Image Analysis for the Automated Alighment of the Advanced Radiography Capability (ARC) Diagnostic Path

Randy Roberts , Abdul Awwal, Richard Leach, Michael Rushford, Erlan Bliss and Karl Wilhelmsen

o ARC Di tic Path
The Advanced Radiographic Capability (ARC) at the National Ignition I a g n O S I C a .
Facility was developed to produce a sequence of short laser pulses D M 5/ D M 7 Ce nte rl n g I O O p
that are used to backlight an imploding fuel capsule. This backlighting

————————————————————————————————— 1 . .
capability will enable the creation of a sequence of radiographs during i CV2 : ARC Diagnostic Table
capsule implosion and provide an unprecedented view into the ' : NF & FF CCDs for 2 "
dynamics of the implosion. A critical element of the ARC is the 8351 i AMS E — \ DM5/DM7 loops I I I I a ge p rO Ce SS I n g
diagnostic instrumentation used to assess the quality of the pulses. : :
Pulses are steered to the diagnostic package through a complex optical | ' \_ -

|

|

Diffraction @ |

path that requires precision alignment. A central component of the B352

|
|
| .
|
alignment system is the image analysis algorithms, which are used to —t—p Gratings h\ _!_’ /_../
extract information from alignment imagery and provide feedback for I @ ! v v DM7
the optical alignment control loops. Alignment imagery consists of i_ : “
complex patterns of light resulting from the diffraction of pilot beams % ~ oTTTTmTmmmmmmmmmmmmmmEEAT T - Inputimage
around cros_s-hairs an_d other fiplucials placed in the beam path. This v v DM4/ / o NF & FF CCDs for ' Load Off-Normal Identify main
paper describes the alignment imagery for two ARC automated To NIF Target Chamber — — DM3/DM4 loops settings checks? segment
alignment loops, and the image analysis algorithms used to extract DMS5 O .l,
information required for the operation of those loops. Nttt :
— vl | DMm2
1 I
! l —_ / p\
B353 ! AMS / (x..7.)
—_ ] R  DM3 l ..
! Diffraction D | | l l
B354 | : l I
° —_ Gratings P\ —_ / Calorimeter; _ _ , , |
: - Refine pattern center estimate Refine pattern center estimate ‘/\n/;
e n e r I n g O O p : @ : DM1 v NF & FF CCDs for using vertical second di-ﬁere:nce u:sing horizontal second _
:. __________________________________ ! DM1/DM2 loops and zero phase smoothing filters g::;::i(r::g E;Ii};iezrt:ro phase I

Image processing vl " &

To NIF Target Chamber L
> Populate LMAP

e DM3/DM4 Centering image

Input image (UL,UR,LL,LR)
cror handl Sf-Normal Preprocess For each column Results in vector of First difference of Second difference
or handler orn reproce: j, all pixel averages =X . Zero Xﬂ = Xﬂ,m. Zero of XQ,U,2 =Xd3f3 .
intensities are phase, smoothing phase, smoothing
/‘\ averaged. filter applied =Xﬂ. filter applied =Xd1f3
binarization threshold (%) 0.5 —_ X -—X —_—
Accuracy 2 "X "X,
Off_normal_switch 0 disabled / Image contains
verb2 0

interference pattern
and is represented
by matrix A.

Estimate the radius

‘?dlfl - [‘?fl(]') - ‘?fl(ol defz = [‘?dlfz (1)_ ‘?dlfz (O),

C h X= [‘Zo.- _1.-.---2;?_1 ‘?fl(z)_‘?fl(l)"" ‘?dlfl(z)_‘?dlfi(l)""
I orr searc - — s — T, ] _ ; _ . i
s Refine estimate using X, (n-1)-X,(n-2) Xymn=1)-X, ,(n —2)] ‘
> correlation search
2o For each row i, all Results in vector of  First difference of Second difference
215 —4— Corrsearch n . . .. v = = — —
o j=0.1.2... -1 pixel intensities averages =Y .Zero Y, =Y, . .Zero of Y, =Y, .
) . 1= ) are averaged. phase, smoothing phase, smoothing
w0 e e e e =\ o filter applied = Y . filterapplied =Y, ,,.
] _:.-‘1;1 — Z‘:_r:-
Populate LMAP and /. Tl
- | . .
Z‘m = [}?1 (1)_ }_:q(o): }_TdeE_: [Zs‘lfz(ll_ }_Td_lfz((})a
Y=[4,.4..4,,] . (2)-T,(1).... T2 T 0 |
Yfl(” - 1)_ Yfl(” - 2)] Kﬂle(” - 1)_ Ydlfz (” - 2)]

Results

Results

Algorithm development with synthetic Imagery
* Synthetic imagery used to develop the ARC Diagnostic Path image processing algorithms
* Algorithm development and hardware implementation proceeding in parallel
* Synthetic imagery created from optical models of diagnostic path using FRED optical engineering
software. (FRED is made by Photon Engineering.)
* Algorithms will be modified (if needed) when real imagery is available
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