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The electronic hardware of a multichannel DAQ system 

which will be used for applications such as small animal 

imaging (PET, MicroPET, MRI), linear accelerator BPM/

LLRF, and radio astronomy requires specialized equipment 

having very high-end capabilities. The system must 

interface with a potentially large number of sensors, and 

it must perform complex and sophisticated processing on 

the acquired data. Re-programmability is also key here 

in order to try various possible algorithms. Not only that, 

but to make sense from an investment perspective, it also 

must be cost effective. 

Field Programmable Gate Arrays (FPGAs) can significantly 

reduce the complexity and cost of designing and creating 

sophisticated multichannel DAQ systems. Let’s take a 

look at how they can do this. In addition, they provide the 

required flexibility which allows for various algorithms to 

be explored in the R&D phase, and firmware upgrades to 

be performed once the system is deployed.

Most conventional processors such as general purpose 

processors (GPPs), and digital signal processors (DSPs) 

typically have a limited number of computing resources 

such as ALUs (arithmetic logic unit), CPUs (central 

processing units), memory blocks, internal data paths, 

input/output (I/O) ports, and so on. These processors 

must perform their operations sequentially because  

they can operate on only one set of data at a time. 

On the other hand, FPGAs can offer thousands  

of building blocks such as ALUs, extremely large quantities 

of general-purpose digital logic and internal data paths, 

and large numbers of memory blocks and I/O ports.  

All of them can be interconnected and made to operate 

simultaneously in a parallel manner.

Take for example a simple processing algorithm performed 

in a hypothetical multichannel DAQ system. The algorithm 

involves three parallel computing sequences that combine 

to produce a final result, as shown in the following figure:
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In a conventional computing system, each sub-process 

is implemented as a separate software function, and the 

process flow looks like the following:

 

In this case, everything is executed as a sequence of 

functions, and each function is itself executed as a 

sequence of instructions. As can be inferred from this, the 

more complex the algorithm is, the longer the sequence of 

processing instructions becomes, which could eventually 

lead to an overload of the processing capabilities of the 

system.

In the case of an FPGA, each process is implemented as a 

combination of elementary FPGA building blocks, resulting 

in a process flow that looks like the following:

 

You can see that the FPGA implementation is an almost 

exact replica of the original algorithm. The FPGA blocks 

represent the same combination of parallel and sequential 

operations of the algorithm and, internally, each block 

can also be implemented as a combination of parallel 

and sequential sub-computations. In contrast to a 

sequential processor, which could become overloaded 

by the complexity of the algorithm, an FPGA can adapt 

by allocating additional computing resources as needed 

(up to the limit of the FPGA device itself, or compatible 

auxiliary devices). Comparing the two diagrams, we can 

also clearly see the FPGA allows a low-latency solution  

for implementing the algorithm.



Using FPGAs In Multichannel DAQ Systems

4nutaq.com

A multichannel DAQ system must process data that is 

inherently parallel. Analog data from arrays of sensors 

must be synchronously digitized and processed based 

on a common timing reference. Processing data from 

parallel sensors (data channels) using conventional 

sequential processors (such as DSPs or GPPs) may involve 

complicated and inefficient manipulations of data that  

can potentially overload the computing capabilities  

of the system.

The following figure shows an example of a traditional 

system:

In this system, the data goes through the following 

processing steps:

1. Analog data from sensors is digitized  

by analog-to-digital converters (ADCs).

2. Special interfaces extract the data from the ADCs.

3. Parallel data from each of the ADCs is placed  

in a sequential queue so that it can be acquired  

by the processor through its single input port.

4. Each data element is taken from the queue one by 

one and sent to a sequence of computing processes 

(processes 1 to 6 in the example). This process is then 

sequentially repeated for all data channels.

5. Additional steps are performed to make decisions 

based on the processing of all the channels  

and an output is generated.

A typical view of a multichannel DAQ system 
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In contrast to conventional processors, FPGAs are not 

limited by the number of input (or output) ports and 

they can process as many channels in parallel as required. 

FPGAs can even directly integrate the interface to 

the ADCs (even in conventional sequential computing 

machines, the ADC interface and queuing mechanism 

would most likely be implemented in an FPGA). Many 

computing processes (processes 1 to 6 in the example)  

can also be performed to a certain extent in parallel.  

The result is shown in the following example:

 

This provides an implementation that is much simpler, 

more efficient and more representative of the intended 

processing structure of the application.

Because of its large number of parallel computing 

resources and the ability to easily map a processing 

algorithm to an equivalent physical implementation, 

FPGAs are very well suited for use in the context  

of model-based design. Model-based design tools such  

as Simulink by The Mathworks and Xilinx System  

Generator for DSP enable the design  

and simulation of very complex algorithms  

using high-level graphically based design environments. 

Software tools are then used to efficiently convert the 

algorithm to an actual FPGA implementation, taking 

advantage of all the FPGA’s building block resources  

and parallel processing capabilities.

In the very simple example above, two channels of data are 

acquired by the ADC section of the ADAC250 from Nutaq 

and stored by the FPGA in a buffer memory. The DAC 

section of the ADAC250 are used to output in realtime 

the input signals, or to playback pre-recorded data. Not 

a single line of VHDL code was used to implement this 

model.

Integrating model-based design tools  
into FPGA development
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Even though the most computationally intensive 

algorithms and processes benefit from the use of FPGAs, 

standard DSPs and other conventional PCs or embedded 

processors are still necessary in most systems. FPGAs 

are extremely efficient at executing a large number of 

complex computations in parallel, but are less adequate 

when it comes to executing sequential or conditional 

computations, such as complicated “if-then-else”  

rule-based decision-making processes.  

For these types of operations, conventional methods using 

standard computer software designs running on GPPs are 

usually more appropriate. That being said, it is possible, 

under certain conditions, to embed one or more GPPs 

directly inside the FPGA by creating them from scratch 

using a portion of an FPGA’s available building blocks.

Optimizing the load between  
the FPGA and other processors

FPGAs are very well suited to fulfilling the interface  

and processing needs of multichannel DAQ systems. 

They can provide most of the necessary building blocks 

to implement the hardware and processing algorithms 

required by these systems, and they can also provide an 

ideal environment for the design of processing algorithms 

in a high-level model-based context. Using model-based 

design and leveraging the benefits of the easy algorithm 

mapping of FPGAs can reduce the overall complexity of 

designing a multichannel DAQ system, thereby also  

cutting design time (cost). This simplified design translates 

into lower costs for prototyping and production as well,  

because a simpler design uses less hardware. By 

significantly reducing the complexity and cost of designing 

and creating sophisticated multichannel DAQ systems, 

FPGAs ultimately result in a shorter time to market.

Cutting design time and costs  
with FPGAs and model-based design
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