinx’s
ISE Design Suite, allowed us to scale the
system in terms of both performance and
power consumption.
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Figure 3 – Block diagram of the video analytics algorithm organization

Figure 2 – Dual-MicroBlaze™ System-on-Chip (SoC) architecture 
MVE Engine coprocessor block diagram
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Turbo-charging using FPGA Accelerator Blocks
To truly realize the full potential of an
FPGA-based video analytics system, we
needed to design and integrate the video
accelerator engines into the embedded base
system. We anticipated several of the per-
formance bottlenecks, so our design team
had begun early development of a set of
accelerators using VHDL. The code profil-
er, included as part of the Xilinx ISE Design
Suite and the Embedded Development Kit,
proved instrumental in helping us identify
further performance bottlenecks and devel-
op all the accelerator blocks we required for
this design. Table 2 provides a comprehen-
sive list of IP core families.

Our development team, like those at
many other companies, consisted of sepa-
rate hardware and software developers. It
was critical to the success of this project to
maintain developer productivity by pre-
serving sufficient abstraction between
these two design domains. We streamlined
this task using a feature in Xilinx Platform
Studio, Create IP Wizard, which generates
RTL templates and software driver files for
hardware accelerator blocks. These tem-
plates include the interface logic the design
required to access registers, DMA logic
and FIFOs from the embedded system.
Once we used the template to create the
RTL, we placed the RTL into the embed-

ded IP catalog, where a developer can fur-
ther modify it as needed.

Our IP core development procedure
includes a generic, modular periphery
block development flow for the PLB46-
MPMC-OPB-based backbone. These
peripheries consist of both single- and
multi-I/O prototypes (SIMO, MIMO,
MISO models), allowing us to flexibly cre-
ate a multithread coprocessor pipeline for
demanding image flow processing algo-
rithms. We achieved this by combining the
IP cores in almost arbitrary order and con-
figuring them during the design and cus-
tomization of various analytics engines. 

The MVE analytics engine consists of
the InstantVision Embedded software
modules and the hardware accelerators that
make up the C-MVA analytics coprocessor.
We prototyped the MVE in a Xilinx
Spartan-3A-DSP 3400A FPGA and creat-
ed our SoC reference design. It includes all
the required I/O functions for communica-
tion and data streaming (see Figure 2 for
the complete hardware-firmware block dia-
gram). This complete SoC reference
design, encompassing not only the MVE
analytics engine but also all the supporting
I/O modules, uses 91 percent of the logic
slices, 81 percent of the block RAMs and
32 percent of the DSP slices. 

Separating out the MVE analytics
engine (excluding the MPMC-PLB part of
the backbone and specialized I/O compo-
nents) uses only 46 percent of the logic
slices, 44 percent of the block RAMs and
23 percent of the DSP slices, thus making
a migration path to the lower-cost Spartan-
3A-DSP 1800A FPGA device feasible.

We designed all the IP cores of the C-
MVA coprocessor to complete their asso-
ciated processing within a single clock
cycle. This feature, combined with the
asynchronous FSL interfaces, in turn
allows the system integrator to drive the
C-MVA coprocessor with a different clock
domain from the rest of the system.
Doing so allows the C-MVA to run at the
lower pixel clock frequency while driving
the backbone at a higher-frequency inter-
nal system clock, greatly reducing power
consumption while maintaining the sys-
tem’s performance requirements.
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C-MVA IP Core Family Ver. 1 Ver. 2 Ver. 3 Function

IPC-WSC Image flow, up/down scaling and windowing 

IPC-CNF Image flow conditioning and noise filtering,
including gain control and contrast modification

IPC-FBS Foreground-background separation 

IPC-BMF Binary morphological filtering, with size 
classification and contour-structure shaping

IPC-SFE Multi-event/object signature and/or 
feature extraction 

IPC-EFE Event/object-focused enhancement

IPC-EBC Application-specific event/object-based control

InstantVision™ Algorithmic framework and specific modules for
Embedded video flow analytics
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and Media Data
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Video In Data
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DVI, GPIO UART, EthernetITUBT.656,
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Running on MB
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MVE Drivers (Serial/Ethernet)

MVE Application
(InstantVisionTM Embedded

.NET API

WIN32 API

Drivers (Serial/Ethernet)

Figure 4 – MVE analytics engine, InstantVision and driver software

Table 2 –  IP core families developed as special hardware accelerator blocks 
for three generations of MVE / C-MVA



Customization, Packaging 
and System Integration
To prove out and further develop the system,
we created a security/surveillance demonstra-
tion along with all software layers, which
allows users to rapidly integrate our product
in their systems at various layers (see sidebar).
The high-level block diagram of the com-
plete SoC design, which encompasses hard-
ware IP cores, firmware and software in a
single reference design, is shown in Figure 4. 

We can combine system integration
with flexible customization at varying levels
within the hardware, firmware and soft-
ware components. The server-level cus-
tomization can include tailor-made SoC
designs in FPGA, while at the client (con-
figuration) level, modifications are applied

to the WIN32 or .Net API layers. This
scheme allows us and our customers to rap-
idly prototype various configuration and
test interfaces.

Users can build client-server communi-
cation on UART or TCP/IP to provide
flexible configuration management, per-
formance fine-tuning, status monitoring
and firmware updating.

Even though we’ve just finished our sec-
ond-generation product, we’ve already begun
to look at requirements for our third genera-
tion. Judging from our experience with this
project, we’ll strongly consider Xilinx for the
new one, especially as the company intro-
duces reliable, newer and more advanced
devices and DSP capabilities on the most
advanced process technologies. 
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Accelerating Development Using the XtremeDSP Video Starter Kit, Spartan-3A DSP Edition
As part of our development and demonstration strategies, Eutecus created an MVE Video
Analytics Development Kit to give users a rapid development and prototyping platform
for FPGA-based video systems. Our development kit is built upon the XtremeDSP Video
Starter Kit–Spartan-3A DSP Edition (http://www.xilinx.com/vsk_s3), which includes an
FMC video I/O daughtercard, CMOS camera, cables and Xilinx development software.  

After migrating our MVE analytics engine, we were able to leverage this devel-
opment platform and provide our MVE analytics solution to an existing communi-
ty of video systems developers for evaluation and purchase with no added hardware
costs. Developers who don’t already have a Video Starter Kit can easily buy one from
a Xilinx distributor. Once programmed into the FPGA, the VSK will boot and
begin performing the Eutecus analytics operations. The result is to give developers
a quick and easy way to evaluate the performance, capabilities and cost of an FPGA-
based video analytics system.

Figure 5 – Complete hardware-firmware-software reference design 
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