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DOE Lawrence Livermore National Laboratory - 
Employees 

-Staff: 7,300 
- Other: 1,200 

Capital Plant: $48 

Annual operating and 
capital funds: -$1 B/yr 

zz Managed by the University of California since 1952 ENGIN€ERJNG 

Global Security - 
L L W s  defining mission is national security . Dismantling the nuclear arsenals 

Stockpile stewardship 
- Focused on the enduring stockpile 

- Science-based (no underground testing) 
- Production capability rather than capacity 

- Detect 
- inhibit 
- Respond 

Dealing with the proliferation threat 

We have helped develop single, integrated multi-Lab 
programs in concert with DOE and others; execution of 
LLNCs part is through our Council on National Security 
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Characteristics of Lawrence Livermore National Laboratory 

Strong focus on problems of national importance 

Intentionally and intensely multi-disciplinary 

Science and technology are mostly programmatically driven 

Entrepreneurial, with an emphasis on high risk, 

high leverage technological solutions 

Utilizes teams on projects, not individuals on grants 

Our Core Competencies allow us to solve problems 
involving multiple extreme dimensionalities simultaneously 

Measurement 
Science at Extreme 

Dimensionalities 

Integrated Engineering 
of Large-Scale Complex 

Applied Physics Systems 

~~ 

Microscale Engineering 

Large-Capacity 
Computational Modeling 

and Simulation 

IntegratedMuItidisciplinary Couplex Precise Modelled 
ENbNEERfNG i$!r 
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LLNIL's Programmatic Evolution 

100 

8C 

60 

40 

20 

1952 1975 1997 

R E S  688 5555 6887 

Emerging Technologies 

Bioscience 8 Health 

Energy Aesrch &Tech 

Magnetic Fusion 

Ennrcnmentai 

Mat'& Stewardship 

Isotope Separation 

DoD 

Nonproliferatlcn 

lneiliai Fusion 

Nuclear Weapons 

2020 

ENGfUEERfNG !sr D 

A complex football-stadium-sized structure delivers 
700 tera watts of laser power with 50 pm (rms) accuracy 

4000 tons of steel 

2700 class-100 assemblies 

35,000 control points 

42,500 optical elements 

18,000 ft2 of optical surfaces 

1.8 mega joules of energy 

1 nanosecond event duration 
'F 

< 20nm surface finish requirements 

EUGfNEERfNG 
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DYNA31D simulations are critical to the 
process of design/analysis/experiment 

An energy absorption 
requirement demanded an 

analysis-driven flange design 

A7’400A shipping container 
c- 

Our tiltmeter can detect I-inch gap formations 10,000 ft. below the 
earth’s surface and s e n s e  nanoradian earth-induced movement 

1997 R&D-IOO winner I 

0 EUGlUEERlNG &r 
/‘ --. 
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H ig h-reso I uti0 n, u Itra- h ig h speed, mu Iti-f rame 
stereoscopic imaging is a capability unique to LLNL - 

Image-converter camera 

Explosively-driven conical shell collapsing and 
squirting out at 9.2 km/sec (Mach number 27) 

to i- 
24.1 p e c  

to + 
40.8 p e c  

Iz 20 nsec exposures 
ENGlNE€RfNG lsx 
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i neering's Technology Strategy 
lernentation Plan e 

I 

A layered-structure can be defined to facilitate understanding 
and manlagement of our core technologies and competencies 

Engineering competencies - definitions ( . . .What w e  do) 

Engineering technologies - definitions ( . . . How w e  do it) 
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Engineering's Competencies as of August 1998 

Extreme Engineering: 

Engineering of systems 
involving the concurrent 
integration of multiple 
technologies driven to 
their extreme 

physics systems 

I 
Measurement science at 
extreme dimensionaiitres Transient d lswsta  

~ s a t - ~ n e  data aquutm and p'oFsssw 

0 €NGlNE€RlNG 
L 

Engineering's Technologies as of August 1998 
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Center mission - 
An Engineering Center is t h e  f o c u s  a t  LLNL for  t h e  co re  technology represented. 

An Engineering Center h a s  been delegated by t h e  Directorate t h e  
responsibility for t h e  vitality a n d  growth of t h e  core  technology it represents .  
Hence, it focuses  a n d  guides  investments in enabling technologies  a n d  
suppor t ing  capabilities. 

A Center  is a n  Engineering R&D “program” w h o s e  output  is technology. 

When a Center  h a s  a focus  tha t  is narrower than  the  core  technology it is 
m o s t  closely related to, t he  Center will in addition provide a forum for t h e  
d iscuss ion  of i s s u e s  related t o  t h e  broader co re  technology area  (e.g. t h e  
Center  o n  NDE will provide a forum for  the  discussion of i s s u e s  related to 
“signal acquisition and  characterization”) 

ENGINEERING 0 

A successful Engineering Center. . . 
Soives compelling problems that require breakthrough innovation. 
Is world class, or is on a path to become world class, and put 
Engineering on the national map. 
Broadly impacts the  Laboratory, enables new programs 
(one technology focus, many program applications). 
Requires and drives mechanical and electrical engineering 
enabling technologies to advance (is cross cutting). 

* Is enabled and is critically dependent on unique LLNL capabilities 
(to create a sustainable differential advantage). 
Has close and/or significant University affiliations. 
Facilitates the introduction of new technology to applications (programs) 

Develops a significant intellectual property base. 
* Can attract external sponsorship. 

and provides an avenue to  facilitate access to engineering enabling technologies. 

A robust  Center so lves  compelling 
problems that require world-class innovation zHGfHEzR/NG ?,J i2 
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Diffraction abmog rap 
By A.J. Devaney 

Department of Electrical Engineering 
Northeastern University 

Boston, M A  021 15 

This talk will trace the evolution of diffraction tomography (DT) from its 
foundations in X-ray Crystallography to its current status as a rigorous solution 
to a host of linearized inverse problems involving acoustic, electromagnetic and 
optical wavefields. Special attention will be devoted to applications of DT to 
statistically based problems such as target detection and identification and 
parameter (estimation from noisy wavefield data. The talk will review a number 
of example applications of modern DT that include imaging and parameter 
estimation from ground penetrating radar (GPR), ultrasound tomography, and 
optical diffraction microscopy. Current commercial ventures aimed at 
developing a high resolution optical microscope based on the concepts of optical 
diffraction microscopy and the development of a fast and efficient GPR system 
capable of mapping underground utility lines will be reviewed. 

AJ. Devawy 
Department of Electrical and Computer Engineering 

Northeastern UnivetSity 
Boston, MA 021 15 
tonydev2 @ a d . m  

4 Brief history 
Mathematical formulation 

4 Examples 
4 Summary and comments 

Physics based signal processing 
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Q A Y  O P E N l N  N 

Geophysical 
1 Off-xt VSP/crrss-vcil tomography 

GPU dax  imaging 
indunkm im+bmg 

Eleciromagwic 
Acoustic 

Medical 
Ulirasonic 

Opttcal 

Industrial 
Electromagnetic 

Ultrasonic 
Optical 

U l ~ 1 o m o g n p h y  
c p h l  microscopy 
won imaging 

Ultrasound tomography 
optical micmsfopy 
induction imasing 

istorical survey 
X-ray crystal lograph y 

Conventional Stat istical based 
diffraction tomography 

, 
Diffraction Tomography -. ~ i 
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~~ ~ r ~~ ! lnversescattenng . Pr0b)pm: Given set oi scattered field measurements 
determine obiect function 

Scattering models 
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ccuracy 

Incident wave 
Exact from meaSUrement plane to near fxld ; 
Rytov from near f& to object I 

1 

Simulation and experiment: 
* optical fiber illunlinarcd by red laxr 
* ray wxc followed by free space pmpagation 
* Rytov 

Hybrid 
* Experiment 

Ray trace, hybrid srd Rytov 
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Problem reduces to solving set of coupled linear integral equations 
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Inteo,ral alone ftraiphtline ra? path: inversion via C T  

1 Diffraction tomography (DT) is generalization of CT to diffracting w a v e f a  I 

ation imaging 
ikl r - r'l 

I P -r'l 
e 

(r , w > = - d rlO(r1, o)y, (r 1 ,  w > 

outgoang spherical W w e  

scattenng point 

ik Ir - r'l l e  -_ * h ( r - r ' , o )  
4rr ir-r'l 
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agation-t e digital lens 

Single experiment generates image ot the producl O(r' ,&) Wb, (r',lOf 

scattered wavefieM 
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agation PO' 
spread function 

I Sensor system aperture I 
4~ lr-r'l -+ hir-r*.w)=jdsT(s .ok 

(1 

backpropagated spherical wave I 
I Point spread function IS the imaqe of a Point (delta function) scatterer b 

Aperture function T(s ,  w )  models sensor and computational inaccuracies 

h(R.w)  = jctsT(s.u)e iks.R #eelcase: 
n ,/ Zero aberration and R = 4k steradians 

Cobmnt M e r  function 7 Point spread function 

read function 
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I- - _ _  
.. P E N 1  ~, T I 0  D A Y  1 ._ - .  

mage qua 

Point spread function Transfer function 
' 1  

s o i  
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Sum over view angles - 
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2D objects: objecis composed OCsoperposition 4cybdm-s 

0 

0 0  Single \ i c w  as function of wavelength 
rnultiple view ai fixed wavelength 
Comparison of (T v e p i w  DT with J)T data 

* muttiplr tie% as functifm d uareknpth 

0 

____1 
- . -. --- - 

Simulations test DT algorithms and not Rytov model 1 
__d 

Image quality as function of number of views 1 
one view 3 views 

3 views 7 views 

L 

/.- 
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O P E  N R N .- - -  

agation as a function of wavelengt 

wavelength = 3.0 wavelength = 5.0 wavelength = 0.0 

Filtered backprojection and backpropagation 
algorithms applied 

wavelength = 1.0 

wavelength = 3.0 

Filtered backpropagation versus 
filtered backprojection 

to scattered field 

wavelength = 1.0 

wavelength = 3.0 

wavelength = 3.0 

Filtered backpropagation 
as function of wavelength 
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Norwegian ~ ~ ~ ~ ~ s ~ ~ n ~  tomography system 

/Ti Tor Standnes, Experimental 
investigation of ultrasound 
diffracttion tomography 
PhD. Thesis, 1998, 
University of Belgium 

- - * * -  6 
@) 

- 
Ultrasound simulations: Born vs 
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Ultrasound reconstructions from real data 

reconstructions from ultrasound data 

Fig. 5 (a) Real pan ot the FeCOnsmction genrnrcd from the FBP algoritlm from daw 
taken at 26 yually spaced view angles. (b) Imagmary pan of the reconsmction 
generated from the FBP algorithm from daw raken at 26equally spaced view 
angles 

Fastest 

Slowest 

Fig. 6 (a) Real pan of the remnsmction g e n m d  fmm the DT-ART dgoritlnn froln 
daw taken at 26 equally spaced view angles. (b) Imaginivy p m  of the 
reconstruction Kenenad from the DT-ART algorithm from daw wken at 26 
equally spaced wrw angles. 
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at’s ica 

- Illuminating tight spatially &rent over sinall s c a k  
Poor image quality ftw 3D ohjects 
Need to thin slice 

*Need to stain 
*Need to u.w \pecial piiase contrast methods 

Cannot image phase only objects: 

9 Require high quagty optics 
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Experimental systems for o 
diffraction tomography 

\lohammad LlaIekl. Optical diflrucnon tomograph. 
Ph D Theas. W4. Yonheastern Umversity, Boaon IlOF W V*p* 

Fig. 6 Experimanlai setup wllere CL is vie colmting lens, BS ia 
the beam wliier. M is l b  minor. and NDF is Be neutral-deosdy 
finer. 

DT reconstructions directly from intensity 

I 

. .  

~~- 
Optkaf fiber: a=l.T pm, b= 6.22 pi. &n=l1.5xIo" 

hi Hddu, A I DNmcy. A khrzberp JOSA h Yo1 9,1992 
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GDT survey lines and results 

A. Witten, D. Cillettc, J. Sypniewski, and W.C. King. '' Geophysical dimaction 
tomography at a dinosaur site". Geophysrcs. Vol. 57. 1992 
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Statistical based DT r 
Sensor system 

Algt&tm generates image of log likdikoal function 
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DTMLE using multi-monostatic GP 

1 -  
< - - - - - -  

,' - 
36 C E N T E R  F O R  A D V A N C E D  S I G N A L  A N D  I M A G I N G  S C I E N C E S  



,/-.-. 

37 
S I G N A L  A N D  I M A G I N G  S C I E N C E S  W O R K S H O P  1998 



38 C E N T E R  FOR A D V A N C E D  S I G N A L  A N D  I M A G I N G  S C I E N C E S  



S I G N A L  A N D  I M A G I N G  S C I E N C E S  W O R K S H O P  1998 39 



C O M P U  E D  T O M O C  _ .  

The LAMDMARC Project: 
Land-mine Detection with Advanced Radar Systems 

Stephen Azevedo 
Laser Engineering Division, E€ 

information Science and Technology Program 
Laser Programs Directorate 

CASIS Workshop 
Lawrence Livermore National Laboratory 

November 12-13,1998 

The problem we are addressing is radar 
detection of landmines 

* Objective: Develop and demonstrate the key technologies 
to prove the efficacy of a landmine detection system 
based on radar 

Importance: Demining operations to reclaim land and 
save lives are currently slow and inefficient (estimated 
1000 years to clear) 

- Current methods are low-tech and dangerous 
- New LLNL-technologies can be applied and can be 

cost-effective 
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C O M P U T  

The LANDMARC technical team has experience with 

~ 

Stsprw G. AzaMdo. Project Leader for YDR. Ph.D. in 
recon&wtlw Wnzr 

J a m  K Bra=, h w t y  Program Leader AMP, Ima9e and 
pnvbuina 

E. Tom Rosenbury, Microwave hardware design 

9 Jeffrey E. Mast. Ph.D. Microwave diffraction tomographic 
imaging 

Sean Leiman. PM. candidate at U.C. Daws 

Psul W a h ,  PhB. caddate at Purdue University 

* R M  GrwnwaH (Lt.Col, U.S. Army, *). Consultant 

Douglas Rake lor Japan-US interrctiarr, Consultant 
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Current demining operations are done with 
simple took A 

Large-scale survey - Locate iieb, prioritize them 

Narrow the search - 
mechanical system 

depth 

yet done; will use dogs and 

* Careful demining - Rwnove all metal from field ta 2Ukm 

- Establish safe lanes 
- Teams of 2, in platoons of 30 (separated) 
- Calibrate metal detectors (one per team) - Over sections 1-by-0.5m: 

Clear brush ( 1-30 minutes ) 
Pass detector over surface ( 15 sec. ) 
Probe for objects ( many minutes) 

* When found, remove or detonate mine 

Validation - often none 
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The MIR puke is stable and wickbnct 
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igh Performance Robotic Radar Imaging System 

An MIR based NDE imaging system would be suitable for 
applications where a robotic vehicle is needed, e.g. inspection of large . .  
and tall vertical structures. 

Surface Removal is done in several steps 

Raw Data 

n 

n 

Surface Alignment 

surface Removed 
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A rough surface is a significant source ab ~!utter in mine 
reconstructions and can &itart the image of the mine 

d S c m  

will refine the simulation to reflect actuai conditions basad on real data 

VMOanr 

7 ‘1n147wL6w- 

Surface clutter is dominant for shallow mines however 
attenuation is the primary problem for deeper mines 

SCR = Signal to Clutter 
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Average of 18 tests 

Detection rate 

‘Y 

48 

A m 1  2 MtR 

44% 85% 

etection system is 

Image a lm-squared 
area cfearance site known targets 

Lab prototype detector 
* Move markers and repeat 

Results to date (April 1998) 

False alarms (Per detected 1 31.8 1 14.6 1 
mine) 

Sponsors: LLNL, Defense Special Weapons Agency (DSWA), 
U.S. Army Humanitarian Demining RCD 
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CastiComolexf’tv 

A series of trade-offs determine the type of system and its perftxmance 
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U T E D  O M O G R  

E: 
Tu,h Bas. 

r/ 

into the “big picture” of Mi 

Lrut 

J 

J 
J 

Model development 
Experimental validation 
Incorporate in optimal processing 
Detectioddiscrimination 

Radar refinement 
Development testing 
Program dwebpment 
System design and implementation 

Deployment 
Sensor Fusion 
Automated detection 

U m h R C  Ext.mal 
D W I .  DSWA. 

*ny 

J 

Summary: AP mine detection can be 
vastly improved with IR technology E!! 

Humanitarian demining and c m -  are important 
global issues 

Detection in clutter is the key w p w r e s h e d  issue; MIR is 
an important enabling t b -  for a high-resolution 
3D imaging approach 

Laboratory techmbgy and exp&isse can and should be 
directed to this pro!&m 
- M i R a n d s y s b m  
- Radar modefiity & s i m W i  
- Imaging techniques and detecrgion 

Plans for future support and depkypnent indude  
- 
- 
- Non-governmental organizations 

U.S. Gov’t sources  and teaming with industry 
Japanese interactions with govY and companies 

Us-based technahgy will be directty a p @ i  to saving lives 
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Holger E. Jones Lawrence Livemore National Laboratory 

As a recent R&D 100 award winner, HERMES (High-Performance Electromagnetic 
Roadway Measurement and Evaluation System) showcases the multidisciplinary exper- 
tise, which LLNL can bring to bear on complex projects. Having completed acceptance 
testing by FHWA officials, HERMES enters into a new phase of research that will tie 
radar phenomenology to physical understanding. FHWA will survey many different 
bridges over the coming year, and collaborative efforts will focus on supporting field 
experiments, performing correlation studies of deck samples, and implementing tech- 
niques to increase image quality. This talk will highlight some of these efforts. 

f - .  

p ?-. 
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HERMES Bridge Deck Inspection System 
Current Results and Future Research 1 

Univeniry of Cdifomia 
Lawrence Livermore 
National Laboratory 

Halger Jones 

Holger Jones 
CASIS 98’ 

1 

Micropower 
impulse Radar 

CASE 98 
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LLNL has a wide range of capabiiities for 
development of radar based NDE 

Electromagnetic effects and modeling 
- Modeling and simulation 
- Source specifications and requirements 
- Antenna and array design 
- Experimental analysis 

Signal and image processing 
- Algorithm development 
- System specification and design 
- Detection and identification 
- Data analysis 

System development and integration 
- Custom source development 
- Custom software and data acquisition systems 

Examples 
- LLNL patented Micropower lmpulse Radar (MIR) technology 
- GPR technology - Bridge deck inspection (shallow depths) - Surface to borehole imaging (deep depths) 

WEXL Hz;xzz CAS= Y 2 

I ",C."l*'",,,ri -- 

~ ~~ 

Existing Inspection Tech n i g ue 

3 
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Hermes Array Implementation 

Frequency Domain Technique: A flow diagram 

Separate receivedfieid Coherent wavefieid Source 
into frequencies backward propagations demodulation Superposition 

Reconstruction of 
object distribution 

Aeoeived field 

(x* Y, t, Tempomi 
FCT 

- 

\ 
Air layer, Concrete layer, Bistatk 

thi&ness=d r > d  case 
v=v, v = v. 
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Effect of Heiaht at Rebar Laver 

HERMES inspecting Floriston Bridge 
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Data Post-Processing Efforts 

Surface Clutter is our worst problem 
- Mitigate this with 

Advanced Surface Removal Algorithms 
Cleaner Pulse Signature 

Ambiguity in depth cues  
Use accelerometers for motion sensing 

Auto-focus Algorithm development 
Block-Processing Artifact Removal , Multi-lane montage 

* 3-D Rendering Techniques, ( opengl) 
Advanced Imaging Techniques 

Aggravated by platform motion 

- iterative 
- multi-monostatic correction 
- feedback from core-sample dielectric and contaminant profile 
- feedback from modeling efforts 

Rebar Fade Phenomenon : 

I-. 
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Radar Phenomenology Studies 

Collaborate with Universities 
- Models (contaminant diffusion, corrosion chemistry, etc) 
- PERES based controlled experiments 

Leverage deck-rehabilitation projects a s  data goldmines 
- BefordAfter study of RCS during deck planing (hydro-demolition) 
- Cores analyzed (dielectridattenuation profiles, corrosion products, etc) 

High Power and Ground-coupled radar augmentation 

10 

Features ObscurecVAliased bv Surface Clutter Rinaina 

11 
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I 
Effect of Permittivity Parameter 

er 

Peak Intensity Normalized then summed 

I M11.m i ".r>,-* 

'4-- HEz+;= lEJ>%z" 12 

I 
3D Alpha Rendered (BOB) 
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Connected Displays 
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Connected Displays (different depth) 

5eowuIf is a commodity parts based approach 
to cost-effective high performance computing 

&&est psrformauce computahod components 
now amve m pc's fmt --- &us dnvn us to look at 
networked Pc's for cornpumaonally dormnatcd 
apphcaanons 

parallel compuang based cnnrcly on commocl~ly 
componenh. 

. . . .  

400MHz PI1 256MB Fbm 1GB EIDE 
Dual Processor Capable Backplanes 
1 O0,Mbit Ethemcr 
Point-to-pomt interconnect via switch 
OS: h u x ,  GNU, X I  PVb1, MPICH 

h 
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Conclusion 

HERMES is entering its experimental phase 
FHWA will undertake its own studies this fall 

Maintain LLNL a s  Center for Inspection Studies 
Start on 2nd Prototype? 
Commercialization is key 

I 

18 
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M 
By  Jessie A. Jackson, Dennis Goodman, 

A n  active and passive computed tomographic technique (A&PCT) has been devel- 
oped at the J awrence Livermore National Laboratory (LLNL). The technique uses an 
external radioactive source and active tomography to map the attenuation within a 
waste drum as a function of mono-energetic gamma-ray energy. Passive tomography is 
used to localize and identify specific radioactive waste within the same container., 
The passive data is corrected for attenuation using the active data and this yields a 
quantitative assay of drum activity. 

A&PCT involves the development of a detailed system model that combines the 
data from the active scans with the geometry of the imaging system. Using the system 
model, iterative optimization techniques are used to reconstruct the image from the 
passive data. Requirements for high throughput yield measured emission levels in 
waste barrels that are too low to apply optimization techniques involving the usual 
Gaussian statistics. In this situation a Poisson distribution, typically used for cases 
with low counting statistics, is used to create an effective maximum likelihood estima- 
tion function. An optimization algorithm, Constrained Conjugate Gradient (CCG), is 
used to determine a solution for A&PCT quantitative assay. CCG, which was devel- 
oped at LLNL, has proven to be an efficient and effective optimization method to 
solve limited-data problems. An overview of the algorithms used in developing the 
model and optimization codes will be given. 

--. 

,--., 
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Jessie A. Jackson, Dennis Goodman, 
G. Patrick Roberson, Harry E. Martz 

November 12,1998 

Lawrence Livermore National Laboratory 

Agenda 

e 

0 

e 

0 

Background and Goals of A&PCT Project 

Overview of the Passive Reconstruction Code 
- System Model 
-Cost Function 
-Optimization 

Resu I ts 

Summary 

2 
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Schematic Design of A&PCT Data Processing 

Waste 
Drum 

O 
Passive Reconstruction Code 

0 Optimization Code 

Imaging System 

3 

System Modeling Code f- - -iterative Optimization 

We combine active and passive computed 
tomography to more accurately assay wastes 

Aclive CT [ACT) Passlve CT (PCT) 

ACT guaniitaiivdy ma03 the 
ettcnmtion of thsdmm's contents 
to a specific volume demenl 

PCT localizes and identifies the radioadivity 
to a specific volume elemenl in the drum 

4 
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A&PCT Imaging System 
Enter axis 

of 
rotation 

Typical Active Image 
17 slices 
each slice has  

nSlices 14x1 4 voxels 
Source 

Total Voxels = 3332 

Typical Passive Scan 
7 detector positions 
10 rotational views 
17 slices 

Total detectors =1190 

5 

Spectra Sample from a Passive Scan 

6 
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A& PCT Reconstruction Code Devei o p rnent 

model 
wlo measured rf UCSF-MLEM 

+IMPACT (LLNL) 

1 WIT (BIR) 
UCSF 
model I wlmeasuredrf 1 I, MLEM ,-lMPACT(LLNL) APCT-MLEM 

model 
wi & wlo 

measured I? 
CCG APCT-CCG 

WIMPACT (LLNL) 
WIT (BIR) 

MLEM - 
CCG - Constrained Conjugate Gradient 

IMPACT - Isotope Measurements by Passive and Active Computed Tomography 
BIR - Bio-Imaging Research Inc. 
WIT - Waste inspection Tomography 

rf - 

Maximum Likelihood Expectation Maximizer 

resDonse function of the detector-collirnator 

7 

Spectral Signal at a Detector 

z - net component at 
a given detector 

w - background component 
- at a given detector 

k Spectral channels 

Z = A X  

z - vector of net counts per detector 
x - vector of emissions per image voxel 
A - system Matrix 

a 
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General Iterative Solution Technique 

y = A x  
y - vector of measured values 
x - vector of unknowns 
A - system matrix 

inal 
A 
X 

9 

Passive Scan Measurements 

mp -pa& measurement 

mfJ -badtground measurmerpt 

spe ctr ai channels 

nbl nP nbZ 
nb = nbl + n b 2  

10 
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Iterative Solution for A&PCT 

z = AX 

mp - vector of peak counts per detector 
rnb - vector of background counts per detector 
z - vector of net counts per detector 
x - vector of emissions per voxel 
A -  systemmatrix 

final 
d 

11 

Cost Function - Poisson Distribution 

1 
n! 

m-{n}= -an  espl- a) 

- observed value 
Pr{n) - probabilty that is observed 

the expected value (mean) of Pr(n) 

= 4  
characterizes or defines a 

par? ic u I ar Po isso n process 

1 2 3 5 5 6 1  1 
12 
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Cost Function - A&PCT Poisson Expectation Definition 

net component of 
peak m easurem ent 

ackgruund cam ponen t 
f peak measurement 

net component of 
background measuremen 

background component of 
background measurement 

nbl np nZ 
nb - nbl + rib2 

13 

Comparison of Optimization Methods 
(MLEM and CCG) with Simulated Data 

> 

m 

*APCT-MLEM - bkgd = 5 
-APCT-MLEM - bkgd = 20 

.a 
1.00 

X 0.80 

i0.601 / f-APCTCCG - bkgd = 5 
-APCTCCG - bkgd = 20 

5 0.40 
e 
u. 0.20 

1 1  "-APCT-CCG - bkgd I 1 1 
bkgd = Average Background 

0.00 Counts per Detector Postions 
0 1 2 3 4 5 

Average Net Counts per Detector 
Positions 

14 
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Comparison of Reconstruction Methods 

1.20 1 

1.10 1 
u 1.00 
p! 
5 

0.90 

d 0.80 
e 

a 
C 

U 

0.70 

n * 
A A  

' 
' b  
b 

+ 

0.60 I 

UCSF-MLEM 

1 APCT-MLEM 

A APCT-CCG 

Pu-239 Data Sets 

15 

Simulated Comparison of MLEM and CCG 

Simulation 

no background 

Average Net 
= 2 counts 

Simulation with 
Average Background 

= 20 counts 

APCT-MLEM 

Calculated 

APCT-CCG 

Calculated 

True Image 

30350 counts 

APCT-MLEM 

Reconstruction 

36710 counts 
R=12?% 

APCT-CCG 

Reconstruction 

30072 counts 
R=9!3% 

16 
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Optimization to Torno rcsblems 

Laser Engineering Division 
Law re nce Liver more National ha bo rat o ry 

Livermore, CA 94550 

maging Sciences Workhop Thursday 11/12/98 Page 1 

Outline 

Present basic ideas 

* Show pretty pictures 

Page 2 maging Sciences Workshop Thursday 11/12/98 
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Basic Ideas: 

Develop flexible tools for new problems 
(avoid ad hoc algorithms). 

Linear attenuation (transmission, etc.) model: 

Fitting function based on statistics: f = ( y 7 j ) .  

- Data is y, Model of what data is j .  

Optimize fit of model to data: minimize L(y72)  = f(y,Ai). 

= A;. 

Usually L is Negative log-likelihood or a robust (outlier resistant) 
fitting function. 

Imaging Sciences Worlcshop Thursday 11/12/98 Page 3 

- 

Basic Ideas (Contd.): 

Fdlodel described above is called Generalized Linear 
-- Model in statistics. Lots of applicable theory that 
should be investigated. 

Can apply our methods to more general models as well. 

Two optimization methods to solve: both use bending 
I i nesearch. 
- Constrained Conjugate Gradients (CCG): if cols. of e easy 
- Constrained Limited Memory Quasi Newton (QN): if not 

Imaging Sciences Workshop Thursday 11/12/98 Page 4 
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.. '-, Fitting function depends on statistics: 

Our algorithnls let yon use whatever is appropriate (or try several) 

0 Gaussian data leads to least squares for may. likelihood: 

a For counting data (emission tomography), rim.. . likelihood assuming 

Poison statistics leads to [we iise n for vector of integer counts): 

Both CCG and QX Algorithms solve: 

* The set S defines "Bau" corl.str&nts: S = {x : 1 5 x 5 u). 

These constraints arc "cry usehi in imposing prior information 

about the unknown object: nonnegativity, ree;ions of known 

absorption voids, ocdizsions, etc. 

The El and E2 norm terms pcndizc size of unknown (regularization). 

o f2  same as Gaussian prior; may aversmooth. 

CJ t1 same as Laplacian prior; good for '*spiky'' unknown. 

0 six) arbitrary penalty term: entropy, Good's rouglines, 

derivative penalties, etc. 
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A bending linesearch approach is more 
efficient when many variables are bounded. 

maaina Sciences WorkshoD Thursdav 11/12/98 Page 9 

Now for the pretty pictures.. . 
We show six examples using CCG: 

Reconstruction from outlier-corrupted sinogram. 

Reconstruction from neutron CT data. 

Waste drum assay from counting (Poisson) data. 

Cone beam tomography for the Advanced Hydrotest Facility (AHF) 

improved reconstruction using prior information. 

Pulsed photothermal tomography (invert beat equation). 

Imaging Sciences Workshop Thursday 11/12198 Page 10 
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Robust Example 

Sinogram data corrupted Gaussian mixture noise. 

- Outfier occurs with 1% probability 
Gouttier = "0 x oreegular 

- 

Many problems at LLNL are outlier corrupted. 

CCG handled robust function very well. 

Reduced rms error by factors of 2-3. 

Imaging Sciences Wohshop Thursday 11/12/98 Pane 11 

Robust example: Sinogram data is 
corrupted with Gaussian mixture noise 

L- Y .- .m L. .. 
Original object 

* -  * I  I 
riginai sinogram 

Page 12 
with noise added 

Imaging Sciences Wo&shop Thursday 11/12/98 
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CCG reconstruction using the least-squares 
fitting function is very sensitive to outiiers 

Least squares fit reconstruction 

rnaging Sciences Workshop Thursday 11/12/98 Page 13 

CCG reconstruction using robust fitting function reduces 
outlier sensitivity: lowers rms estimation error by factor of 2-3. 

Robust (Huber Function) reconstruction 

Page 14 imaging Sclences Workshop Thursday 11/12/98 
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Neutron Imaging 

Important to ESP: image through dense stuff. 

CCG forced nonnegativity. 

Used least-squares, should have used counting statistics. 

Full of outliers due to external radiation. 
- Outliers removed by preprocessing. 
- Our robust model-based approach will be much better. 

Imaging Sciences Workshop Thursday 11/12/98 Page 15 

Summary of the LANULLNL 
experiments at LAMSCE 

LANULLNL experiments at LANSCE first demonstrated the 
potential of neutron radiography for stockpile surveillance 
applications. 
- Incident neutron energies up to 400 MeV 
- Uranium and LID test object assembly 
-Tungsten converter with multiwire detector 

- Sensitjve to neutrons 40 MeV 

78 
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Experimental setup 
acquire the neutron - 

The leadlpoly-cylinder phantom was imaged using 10 MeV 
neutrons produced at the Ohio University Accelerator 
Laboratory 
- 64 separate radiographic images 
- 10 minute exposures 

Phantom assembly pos(tl0ned for imaging -I 

rnaging Sciences Workshop Thursday 11/12/98 P%ge 17 

Lead/poly-cylinder phantom - 10 MeV neutron imaging 

+ l O W i C  

Page 18 naging Sciences Worbhop Thursday 11/12~98 
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CCG reconstruction gave better results than 
conventional FBP for 10 MeV neutron imaging 

I _ -  I 

i 1 wm 

f - QmO 
-8 

B 
8 4010 

ii 

reconstructed images by a factor of 3 - 5 
compared to conventional F5P techniques 

~ ~ ~ k R o j s d k a ( F B P )  

ImaQinQ Sciences Wohshoo Thursdav 11/12/98 . .  Page 19 

Enlarged view of horizontal slice through 6 cm hole 

Constrainad Conjugate Gradient (CCG) 
tomographic reconstruction 

rnaging Sciences Workshop Thursday 11/12/98 

Standard Filtened Back Pro@&on (FBP) 
tomographic reconstmca 'on 
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Waste Drum Assay - 
Compiieated model: two measurements at each location. 
- Background. 
- Spectral peak. 

MLEM not flexible enough: used net = peak - background. 
- Statistically incorrect: net is not Poisson distributed. 
- Physically incorrect: net count may be negative. 

CCG implemented true likelihood. 
- Better assay. 
- Better pictures. 

maging Sciences Workshop Thursday 17/12/98 Page 21 
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Comparison of CCG and MLEM reconstruction 
using simulated A&PCT data 

Sinograms Tomographic images 

Simulation 
no noise 

Simulation with noise 
(noise = max. signal) 

MLEM 
calculated 

CCG 
calculated 

True image 
10,000 counts 

MLEM recons! 
18,650 counts 

CCG reconstri 
9936 counts 

truction 

iction 

Low cnts High cnts 

Page 22 Imaging Sciences WorkshopThursday 11/12/98 
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"-- Comparison of CCG and MLEM reconstructions 
from actual low count A&PCT data 

Measured 
sinograrn 

known 
0.93 rnCi 

MLEM 
calculated 
sinograrn 
1.099 rnCi 

CCG 
calculated 
sinograrn 
0.996 mCi 

Imaging Sciences WorkshopThursday 11/12/96 Page 23 

The 3D cone-beam CCG reconstructor shows 
significant improvement over conventional Feldkamp CT 

82 

Original Object 

0" 

y-r  plane 

Feldkamp 
Reconstruction 

-2.75 

Cone Beam Projections 

45' 135' 

Orthogonal Slices 
x-r plane x-y plane 

3.50 

0.0 1.25 

CCG 
Reconstruction 

Page 24 Imaging Sciences Workshop Thursday 11/12/98 
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Applying prior information about known void and occlusion 
improved reconstruction quality outside these regions as  well: 
total rms error reduced by factor of 3. 

Original 
object 

.l 

... 
1 ,. 1 

Reconstruction 
with prior .._ 

constraints 

Reconstruction ** 
with no prior 

constraints .I 

.. 

Imaging Sciences Workshop Thursday 11/12/98 Page 25 

Pulsed photo-thermal tomography reconstructs 3-D absorption 
map of object from time-sequenced IR images of its surface 
heat following a laser pulse. 

3-D reconstruction of 
in vivo port wine 
stain blood vessels 
of human subject. 

Image dimension is 
1.6 x 1.6 x .6 mm. 

Blood vessels are - 100 microns in diameter 

Page 26 rnaging Sciences WorkshopThursday 11/12/98 
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-3.. Can We Cure Ostes 

J.H. Kinney, Dept. of Chemistry and Materials Science 
Lawrence Livemore National Laboratory; 

Division of 3iomaterials, University of California, San Francisco 

D.L. Haupt, Center for Nondestructive Evaluation 
Lawrence L ivemore National La bora tory 

Osteoporosis is a serious public health problem. It is known that fracture risk is 
strongly correlated with the loss of bone mass at menopause, so current treatments are 
targeted at bone mass maintenance. Estrogen replacement therapy and anti-resorptive 
bisphosphonates are the first line treatments for preventing bone loss. None of these 
treatments, however, are anabolic-that is, they do not restore bone mass or strength to 
premenopausal levels. 

By taking advantage of the high intensity, collimation, and monochromaticity of 
synchrotron radiation, we have been able to image the three-dimensional trabecular 
bone structure in living rats, thus providing serial data on the earliest architectural 
changes that occur with estrogen loss. 

est manifestations of estrogen loss, in addition to a decrease in the amount of trabecu- 
lar bone, was decreased connectivity. 

the thickness of the remaining trabecular bone by suppressing osteoclast (bone resorb- 
ing) activity while stimulating osteoblast (bone forming) activity. Our experiments 
demonstrated that estrogen replacement therapy, when initiated in this cyclic manner, 
restored bone mass to baseline levels but did not recover the trabecular connectivity. 
Even without an associated recovery in trabecular connectivity, finite element calcula- 
tions on the three-dimensional images suggested that cyclic estrogen can recover the 
original structural modulus of elasticity. We believe the recovery of the elastic proper- 
ties is due to an increase in trabecular thickness above baseline values. This is the first 
demonstration of an anabolic behavior of estrogen replacement, and points the way to 
new treatments to restore lost bone mass, either with estrogen or the new class of 
selective estrogen receptor modulators. 

Results from these in vivo animal experiments demonstrated that one of the earli- 

#--, 

We hypothesized that estrogen, if administered in a cyclic manner, could increase 

,< -, 
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SPECTRAL PARTITIQNINC OF THE 0 
FUNCTION IN DIFFRACTION TOMOGRAPHY 

By Sean K. Lehman 

Tomography is a method of producing (reconstructing) two-dimensional slices 
of the internal structures of a solid object such as the human body, a mechanical 
part, or the layered earth, by the observation and recording of the transmitted 
and/or reflected wave energy, either electromagnetic or acoustic, impinging on 
those structures. We distinguish between projection tomography which is 
diffractionless, and diffraction tomography. In the former, the irradiating 
wavelengths are such that the fields pass through the structures without being 
scattered. The only effect the object under evaluation has on the waves is that of 
attenuation. In diffraction tomography the fields are both attenuated and 
scattered. 

form of the Helmholtz equation. The goal of diffraction tomography is to invert 
this equation in order to reconstruct the object function from the measured 
scattered fields. 

(non-propagating) fields are used. If not handled correctly, these information 
carrying fields will be considered noise terms and this will reduce the quality and 
resolution of the reconstruction. 

based upon the cutoff between the propagating and evanescent fields. We 
present near-field data showing how much of the measured scattered field 
consists of evanescent energy (energy which most current reconstruction 
techniques consider noise), and how non-resolvable object spectral information 
is converted to the propagating part of the field spectrum which can be used for 
reconstructions. 

The scattering mechanism of diffraction tomography is described by the integral 

F? - In performing this reconstruction, care must be taken in how the evanescent 

The object spectrum can be partitioned into resolvable and non-resolvable parts 

This work was performed under the auspices of the Department of Energy by 
the Lawrence Livermore National Laboratory under contract W-7405-Eng-48. 
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Spectral Partitioning of the Object 
Function in Diffraction Tomograp 

Sean K. Lehman 

CASIS Workshop 

November 12,1998 

I n t rod u ct i o n 

Definition of forward problem I 
Projection vs diffraction tomography 

Operator development of diffraction tomography* 

Importance of evanescent information 

Partitioning of terms 

Partitioning of Helmhotz Equation 

Examples 

Conclusion 

*Part of Ph.D. thesis, “Superresolution of Buried Objects in Layered Media by Near-Field 
Electromagnetic Imaging,” at U.C. Davis, Dept. of Applied Science 

Imaging Sciences Workshop Thursday 11/12/98 Page 2 
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Definition of Problem 

I Projection Tomography 
i 

Diffraction Tomography 

maging Sciences Workshop Thursday 11/12/98 Page 3 

Projection vs Diffraction Tomography - 1 

Both Projection and Diffraction tomography fall under the category 
of Computed Tomography 

Projection TomosraDhY 
- Geometrical optics 

- Time delay & attenuation 

- Diffractionless 

- Reconstruction through 
Back~rojection 

Diffraction tomography 
- Physical optics 

- Phase & amplitude 

- DifFraction 

- Reconstruction through 
Backpropagation 

maging Sciences Workshop Thursday 11/12/98 Page 4 
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Projection vs Diffraction Tomography - I I  

Governing Equations 

Diffraction tomography (Integral form of Helmholtz equation) 

Escadrl, zo, w )  = 
b $ ( w ) / d d L [ d z f  * G ( r l  - r>,zo -z ’ ,~) .E( ry ,z ’ ,w)  o ( r y , z f , w )  

naging Sciences Workshop Thursday 1111 2/98 Page 5 

I Operator Development of Forward Problem I 

In operator notation, the Helmholtz equation can be expressed 
as: 

Computing a planar Fourier transform w.r.t. ‘1: 

- 
= c [E * a] 

Page 6 ..”aging Sciences Workshop Thursday 11/12/98 
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Partitioning of the Field Spectra 

The spectrum of the wave operator, g, and the spectra of the 
fields, ascot and e, are naturally partitioned into propagating and 
evanescent parts depending upon the wavenumber cutoff: 

maging Sciences Workshop Thursday 11/12/98 Page 7 

Importance of Evanescent Region in the Near Field 

Carries higher object spatial frequency information: 

Object spectrum is “smeared” across the propagating 
and evanescent regions via the convolution, even in the 
far field: 

Reconstruction schemes that take this into account 
will achieve superresolution and feature enhancements. 

naging Sciences Workshop Thursday 11/12/98 Page 8 

S I G N A L  A N D  I M A G I N G  S C I E N C E S  W O R K S H O P  1998 101 



. . . . . .  

T. .O M; _-_ , . . . 

/--- 

.-.I 

/-- 

102 

Partitioning of the Field Spectra - I I  

We express the wave operator and field spectra terms as: 

c = c<+c> 
e = e<+e> 

Let = ascat< +  scat, 

where 

m k l , w )  = ( P ( k l , v J )  1 lkll 5 k O ( 4 )  

Note: For any field term )tirF> = 0 

naging Sciences W o k h o p  Thursday 11/12/98 Page 9 

The object, however, not being a field, does not have propagat- 
ing and evanescent parts. It does have resolvable and non-resolvable 
parts depending upon the wavenumber cutoff of the field mea- 
surement system. 

Thus we write: 

resolvable non-resolvable 

I Imaging Sciences Workshop Thursday 11/12/98 Paaa 10 
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Partitioning of the Helmhollz Equation 

Combining the partitioned terms, the Helmholtz equation, 
- 
Esat = B [E * O] 

becomes : 
... 

&cat< + Escat> = (a + G>) [(E< +%) * (& + a,)] 

Further partition this into far field and near field terms using the 

iim F> = o 
%+a 

property of the field terms. 

Imaging Sciences Workshop Thursday 11/12/98 Page 11 

Far Field ( z  + co) 
Es&< = c< [E< * (a, + a>)] 

Partitioning of the Helmholz Equation - Far Field 

Imaging Sciences Workshop Thursday 11/12/98 Page 12 

= G<[R<*S<]  + G< [E< * "1 
\ , .. , 

Y 

current techniques currently treated as noise 

L % t >  = 0 

S I G N A L  AND IMAGING SCIENCES W O R K S H O P  1998 103 



,,- . 

C O M  i 

Partitioning of the Helmholz Equation - Near Field 

Near Field 
escat< = Q< [R< * (O< + 0>)] + c< ["> * (& + ">)I 
G3cat> = c> [a< * (a, + o,)] + Q> ["> * (O< + 041 

\ currently Y ignored 

rnaging Sciences Workshop Thursday 11/12/98 Page 13 

Partitioning of the Helmholz Equation - Comments 

There are two physical effects occurring: 

- A  "smearing" of object spectral information due 
to the convolution with the field; 

-49 conversion between propagating and evanescent 
information via the wave operator. 

, Reconstruction algorithms which take these effects into 
to account will result in imaging enhancements and 
superresolution. 

naging Sciences Workshop Thursday 11/12/98 Paae 14 
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Partitioning of the Helrnholz Equation - Far Field 

naging Sciences Worltshop Thursday 11/12/98 Page 15 

Partitioning of the Helrnholz Equation - Near Field 

rnaging Sciences Wor!shop Thursday 11/12/98 Page 16 
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Partitioning of the Helrnholz Equation - Far Field Details 

- 3 - a  

rnaging Sciences Workshop Thursday 1111 2/98 Page 17 

Partitioning of the Helrnholz Equation - Near Field Details 

Specdm of Scartered Field Components a! ~4.251, 
10' 

naging Sciences Workshop Thursday 11/12/98 Page 18 
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FDTD Mine Simulation 

0 QZ a4 3.6 0 8  1 (2 02 a4 0.8 03 I 12  
1On) Bp.1 (m) 

rnaging Sciences WorkshopThursday 1 1 / 1 X %  Page 19 

FDTD Mine Simulation 

,maging Sciences Workshop Thursday 11/12/98 Page 20 
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Real Mine Data 

naging Sciences Wo&shop Thursday 11112198 

Cond usions 

* Mine simulations show within the near field up to 
30% of the measured energy is evanescent; 

The forward scattering operator shows there is a 
“smearing” of object spectral information across 
the measurement system’s propagating and 
evanescent regions; 

Reconstruction schemes must take this into account. 
If not, object spectral information will be treated as 
noise and there will be a loss of detail and resolution. 

maging Sciences Workshop Thursday 11/12/S8 Paae 22 
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Introduction to bow Power or Acoustic 
Applications: Speech and Object Characterization 

John F. Holzrichter 

The use of radar (and related propagating wave Electro Magnetic wave devices) for 
acoustic research and applications has not been well developed. LLNL’s suite of low 
power radars, e.g., the MIRs, are making possible many applications where low power, 
portability, and low cost are dominant factors. They make possible accurate ampli- 
tude measurements, ranging from centimeters to micrometers, of moving mechanical 
elements. The measurements can be performed at meter distances from the antenna, 
and through surrounding dielectric media such as skin and water. Several such ex- 
amples relating to human speech recognition and coding (Burnett), to speaker verifi- 
cation (Gable), to pitch determination (Ng), and to structural vibration detection and 
identification (Roberts) will be given in the accompany talks. 

c c 
Speech Characterization and Object Identification 

CASIS Signal and Imaging Sciences Workshop 

Session on RadarfAcoustic Applications 
John F. Holzrichter 

LLNL 

November 12,1998 
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Two applications of EM Sensors and Acoustics 
are human speech and object characterization 

Speaker Recognition and 
Verification 

Anti-Personnel Mine detection 

Very 104 power EM 
radar sensors 

The Radar/Acoustic Session will include the following 
topics (see agenda for details) 

The use of micro-power homodyne radar to measure in real-time, 
an excitation function of human speech 
- Greg Burnett et al, LLNL, UCD/DAS 

Using excitation function information to obtain instant “pitch” of voiced speech 
and to enable “poie/zero” (e.g., ARMA) techniques to be used to estimate 
transfer functions 
- Lawrence Ng et ai, LLNUEE 

Using human vocal tract articulator information, obtained with micro-power EM 
radar sensors, to verify the identity of a speaker 
- Todd Gable et al, LLNL, UCD/DAS 

Using homodyne radar to measure the acoustic response of unknown objects 
(e.g., antipersonnel land mines) for purposes of identification 
- Roger Perry/Randy Roberts et ai, LLNUEE 

JFH.11/12198.pt.hlb 
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We would like to thank many LLNL, UC and other 
researchers for their assistance and support 

Signal Processing: 
- Drs. Greg Clark, Farid Dowia and Jim Candy 
- Dr. Mark Duchaineau, LLNUComp. Dept. 

9 Micro-power EM Sensors: 
- Dr. Stephen Azevedo,Tom Rosenbury, Doug Poland, Bob Stever, 

Greg Dallum, Pat Welsh - MIR Group 

- Don Mullenhoff - NAI 

UC System Collaborations: 
- Dr. Rebecca Leonard, UCD Medical Center, Sacramento 
- Profs. R. Freeman and R. Vermuri - DAS 
- Prof. N. Luhmann, C. Domier and Mr. 6. Liang - UCD/EE 

Dr. Wayne Lea (consultant) 

The interpretation of EM Sensor information depends 
upon its use in near, intermediate or far field modes 

Near Field Mode* Far Field Mode (i.e., Radar) 

an~ennaJ 

I 
1 

I 
Signal* = coonsl. Ar x AeIT I {dldr Envelope) Signal*= const. vr4 

= 0.02 Vlmmicm' at r= 6 em 
* Homodynr approxmatton " Moltiplt: pulse mdar approximation 

JFH:11112/98:p:.5tlb 

S I G N A L  A N D  I M A G I N G  S C I E N C E S  WORKSHOP 1998 113 



The human vocal tract has excitation source(s), E, followed by a 
sequence of tubes and resonators that can be described as H, 
using linear equations 

Horizontal vocal tract with 4 
resonator chambers 

one 

Transfer function = H(w) = A(w) I E(w) 

JFH 1 l/l2/98:pt.6tlb 

One or more miniature micropower EM sensors 
(reducible to one or two $2 chips) can be used 

This image s h o w s  the present MIR sensor, which cos t s  about $1 5 dollars in parts and 
about $200 to replicate (margin costs). Most sensors for speech are used in the 
homodyne “filed disturbance” mode. 
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Audio and EM sensors measure several speech 
articulator motions simultaneously, e.g., “print” 

’Print” 
! - ~ - - -..<I-l,U t l l H  - - - - - - - 1 

Time units: 0.1 secs 

Why Radar and Acoustics? 

Probe structural motions under unusual conditions 
- Micron to centimeter amplitudes 
- At a distance - centimeters to kilometers (i.e., non-contact) 
- Extended area responses 
- High data rates 

New EM sensors may make possible new applications: e.g., 
speech recognition, speaker verification, object identification, etc. 
- Low cost (in principle) 
- Multiple modalities - impulse radar, field disturbance, homodyne, etc. 
- Human safe 
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Measurements of Human Glottal Activ 
irnation of a Voiced Speech Excitation 

Gregory C. Burnett 
Lawrence Livemore National Laboratory 

Special purpose, homodyne-mode, micro-power EM sensors, called GEMS, enable 
the measurement of tissue motions associated with the opening and closing of the 
human glottis (i.e., the vocal fold opening). These are directly linked to the modula- 
tion of the vocal tract air flow as the vocal folds open and close. We show that the 
“ballooning” of subglottal tracheal tissue, as pressure increases and decreases, is the 
predominant contributor to the GEMS signal. These relatively simple measurements 
lead to accurate speech pitch determination, quality of vocal fold contact, individual 
specific tissue motion patterns, and a voiced speech excitation function. 

/“- 

Defining an Excitation Function of th 
Vocal Tract Using Glottal EIectrom 

icropswer Sensors (GE 

ChSlS Signal and Imaging Sciences Workshop 

November 12,1998 

Gregory C. Burnett 

UC Davis/ LLNL DSEQ 
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a Emits pu lses  of very low power (less that one-thousandth that of a cell phone) 
and  shor t  duration 

Center frequency is around 2 GHz, prf 2 MHz 

Uses homodyne detection method to s e n s e  the  reflectivity of objects around it 

The  change  in that  reflectivity is amplified to produce a signal 
approximating the  velocity of the  objects 

In e s s e n c e  a n  excellent motion and  vibration detector 

We want to determine what the GEMS is sensing 
and how that relates to the excitation function 

Quest ions to answer: 

How does the GEMS s e n s e  motion? 

What is t h e  physiological basis  of the GEMS return? 

How c a n  w e  relate the  GEMS return to subglottal pressure? 
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The GEMS has buiit-in analog filters in order to 
detect the frequencies of interest (70 - 7000 Hz) 

The filter response was measured by injecting sinusoidal signals 
into the receive antenna of the radar 

An anticasual filter in conjunction with allpass filters was used 
to  compensate for t h e  phase and magnitude distortion 

A s  the GEMS measures velocity, position may be derived by 
approximating t h e  integral with a cumulative sum 
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To derive the 
physiological basis, 
we must understand 
the anatomy of the 

glottal area 

Copyright 1989. Novartir. Reprinted 
with permission from the A/los of 

Humon Amtomy! illuslnted by 1;rd 
H. Nerter, M.D. All rights rcserved 

A cross-sectional view of the trachea suggests 
the posterior wall would be a better reflector 

Copyright 1989. Novortis. Reprinted 
with pcrrnissioii trom the Arla.v l!f 

IIunfmi ilnowmy, illustrated b y  Frank 
11. Nerrer, M.1). All rights resewed 
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Electromagnetic simulations using Jeff Kallman's TSARLITE indicate 
the trachea reflects far more energy than the max-open folds 

Trachea had a 
reflectivity of 15.2%, 
more than 18x the 
max-open fold 
reflectivity of 0.8% 
(close to the noise 
level of the 
simulation) 

High speed (1000 - 3080 fps) video experiments indicated 
fold motion did not correlate well with GEMS signal 

Posterior 

Right 
ti, 1 d 

Anterior 
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Quantifying the response of the GEMS to 
physical motion of a signal reflector 

Senrlrmly emslope IC, GEMS vnlh posawul information 
0 2  

Sensitivity envelope 
calculated by 
comparing the inverse 
filtered and integrated 
radar signal to an 
accelerometer-derived 
position signal 

Minimum amplitude detected 
@ 40 mm and 16 dB SNR 
was + 3 . 2  pm. 

Nulls in GEM signal strength observed as GEMS is moved away from 
the glottis indicate the posterior wall is the basis for the reflection 

\ Senzltlviiy ne= 
m o  lor podenor 

tracheal wail at 
distances of 23 

and 65 mn, W e  
mjls in signal 

strew# o b s d  

&nor tracheal Posrerior tracheal 
hssue, n = 5 t l S r n ,  n = 7 
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Conclusions about physiological 
basis of the GEMS return 

The object responsible for the detected vibration is the posterior tracheal wall 

Furthermore, we are detecting subglottal vibrations of the wall, as a phase 
change is observed when the GEMS is moved from its usual position to an 
area above the glottis 

Now, we must relate this tracheal motion to the driving subglottal pressure 

I 

c 

122 

A lumped-element circuit model is used to quantify 
the trachea’s response to changing air pressure 
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Thus, the inverse filtered, integrated radar signal gives 
us an approximation to the subglottal pressure (and thus 
the excitation function) of the vocal tract 

Radar (blue), iiilt radar (red), and cumsum of &It (green) for tesldClk.rnat 

t Giottisf Glottis t 
closed open 

any thanks t o . .  . 

John Holzrichter, Larry Ng and Todd Gable 

Roger Perry, Randy Roberts and Tom Woehrle 

Jeff Kallman and Melinda Bass 

Rebecca Leonard and Kathy Krandall of the UC Davis Medical Center 

Jong An 
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Accurate M/Acoustic Pitc Estimation 
Lawrence C. Ng 

Lawrence L ivemore National La bora tory 

This talk will discuss a new time domain approach in real-time estimation of pitch 
information for human speech using the small Glottal Electromagnetic Micropower 
Sensors (GEMS) - a Micropower Impulse Radar (MIR) developed at LLNL specifically 
for speech applications. GEMS operate in the microwave regime of the EM spectrum at 
a radiated average power of less than 1 mW, and it uses a field-disturbance mode of 
reception in which signals are obtained only from moving tissue/air interfaces. The 
GEMS algorithm and its performance will be discussed in comparison to conventional 
pitch estimation algorithms. In particular, this talk will show that GEMS algorithm 
outperforms existing algorithms by a factor of 100 in computational speed and a 
factor of 20 in accuracy. This paper will also show the inherent advantage that accu- 
rate pitch estimation leads to a new improved method of pitch synchronized speech 
processing. 

November 12,1998 

Signal and Imaging Sciences Workshop 

Lawrence Livermore National Laboratory 

Presented by: 
Lawrence C. Ng 
DS E WEE 
Engineering 

I’ 1 
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Glottal EM Sensors (GEMS) Tissue Measurements Show Strong 
Correlation with Vocal-Fold Electroglottalgraphy (EGG) Signal 

Traditional Pitch Estimation 
Approaches Using Acoustic Signal 

SHQRT-TERM ANALYSIS PITCH DETERMINATION 

~ 

1 T;u‘;.t;;;l/ L I K E L I M O O  

I 
HARMONIC 

AUTOCORRELATION ANALYSIS 

“Rabiner” ~~ LG “Noll” 
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Traditional Error Rate of Pitch Estimation is 1% 
(for the Best Case) and Degrades Rapidly in Noise 

Taken From "Advances in Speech Processing." Furui and Sondhi, Merkker 92 

The Em Sensor Yield and Accurate, Robust, Single 
Glottal Period Pitch Estimate and Speech Onset 

EM Sensor outDut for beginning of "print" 

1- T 4 Voic8d pitch period 

Acoustic output f o r  beginning of "prlnt" 
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Chsok anergy 

thrsahold ' 

The Zero-Crossing Pitch Algorithm is a Simple, 
Fast, and Accurate Time Domain Calculation 

output 
voice/ 

unvoice --+ 

Compute Speech Compute 
signal Low pass - log of power - Fourier 

filtering spectrum Transform 

I markers 1 

Find peak Pitch 

interpolate 
period - and 

* pitch 

Speech 
signal LW pass Center Compute 

auto- 
conelation tittering - clipping - 

Pitch 
Find peak 

interpolate 
- and + 

Autocorrelation Pitch Determination 
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Example of Pitch Estimation Using 
Correlation and Cepstral Techniques 

“Correlation” “Ce pstra I” 

50, . 1 I 

sample 40, 

The EM Sensor Gives Better Pitch Estimates 
Than the Traditional Cepstral Method 

Audio of A/ (-400ms) 

Corresponding pitch contour of /i/ 
EM Semw 
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The EM Sensor Yields Smoother, More Accurate 
Pitch Contours Relative to Traditional Methods 

They were all good men 

time 

Simulations With Synthetic Signals Confirm the 
Accuracy of Qur Zero-Crossing Pitch Algorithm 

Pick f,, at random to four decimal places 
20 1 

Synthetic signal s(t) = Ls in (k lV  f I )  
N k N = l  

Relative Pitch Error 
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From Tuning Fork Experiments We Determine 
Pitch Estimate Performance of GEMS 

Generate known signals 
from tuning fork experhents - Compute pitch estimate 

using cepstrai, autocorr, and 
GEMS zerocrossing 

Results indicated that GEMS 
pitch estimate Is: 
- 100 times faster in 

computational efficiency 
- 5 to 20 times smaller in error 

rates 
Conclusions 
- GEMS is insensitive to 

- Fast computation of pitch 
acoustic noise 

can provide real-time pitch 
synchronous speech 
processing 

- Performance improve 
with higher sampling rate 

Using a Synthetic Transfer Function We Validated 
the Improved Accuracy of ARMA Modeling 

x(Z) EM Excttatlon 4 poW2 zero Synthetic Transfer Function 

Frquenq (Hz) 
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The ARMA Model Yields Accurate and Robust Transfer 
Functions Which Compare Well to Traditional Models 

20 Coefficient Cepstral model jbkck) 

/ 15 pole/l5 zero ARhlA model (blue) 

lil 
F2 

Access to the Voiced Excitation Signal Gives Pitch 
Synchronous Windows Used by the ARMA Model 

,-Glottal closure time markers 

2 Glonal 
cyck time 

frame-I k 

P R I M T 
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Example of Showing That GEMS' Pitch 
Estimate is Unaffected by Acoustic Noise 

WHENALLELSE FAILS USE F O R E  
WHEN ALLELSE ?AILS USE FORCE 

$ 0  

m 5 

--I 1 .  I - 
im I 

J 
0 

! I 15 2 2.5 13 35 
c m ,  , r 1 

begarmng of noise- end of Wlse - 

Summary and Conclusions 

Resub indicated that GEMS 
pitch estimate Is: 

- I00 times faster in 
computational efficiency - 5 to 20 times smaller in emi 
rates - GEMS is insensitive to 
acoustic noise 

- Fast computation of pitch 
can provide real-time pitch 
synchronous speech 
processing - Performance improves 
with higher sampling rate 

132 C E N T E R  FOR A D V A N C E D  S I G N A L  A N D  I M A G I N G  S C I E N C E S  



. .. . .  

EM-Microphone - A Potentially New 
Machine Interface for the 21 st Century 
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CASIS: Signal and Imaging Sciences Workshop 

u c DlhLN L 

Overview - Why verification? 

The verification experiment is the first large scale test of the GEM 

Verification involves many of the same types of problems found 

Sensor applied to speech 

in other speech applications like speech recognition and speaker 
identification 

Speaker Verification can compete with or augment biometric 
security systems like retina scans  and fingerprints 
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Speaker verification is the process of acceptjng or 
rejecting a persons identity claim based on parameters 
extracted from a test utterance 

Template I Threshold I v 

GEMS provide enhanced parameters for verification 

Traditional Acoustic Parameters Acwslk outplt lor hginnlng of'prlnr' - Pitch 
Spectral coefficients and their derivatives 

LI 

8 Energy 

GEMS Enhanced Parameters 
GEMS extracted pitch 
Pitch synchronous spectral coeffjcients 
Energy 

GEMS signal parameters 
Pitch synchronous A R M  coefficients 

r- 
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.. 

The GEMS signal shows distinct differences among 
different speakers - suitable for a glottal “fingerprint” 

... 

Speaker 2 0 

im an 4w 800 
. l m ,  

5m 

0 

-5m 

-1m 

Speaker 3 

350 im 

The vocal tract is modeled as an LTl 
system so we may use ARMA modeling 

y[nl1 audio data 

, x[n], radar data 

Vocal tract impulse response 

Transfer function H ( Z )  = y( Z ) / x (  Z) 

Audio 

.- -. 
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I ,  

R A  u s  

Guide 

Dynamic Time Warping (DTW) is the process of warping two 
vectors to  the same  length which yields a distance measure that 
mathematically tells u s  how similar they are 

t a l  - \ 

o l  \ I  

HZ 
M -  

lir I 

N1 

Speaker 1 

Pitch Contours before time warping 

“My voice is my passport‘ 

,”-- ... 
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Pitch Contours after time warping 

Warping Distance = 1,112 Same speaker - distance 

im 

Hz 

52 

time lm 

Warping Distance = 234,959 Different speaker - &&distance 

Where we are now and what’s in the future 

We have audio and GEMS data for fifteen male speakers using 
standard sentences 

We have algorithms for extracting some verification parameters 

* A Dynamic Time Warping algorithm is in place for time-registration 
and a distance measure 

We still need to finish the parameter extraction software 
and fine-tune the system 

With the software in place we can run the system for all 
fifteen subjects and generate statistics 

Eventually port the system to C++ for demonstration purposes 

Thank you 
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ject ldentification Usin 
Low Power 

Randy Roberts 
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etection an ~ ~ ~ c r ~ ~ i ~ a ~ ~  
r Civil Aviation Security7 

Harry E. Martz, Dem'll Rikard, Earl Updike, Clint Logan, and Sailes Sengupta 
Lawrence Liverrnore National Laboratoory 

X- and gamma-ray imaging techniques in nondestructive evaluation (NDE) and 
assay (NDA) have seen increasing use in an array of industrial, environmental, mili- 
tary, and medical applications. Much of this growth in recent years is attributed to the 
rapid development of computed tomography (CT). A new application area for CT is 
civil aviation security explosives detection. The only Federal Aviation Administration 
(FAA) certified explosives detection system is a linear-array based x-ray CT scanner 
developed by Invision, Inc. Unfortunately the system's airport false-alarm rate perfor- 
mance is higher than the certification rate. We are working with the FAA William J. 
Hughes Technical Center to help them advance their explosives detection and dis- 
criminant research efforts. We have applied three x-ray CT scanners in four different 
data acquisition configurations to characterize explosives, distinguish between explo- 
sives and x-ray machine false-alarm items; and validate inert, non-hazardous materials 
that simulate the x-ray properties of explosives. I will describe the x-ray CT scanner 
configurations, their results and our preliminary analysis of the data. 

f This work is funded by the F A A  William J. Hughes Technical Center and is performed under the auspices of 
the U.S. Department of Energy by the LLNL under contract W-7405-ENG-48. 

Nondestructive Evaluation Center 

presented by 

Harry E. Martz, Acting Director NDE Center 
Nondestructive and Materials Evaluation Section 

Lawrence Livermore National Laboratory 

at 
Signal and Imaging Sciences Workshop 

Lawrence Livermore National Laboratory 
Livermore, CA 

November 12-1 3,1998 
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DLNT' Focus areas 

The NDE Center's role is to R&D core technologies and 

Vision 

competencies required to fulfill LLNL's mission E4 

- To be  the World's leader in the  research, development, and application 
of the nondestructive measurement technologies that enable successful 
LLNL and DOE programs 

Mission 
- To provide LLNL and DOE programs with superior nondestructive 

measurement capabilities 

FY99 mission objectives are to advance nondestructive 
measurement core competencies and technologies 
needed for the following compelling problems 
- Extraordinary laser systems, t h i s  includes advanced diagnostics, 

- Weapon system performance, this includes three-dimensional 
eg. ,  for fusion targets, and automated insitu optics damage inspection 

measurements over 15 cm to better than 25 pm, advanced diagnostics, 
e.g., AHF, and ceramic properties measurements 

life prediction 

reducing the threat from weapons of mass  destruction 

- Science-based stockpile stewardship, specifically durability and 

.>. I@- - Arms control, nonproliferation, and international security related to.,. T,l 

Lasers' NAI' Ener y/Env Bioscience' Other' 1 3  

The NDE Center's current strategic focus includes five 
objectives required to meet LLNL program needs 1lU 
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Compelling NDE Center problems H 

Measurement Systems 
- See Inside objects beyond what NDE has  seen before 

> Improve spatial resolution down to nm scale 
> Increased penetrationlcontrast to see inside materials 

> Temporal (fast),volumetric imaging 
not accessible before 

Analysis and Interpretation 

- Multidimensional (>3D) signal and image processing 
> Speed, accuracy and noise reduction in processing 
> Data interpretation-We see more and more things; 

> Fusion of different NDE measurement systems data 
what does this mean to  the customer 

Measurement systems, and analysis and interpretation 
must be developed jointly to get optimal synergy 

Nanometer scale is t h e  world of t h e  future Ill!!! 

It is clear that one  NDE challenge is to head in the  nano-scale 
direction in addition to improving current scale capability 

/--. 
144 
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Automated multi-dimensional data acquisition, 
processing and interpretation is t he  world of the future 

R n l i l d  - "f tlr 

Mhuliu" 4" 1'. 
m u ~ , , , w ~ , j , ~  l l m d ~ ~ d v l s p o f l n a  -uCTd=h(axlA-Ulr 

rmkdan Tcldaucsx UII.7 CT &la .4 

Data Reduction: 
3 grams 
Weapons grade 
Plutonium 

Decision: 
Transuranic (not 
low-level) waste 
disposal required 

Typically multi-dimensional data are required to 
produce a single number to make a crucial decision 

%Bytes to a BityY 
"*,I toably 'Oc.iL< 
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Ultrasonic Corn -scan Imaging 
Co-authors: T J. Gomm, J. A. Mauseth 

Idaho National Engineering and Environmental Laboratory 
Lockheed Martin Idaho Technologies Company 

The imaging of the internal contents of thin-wall tubes has led to the implementa- 
tion of a little-used ultrasonic imaging technique that allows compounded images to 
be created from a series of simple B-scan images. These compound B-scans have dis- 
tinct imaging advantages over standard ultrasound A-scan, B-scan, and C-scan modes, 
as well as some tomographic imaging methods. 

Although this method is finding use in the medical world, there are issues pertain- 
ing to couplant homogeneity, reflection, and diffraction that must be addressed for 
application in the testing and imaging of metallic targets. 

This presentation clearly defines the implementation of the Compound B-scan. 
The steps needed to convert each standard B-scan image to a dimensional image are 
discussed. The issue of non-homogeneity in the couplant is addressed. Because the 
time-to-spatial dimension conversion requires knowledge of the couplant velocity, use 
of non-homogenous couplant dictates that a different conversion algorithm be devel- 
oped. Artifacts resultant in the compounded images are presented and discussed. 

-- 

Test results are presented that show the ability of the Compound B-scan to image 
both concave and convex surfaces as well as tightly-packed clusters and phantoms in 
thin-wall tubes. 

Keywords: Ultrasound, Compound B-scan, Tomography 

/-- 
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Lawrence Livermore National Laboratory 

Adhesion assessed using 
shock-wave exfoliation 
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S 1 C N A L /  I M A G  I N C P ROC E S S  I N C FO R N 0 N -  D ESTRU C T l  VE M EAS U REM E N T  

SPECIMEN RETROREFLECTOR 

COHERENT AWI INCOHERENT LIGHT 
FROM SPIKE FILTER 

~ d 1 1 ' 1 , I t ~  
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Biased Detectors 
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S I C N A L / I M A G I N C  PROCESSING FOR NON-DESTRUCTIVE MEASUREM 
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InGaAs Linescan Camera System for 
Paper Web Moisture Measurements 

By Jose E. Hernandez 

The latest results in applying InGaAs sensor technology for measuring moisture 
on paper will be presented. Traditionally lead sulfide sensors have been used for 
measuring moisture on paper at 1.9 microns. The lead sulfide detector is a photo 
resistive element, and requires complex electronics and temperature stabilization 
to work properly. InGaAs on the other hand operates in a photo voltaic mode, 
which is quite stable, however, standard InGaAs only operates to about 1.7 
microns. We will present preliminary results of a system that has been tested on 
a paper web using a less optimum absorption band at 1.4 microns, but which 
benefits from using an InGaAs based linescan camera system. This system also 
has the main benefit of providing a continuos moisture measurement across the 
entire web, compared to current scanning systems which only sample a small 
percentage of the web. 
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I v.. 
Evaluation of an Amorphous Selenium Array 

for Industrial X-Ray Imaging 

Clint Logan, Lawrence Livermore National Laboratory 

The large market for digital x-ray imaging in medicine has driven the development 
of flat panel imaging devices. We evaluated one such device using the higher energy 
x-rays typical of industrial applications. This imager is a 360 x 430-mm array employ- 
ing amorphous selenium (amSe). It was developed and manufactured by Sterling 
Diagnostic Imaging. Liberty Technologies is developing a product for the NDE market. 
We obtained this array from Liberty Technologies. 

The defining characteristic of this technol6gy is that electrons produced by radia- 
tion interaction in the Se are directly collected and processed. There is no intermediate 
scintillation or other conversion process. We compare performance to existing LLNL 
technology. We found: 

Modulation transfer function remains high as spatial frequencies approach 
the limit imposed by the 139 ym pixel size. 

7 Increasing x-ray energy degrades spatial resolution performance somewhat, 
but the amSe imager performs well in spectra as energetic as 450-kV applied 
pot en tial. 
The low-frequency response, <0.1 mm-1, of this amSe imager is poor at 
energies of interest to NDE. Secondary radiation transport in material behind 
the Se is a significant contributor to this attribute. 
Required exposure for the spectra tested ranges from 10 to 100 mRoentgen. 

This is 15 to 100 times less than LLNL’s home-built system employing 
scintillating glass and a CCD camera. Cycle time for CT applications will be 
dominated by read and refresh time of nearly 1 minute. This will allow for 
great flexibility in utilizing microfocus (low power) sources or large souce-to- 
detector distances. 
Except for issues of peripheral electronics, which we did not address, 

Monte Carlo simulations suggest that this amSe imager could offer attractive 
performance at x-ray energies of 3 MeV or more. 

This amSe imager shows great promise for digital radiography and CT. We encoun- 
tered no problems in operating it in x-ray spectra up to 450 kV applied voltage. 
UCRL-IC-1323 15 Abs 
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Evallratbn of an Amorphous Sehnium Array 
fw 

Industrial XRay lmaglng 

amSe imager directly collects electrons with no 
intermediate conversion to light 
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Mante Carlo results indicate degraded MTF 
as energy increases 
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MTF3 for 3mSe in three x-ray spectra 
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Pop' low frequency MTF for am% imager is 
evident in image of a slug 
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Matched Field Imaging of Laser-Based Ultrasound Data 

Robert Huber, James Candy 
Lawrence Livermore National Laboratory 

Laser-based ultrasonic nondestructive evaluation is a non-contact testing and characterization 
technique that extends the application of ultrasonic testing to a wider variety of testing 
situations. This includes materials at elevated temperature, parts with curved surfaces, 
components with highly polished surfaces, which would be damaged by contact or immersion 
techniques, and hazardous materials. Although, laser-based ultrasound offers several advantages 
over traditional piezoelectric transducer ultrasound, its lower sensitivity restricts its use. Signal 
processing offers a way of increasing the sensitivity of laser-based ultrasound. Matched field 
imaging has been applied to data obtained from laser-based ultrasound tests. This signal 
processing technique uses a novel correlation canceling approach to locate flaws in parts. This 
technique compares data obtained from a real part to data obtained from a flawless reference. 
Through this processing, information that correlates between the two data sets is eliminated, 
leaving information about any flaws present in the part. Data will be presented on tests run on an 
aluminum part before and after a drill hole was placed in the part. Images obtained using the 
matched-field technique will be shown. 

This work was performed under the auspices of the Department of Energy by the Lawrence 
Livermore National Laboratory under contract W-7405-Eng-48. 
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9 the displacement field measured by the array is simply the source 
convolved with the Green's function of the medium: 

or for the homogenous medium 



Therefore, our app eh to “Imagtng”uslng thls modal is to: 

e 

e 

e 

e 

assume a scatterer (source) location 0; 1.j ) on the specimen 
or equivalently pixt.1 position ( i ,  j )  

using the homogenous medium model cnlczdate the attenuation and 

perform the required ”btv 111 form i ~ g ”  (shift and sum) 

extract the significant f t a  tu rcs from the resulting signal (beamformer 
output): peaks, power, etc. 
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R.N. Bracewell 

NASA and the European Space Agency are planning to obtain images of 
nonsolar planetary system, understanding that success would rally public 
support for continued space exploration. 

The NASA Terrestrial Planet Finder, with a possible launch date of 2010, will go 
beyond simple detection of a massive planet, constructing an image of where the 
planets are and analyzing their atmospheres. In the event of success, imaging 
individual planets would follow (2020?). 

Suppressing the blinding radiation of the central star, a main technical challenge, 
is to be met by an infrared interferometer in orbit near Jupiter. The technique 
will be explained and ground-based tests, both completed and planned, will be 
described. 
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Figure 2. a) Dotted curves show separately the fringe amplitudes for the 
inner and outer Bracewell pairs of the 4 element interferometer (the two 
terms of Eq.3). For a source at the meridian plane, both amplitudes are 
zero, and the slopes are equal and opposite, leading to a summed 
amplitude with the zeroth, first and second order terms all zero (unbroken 
curve). b) The transmitted intensities of the 4 element interferometer and 
of a single Bracewell pair 3/8 as long, chosen to have its first maxima at 
the same absolute angle from the meridian plane (broken line). The 
normalized angle (which depends on length) is appropriate for the 4 
element interferometer. The central nulls are shown expanded and in 
logarithmic scale, to illustrate the much greater depth and width achieved 
by the 4 element configuration. 
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a) is the combined I O  pm signal 
for all 4 planets in figure 4 (b) shows the 
same signal as with the addition photon 
noise, as projected for a IO-hour integration 
and I pm bandwidth. Each planet is 
projected to be as bright as the Earth seen 
from I O  pc. The photon noise level is 
appropriate for a stellar zodiacal cloud having 
the same luminosity as the sun’s. 
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. image of 4 planets recovered by cross 
correlation from synthesized noisy interferometer data 
like fig 5b, over I O  wavelength bands from 7 - 17 pm. 
The image doubling could be removed by extended 
observations. 
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Figure 7. A spectrum of the Earth at a resolution of 0.51-1 and a 
signalhoke ratio of 20:1, as would be obtained from 80 days of 
observation of a solar system-like set of planets at 1Opc. The 
circles give the true spectrum. The smooth line shows a black- 
body curve. 
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Novel Interferometer-Spectrometer for Sensitive Doppler Planet Detection 

David Erskine, Jian Ge 
Lawrence Livermore National Lab 

A saturn-like planet at saturn-like distances creates a wobble in the velocity of a star of about 3 
d s ,  and Earth-like planets even less, about 0.1 d s .  Current spectrometers have velocity 
resolution of 3-10 m/s, which is insufficient to detect Saturn-like or smaller planets. Secondly, 
these spectrometers are not light efficient, allowing only bright stars to be measured. Thirdly, 
these instruments are not portable or space-launchable, and their highly individual character 
makes comparison of data during 10-30 year orbits problematic. We have built a novel instrument 
(called a fringing spectrometer) which is a hybrid of an interferometer and spectrometer, which is 
particularly well suited for accurately measuring small Doppler shifts in a light efficient manner, 
is portable and space-launchable, and was constructed from off-the-shelf components on hand. 
Other advantages include a 200x larger field of view compared to the Lick Observatory 
spectrometer, stability, and independence from slit vignetting vagaries. We are testing it on 
sunlight by seeking the 12 m / s  @ 27 day effect of the moon tugging the Earth. (Jupiter on the 
sun is 12 d s ) .  We have built an algorithm to unwrap the phase of the interferogram to 1/10000 
wave (corresponding to - 1 d s  Doppler velocity). This is a 20x improvement in the art over 
monochromatic interferograms and may lead to other applications in high precision metrology. 

Keywords: Spectrometer, Doppler shift, Interferometer 

This work was performed under the auspices of the Department of Energy by the Lawrence 
Livermore National Laboratory under contract W-7405-Eng-48. 
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Much remains to be done on restoration o f A 8  images 

Point-spread-function estimation is the most serious problem. The psf varies 
in time as the atmosphere changes which makes the use of calibrator stars 
very difficult. 

Two approaches are being investigated: 

- estimation of the psf from A 0  system real-time diagnostic data 
-joint estimation of the object and psf (blind or myopic deconvolution) 

The psf also varies with angle from the A 0  guidestar. This will require spatially 
variant deconvolution techniques. Not a big problem right now because IR array 
FOV is within the isoplanatic angle (to first order). 



LBNLLick Observatory Fully-Depleted CCD Image Sensor Development 
r-' S. Holland, D. Groom, A. Karcher, M. Levi, N. Palaio, S. Perlmutter 

Lawrence Berkeley National Laboratory 

R. Stover, W. Brown, K. Gilmore, and M. Wei 

University of California Observatories, Lick Observatory 

We are developing CCD image sensors for astronomy and astrophysics applications. The 
devices are derived from high-energy physics detector technology. The back-illuminated 
CCD's are fabricated on ultra-pure, high-resistivity silicon substrates [ 1-21. A bias 
voltage applied to the back-side contact results in full depletion of the 300pm thick 
substrate. The depletion voltage is relatively low due to the high resistivity of the 
starting silicon, about 10,000 SZ-cm, which corresponds to a purity level of about 1 part 
in IO". 

This device has several advantages over conventional thinned, back-illuminated CCD's. 
Because of the large absorption depth of near-infrared photons in silicon, thinned CCD's 
typically have poor response in the h = 800nm - 1 pm region. In addition, fringing results 
from multiply-reflected waves when narrow-band, long-wavelength light is imaged. The 
much thicker device described here has greatly improved near-hfiared response and 
neghgible h g i n g .  In addition, we have demonstrated good quantum efficiency in the 
short-wavelength range for back-illuminated devices. This is accomplished with a simple 
back-side window consisting of a thin layer of in-situ doped polycrystalline silicon with 
an antireflection coating of indium tin oxide. 

/ --. 

[l] S.E. Holland et al, "A 200 x 200 CCD image sensor fabricated on high-resistivity 
silicon," IEDM Technical Digest, pp. 9 1 1-914, 1996. 

[2] R.J. Stover et al, "Characterization of a fully depleted CCD on high resistivity 
silicon," Solid State Sensor Arrays: Development and Applications, Proceedings of SPIE, 
V O ~ .  3019, pp. 183-188, 1997. 

Keywords: Charge coupled device, back illuminated, fully depleted 

Author contact: Steve Holland 
Lawrence Berkeley National Laboratory 
Mail Stop 50B-6208B 
Berkeley, CA 94720 

seholland@lbl.gov 
5 10-486-5069 (540 1 FAX) 

mailto:seholland@lbl.gov
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Extrasolar Planet Search with an Adaptive Optics Spectrometer 
with R = 200,000 

Jian Ge 
Lawrence Livermore National Lab 

Roger Angel, Nick WooK Mike Lloyd-Hart 
Steward Observatory, The University of Arizona 

Robert Fugate 
Starfire Optical Range, Air Force Phillips Lab 

A breakthrough in extrasolar planet searches has been made in recent years using precision 
Doppler techniques. About 10 extrasolar planets have been detected at typical precision of 15 
m/s.  However, these previous techniques have not had the sensitivity to detect solar system 
analogs, which should represent most planet populations. 

The new adaptive optics spectrometer, being developed by us at Steward Observatory, is 
capable of providing much improved sensitivity to routinely detect Jupiter and Saturn-like 
planets. The spectrometer takes full advantage of adaptive optics corrected images in the 
wavelength range between 0.4 to 1.0 microns fkom the Starfire Optical Range 3.5 m telescope to 
provide spectral resolution of R = 200,000, a factor of four times higher than previous 
spectrometers used in planet searches. 

It will well resolve absorption line profiles fkom late-type stars, which are the main targets for 
present planet searches. With a large format back-illuminated 2 k 4 k  CCD detector, a wavelength 
of 400 nm is covered in a single exposure. This permits the selection of a large number of stellar 
absorption lines for simultaneous study of line profiles from different stellar atmospheric layers. 
Precise measurements of the variations in the shapes of different line profiles would help 
distinguish small Doppler perturbations with amplitude of around 1 m / s  caused by sub-Jupiter 
mass planet companions from that caused by stellar activities. 

This work was performed under the auspices of the Department of Energy by the Lawrence 
Livermore National Laboratory under contract W-7405-Eng-48. 



J im Ge 
Lawrence Livermore National Lab 

Roger Angel, Nick Wodf, Mike Lloyd-Hart 
Steward Observatory, Univ. of Arizona 

Robert Fugate 
Starfire Optical Range, Air Force Phillips Lab 

ectrometer 
anet Searches 



1995-Present 
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Jian Ge, LLNL, 1111 0198 

Solar Spectrum at Resolution R = 550,000 
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Bisector of Solar Spectral Line, Ti I! 5337, with R = 550,000 
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,--. Comparison of Bisectors from Different Resolution 
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R = 50,000 cannot preserve line profile information 
R = 200,000 required for line profile measurements 



, --. 

(8.9 pm) t. Wilson inc 

age, 1 arcsee 

Adaptive Optics corrected image: 0.07 1’‘ 



e Smaller slit width without large photon loss 
resolution, efficiency 

Smaller image size in the spatial direction 3 
more cross-dispersed orders on a detector - large 

COYWage 

* Smaller image size - ation 

Optics small and slow 2 low cost 



Setup o f A 0  spectrometer at Mt. 
telescope, Nov. 1997 

Of€-axis parabola focal length = 4 m 

e F/# = 55 

Grating: 250x1125 mm2 R2 echelle 

a Cross-disperser: 160x160 mm2 8 deg wedge prism 

a Beam diameter: 125 mm 

a Working wavelength: 0.4-1.0 pan 
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Adaptive o tics spectroscopy of interstella 
tion line at = 250,000, at Starfire 
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Mabutov-type design, all spheres 
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* Focal length: 1900 rnm 

Focal ration: F/# = 16 

* - IO pm core size fused silica fiber, preserve A 0  system etendue 

* Separated from telescope, more stablle 

Portable, easily matched with different optical telescopes with 
A 0  system 

* Much less scattering light 
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Micro-Satellite Technology for the 21St Century 
Lawrence C. Ng 

Nab@llnl .gov 

T h s  paper will examine the development of micro-satellite technology for 
use in space. It is envisioned that potential missions for the micro-satellites may 
include: rendezvous with a satellite, conduct proximity inspection, land on a 
satellite, and perform rescue or other logtstic mission. The critical enabling 
technology for this capability is the development of an agile micro-satellite or 
Microsat. A MicroSat is a small satellite weighng only a few tens of kilograms 
but carrymg onboard a host of lightweight sensors and actuators, inertial 
navigation instruments and avionics. When equipped with a propulsion system 
and smart guidance, navigation and control software, the MicroSat has the ability 
to maneuver precisely in space in both orientation and translation. When further 
equipped with smart vision based image analysis software and repair tools, the 
MicroSat can autonomously perform many of the functions mentioned above. 
Ground command and control support can therefore be minimized and used 
only to augment and enhance performance by providmg ground truth 
knowledge, such as emphemeris data. The MicroSat can also function in a tele- 
robotic mode, with a man-in-the-loop, to more effectively execute complex (less 
predictable) maneuvers and to provide a manned presence (in surrogate form) 
when and where one is required. T h s  technology will help define the critical 
pathfinder capability for future operations in near Earth space. 

UCRL-ID-129880 f- x 
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/' 1, Detecting Massed Troops with the French SPOT Satellites 
By Vipin Gupta and George Harris 

T h s  study is a technical assessment on the utility of the French SPOT satellites 
for detecting troop concentrations in a desert environment. The capabilities of 
the SPOT satellites for this specific application were tested empirically using two 
archived SPOT images of the Saudi-Iraqi border acquired shortly before and 
during the 1991 Gulf War. Change detection analysis was done to detect, locate, 
and identify troop deployments. The results were then extrapolated to forecast 
the feasibility of using medium resolution, broad swath imagery to detect and 
track future offensive attack preparations. The presentation concludes with a 
discussion on the security implications associated with the future deployment of 
SPOT-type systems as well as an appendix on the impact of using SPOT-type 
imagery to support conventional and unconventional weapons strikes on imaged 
troop concentrations. 



A Case Study from the 1991 Gulf War 

Vipin Gupta George Harris 
Systems Research Dept. Nil1 Directorate 
Sandia National Labs 
Livermore, CA Livermore, CA 

Lawrence Livermore Lab 

Initiated by SNLKA and LLNL 
Sponsored by Sandia Cooperative Monitoring Center (NN-40) 
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Combined Sensing and Simulation for Enhanced 
Evaluation of Large Structures 

David McCallen 
Structural and Applied Mechanics Group 
Lawrence Livermore National Laboratory 

Abstract 

With the proliferation and advancement of sophisticated numerical simulation software 
tools over the past twenty years, computational simulation of large structural systems has 
been a subject area experiencing rapid growth. Large-scale computer simulation is an 
essential tool in the design and analysis of modern structures and engineers are now highly 
reliant on large-scale structural simulations to design and evaluate the performance of crit- 
ical new structures, and to establish the performance of expensive retrofits on existing 
structures. With the enormous cost and construction effort associated with many large 
structures, it is imperative that computer simulations provide an accurate picture of struc- 
tural performance spanning a multiplicity of loading environments - for example bomb 
blast, earthquakes and ambient vibrations. Despite the advances in computational meth- 
ods, there remains a significant degree of uncertainty in predicting the field performance 
of many large-scale structural systems. These uncertainties are rooted in our inability to 
precisely quanti@ the phenomenological behavior of certain aspects of structural excita- 
tion and structural response - e.g. uncertainties in the precise deformation characteristics 
of complex structural element interconnections or uncertainties in estimation of the actual 
loads a structure will be subjected to. In order to advance our ability to accurately and con- 
fidently simulate the response of structures, use must be made of measured structural 
response characteristics and measured excitation functions. 

In the current study, techniques are being investigated which allow evaluation of simula- 
tion model accuracy with the possibility for subsequent enhancement of the simulation 
model. The multidisciplinary LLNL tools being employed include finite element based 
structural simulation, model based signal processing, and remote sensing and data com- 
munication. The overall objective of this research is to symbiotically couple numerical 
simulation with field measurement of structural behavior through model based signal pro- 
cessing. The essential links between simulation and measurement are indicated in the Fig- 
ure. As indicated in the Figure, information from a numerical structural model and data 
from field measurements of structural response are fed into a model-based signal proces- 



,r -.. 

Finite element based 
numerical model 

sor. The signal processing toolbox is used to evaluate whether the model and as-built 
structure are in agreement, or if there is a discrepancy between the dynamical behavior of 
the model and the actual structure. In addition, research on the signal processing toolbox 
will attempt to discriminate the source of existing discrepancies between the simulation 
model and the as-built structure. Once discrepancies can be identified, the basis for dam- 
age detection in a structural system has been established. Experimental measurements 
before and after an event can be employed to identify changes in the structural system and 
identification of the source of the differences with a damage detector can be performed in 
order to investigate where damage has occurred in a large distributed structure. The result 

-, 
identify discrepancies between 
model and actual structure 

matrices 

2) Numerical simulation model 

I 1 1 I 

Measured 
input & response 

3) Model based signal processor 

ii) Difference 
i) Simulator detector 

iii) Difference 
identifier 

, /  

Damage assessment 

will be enhanced accuracy and reliability of numerical simulation of structural response, 
and the ability to monitor fundamental changes in complex structural systems, a prerequi- 
site to health monitoring and damage detection. 

2 



Failure Detection for Mechanical Structures: 
A State-Space Model-Based Approach 

Gregory A. Clark 
Lawrence Livermore National Laboratory 

This paper describes early applied research to develop signal processing algorithms for detecting 
failures (flaws) in mechanical structures using vibrational measurements and a state-space model- 
based detection approach. Throughout this study, an example 5-story building model is used to 
simulate the structure and demonstrate the signal processing/detection algorithms. Future project 
plans involve applying these algorithms to stressed monumental structures in California, 
including the Oakland-San Francisco Bay Bridge, the Bixby Creek Bridge and the National 
Ignition Facility (NIF) structure at LLNL. 

The first step is the development of dynamic equations of motion used to model linear 
mechanical structures of the commonly-used “M-C-K’ form. Once the state-space model is 
formulated, its dynamic behavior is validated with the M-C-K model developed by our 
mechanical engineering colleagues. A Gauss-Markov model of the linear system with noise is 
developed and used as the basis for a Kahan filter for estimating the system states and 
measurements. Finally, a detector consisting of a statistical whiteness test on the innovations 
(estimation errors) is used to detect any structural failures. 

r- \ 

The work herein focuses on simulated linear structures and the detection of structural failures. 
The problems of real data from controlled experiments with actual structures, failure 
identification, failure location, nonlinear systems, large-scale structures will be addressed in future 
work. 

This paper describes results from the LLNL Joint MEEE LDRD Tech Base Project, known as 
“Combined Sensing and Modeling for Enhanced Evaluation and Safety of the Built Environment.” 
and “Determining the Vulnerabilities of Stressed Monumental Structures.” 

This work was performed under the auspices of the Department of Energy by the Lawrence 
Livermore National Laboratory under contract W-7405-Eng-48. 
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Parametric Time-Frequency Estimation of Prosthetic Heart Valve Sounds. 
By Perkins D. E., Thomas G. H., and Clark G. 

Prosthetic heart valves have been responsible for extending and improving the 
quality of life of many people with serious heart conditions. Even though the 
heart valves are extremely reliable they are susceptible to the long-term fatigue 
and structural defects expected for mechanical devices operating over long 
periods. In this paper we describe the application of parametric time-frequency 
estimation techniques to acoustic measurements of prosthetic heart valve sounds 
under test in an anechoic tank. The analysis reveals interesting results when 
comparing fractured to normal valve sounds. The emphasis of this work is the 
application of recursive parametric techruques to ”track” changes in propagation 
sounds as it is captured by a sensitive omnidirectional hydrophone. 



Near Field / Far Field Transition Distance for Broad Band Acoustic Pulses 

David H, Chambers and D. Kent Lewis 
Lawrence Livermore National Laboratory 

Acoustic pulses emitted from a planar array can be designed to produce a very narrow beam of 
energy in the near field of the array. In the far field the array behaves like a point source and the 
energy spreads accordingly. For single frequency pulses the near field / far field transition 
distance is predicted by the familiar formula for the Rayleigh range. However, this formula has no 
meaning when the band width of the pulse is very wide. In this talk we present alternative 
formulas which predict the near field / far field transition distance for pulses with arbitrary band 
width. These reduce to the classical Rayleigh range expression in the narrow band width limit. 
Comparisons between the predicted transition distance and simulations for broad band acoustic 
pulses emitted from a ring array are shown. 

Key words: diffraction, pulse, radiation 

This work was performed under the auspices of the Department of Energy by the Lawrence 
Livemore National Laboratory under contract W-7405-Eng-48. 
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Optimization of Array Generated Fields for Broad Frequency Band Width 

Kent Lewis 
Lawrence Livermore National Laboratory 

Accurate active beam forming methods depend on putting the right signal at the right place at the 
right time. Modem arrays are increasing dependant on individual source signals for each element 
or set of elements in a larger array. This capability allows generation of beams, which are 
optimized both spacially and temporally. 

LLNL has pioneered this technology for more than a decade, and is presently using its capability 
in several projects, among them the Karmanos Breast Cancer Detection Initiative, and the 
Localized Wave project. This talk outlines the background of our present work, and shows a field 
application of the pre-processing capability. 

/'---. 

This work was performed under the auspices of the Department of Energy by the Lawrence 
Livermore National Laboratory under contract W-7405-Eng-48. 
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Optimization of anay generated fields for broad frequency band width 

D. Kent Lewis 
Strategic Systems Support Program 

Accurate active beam forming methods depend on putting the right 
signal at the right place at the right time. Modern arrays are increasing 
dependant on individual source signals for each element or set of elements 
in a larger array. This capability allows generation of beams which are 
optimized both spacially and temporally. 

LLNL has pioneered this technology for more than a decade, and is 
presently using its capability in several projects, among them the 
Karmanos Breast Cancer Detection Initiative, and the Localized Wave 
project. This talk outlines the background of our present work, and shows 
a field application of the pre-processing capability. 
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c r 

Quantitative NonDestructive Evaluation Project 
‘85-88 LLNL funded 
Signal Pre-Processing to generate arbitrary linear fields 
Spectral extrapolation post processing for sharpening 

Localized Wave Project 
89-present LLNL and Navy funded 
Multi-channel source electronics 
Individually addressable array materials 
Multi-channel beam forming and simulation 

Alternate materials and fabrication 
PVDF and associated co-polymers 
PZT-N extruded and sintered arrays 
Si “drum-head’’ array elements 
Flexible piezo-electric “wires” 

UNCLASSIFIED ‘ 
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Localized Wave Pulses are wide band width, low diffraction pulse beams 

The Localized Wave (LW) pulse is created by linear superposition 
of a well characterized choice of basis functions. 
It is not parametric generation or solitons 

Based on solid theoretical foundation spanning 1981 - 1998 
Focused Wave Modes 

Gaussian packets optimized for each frequency 
FWMs are solutions to the wave equation, 
a complete basis set, an orthogonal set 

and Modified Pulse Spectrum 

Supported by a solid body of theory development coupled with experiment 
First LW acoustic pulses launched, 8 experiments to date 
First LW microwave pulses launched, planned for fall 1998 

Discovered 2 of the first Low Diffraction, broad band width beams 
Designed and performed original multi-channel proof of principle work, 8 to date 
Designed and conducted several proof of principle experiments with contractors 

Proven record of accomplishments 

NUWC Keyport AdCap array, 1987 
UTx ARL 24 ring array, 1998 

LW beam requires individually addressable array elements 
and programmable, broad band width source generators 

UMCLASSI FlED 
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‘81 Brittingham finds the FOCUS Wave Modes (FWM) 
‘84 Ziolkowski builds the Modified Pulse Spectrum (MPS) Localized Wave 
‘87 Lewis and Cook launch LW waveforms, acousto-optics 
‘88 Lewis and Cook simulate 441 element 2D array 
‘89 Ziolkowski and Lewis create first real time LW pulse, 25 element array 
‘90 Ziolkowski and Lewis use 11 ring array for LW pulse 
‘91 Lewis sabbatica at U. Paris 6&71, Ziolkowski moves to Tucson 
‘95 Work begins on ocean bottom penetration 
‘96 Work begins on microwave simulation 
‘96 Chambers builds the Superposed Gaussian Localized Wave 
‘96 Candy and Chambers preliminary resolution enhancement results 
‘97 Lewis and Chambers launch Localized Waves with 8x8 tonplitz head in Keyport, WA 
‘97 Planning for microwave experiment at Baltimore approved 
‘97 Plan for 1-3 composite array tests in Lake Travis approved 
‘98 Array design and experiments at Lake Travis 

‘98 Microwave linear antenna LW generation experiments 
...................................................................................... 

Enhancement technology for field operations 
UNCLASSIFIED I 
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assive Se 
Gaussian 

Optimized Filter 

time 

Localized Wave 

For Optimized 
Space-Time Filters 

0 0  50 element 
linear array 

Sound Sources 

Spatial and Temporal Localization 
is as accurate as 

Resolution is enhanced 
using LW methods 

Optimized Gaussian Methods 

Model is a 50 element linear, broad band width array 
Sources are separated in space and time 
Range is vanishingly small, no range information 

is obtainable from this simulation 
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First cut showed array problems 

1 

Our input signal is 08- 

a broad band width 0 6 -  

Gaussian pulse, Comparing shows 04- 

covering the frequency multiple signals overlap, 02- 

range of interest and a frequency filtering 0.  

-0.2 - 

x 10.~ Gaussian 
0 
-1 -0.8 -0.6 -0.4 -02 0 0.2 0.4 0.6 0.8 

0.7 

0.6 

0.5 

0.4 

0.3 

0.2 

0.1 

We expect to measure 
the 3rd derivative 

- 

- 

- 

- 

- 

- 

-0.4 1 

0 6 -  

04- 

02- 

0 -  

response of 
sys tem to -0 2 

V I  I 

7 - 

:::I , , , 1 
-1 
-4 -38 -36 -34 -32 

- 1  L of this input signal -5 -4 - 2 3 4  0 1  -2 -1 

Full received 

-0.4 

-0.6 

-0.8 

V - 

- 

- 

\/ I 

-3 -2.8 -2.6 -2.4 -2.2 
x 1( 

, 



n
 

W
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1 

0 8 -  

0 6 -  

0 4 -  

0 2 -  

The system inverse was inefficient 

0.8, 

0.4 

0.2 

0 

-0.2 

-0.4 

-1 - 
-5 -4 -3 -2 -1 1 2 3 4  

x 1 (  

he system inverse (in time) was 
convolved with all the 
succeeding' source signals 

but effective 

The resultant system response 
was cleaner, but not ideal. 
Further work was deemed too 
costly. 

5 
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0.3 

.- 7 
TI 

0 a 
0 

5 

I 

- 

- 
0 

.- E 
I 

-0.1 

-0.2 

-0.3 

-0.4 

The data was acquired at 15 locations from 44’’ to 15’ 

- 

- 

- 

- J 

Representative time record for 
LW pulse on axis Absolute value of the time records on axis 

I I I I I I 

data pre-analysis alignment 
I , I I I I I 

I I 

900 *ool 
Time signals were lined up in relative time. 
The characteristic double peak structure in the 
absolute value time plot. 

A measurement of the on axis time signal was 
made for each of the pulse sets at each of the 
down range positions 
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Time window for time-freauencv analvsis 

Time record and candidate Hanning window 

0.8 lr 

representative signal and window 
I I I I I I 

- signal 
Hanning window 

I I I I I I I 

0 0.1 0.2 0.3 0.4 0.5 0.6 0.7 0.8 0.9 1 
tims (sec) x 10'~ 

The Hanning window was chosed wide enough 
to allow a good representation of the main 
signal to pass relatively unchanged 

Signal windowed at one step 
prepared for processing 

I I , I I I I I 

0 1 2 3 4 5 6 7 8 9 
time (sec) x i o 4  

The chosen window was stepped through each 
data record by 1/20 of the window width. 
This choice was arbitrary. 

UNCLASSIFIED ' 
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Time-frequency analysis shows uniform arrival of enerrrv 
U J  

The windowed data is Fourier 
transformed without further processing 

windowed signal for different time ranges 
I I I n '  I I , 

-O.I t j !  
! !  i '  

The power spectrum for time and frequency 
shows a broad bandwidth in the uulse 

A 

Dower distribution in freouencv and time on axis 
0 

-10 

-20 

-30 

-40 

-50 

-60 
0.5 1 1.5 2 2.5 3 3.5 4 4.5 

time (see) x lo4 
1 2 3 4 5 6 7 8 

frequency (Hz) x io4 

The compensation signal lead-in is clearly visible 
in the time signal segments 

The time-frequency picture shows the lead-in and 
trailing signals are nearly single frequency 

UNCLASSI Fl ED 
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Amplitude and phase surfaces vrs. time and frequency 

The power spectrum for time and frequency 
shows a broad bandwidth in the pulse 

The phase surface for the region of 
pulse power (150 - 300 usec) 

power distribution in frequency and time on axis 
0 

-10 

-20 

-30 

-40 

-50 

-60 

phase surface for region of puise 

10 

window posltion 

frequency (Hz) 

1 2 3 4 5 6 7 8 
frequency (Hz) x lo4 

0 

-0.E 

-1 

The time-frequency picture shows the lead-in and The phase surface has been unwrapped and 
trailing signals are nearly single frequency detrended. It is presented for the region of 

significant power only 
UNCLASSIFIED I 



Automatic Event Picking €or Seismic Oil Exploration 

Peter K. -Z. Cheng (U. C. Davis) 
Gregory Clark (LLNL), and Gary Ford (UC. Davis) 

Velocity estimation is currently a “bottleneck,” or barrier to progress in oil exploration, because 
the required seismic event picking step must be carried out manually at great cost in time and 
money. The goal of this research is to create 2D and 3D algorithms for automating the process of 
picking seismic events in pre-stack migrated gathers arranged in common reflection point (CRP) 
panels. The work has been funded through the DOE/NGOTP (National Gas and Oil Technology 
Program) and Shell E&P Technology Company. The approach uses supervised learning and 
statistical classification / neural network algorithms along with signal / image processing 
algorithms. 

The most significant accomplishments during the first 2 years of work include the following: 
(i) Delivery of MATLAB code implementing the 2D automatic picking algorithms and a 
preliminary 3D algorithm. (ii) Excellent performance in picking events correctly in CRP panels, 
both during training and testing with a red data set. (iii) Excellent performance in reducing or 
eliminating the difiicult loop skipping problem. (iv) Reduction of the time required to pick a data 
set from approximately one day (24 hours) to about 6 minutes, using a Shell implementation of 
the algorithm. Shell anticipates that with the 3D algorithms, the cost of picking a full seismic 
survey will be reduced Erom about 12 weeks and $75,000 to about 1 week and $6,000, for a 
factor of 12 savings. (v) Most recently, we have achieved significant results for the 3D problem 
of picking and tracking events from C W  panel to CRP panel to produce picked common offset 
panel (COP) displays of the full data set. 

, -\ 



Explosive Detection and Discriminant Research for Civil Aviation Security? 

Hurry E. Murtz, Derrill Rikard, Earl Updike, Clint Logan, and Suiles Senguptu 
Lawrence Livermore National Laboratory 

X- and gamma-ray imaging techniques in nondestructive evaluation (NDE) and assay (NDA) 
have seen increasing use in an array of industrial, environmental, military, and medical 
applications. Much of this growth in recent years is attributed to the rapid development of 
computed tomography (CT). A new application area for CT is civil aviation security explosives 
detection. The only Federal Aviation Administration (FAA) certified explosives detection 
system is a linear-array based x-ray CT scanner developed by Invision, Inc. Unfortunately the 
system’s airport false-alann rate performance is higher than the certification rate. We are 
working with the FAA William J. Hughes Technical Center to help them advance their explosives 
detection and discriminant research efforts. We have applied three x-ray CT scanners in four 
different data acquisition configurations to characterize explosives, distinguish between 
explosives and x-ray machine false-alarm items; and validate inert, non-hazardous materials that 
simulate the x-ray properties of explosives. I will describe the x-ray CT scanner configurations, 
their results and our preliminary analysis of the data. 

/- 

/--- 

t This work is funded by the FAA William J. Hughes Technical Center and is performed under the auspices of the 
U S .  Department of Energy by the LLNL under contract W-7405-ENG-48. 



Grain Identification and Analysis of Shock Induced 
Damage of Sandstone 

Carl Hagelberg 
LAS Alamos National Laboratory 

Oil and gas wells are "completed" by sending a gun tool into the pipe to a particular pay-zone depth 
where shaped charges are used to perforate the well casing to allow the fluid to flow into the well 
for extraction. We are studying the microstructure damage and dynamics of what occurs when the 
rock is perforated in such a fashion. Gas gun recovery experiments are used to understand how 
rock is damaged under short duration shocks. The recovered samples are analyzed using a 
Scanning Electron Microscope (SEM). We also have an undamaged sample volume that has been 
imaged using X-ray Computed Micro Tomography (XCMT) providing a volume data set. 

Image and volume analysis algorithms are being explored and developed to extract boundary and 
surface representations from the XCMT data and to characterize the SEM images. One of our goals 
is to use the data to create representations in two or three dimensions of a grain structure (e.g. 
sandstone) that can then be used in numerical simulations that model a shock applied to the 
material. Another goal is to develop analysis procedures that allow comparison of the experimental 
data and output from numerical simulations. Measures that can be used for comparison include a 
characterization of fractures in the rock using fractal analysis and grain size distributions. 

The x-ray attenuation data is a (noisy) representation of a three-dimensional grain structure of a 
small core (lmm diameter) of sandstone. The process of extracting geometric information is 
essentially a two-tiered task: a multi-partition segmentation into individual grains, and a geometric 
representation of each grain. The segmentation into individual grains is the most difficult in that it 
involves categorizing each voxel into grain and non-grain material (relatively easy due to image 
contrast) and into distinct grains (relatively difficult due to ambiguity of the grain boundaries). 
Various approaches to segmenting the image data from a slice have been explored including edge 
finding, wavelet analysis, two-dimensional entropic segmentation, and region growing. A better 
understanding of how to manage ambiguities in grain boundaries in the CMT data is still needed. It 
seems evident that humans deduce structures from the images using multi-scale information 
suggesting that multi-scale analysis may be a necessary characteristic to include in algorithm 
designs. 

/--A 



Signal Design for Lithography 

Jesse Kolman 
Lawrence Livermore National Laboratory 

We have developed an algorithm for designing input signals for a lithography system with the 
goal of printing prescribed patterns on semiconductor substrates. The input signal can represent 
various types of static masks and spatial light modulators. The forward model employed by the 
algorithm describes a partially coherent imaging system as well as a nonlinear photoresist. The 
imaging system is modeled by a bilinear transformation, which accounts for both the condenser 
and projection optics. Our algorithm attempts to work backwards, constructing an input signal, 
which yields the desired printed pattern, by evaluating the quality of the pattern and iteratively 
adjusting the input. The forward model is used to do the evaluation, and a constrained conjugate 
gradient optimizer solves the iterative problem. 

Recent developments have included techniques for greatly speeding up the required calculations 
and extensions of the model. The fast computational techniques allow practical sized problems 
to be solved in a reasonable amount or time, with no reduction in quality. The model extensions 
consist of the consideration of arbitrary complex objects and constraints, which allow certain 
portions of the input signal to be fixed in value. This latter extension may be useful for modeling 
defects in multilayer masks. Another important avenue of future research is the development of 
an algorithm, which produces a binary input signal. 

f- 

This work was performed under the auspices of the Department of Energy by the Lawrence 
Livermore National Laboratory under contract W-7405-Eng-48. 



Fluoro Immuno Sensors for Biological Warfare Agents Detection and 
Identification 

Kodumudi S. Venkateswaran’, Fred P. Milanovich’, Raymond P. Mariella Jr.lP3 and 
Richard G. Langlois’ 

‘Biology and Biotechnology Research Program, ’Nonproliferation, Arms Control and 
International Security Directorate, 3Center for Microtechnology 

Lawrence Livermore National Laboratory 

Advanced biodetector systems are of paramount importance for reducing the threat of 
biological weapons and also for containing the devastating effects of any incidence 
involving pathogenic microorganisms. Biological Defense Program at Lawrence Livermore 
National Laboratory is focussed in the development of rapid and sensitive detector/ 
identifier systems useful both in the battlefield and the urban settings. Under this 
program, pioneering development was made in the real time monitorkg of nucleic acid 
amplification. Non-nucleic acid based fluoro immuno sensors are also being developed for 
simultaneous identification of multiple microbial agents in the sample. Fluorescent-labeled 
antibodies were used for detection of the microbial agents by flow cytometry. Blue or red 
laser was used as light source for excitation and sensitive photo detectors were used for 
fluorescence and light scatter measurement. Assays were standardized for the specific 
detection of simulants of biological warfare agents and tested using LLNL patented 
miniFlo flow cytometer and also with two different commercial flow cytometers. Four 
simulants used in this study were Bacillus globigii (Bg) for bacterial spore, Erwinia 
herbicola (EH) for vegetative bacteria, Ovalbumin (Ov) for protein toxin and 
bacteriophage MS2 (MS2) for virus. Flow cytometric detection is a sensitive, specific and 
reliable method and the fluoro immuno sensor will be very valuable for the rapid, 
simultaneous detection of different biological warfare agents. 

Key Words: Fluoro immuno sensor, biological weapons, flow cytometry 

This work was performed under the auspices of the Department of Energy by the Lawrence 
Livennore National Laboratory under contract W-7405-Eng-48. 
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UCRL-JC-131209 Abs 

Preliminary results from an environmental geophysics project for improving 
geophysical imaging of fluid distribution in the shallow subsurface 

B y  Patricia A. Berge, James G. Berryman, 
Brian P. Bonner, Jefery J .  Roberts, Dorthe Wildenschild 

The purpose of this project is to develop a computer code for joint inversion of 
seismic and electrical data to improve underground imaging for site 
characterization and remediation monitoring. The computer code developed in 
this project will invert geophysical data to obtain direct estimates of porosity and 
saturation underground, rather than inverting for seismic velocity and electrical 
resistivity or other geophysical properties. 

This should improve the state-of-the-art of underground imaging sigruficantly, 
so that interpretation of data collected at a contaminated site will be much less 
subjective. Potential users include DOE scientists and engineers responsible for 
characterizing contaminated sites and monitoring remediation of contaminated 
sites. In this three-year project, we use a multi-phase approach consisting of 
theoretical and numerical code development, laboratory investigations, tests on 
available laboratory and borehole geophysics data sets, and a controlled field 
experiment, to develop practical tools for joint electrical and seismic data 
interpretation. We are now in the second year of the project. We will present 
results to date from this work. Results from controlled laboratory experiments on 
sand-clay mixtures improve our understanding of the connections between 
measured geophysical properties and the parameters that control fluid 
distribution and flow (porosity, saturation, and permeability). Results from 
theoretical work include determining how to use appropriate effective medium 
theories and available physical properties information in algorithms for relating 
geophysical measurements to porosity, saturation, and permeability. 

Other results include new guidelines for planning and carrying out geophysical 
field experiments for improved site characterization. 

/, r-. 

For more information on ths  project, please see the world-wide web page at: 
http: / /www-ep .es.llnl.gov/ www-ep / esd / expgeoph/Berge /EMS!? / 

This work was performed under the auspices of the U.S. Department of Energy 
by the Lawrence Livermore National Laboratory under contract No. W-7405- 
ENG-48 and supported specifically by the DOE Office of Energy Research within 
the Office of Basic Energy Sciences, Division of Engineering and Geosciences. 
This project is funded as part of the Environmental Management Science 
Program (EMSP), a pilot program managed jointly by the Office of Energy 
Research and the Office of Environmental Management. 
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Conducting Contaminant Plumes 
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Electromagnetic induction tomography is a promising new tool for imaging electrical conductivity 
variations in the earth. The EM source field is produced by induction coil (magnetic dipole) 
transmitters deployed at the surface or in boreholes. Vertical and horizontal component magnetic 
field detectors are deployed in other boreholes or on the surface. Sources and receivers are 
typically deployed in a configuration surrounding the region of interest. The goal of this 
procedure is to image electrical conductivity variations in the earth, much as x-ray tomography is 
used to image density variations through cross-sections of the body. Although such EM field 
techniques have been developed and applied, the algorithms for inverting the magnetic field data 
to produce the desired images of electrical conductivity have not kept pace. 

/-* 

One of the main reasons for the lag in the algorithm development has been the fact that the 
magnetic induction problem is inherently three dimensional; other imaging methods such as x-ray 
and seismic can make use of two-dimensional approximations that are not too far from reality, 
but we do not have this luxury in EM induction tomography. In addition, previous field 
experiments were conducted at controlled test sites that typically do not have much external 
noise or extensive surface clutter problems often associated with environmental sites. To use the 
same field techniques in environments more typical of cleanup sites requires a new set of data 
processing tools to remove the effects of both noise and clutter. The goal of this project is to join 
theory and experiment to produce enhanced images of electrically conducting fluids underground, 
allowing better localization of contaminants and improved planning strategies for the subsequent 
remediation efforts. The poster first explains the physical context in more detail and then 
summarizes the progress made so far on this project: (1) on code development, (2) on field tests 
of these methods, and (3) data inversion methods. 

This work was performed under the auspices of the Department of Energy by the Lawrence 
Livermore National Laboratory under contract W-7405-Eng-48. 
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Clinical Access of PEREGRINE Dose Calculations 

By Sarita S. May 

The goal of the PEREGRINE Program is to improve the effectiveness of radiation 
therapy in the treatment of cancer, using Monte Carlo photon transport, by 
ensuring wide-spread rapid distribution of this technology to every cancer center 
that uses radiation therapy. In order for PEREGRINE to have the highest impact 
on the maximum number of patients, OUT program has the following objectives: 

Demonstrate that Monte Carlo dose calculations are fast and accurate 
Design an affordable package that is compatible with existing treatment 

systems 
Address intellectual property and copyright issues 
Prepare validation and verification package for FDA submission 
Develop and imple'ment licensing strategy 

Through these activities we believe we can fulfill the expectations of the medical 
community now and continue to advance the field of radiation therapy well into 
the 21st century. 
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Direct observation of fluid-clay interactions with 
implications for mechanical and electrical properties 

B y  C. Aracne-Ruddle, D. Wildenschild, B. Bonner, and P. Berge 

When measuring sound speed in dilute sand-clay mixtures, observed changes in 
energy transmission have indicated that the pore fluid composition, as well as 
the amount of clay, may influence the acoustic properties of the medium. We 
devised an experiment to directly observe how sand and clay particles interact 
on the grain scale. An optical microscope was used to observe changes in clay 
morphology as a function of the chemistry of the pore fluid. We used a pure 
silica sand with grain sizes between 74-420 microns and a median diameter (d50) 
of 273 microns, mixed with 1,3, and 10 weight-percent of sodium 
montmorillonite, a swelling clay. The wetting fluids were deionized water and a 
0.1 N CaCl2 solution. For t5he dry sand-clay mixture, we observed that the clay 
particles would electrostatically cling to the sand grains, tending to bridge the 
gaps and thus influence the acoustic and electrical properties of the combined 
medium. As expected, due to the chemical interactions between the clay and the 
water, the clay particles swelled to occupy the available pore space between sand 
grains when wetted with deionized water. Subsequently, when wetted with 
CaC12, the clay particles settled and clumped together to form larger clusters or 
flocs by a process called flocculation. The flocculation process depends mainly on 
the charge that may be present on the particles in solution. The charge on each 
particle may repel the other particles and keep the material in suspension, or it 
may cause the particles to be attracted to each other and form clusters (or flocs). 
The visual observation of these phenomena verifies our initial assumption that 
fluid-clay interactions can play a major role when making acoustic and electrical 
measurements on natural soils. 
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For more information, please visit our web-site at: http: / /www- 
ep .es.llnl.gov / www-ep /esd / expgeoph/Berge /EMSP / 

This work was performed under the auspices of the U.S. Department of Energy 
by the Lawrence Livermore National Laboratory under contract No. W-7405- 
ENG-48 and supported specifically by the DOE Office of Energy Research withm 
the Office of Basic Energy Sciences, Division of Engineering and Geosciences. 

This project is funded as part of the Environmental Management Science 
Program (EMSP), a pilot program managed jointly by the Office of Energy 
Research and the Office of Environmental Management. 
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Ultrasonic Immunoassay for Detection of Breast Cancer Antigens" 

By Amy Wand, Radwan Kiwan2, Richard Whit2 
Lawrence Livermore National Laboratory 
2Cancer Research Fund of Contra Costa 

3University of California, Berkeley 
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ABSTRACT 
Patients with active breast cancer exhibit elevated blood serum levels of breast 
epithelial mucin antigens (BrE-Ags). Currently, serum levels of BrE-Ags in breast 
cancer patients are monitored during follow-up of surgery or chemotherapy 
treatment, where a rise in blood antigen levels indicates the presence of residual 
tumors. 

We present a silicon-micromachined immunosensor package that has been 
designed to detect a specific breast epithelial mucin antigen, non-penetrating 
glycoprotein (NPGP). We couple an acoustic sensor, the flexural plate wave 
(FPW) device, with a novel mass-amplifying label that increases sensor signal 
from that of previous acoustic immunoassays. The use of a gravimetric 
immunoassay provides an alternative to radioimmunoassay, eliminating the 
need for radioactive labels that require costly disposal. In addition to gravimetric 
sensing, the FPW device is also capable of providing a source of ultrasonic 
agitation, which results in localized mixing near the active immunoglobulin 
binding area of the device. We have observed increased antibody binding using 
ultrasonic agitation during immunoglobulin incubation periods. Consequently, 
with ultrasonic agitation, we are able to reduce the length of time necessary to 
complete the immunoassay, and also affect the amount of antibody binding. 
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Keywords: acoustic, breast cancer, immunosensor, ultrasonic, MEMS, 
micromachining 

Amy Wang is an electrical engineer in the Center for Microtechnology at LLNL. 
She is also an adjunct professor in the Department of Applied Science at the 
University of California at Davis. Her research interests include the application 
of micro electro-mechanical systems (MEMS) to biological and medical 
applications. Amy received her 
Ph. D. from the University of California at Berkeley. 

* This work was performed at the University of California at Berkeley and the 
Cancer Research Fund of Contra Costa. 
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