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Fusion achieved again on 
July 30, 2023
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Decades of Research Thousands of people Hardware Software

This was a result of…
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• NIF 192 high powered Laser 
Beams are concentrated in 1 cm 
sized hohlraum containing a 
tiny BB sized target 
encapsulating heavy forms of 
hydrogen.

To Produce Fusion
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Automatic Alignment makes it possible to align and fire 192 NIF laser beams 
efficiently and reliably several times a day.

Alignment Requirements

Each High Yield shot requires NIF 192 laser beams 

• Arrive at the target within 30 pico-secs

• Align within 50 microns

• Correct wavelength and energy
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8,000 large 
optics

30,000 small 
optics

66,000 control 
points

The success of a fusion shot 
is contingent on precision 
alignment of thousands of 
mechanical and optical 
components as the lasers are 
guided towards the target all 
of which is controlled by the 
AA system. 
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Automatic Alignment Software Architecture



11
Bela Patel – ICALEPCS – OCT 09, 2023 LLNL-PRES-854453

Automatic Alignment Software 
Architecture

NIF AA system 
• Data driven software framework 
• Ability to position optical and 

mechanical devices and 
• Ability to align 192 high power 

laser beams accurately and 
consistently 

• Minimal or no human interaction 
• Complete shot cycle in timely 

manner 
• Capable of operating at high 

repetition rates without 
influencing experiment results
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Automatic Alignment Software 
Architecture

NIF AA has 6 main components: 
• Segment managers
• Database retrieval
• Component mediation system 

(CMS)
• Loops
• Image processing
• Data analysis

Each component has its own software platform and can run independently if needed.
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NIF AA has a sophisticated user interface(UI) built on multiple layers, complex 
algorithms, testing framework and, Maintenance and Commissioning toolset.
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Segment Managers occupies the topmost layer in the Automatic Alignment 
architecture and orchestrates all processes and devices in the AA process.

Segment Manager
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Data Retrieval

• Execution plan to complete the entire                
alignment

• Initial positions of the devices that is required 
for the process to run

• Loop configuration data

• Image processing commands

Data taken from the database 
includes
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CMS contains configurations for mediation systems
Component Mediation System (CMS)
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Loops
• Loops manage all actions required to adjust an optic

• There are more than 600 loops that provide these 
functions for specialized requirements of the different 
laser area

• All loops have a loop type for their individual function and 
are assigned a camera, a gimbal and CMS configuration 
based on its type

• All loops go through a finite number of iterations

Generic loop execution 
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Loop Types

As per the operations the Loops manage, they are categorized into different types.

Example of loop types are
• Centering Loops
• Pointing Loops
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Image Processing - challenges of 
real-time image analysis

Sample of various images and fiducials including 
lines, circles, spots, squares, etc.

 Processing images with various types of noise

 Distortion

 Obscuration

 Imaging artifacts
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 8-bit images of the back-lit Cavity Spatial 
Filter (CSF) pinholes illustrating marginal, 
nominal, and saturated signal levels. 

 The images were archived for the same 
loop but different beamlines and are 
representative of the variation in signal 
levels across the system during alignment 
on a given shot.

Data Analysis

Analyzing critical data archived during AA operations helps to identify 
anomalies, improve planning, and evaluate overall performance critical to the 
NIF alignment system.



21
Bela Patel – ICALEPCS – OCT 09, 2023 LLNL-PRES-854453

NIF Shot Setup
• The entire setup of automatic 

alignment can be viewed and 
controlled from a single computer 
using an interactive UI
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Given the fact that NIF AA is complex and interdependent, it is critical to check 
the effects of any code change on the overall alignment process.



23
Bela Patel – ICALEPCS – OCT 09, 2023 LLNL-PRES-854453

Online Maintenance & 
Commissioning toolset 

(MCT) developed to 
support AA

• Retrieves and analyzes data
• Determines motor and device 

problems, as well as optimizing 
operational parameters due to 
system variation

• Alleviates performing manual 
maintenance which can be time-
consuming and inaccurate

MCT is comprised of 98 tools which can be run frequently and efficiently
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Example MCT – IOM 
Encoder Test Tool 

Problem: The motorized gimbal in the 
Integrated Optics Module (IOM) had 
occasional mechanical issues which 
were hard to detect. This caused 
significant operations time spent in 
malfunction identification. 
Solution: IOM encoder test tool ran 
192 beams in parallel and identified 
the problems in minutes.  
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Example MCT – Camera 
& Attenuator Setpoint 

tool

This tool automates the settings for 
the camera parameters, so that 
images with optimal signal to noise 
ratio can be passed to AA for 
processing and process camera and 
attenuator parameters for multiple 
beamlines in parallel and completes 
in a minute or two.
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Future Sustainability and 
Modernization Plan

The Focus and Goals  
• Identifying and optimizing technology and tools
• Determining  resources and flexibility
• Balancing future development and modernization
• Maintaining accuracy and execution
• Verification test plan

The Future Sustainability and Modernization Plan is aimed at a long-term plan 
to keep up with constantly evolving technology and maintain current NIF 
Automatic Alignment requirements.
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