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1. Introduction 

One of the key elements of future Next Generation Very Large Array (ngVLA) is its correlator, a 

digital sub-system producing uncalibrated interferometric data (“visibilities”) from the digital streams 

(voltage data) outputted by all its antennas. As part of the ngVLA baseline design effort, it was foreseen 

that an architectural study would be necessary. As an “FX” architecture was identified early in the 

design, the objective of such study was to assess the suitability of an “F” (for “frequency” or “Fourier” 

transform) engine distributed over all the antenna stations, and release a recommendation. 

 

Later in the project, the decision was made to collaborate with NRC Canada in the baseline design of 

ngVLA’s correlator. The baseline design is based on NRC’s design of SKA (Square Kilometre Array) 

correlator, which does not allow for a distributed “F” engine. The main reason is that the “F” engine in 

this design is supposed to reside in a central facility, and therefore is not well suited for distributed 

installation. For example, the data rate between the “F” and “X” engines can be as high as 450% the 

data rate at the Analog to Digital Converter (ADC) output. Several other inefficiencies would arise if 

some resources, shared in the centralized design, are replicated at each station. As a result, there is no 

room for a distributed “F” engine in the baseline design and the architectural study planned for this 

phase is unnecessary. 

1.1. The need for an ADC-Correlator adapter 

While there is no need for a distributed “F” engine study, the baseline correlator design is not fully 

compatible with the baseline design of the Integrated Receiver and Downconverter (IRD), which is 

installed at each antenna station. Specifically, the IRD output format is one of the following: 

 

1. 8 bits per sample (complex or “IQ”, 4 bits for each real and imaginary parts) per polarization at 

14 Gsample/s 

 

2. 16 bits per sample (complex, 8 bits for each real and imaginary parts) per polarization at 7 

Gsample/s 

 

3. 8 bits per sample (real) per polarization at 7 Gsample/s 

 

On the contrary, the baseline design of the correlator admits inputs in the following formats: 

 

1. 16 bits per sample (complex, 8 bits for each real and imaginary parts) per polarization at 5 

Gsample/s (theoretically, the design could allocate any integer divisor of 5 Gsample/s, e.g., 2.5, 

1.67, 1.25, 1… Gsample/s) 

 

2. 8 bits per sample (complex, 4 bits for each real and imaginary parts) per polarization at 10 

Gsample/s 

 

There are some design limitations that difficult matching the sampling rates of the IRD and the 

correlator. On the one hand, the IRD sampling rate determines the theoretical maximum bandwidth 

that can be digitized at each receiver (some room has to be allowed for the antialiasing filter roll -off). 

Whereas the baseline design adopts a fixed frequency downconversion scheme, modifying the sampling 

rate forces to change the entire frequency coverage of the receivers. On the other hand, the 

technology used to interconnect the “F” and “X” engines at the correlator, does not allow an aggregate 
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processed bandwidth at the “X” engine bigger than 56 times the elementary bandwidth (the Frequency 

Slice bandwidth according to the terminology of the NRC’s design). This bandwidth is 200 MHz in the 

baseline design, amounting to 11.2 GHz of maximum aggregate bandwidth for the “X” engine. 

Increasing the elementary bandwidth to cover more bandwidth would stress both firmware designs of 

the “F” and the “X” engines. Moreover, the input connectivity of the “X” part allows an input sampling 

rate up to 12.5 Gsample/s, assuming dual-polarization complex 4-bit quantization. 

 

Therefore, the ADC’s and correlator input’s sampling rates need to be adapted. The piece of hardware 

carrying out this task is hereinafter referred to as “Adapter”. The Adapter can also be used to 

implement other functions, such as digital sideband separation. Three options are available for the 

location of the Adapter relative to the Data Transport System (DTS): before the DTS at each station, 

after the DTS at the central correlator facility, and both before and after the DTS. 

 

The scope of this document is to determine which option is optimum in terms of total life-cycle costs. 

Unfortunately, the great number of uncertainties at the time of writing prevents from a complete 

analysis, although the thoughts and methods outlined might be useful once these uncertainties are 

dissipated. 

2. Qualitative analysis 

2.1. Functional analysis 

From the functional point of view, there is no advantage nor disadvantage of the relative location of the 

Adapter and the DTS. As long as the digitized data stream is transmitted at no loss, the Adapter can 

operate at any point between the ADC and the correlator. 

 

Functionally, the Adapter is a frequency shifter (to tune the Spectral Window) followed by a resampler. 

As any resampling process involves the use of digital filters, digital sideband separation can be 

performed at this stage with relatively few extra hardware (or computational) resources. Besides the 

Adapter, the only possible point in the baseline design where digital sideband separation can be 

implemented is at the “F” engine of the correlator. However, whether there is enough room in NRC’s 

design for this step is yet to be determined. 

 

Furthermore, the output of the Adapter must be quantized in order to follow the correlator input 

format. This introduces additional quantization losses in the system (along with the ADC, mainly), and 

could demand relaxing system requirements regarding digital efficiency at full bandwidth. The 

theoretical combined ADC and Adapter quantization loss at full bandwidth will be  (0.988)2 = 0.977, 

which forces an efficiency better than 0.983 for the rest of the system in order to reach the targeted 

efficiency, 0.96. 

2.2. Operational analysis 

There are several advantages of locating the Adapter at the central facility, such as a reduced 

maintenance cost, smaller chance of self-interference, or a more efficient design by aggregation of 

multiple Adapters into a single hardware unit.  

 

On the contrary, locating the Adapter at the antenna stations could be advantageous only if the DTS 
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operational cost increases with the transmitted data rate. This will mainly depend on the contract 

signed with the fiber owner. In one type of contracts, fiber is priced per year per mile, and therefore, 

there is no benefit to throttling the antenna data rate. In a second type, the customer is priced as a 

function of the link usage. The kind of contract will most likely depend on the antenna location (the 

fiber links are presumably owned by NRAO). Consequently, locating the Adapter at the antenna station 

should be considered independently for each station, and probably only for those antennas whose 

communication link is priced according to the transmitted data rate. 

3. Quantitative Analysis 

Estimating the potential benefit obtained from locating the Adapter at a specific antenna location is not 

an easy task. In principle, it requires estimating the connection link usage during each billing cycle, over 

the entire lifetime of the ngVLA. Some pricing strategies use the 95% percentile of the data rate profile 

to bill the customer (burstable billing). This might be beneficial, for instance, when one specific antenna 

is not used at full bandwidth for more than 36 hours within a month, for a monthly billing cycle. Other 

pricing schemes use the average data rate within the billing cycle. Considering this option, a simplistic 

estimate of the operating cost savings could be computed as: 

 

𝐶(�̅�𝑠) − 𝐶(�̅�𝑐) 

 

where �̅�𝑠 and �̅�𝑐 are the average transmitted data rates when the Adapter is located at the antenna 

station and the central building, respectively; and 𝐶(�̅�) is the costing function as a function of the 

average data rate. 

 

As mentioned, the average data rate is hard to predict accurately, though a coarse estimate is: 

 

1

𝑇
∑ 𝑇𝑖  𝑑𝑖

𝑖

 

 

where the sum extends over a collection of use cases, each transmitting (from the location under 

study) a given data rate  𝑑𝑖 , during a given observation time   𝑇𝑖; and 𝑇 = ∑ 𝑇𝑖𝑖  is the total observation 

time of the set of use cases. Typically, the observation time can be determined from the use case 

parameters. Similarly, the transmitted data rate can also be derived from the observation bandwidth, as 

shown next, and it varies depending on the Adapter location. The collection of use cases has to be 

representative of ngVLA usage during its whole lifetime, and might be gathered from community 

studies. 

3.1. Computing the transmitted data rate 

As a first approximation, the data rate transmitted over the DTS might be computed as a function of 

the required observation bandwidth. The Adapter allows a more precise control of the transmitted 

data rate than the ADC, whose sampling frequency is fixed in each frequency band. On the contrary, 

the Adapter can employ any of the sampling frequencies allowed at the correlator input according to 

the format described in Section 1.1. The resulting data rate as a function of the observation bandwidth 

is shown in Figure 1 for both the ADC and the Adapter. 
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Figure 1. Minimum data rate required by the ADC and the Adapter as function of the required observation bandwidth. 

 

In all frequency bands, the Adapter generally allows lower data rate over the DTS than the ADC. The 

exception is for bandwidths between 2.5 and 3.5 GHz for Band 2; and between 11.67 and 14 GHz for 

Bands 4, 5, and 6. Nonetheless, it could happen that the most frequently used bandwidths are within 

these ranges, for example, 3.5 GHz is the maximum bandwidth for Band 2, while 12 GHz is the 

maximum bandwidth for Band 4. 

 

The previous curves can be used to determine the transmitted data rate for an observation as follows: 

 

 The transmitted data rate matches the ADC data rate if the Adapter is located in the central 

building. 

 

 The transmitted data rate matches the Adapter data rate if the Adapter is located at the 

antenna station. 

 

 The transmitted data rate is the minimum of the ADC and the Adapter data rates if the 

Adapter is located both at the antenna station and in the central building. The reason is one 

could choose between adapting data rates before or after transmitting the data. 

 

In any case, the curves in Figure 1 do not take into account the transmission protocol overhead, which 

should be added for better accuracy. 

4. Conclusion 

The sampling rates at the ADC output and correlator input do not match in their respective baseline 

designs. This mismatch demands an Adapter to adjust the sampling rates, and that produces a worst-

case sensitivity loss of 1.2%. 
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In general, the Adapter should be located at the central building to facilitate its maintenance and for a 

more efficient design. Locating the Adapter at the antenna station might be advantageous only for those 

stations whose communication link is billed according to its usage. The reason is the Adapter 

potentially provides a more precise control over the transmitted bandwidth, which could reduce the 

operating costs. This decrease should be significant enough to compensate for the increased costs of 

distributing the Adapter across some of the stations. Unfortunately, a definite answer is not possible at 

this stage of the project, although a relatively simple methodology has been outlined for future analyses. 

5. Abbreviations & Acronyms 

Acronym Description 

ADC Analog to Digital Converter 

DTS Data Transport System 

IRD Integrated Receiver and Downconverter 

LRU Line Replaceable Unit 

SKA Square Kilometre Array 

 


