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U.S. Department of Energy £ @ENERGY - Dec 13, 2022
BREAKING NEWS: This is an announcement that has been decades in the
making.

On December 5, 2022 a team from DOE's @Livermore_Lab made history by
achieving fusion ignition.

This breakthrough will change the future of clean power and America’s
national defense
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NATIONAL IGNITION FACILITY MADE HISTORY. DEMONSTRATING FUSION
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US scientists have achieved net energy gain in a nuclear fusion reaction for

US SC ielltiStS aChi eve net energy gain fOl‘ the second time sinc? alhistoric breakthrough in December last year in the
. . . . quest to find a near-limitless, safe and clean source of energy
second time in nuclear fusion reaction

Scientists at the California-based Lawrence Livermore National Laboratory
epeated the breakthrough in an experiment in the National Ignition Facility

The Lawrence Livermore National Laboratory’s National Ignition NIF) on 30 July that produced a higher energy yield than in December, a
Faci]ity achieved the feat llSiI]g lasers to fuse two atoms awrence Livermore spokesperson said.

A second spark: US scientists repeat fusion ignition milestone  !beinganalysed, the spokesperson added.

. ] . . _ _ . Ives smashing together light elements such as hydrogen

SUSTAINABILITY - U.S. scientists at the Lawrence Livermore National Laboratory in California have once again made . .
nents, releasing a huge burst of energy in the process.

history by achieving a net energy gain in a fusion reaction. TP IO TUIIVSDINEE [ Lt TR - TN NSE [NPS N

- — Highlights

NEWS 9 AUGUST 2023

The Lawrence Livermore National Laboratory has announced a groundbreaking U5 scentsts reported @ second encray gam iTom & Fusion reaction.

. . ) . ) It's the second time the American researchers achieved this milestone.
accomplishment in nuclear fusion research. For the second time since December, they . o i ) o
d i fusi i ki ianifi i _ With minimal nuclear waste generation and without emitting greenhouse gases, nuclear
reported a net energy gain from a fusion reaction, marking a significant milestone in v fusion has the potential to be a revolutionary source of low-carbon electricity.

fusion energy a viable power source. While commercial fusion is expected to reqguire
reactions generating between 30 and 100 times the energy in the lasers, this achievel

provides a promising insight into the future of clean power. Fusion energy, unlike fissirA major leap forward
roduces minimal nuclear waste and does not emit harmful greenhouse gases, makin L . : : : : )
procu ) ) ' ' . g used " U.S. scientists at the Lawrence Livermore National Laboratory in California have once again
potentially revolutionary source of low-carbon electricity. : . o ) : : )
made history by achieving a net energy gain in a fusion reaction. This was not the first

instance of such a breakthrough; a similar milestone was reached in December 2022.

F u S i O n a C h i eved a ga i n O n During that experiment, the scientists, working at the National Ignition Facility (NIF), used

192 laser beams to provide 2.05 megajoules of energy to a deuterium-tritium fuel pellet.

J u Iy 3 O 202 3 The fusion reaction output was a substantial 3.15 megajoules of energy, demonstrating the
V4

scientific viability of inertial confinement fusion energy.
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Fusion ignition a big breakthrough

% U.S. Department of Energy &
WS @ENERGY - Follow
BREAKING NEWS: This is an announcement that has been
decades in the making.

- Hms News Service | 19 Dec 2022 5:38 AM IST

€he New Hork Cimes
On D ber 5,2022 a t . . ¢ A L
made history by achieving Scientists Achieve Nuclear Fusion .
. na
Breakthrough With Blast of 192 Lasers a0 T o

"The advancement by Lawrence Livermore National Laboratory
researchers will be built on te further develop fusion energy
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Automatic
Alignment is a vital
part of NIF and

provided major
contribution
towards this
achievement.
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To Produce Fusion

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

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

Lawrence Livermore National Laboratory
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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.

8,000 large
optics

30,000 small
optics

66,000 control
points

uL. Lawrence Livermore National Laboratory LLNL.PRES. 354453 N AVS_ J
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Start connection,
send image data,
execute

Cameras
command
)
Get results and
output
) Image
__lccsbB 5 Processing
code
Motorized
gimbals

Automatic Alignment Software Architecture
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NIF AA system
e Data driven software framework
* Ability to position optical and
mechanical devices and
Cameras command * Ability to align 192 high power
laser beams accurately and

Og ] consistently

Get results and
output

Start connection,
send image data,

* Minimal or no human interaction

Image o ..
Processing Complete shot cycle in timely
code manner
gilr(:‘tgg'zsed e Capable of operating at high

repetition rates without
influencing experiment results

Automatic Alignment Software
Architecture

Lawrence Livermore National Laboratory N A' aﬂ‘ 11
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Start connection,
send image data,
execute

command

NIF AA has 6 main components:

* Segment managers

e Database retrieval

<} M  Component mediation system
Get results and (CMS)

1|

H
| A
Image °
% ICCS DB Processing Loops _
Control Loop configuration code ° Image processing
P

Cameras

output

Motorized data incl. Image o ;
gimbals rocessing commands Data analysis

Automatic Alignment Software
Architecture

Each component has its own software platform and can run independently if needed.
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NIF AA has a sophisticated user interface(Ul) built on multiple layers, complex

algorithms, testing framework and, Maintenance and Commissioning toolset.
NIF LCU

Segment Manager|

Status Type - 3W_LS_BEAM_TO_TAS_CPP Shot ID
[ AAIBEAMIFOAISEG MGR = ' [ ] 21 1€ REAM Ty TAS MO DD |
[ AAIBEAMIMLISEG-MGR NIE _{lcn90-14] =
. AAIBEAMIPDSISEG MGR T161-32 N7 AAB341|FOAJSEG-MGR Assistant — 0
[} AAIBEAMIARC- TAlSEG MGR i :
: mIBEﬁiMCIRS IOGO MAINISEG... o - File Edit View Image Services Override Mode Status Help
: mIH}HOPAS 313305 E&%ISSE%G 11 12 13 1 5 16 | 31 33 33 34 35
e AAINIFOPAS 135 FLEXSEG: B341 FOA AA|B341|FOA|SEG-
g e
| 12:00:00 AM
. AAIN\FITAISEG MOR_ ¢ e Loop eyl
e AAINIFITAS UPBER SIDEISEE o e pm YT Y Y |current YAA 3W LS BEAM TO TAS CPP |Select S
® AAIQUADIILSISEG-MGR
8 AAQUADIARC-DIAGISEG:M.. | | lstate  1LOOP IDLE | |
BIF Component Mediation System - CMS|NIF|LCU[CONCENTRATOR Component Mediation System ><Activity - IDLE | |
File View Services Filter MCs Status Help
NIF LCU Component Mediation Syste‘ \ Auto Perform | | Setup Actual |
locaion | conipur I
Status Type C018-17: 375nm_WFL ‘ Clear Data ‘ ‘ Verify ‘
©  CMSIBEAMIBC-OPSICONFIG-MGR |~ - 1L ]
9 CNISIHEMISPHEREBC OPSICONFIG-MGR NIE_ 'C090-141 AABEAM_T| Release CMS | | Stop |
©  CMSIQUADIBC-OPSICO MGR 16130t AA_BEAM_T
R S My
- c1 2 = 5
g e R B o[ e s
©  CMSIBEAMIFOAICONFIG-MGR | - Completed Adjustments M0 of 20 Units ® Millimeters
©  CMSIBEAMIFODIICONFIG-MGR AA_FF_REF
8 Emg EEAMILOEICONHGM%ER @ & AA_FOA BE) X Coord Y Coord Uncertainty
© CMS BEAMIS\DEICONF\G MGR 31 32 33 34 35 38 | 41 42 43 44 45 46 ||AA_FOA RE " 0 0 Solv| 0verlay| To Im
© CMS BEAMlPDSl G-MGR Hﬂ aﬂaﬂ Hﬂ AA ISP CL £ Reference - -
] EM(S' nra nn!ﬁnr(; (EQ_\[?_”{E:{Q'\N_ELQ J\ﬂgﬁ — T T INn Nffcat mN N La: l| Store |
(78
l& Lawrence Livermore National Laboratory LLNLPRES 854453 N AV a._% 13
Bela Patel — ICALEPCS — OCT 09, 2023 : -

National Nuclear Security Administration



Segment Manager

Segment Managers occupies the topmost layer in the Automatic Alignment
architecture and orchestrates all processes and devices in the AA process.

Automatic Alignment is comprised of multiple segment areas
that contain commands containing many control loops

MF Segment Manager - AAINIFLCUJCONCENTRATOR Segment Manager Concentrator - o *
Seg 9 9 9
File Miew Sevices Status Mode Help
NIF LCU Segment Manager
segmert e R | Each
| Status Type = [COLLECT_MTMS_CLEAR_APERTUR, ShotiD |
® AABEAMIFOASEG-MGR |/ CORDON_LOIS_CHECK control
Eac ] AAJBEAMMLISEG-MGR. NIF TC00-147 (CSF_P1_P4_PL
ARJBEAM|PDSISEG-MGR (CSF_PINHOLE_CHECK —
Segment AAJBEAM|ARC-TAJSEG-M... LEAE DARKETOP =t loo p
® AAJBEAM|DLIISEG-MGR. DECLARE_SHOT_SETROINTS
M - ® AAJNIFICCRS_060_MAIN)|... . Slali = emp |O\r‘5
anager ° AAJNIFCCRS_330_MAIN]... Gl - .
. @ AAINIFIOPAS_135_FLEXS... 11 1 13 22 213 4 25 24 FULL_ALIGNMENT_WF_CL_FLAT I m age
listed on ] ALJNIF|OPAS_135_MARR.. INSERT_ISP_LOIS_MASK
] AAINIF|OPAS_258_FLEXS... | LOIS_ALIGNMENT ;
the left has [ AAINIFIOPAS 255 NARR... | el {Iniasix sbE 1 REGEN_TEST processing
: AAJNIF|TASEG-MGR . MARK_RMDE_2_REGEM_TEST to
: AAJNIF[TAS_LOWER_SIDE]... 3
multiple ® AAJNIFITAS_UPPER_SIDE... S R e S ﬁﬁi o 2 2::: y
View 1
e PREP_ML_REGEMN_TEST | d Ete rm I n e
segmen 9 oA PRE_SHOT_SETUP |
AAJQUAD|ARC-ILS|SE Start
commands = ° QUADIACAFE TSE P4 FINE I reference
] AAJSTABIL|TAISEG-M TSF_P4_ ROUGH Stop
and |oops ] TSF_PINHOLE_CHECK [ and beam
® ) . _ VERIFY_ISP_LM3_CL Force Step .
: @ COMPLETE © INCOMPLETE @ OVERRIDE_COMPLETE @ ERROR 4 rop LV CL_FULL RS [ o locations
" ORTE ) me
1 LURE ARILOISISEG-BAGR. 1 8GR A J ﬂ4[ ’
ment manager Command Activity Progress Requested Finished Since C i Caller Waiting on
® AA[BI1SMLISEG-MGR TSF_PINHOLE CHECK  IDLE Itzuzammz 083652 2023/05/020837:22  Thr 7 min 38 sec BCS|Q31B[SHOT|Local_Supenvisor

T
AA Segment Manager interface
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NS

National Nuclear Security Administration

Lawrence Livermore National Laboratory 14

Bela Patel — ICALEPCS — OCT 09, 2023 HNAARES S



Data Retrieval

Data taken from the database
includes

- 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

Lawrence Livermore National Laboratory V‘Sw 15
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NIF LCU

Component Mediation System (CMS)

CMS contains configurations for mediation systems

File View Services Filter MCs Status

Help

Component Mediation Systen

Status

Type

i

Configurations

375nm_WFL to BEST_FOCUS 2

C01R-12:
©  CMSIBEAMIBC-OPSICONFIG-MGR [ il
©  CMSIHEMISPHEREIBC- OPSICONFIG MGR NIF  7C090-141 A BEAM TO ACTIVE TARGEL PP
o &M SWLT%EY;\%DNIEC OPSICONFLG MGR ol A SR AR
g aelal omiali ey T :
o1 c2
©  CMSIBEAMIPD ICON FIG-MGR i1 42 43 44 45 8 | 2 33 23 34 5 26 ALEEAM TOLTAS NO. G
© CMS BEA IACOU REICONFEG MGR | 4 AA_BKG_ONLY_BEAM_TO_TAS_CPP
©  CMSIBEAMIFQAIC
o  EMRIBEAMIL 8%%558@5? MER kg
®  CMSIBEAMIMLICO c3 ot Fox FOA BEAM
g Emg E&mlpggﬁggﬁl&g h'I‘::.[‘IGGFI{? 31 32 33 34 35 36 41 42 43 44 45 46 AA_FOA REF
©  CMSIBEAMIARC-FODIICONFIG-MGR AA_ISP_CL_ALIGNMENT
©  CMSIBEAMIARC-SIDEICONFIG-MGR AA ISP CL LOIS
©  CMSIBEAMIARC-TAICONFIG-MGR S
©  CMSIBEAMIDLIICONFIG-MGR _ B B AA ISP PL
©  CMSINIFICCRS 060 INICONFIG-MGR = @ IDLE @ BUSY @ RESERVED & BLOCKED & ERROR = I~
r=y CAACINI DC 2 INICONICIT A ACD AA ISP Pl CHECK

Job ID|

Release Clear

Reservation Type:

Lawrence Livermore National Laboratory
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R CMS Taxon ‘1| Gro...||nterfacej... Interface_Name | Operation | Position ‘FinaLReser.. error_Beha..| parameter | timeout ueue Waiting on
CMS|B341|FOA|CONFIG-MGR | ~ACIB341ISY IOMIAD... 2 SETPOINT SETPOINT INTER... AT SETPOL... ACTIVE NONE IGNORE
ACIB341ISY IOMICC-... 1 SETPOINT GOTO SET... REMOVE NONE RETRY 100.0 s
ACIB341[TSFDI3W-LS... 1 SETPOINT GOTO SET... INSERT NONE RETRY
ACILB2TITSFDI3 fLS 1 SETPOINT GOTO SET... ON NONE RETRY
ACILB2TITSFDI3W-LS... 1 SETPOINT GOTO SET... AA BEAM TO TAS CPP NONE RETRY
ACITC0O07- O45ICIVSII 1 SETPOINT GOTO SET... OFF NONE RETRY
ACITCO07-315ICIVSIL... 1 SETPOINT GOTO SET... OFF NONE RETRY
ACITCO77-024ICIVSII... 1 SETPOINT GOTO SET... OFF NONE RETRY
ACITCO77-174ICIVSIIL... 1 SETPOINT GOTO SET... OFF NONE RETRY
ACITCOQO 183ICIVSIIL. 1 SETPOINT GOTO SET... OFF NONE RETRY
CITC090-278ICIVSII... 1 SETPOINT GOTO SET... OFF NONE RETRY
ACITC143- OEMICIVSII 1 SETPOINT GOTO SET... OFF NONE RETRY
CMSIN\FITAILOCK .1 RESERVAT... RESERVE RESERVED LOCK OUT RETRY
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Setup Reference

Acquire Image
|
Locate Reference
|
Setup Beam

Bl Acquire Image

Adjust Optic

Generic loop execution

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

Lawrence Livermore National Laboratory
Bela Patel — ICALEPCS — OCT 09, 2023
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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

Spatial Filter
(Low Pass)
Pinhole

Lawrence Livermore National Laboratory N AV 0‘0»
Bela Patel — ICALEPCS — OCT 09, 2023 HILAARSS e 3



Image Processing - challenges of Sample of various images and fiducials including
real-time image analysis lines, circles, spots, squares, etc.

%
MPAI Center Ref MPAI Centering Beam MPAI Pointing Ref
= Processing images with various types of noise O
= Distortion

Darkstop FOA Corner Cube ISP Centering

= QObscuration

= Imaging artifacts

ISP LM3 Beam TSF P1 Beam KDP Back Retlection

g% F—
1 1 I
AN ‘;
et /]
KDP w Phase Plate TAS Tip/Tilt TAS Position

UL. Lawrence Livermore National Laboratory A neessacs INVYSE 1
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Data Analysis

= 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.

Analyzing critical data archived during AA operations helps to identify

anomalies, improve planning, and evaluate overall performance critical to the
NIF alignment system.

UL. Lawrence Livermore National Laboratory
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NIF Shot Setup

The entire setup of automatic
alignment can be viewed and
controlled from a single computer
using an interactive Ul

g e
ISP Diagnosiic Side S Insertable

Front Vie T D 7 B Wavepiate S
v pgnment > >
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;2 _’D \—H 1AMS
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L oz |
-« E—— ﬂ% —0—]
e N cf =
e
|

UNKNOWN
Spec A
Lon®) 8 oo
video
Camera ﬁn«@ o
O
£eae-02
feee, SRR s mue Low_cam o

Transport Side Main Beam
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=
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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.

1. Dev/Test DB
(Offline Environment)

Fetch and Save to

the results file

» Loop
names(include
overrides)

» Image
Processing
commands

2.Production DB

Fetch
» History images from
shot Archive
» Loop Results
» Numerical Matrix-
image analysis

4, History images from
Database

Process code

in the user selected output folder
d data
asults from the new code with the results from

Lawrence Livermore National Laboratory
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NF
|

| File View Status Help

NIF

MCT Launcher|

== Beam Control
-3 Beam Search
@ Clear Aperture
-0 Motor Backlash
-0 Motor Cross Coupling
-3 Pointing Stability
-3 Beam Intensity Tuning
=& |OM Encoder Test Tool
-0
| -1 375 NM Best Focus Tool
| -1 Active Target Commissioning Tool
~[3 Attenuator Calibration
[ Automated FODI Inspection Tool
[0 Beam Dump Alignment Tool
-1 Beam Rotation - Main Laser Camera
-1 Camera Attenuator Setpoints
-0 CCRS Pointing Stability
' [ Cluster-Based LOIS Steps
' () DBS Pointing Tool
[0 DBS Reflectance Monitoring Tool
-1 DDS Attenuation Tool
- Encoder Position Collector
- KDP NVR Monitoring

[T»

Y

Location Selection

&l c2
11 12 13 14 15 16 | 21 22 23 24 25 25
PAMMA  OTS

c3 [oF]
31 32 33 34 35 36 M1 42 43 44 45 46

(Run

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

UL. Lawrence Livermore National Laboratory
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I 10M Encoder Test Too

- X
File View Status Help
NIF IOM Encoder Test Tool‘
e oweranee | = o
Jaing T !
Example MCT —I0OM
| Coeemeee g e e e e e e Encoder Test Tool
bt - — +It:ll-el--:;(is —
TERTE “ . . i . Problem: The motorized gimbal in the
I Integrated Optics Module (IOM) had
E T B e e e s s s e n s s s s s e o Occasional mechanical issues which
| o Y TR < e were hard to detect. This caused

significant operations time spent in
malfunction identification.

> |ition: |OM encoder test tool ran
Load Plan File: ‘N:/nif/ICCS/21‘1‘O\mnﬁg,data\MCT\IOM,EnmdeLTesLTuuI\DefauILPIan‘xst ‘ Qutput Directory: ‘OJ\BCS,Operatiuns\lOM,EnmdeLTesLTqu\IOM,EnmdeLTesLTuuLZOZ1,04,22 ‘ 1 92 b e a m S i n pa ral I el a n d id e n t i fi ed

Data file will be saved in folder named - yyyyMMdd_hhmmss th e p ro b I e m S i n m i n u tes ]

‘ Return to Start ‘ ‘Reset Cunﬂguratlun‘ - Processing Complete

:18:06 AC|B318]SY_IOM|SHG-X-EM Process completed.

1806 AC|B318|SY_IOM|SHG-Y-EM Process completed.
1806 AC|B318|SY_IOMTHG-X-EM Process completed.
:18:06 AC|B318]SY_IOM|THG-Y-EM Process completed.
:18:06 B318 - Process completed. =
:18:06 B318 - Processing: task completed

Lawrence Livermore National Laboratory
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[F NIF Camera and Attenuator Setpoints Tool - MAIN_LASER o B8 X

Fle View Sutus Help

NIF Camera and Attenuator Setpoints Tool - MAIN_LASER
T———
I% MAIN LASER o @ o o
1M 12 13 14 15 18 202 23 M B/ K .31 32033 3 35 3} HO42 43 49 45 4B
B311
& N |—— Transmission Exposure Gain Adjsted | Desied | [ Acton
Womom o s s e AALoop Signal | Signal
Type Setpoint Initial | Current | Proposed | Locked Initial Current | Proposed | Locked | Initial | Current | Proposed | Locked = i) ance Process Save
[7] AALMI3CL Reference  AANF_REFTOP 00000808 0 00209299 0 1 O 0 1700 005 | Process | Save
[7] AALMI3 CL Beom  AALMLISTOP 0004 0004 0 06 05 01 1 0 1700 005 | Process | Save
@ [] AAISPLM3.CL Beam  AAJSPNETOP  0.000L..0.0001457 [ 05655 05695 01 1 u] 170 005 | Process | Save
N u B W BB [ AACSEP4PL Reference  AAFFREETOP  0.000L..0.0001728 O] o205 026045 O 1 u] 200 0083 [ Process | Save
] AACSE P4 PL Beam AACSEPLTOP 1 1 [] 02249999 02249999 O 1 1 0 190 005 Process | Save
[] AACSEPIPL Beam  AACSEPITOP 1 1 O] 0s0679 0506779 01 1 u] 170 005 [ Process | Save
[] AACSFPHBEAMCHECK Beam  AAISPFETOP  0.0000..00000189 O oo oot O 1 u] 000 0075 [ Process | Save
e 33““ e ] AATSFPLPL Beam AA_TSF_P1_TOP 1 1 O oz 07 O 1 1 0 1700 005 Process | Save
[] AATSE PHBEAM_CHECK Reference AATSEPATOP  0.0335.,00335317 O os o015 O:r 1 u] 200 005 [ Process | Save
[] AADARKSTOP Beam  AADSSMALLTOP 1 1 O] 00%%% 00599 01 1 0 1800 005 | Process | Save
o4
4142 43 44 45 46
Process Selected
[ epotseectedtobiel | | Eportalitobel |
[ Reversdeces || Reenmr |
[ Reveit Locations.. J
@ Light Source O Group.~IWLSL v [ selectGroup || DeselectGroup|
[ Reset Configuration J
Save Images/ Results
SavelImages Save Results
Output Directory: ‘E:\A
Data il will b saved in folder path - CamerattenuaterSetpoint_<MMiddyyyy>/<Loop Name> /<Image Type/<MMddyyyy_nhmmss>

[ saving Selected Loops s Complete
141 22 [ [»

av

Lawrence Livermore National Laboratory
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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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The Future Sustainability and Modernization Plan is aimed at a long-term plan
to keep up with constantly evolving technology and maintain current NIF

Future Sustainability and
Modernization Plan

The Focus and Goals

Ildentifying and optimizing technology and tools
Determining resources and flexibility

Balancing future development and modernization
Maintaining accuracy and execution

Verification test plan

Automatic Alignment requirements.
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