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Abstract: The paper presents the distributed design process of Affine FPGA 
performed in a collaborative way between ITE and TOSA. The additional aim of 
this design was to verify the Advanced Collaborative Infrastructure (ACI) 
developed by the E-Colleg project. The design specification was defined by TOSA 
following rigorous industrial requirements. Details of the Affine FPGA design are 
presented, preceded by a short presentation of the ACI and especially GUIs that 
have been developed for the E-Colleg ACI. Additionally, some important issues 
related to the collaborative design process are presented. One of them is a 
selection of distributed tools which remote invocation is justified by design 
process efficiency and  economical reasons. 

1 Introduction 

Collaborative engineering constitutes a new engineering paradigm that enables efficient 
product development by a distributed team of engineers who are integrated by an appropriate 
infrastructure.  A number of R&D projects, like DSE [4], ISTforCE [5], TOCEE [6] or 
WELD [7],  were aiming at either whole infrastructures or  tools that enable collaborative 
engineering in intranets and/or in the Internet [1, 2].  

Following these trends C-Lab has developed the ASTAI® environment [3] which can 
integrate remote tools. These remote tools can form in particular a distributed IC design 
environment. The experiments undertook in the E-Colleg project have however pointed out to 
the firewall problem, as firewalls establish a real obstacle for data transfer in an ASTAI® 
workflow. Thus, a need for new solutions which allow for Internet-wide secure collaboration, 
and in particular allow for controlled data transfer through firewalls.  

This challenge has been addressed by the E-Colleg project development of the Advanced 
Collaborative Infrastructure (ACI) [10]. The ACI prototype that has been developed in a 
frame of the E-Colleg project allows crossing of firewalls transparently. Advanced Network 
Transport Services (ANTS) are a set of services which assure secure peer-to-peer transport of 
data using network infrastructure. ANTS are used by TRMS (Tool Registration and 
Management System) to perform data transmission over firewalls. The system has been 
developed on the Java platform with commonly available technologies and tools, like UML, 



XML, SQL, and Web. The TRMS environment is composed of one ANTS server, which is 
connected to the Internet directly (without a firewall) and a lot of client and server computers 
(PCs or workstations) that can be connected to the Internet by firewalls. The infrastructure 
allows to retrieve files, synchronise client/server databases and invoke tools remotely.  
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from command line. CmdGUI (Fig.3) is an interface developed for invoking the ITE/TOSA 
design workflow under the TRMS infrastructure. It is very useful for designers who take part 
in collaborative design and need access to remote tools and who have to synchronise a 
common data base. It still uses scripts written before and invoked previously from command 
line. An additional disadvantage is that this environment is closed, as it is dedicated to the 
selected workflow integrating only selected tools.  

 
 
 
 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

3 Affine FPGA design 

The Affine FPGA collaborative design was used for testing ACI. This complex design was 
motivated by a real need of TOSA. Thus, ACI verification was done in true industrial 
conditions. Affine FPGA constitutes a main part of a digital camera specified in TOSA for 
use in aircrafts. The design performs image processing in real time. It includes some 
components (Fig.4). Flash Memory Interface (F2) and Affine Controller VHDL (F3 & F4) 
models were created and tested in ITE. The first component was used in testing of the TRMS 
script files before the command GUI was developed and the next ones in testing of the TOSA 
GUIs.The whole design was integrated into FPGA (XC2V2000-5FF896) and tested in TOSA. 

Figure 2. Postit GUI. 

Figure 3. Command GUI. 
 



 

 

 

 

 

 

 

 

 

 

3.1 Flash Memory Interface 
 
The flash memory interface is a part of the digital camera design. The last utilizes non-volatile 
AMD am29lv160B FLASH memory with built-in controller. This memory can operate in 
many modes, which results in a complicated protocol. The main role of the designed interface 
is to simplify the memory access protocol by implementing only these modes, which are 
utilized by the digital camera. The code of command which has to be executed in a memory is 
set on the cmd[3:0] bus and next, the positive pulse of the start signal is asserted. The 
circuit executes a sequence of writing to or reading from the memory controller registers. The 
latencies of writing and reading which are in a range of several hundreds system clock periods 
are defined by two separate VHDL generics. The polling technique is used to determine the 
end of embedded algorithm execution. The interface cooperates with the memory in one byte 
or 16 –bits wide data bus dependently of the value of one VHDL generic. Constants, which 
define generic values and a limited instruction set, are declared in the package 
inter_pack, developed in VHDL for configuration of the interface component. 
 

Figure 4. Schematic of Affine FPGA. 
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Figure 5. Schematic view of the interface. 
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A structure of the interface is schematically shown in Figure 5. It consists of the main 

FSM, which is responsible for providing the proper sequence of writing or reading operations 
for a given command and also for satisfying timing requirements of each operation. It 
cooperates with three counters: for counting write and read operation latencies and third one 
for counting the write operations. This last counter is loaded with value depending on the 
command to be executed (2-6), and successively decremented after performing each write 
operation. Data to be written to the flash and the proper address are set by the data bus driver 
and address bus driver respectively, based on the current command and write cycle number. 
Data read from flash is captured in a separate register. The component includes ~ 1000 
equivalent gates. 

3.2 Affine controller 

Affine_controller performs image processing in real time. It cooperates with two SSRAMs, 
writing data to the first one and reading data from the other one alternately. It controls transfer 
of video data from a VIDEO IN block to one of SSRAMs concurrently with sending video 
data to a VIDEO OUT block based on data previously written to the second SSRAM. Video 
data are sent in data packages, related to even and odd lines and grouped into two frames.  

The process of writing data is very simple, but the reading process is much more complex. 
Each output data value is calculated using interpolation of four stored data after performing 
affine transformation. The purpose of affine transform is to provide a real time video 
processing allowing image rotation, zoom and translation. The transform calculates, in fixed 
point arithmetic, an input pixel location for every output pixel location based on coefficients 
input from external component. Resulted location integer and fraction parts are applied in 
calculation of the pixel value based on bilinear interpolation of four neighbouring pixel 
values.  

Affine controller is a hierarchical block. Six components (Fig.6) are included inside it. All 
components are configured in respect to many parameters, e.g. pixel number (related line & 
column numbers), accuracy of data and coefficients (related vector widths), SSRAM size 
(data & address widths). The values of all related constants are defined in the developed 
configuration package affine_pack, which contains also declarations of all used FSM 
states types and definition of used procedure Set_addr - translation of pixel coordinates to 
SSRAM address. 



 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 
 
The controller contains the following components:  

1. controller_sequencer – the main sequencer, which 6-states Finite State 
Machine (FSM) controls start of others sequencers with cntr_en signal, selects 
alternately one SSRAM to be written and the other to be read. It drives the both 
SSRAMs with data obtained from write and read sequencers respectively.  

2. write_sequencer – a component, which 9-states FSM controls writing video data 
to SSRAM by generation of needed control signals.  

3. read_sequencer – a component which 12-states FSM controls reading video data 
stored in SSRAM by generation of needed control signals. It generates address signal 
using Set_addr procedure basing on pixel location internal part, calculated in 
affine_transform component. It generates also signals used in 
bilinear_interpol component. 

4. video_sequencer – a component which 24-states FSM controls generation of 
control signals for VIDEO OUT block and other internal components. 

5. affine_transform – a component, which performs affine transformation of 
every pixel location. It gives as results integer and fractional parts for every pixel 
location, basing on coefficients being input for every new image. The integer parts are 
used for SSRAM address calculation in read_sequencer component and the 
fraction parts are used in bilinear_interpol component.  

6. bilinear_interpol – a component, which performs the interpolation basing on 
data values read from SSRAM or grey_value, if an address being result of affine 
transform is illegal, what is signalled by out_of_range signal. The interpolated 
data is output to VIDEO OUT block as the signals from video_sequencer 
component.  

Figure 6. Architecture of  Affine_controller. 



The developed models were verified locally using VHDL simulation and obtained results 
were correct. Then whole affine controller was synthesised remotely in Xilinx Virtex FPGA 
library. The component includes ~ 6400 equivalent gates. 

4 Application of remote tools  

The simple collaborative design process was implemented into a workflow (cmdGUI) with 
some integrated tools. This allowed performing operations step by step either in ITE or at 
TOSA. In general, collaborative design integrates some number of partners and one of them 
plays a coordinator role, responsible for a final design. Every partner should have at his 
disposal a VHDL simulator, then simulation should be performed locally. There are a lot of 
VHDL simulators on the market and cost of some of them is not too high (even there are 
GNU-license based free simulators on the Linux platform), besides a graphical format of 
simulation results can’t be sent by network in practice. Analysis of simulation results based 
only on the text format information, like snapshots of signal values, which can be easily 
interchanged by a network, is very uncomfortable in a real design. This is especially true in 
the early phase of a design process, when the design architecture is often modified. Designer 
has to view waveforms in a debugging phase of a new VHDL component design to verify its 
correctness. A waveform graphical format depends on the used simulation tool and designer 
has to have this tool at his disposal in order to view the result, because there are no universal 
tools that support different formats.  

Alternatively the simulation result can be written out in a VCD (Value Change Dump) 
format (at one site), which can be read in by another simulation tool or waveform viewer at a 
different site. But the main problem of such approach is that the VCD file for a long 
simulation is typically quite large, which will result in its slow transfer via the network. In 
case of using only the text format snapshots of signal values for a given simulation time the 
debugging process will be much more time consuming, because the designer should create 
firstly test bench generating text simulation results and then every small modification would 
result in data transfer in both sides (VHDL model to a tool server and simulation result resend 
to the client server). Text simulation results are usually generated for a final verified version 
of a component to be compared with simulation results of a related post-synthesis structure. 

A synthesis tool cost is much higher than a simulator one. It is thus reasonable to share the 
tool (in accordance with the license agreement) in a network of partners that not necessarily 
have the respective tool. They can perform synthesis of a developed component on a remote 
machine to check if the code is synthesisable. Data transfer in both sides can be restricted to 
sending a VHDL model and a tool script and resending synthesis reports with a a structural 
model related to obtained net-list. Simulation of the post-synthesis netlist must be performed 
remotely, because simulation models of all standard cells from used standard cell library are 
connected with Design Kit located at the synthesis tool owner place. But this component 
validation phase by simulation should give the text format to easy compare with final 
simulation result of the VHDL model. 

Collaboration between design partners takes place, the most frequently, at component 
development phase - particular components are developed by designers residing in different 
places. The phase of integration all developed components into one complex project is 
performed by coordinator. More advanced test benches that allow generation of simulation 
results in the text format are used for verification of the final design including a lot of 
previously validated components. This phase is done in a coordinator place locally, similarly 
as synthesis of whole design and its FPGA implementation 



5 Conclusions 

The paper has presented a simple example of the collaborative design process which used the 
cmd-GUI and which was performed successfully, only with some problems related to 
simulation. But in fact, but the simulation phase should be performed locally. The 
experiments have revealed one general disadvantage of AC I, namely a very large amount 
(several hundreds per minute) of messages related to node polling that are sent from the 
ANTS server by the Internet, often attracting network administrator’s attention, as darkening 
global data transfer and possible attacks. 

Application of ACI with GUIs, discussed above, needed creation of great number of java 
scripts and xml descriptions dedicated to every task performed by the available tool on any 
server. Preparation of the environment which supports collaborative design process was very 
time consuming and error prone and every modification related to applied tools (e.g., in case 
of upgrade), options or users required creation of new files.  

TRMS-GTLS seems in this context to be the most advanced environment [7]. The well 
integrated GUI with the wide range of background services is the real advantage of the 
TRMS-GTLS. There is no need to write scripts, all activities can be done from GUI. It is open 
to integrate any tool from any site. It has integrated a lot of security mechanisms, which offer 
very good authentication of users and authorisation of performed tasks. This advanced 
environment is close to designer needs and ITE and TOSA. Further activities are foreseen in 
respect to testing and further deployment of  ACI in the near future. 
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