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ACA Spectrometer
Existing Spectrometer for Total Power Array

• Developed by KASI and NAOJ using 
GPU technologies.

• It was installed in AOS Technical 
Building (~5,000 m).

• It has been used in the science 
operation since Oct 2022 (Cycle 10) 
without significant issues.

• Will be replaced by Total Power GPU 
Spectrometer (TPGS) as a part of the 
Wideband Sensitivity Upgrade (WSU).
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ACA Total Power Array Spectrometer Development 
Team Receives NAOJ Director General’s Award (25/03)

KASI: Jongsoo Kim, Jongsuk Hong, Won-Kee Park, Heesun Yoon
NAOJ: Takashi Nakamoto, Manabu Watanabe, Susumu Nakayama, Makoto Shizugami, Isaac Goicovich, Shinya Ikebe, Camilo 
Saldias



Wideband Sensitivity Upgrade (WSU)

New components or components that will 
be upgraded are in blue.

Many major components in ALMA will be 
replaced or upgraded.

TPGS will be installed in OSF, not AOS.

Reference:
John Carpenter et al.,
The ALMA2030 Wideband Sensitivity Upgrade
ALMA Memo 621 (https://library.nrao.edu/public/memos/alma/main/memo621.pdf)



TPGS Key Technical Specifications and 
Technology Choices

Items
ACA 

Spectrometer
TPGS

Sampling rate and number of 
inputs per antenna

4 Gsps
 x 4 BB
x 2 pol

40 Gsps
 x 2 SB
x 2 pol

Number of bits per sample 3 bits 6 bits

Total input data rate from four 
antennas 384 Gbps 3.84 Tbps

Maximum correlator 
bandwidth (CBW) per pol 8 GHz 32 GHz

Channel width at max CBW 
(full pol) 976 kHz 13.5 kHz

Finest channel width (full pol)
61.04 kHz 1.7 kHz

Fully utilize up-to-date GPUs and 400 GbE 
technologies to achieve the high input data 
rate, the high bandwidth, and the fine 
channel resolutions.
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TPGS System Architecture

Note: This is our current baseline design. The design is subject to change.

Two GPU servers, one for USB and 
the other for LSB.

One GPU server receives two 
polarization signals from four 
antennas, which needs eight 400 
GbE ports.



Server Block Diagram with 8 data streams



TPGS Software Architecture

Note: Design is subject to change.

Digitized signals
from antennas

Digitized signals
from antennas

TPGS-CU (Control Unit)
TPGS-PU (Processing Unit)
TPGS-MU (Monitoring Unit)

TPGS-PU includes GPU code.



Dual Pipelines: Auto & Cross-Correlation

Coarse 
Channelization

Fine 
Channelization

Auto-Multiply

FFT Cross-Multiply

Auto-Correlation for single-dish observations
• Architecture: FFX, Coarse, Fine, Auto-Multiplication
• Objective: Full-polarization products from each antenna
• Resolution & Bandwidth: 13.5 kHz over 32 GHz per polarization
• Zoom modes: 13.5 kHz / (2, 4, 8)

Cross-Correlation for pointing and focus calibration
• Architecture: FX, FFT and Cross-Multiplication
• Objective: Dual-polarization products from four antennas
• Resolution: 20 MHz over a 2 GHz SPW; 4 SPWs per sideband
• No quantization and online WVR corrections

8 streams per 
sideband
from 4 antennas



Polyphase Filter Bank and a Prototype Filter

Jongsuk Hong’s Poster



















Summary

• TPGS shall process the data output rate from four ALMA TP antennas 
at 3.84 Tbps, leveraging 400 GbE and advanced GPUs to handle 32 
GHz bandwidth per polarization.

• The software employs a three-stage design—Coarse OSPFB, Tiled 
Transpose, and Fine CSPFB—to transform 40 Gsps raw data into 
13.5 kHz resolution spectra.

• Performance verification confirms a clean noise floor and a final 
resolution of 13.49 kHz across 1,187,360 fine channels.

• Single-polarization processing currently meets the 16 ms real-time 
budget on both GH200 (15.2 ms) and RTX 6000 (13.2 ms) hardware.

• Dual-polarization processing (22–23.8 ms) currently exceeds the time 
budget, necessitating next-generation NVIDIA Rubin GPUs and 
PCIe Gen 6 for full real-time compliance.
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