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Detailed Hardware Design: Mixing New RT DAQ with Existing CODAC

LTX-Beta Machine Parameters

Major radius 0.4 m

Minor radius 0.26 m

Toroidal Field 0.3 T

Plasma Current 135 kA

Beam Power 700 kW

Pulse length <100ms 

iHawk RedHawk Actual RT Kernel – Not PREEMPT_RT patch!

CentOS 7.5 – Locked to specific Vault versions

Userspace Tools – Trace, Probe, Data Viz

Supermicro X11DPX-T – 11th Gen scalable Intel platform

Dual Xeon 6136 @3.0 GHz, 12 cores each

128G RAM, dedicated RAID for fault tolerance

64ch, 18-bit SAR @500 kHz
Differential or single ended

32 μs buffers

Multifunction I/O (MFIO)
16ch, 16-bit AI @300 kHz
16ch, 16-bit AO @100 kHz

96 DIO, 5V or 3.3V TTL

Custom patch panels duplicate offline diagnostic acquisition into real-time digitizers

Sensors

Junction Box

1 – 2 Ground
3 – 34 Data
35 – 36 Ground
37 – 68 Data

1 – 32 Data
33 – 34 Ground
35 – 66 Data
67 – 68 Ground

DTACQ and CCRT pinouts adapted 
internally through external SCSI-3 ports

4 Independent ADCs

4 High density SCSI-5 VHDCI 

4 PCIe lanes

Full ATX PCIe length (FHFL) (tight fit!)

DTACQ

iHawk
Sensors

Junction 
BoxShot Trigger

Digitizers

MDSplus

SAN Archive

Detailed Software Design: Connecting SHIELD and GA PCS to Power Supply Control

The PPPL LTX-β (Lithium Tokamak Experiment 
Beta) is an upgraded LTX that focuses on the 
unique benefits of lithium-coated PFCs (plasma-
facing components) to enable hotter plasmas 
with increased confinement while minimizing 
particle recycling & eliminating thermal gradients

• RT DAQ leaves existing offline system intact, duplicated

• More archive points, more traceability / introspection

• New SAN leverages lab-wide infrastructure

• 500 kHz allows oversampling, filtering for 100 kHz RT

• Multiple patch panels and junction boxes exist across 
multiple rooms and ground planes, both close to the 
machine and in remote configurations

• Effort byproduct: full as-built data dictionary map created

Advancing Operating Envelope Requires Sophisticated Feedback Control

LTX
• Prototype
• One digitizer
• One computer

KSTAR
• 4 diagnostics
• 4 computers
• Varying DAQ rates, endpoints

DIII-D
• 4 Diagnostics
• 2 computers, 1 spare
• 3 internal devices (GPU, FPGA)

LTX-β
• Full circle development
• Improvements ported from others
• Additional I/O capability, etc.

SHIELD Platform

Diagnostic

Duplication 
Device

Existing Offline 
Acquisition

MDSplus

Existing Control Systems

PCS Interconnect

CODAC

ACQ

IO
RT Connect 

(i.e., Dolphin)

• I/O devices are application specific (digitizer, frame grabber, etc.)

• ACQ is a common framework with pluggable I/O support
• Dolphin, etc. connects all such computers through native PCIe

Scalable

Hardware

I/O

Execution

Layer for

Diagnostics 

General Atomics Plasma Control System

DIII-D

NSTX
MAST

KSTAR
EAST

LTX-β

• PCS provides real-time utilities to instrument, manage, deploy, connect, 
configure, and operate the device with sub-μs overhead

• Initially developed for DIII-D: handwritten Intel i860 assembly, embedded HW

• Ported to C and x86 for NSTX using shared HW abstraction layer

• NSTX version replicated to MAST, EAST, and KSTAR

• Experiences on any machine quickly propagate across the community to 
other machines, the only obstacle being administrative (governments, IP, 
NDA, etc.)

• Best elements of all deployments merged into an “empty PCS”, configured 
for LTX-β in a scalable, modular way

Waveform Server

User Interface

Host CPU-N RT CPU-N

Realtime Computer running RedHawk
• Kernel timer control
• Kernel based core isolation
• Interrupt vectoring and isolation
• RCU + FIFO scheduling support

Event Server

Log Server

Archiver

LTX-PCS-RT1

• Software design isolates functionality across distinct, purpose driven 
processes deployed in potentially heterogeneous environment

• Installations have wide freedom over communication backend, node 
deployment, and plant I&C integration technologies

• Platform includes full hardware-in-the-loop and offline simulation 
modes with optional tokamak digital twin integration for feedback tests

• Algorithm “master” files can potentially be shared between devices

• DIII-D and KSTAR have several examples of shared code and entire 
shared experimental programs and objectives (i.e., ELM control, 
snowflake control, ML platforms, etc.)

SHIELD

PCS

ACQ

Coil Control

PS ControlExisting control system handles gas, 
beam, etc. using custom LabView and 
other feedforward CODAC systems DAC

LTX
Machine

I/O

PCS runs on dedicated cores on the same node as 
SHIELD, minimizing latency between I/O and algorithm 
processing to sub-microsecond levels

All algorithms fully specified in well-defined format

  Future work: CI/CD with evolving testsuite

PCS

CODAC
LabView

CAMAC 
Jorway

Shot Event 
Triggers

RCIM

 RCIM Realtime
  Clock and Interrupt Module

12 TTL in, 12 TTL out interrupt lines
8 programmable clocks
RT safe software interrupt triggers

RT iHawk

• Existing CAMAC event system uses “Jorway” 
device for all machine wide clock events

• iHawk RCIM card converts clock cycle events 
into PCS software events

Preshot 
Setup

First 
Lockout

Final 
Lockout

T-0

Archiving

Shot 
Complete

Operator can freely 
configure entire PCS

Setup is frozen, non-RT init

RT init, unlock disabled

RT cycles run until 
programmed end of pulse

Archiving starts and data 
is ready for analysis

System is ready for 
another shot sequence

All I/O runs continuously, 24/7

Internal passive shielding (twists) reduces noise despite splitting
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Shot 113366, Plasma Current Input
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Shot cycle index (mid-shot snippet)

PCS Cycle Timing
Microsecond Determinism 

5 μs max jitter!

Simple feedforward 
works...

Off-normal event

…Until it doesn’t!

RT to enable 
future divertor

PF COILS
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