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Q u a n t u m  S p e c t r a l  
H o l o - S e n s e :
A  F u t u r i s t i c  N D E  
R e v o l u t i o n
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(Don’t worry! We  d on’t e ithe r!!  )

“ I f  y o u  t h i n k  y o u  u n d e r s t a n d  
q u a n t u m  m e c h a n i c s ,  t h e n  y o u  
d o n ’ t . ”
–  R i c h a r d  F e y n m a n



Ju
ly

 3
, 2

02
5

3

The  Vision
Q uantum Sensing
Ad vanced  Sp ectral Corre lation Eng ines
Bio-Insp ired  Monitoring
Aug mented  Reality
Summary
Q &A
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T h e  V i s i o n

• Each mate rial has uniq ue  
characte ristics or "p ulses"

Mate rials as "Living  Systems"

• Exp ose  hid d en flaws d uring  
manufacturing

Real-Time  De tection

• Convey d e fects to  eng inee rs using  
Aug mented  Reality (AR)

Holog rap hic Visualization
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Insp ired  b y p hotop le thysmog rap hy (PPG) used  in med ical 
monitoring  

System tracks the  "mate rial p ulse " - sub tle  variations in how 
mate rials re sp ond  to  d iffe rent p rob es d uring  manufacturing  
p roce sse s

Treats each comp onent as a d ynamic system with its own 
uniq ue  "heartb eat" of re sp onse s that ind icate  its health and  
integ rity

M a t e r i a l  P u l s e  C o n c e p t
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Quantum-Enhanced Sensing
Detection capabilities beyond classical 
physics limitations through quantum 
mechanical properties

Advanced Spectral 
Correlation
Multi-spectral analysis powered by 
sophisticated machine learning 
algorithms

Bio-Inspired Monitoring
Material health evaluation principles 
derived from biological systems 
monitoring

D e t e c t i n g  M a t e r i a l  
“ P u l s e ”
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• Q uantum sensing  
te chnolog ie s are  sp ecifically 
hard ened  for op e ration in 
semi-contro lled  
manufacturing  
environments

• Possib le  Technolog ie s
• Nitrog en-Vacancy 

Cente r Mag ne tome try
• Sing le -Photon 

De tection Arrays

Q u a n t u m -
E n h a n c e d  
M a t e r i a l  S e n s i n g
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• Tiny defects in diamond that act as ultra-sensitive magnetic 
field sensors at the nanoscale

• Detect material stress, strain, and microstructural changes

• Read quantum spin states by shining laser light on NV 
centers

• Remains coherent at room temperature

N i t r o g e n -
V a c a n c y  
C e n t e r  
M a g n e t o m e t r y
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• Q uantum Prob e  Gene ration
• Entang led  p hoton p airs are  created , with one  p hoton sent to  inte ract with 

the  mate rial while  its entang led  p artne r is p re se rved  as a re fe rence .

• Sing le -p hoton avalanche  d iod e  (SPAD) arrays record  ind ivid ual 
p hotons with 10-30 p icosecond  timing  re solution

• Cap ture s the  fainte st sig nals from d eep  within mate rials

S i n g l e -
P h o t o n  
D e t e c t i o n  
A r r a y s
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• Hyp ersp ectral Data Fusion
• Ultravio le t, visib le  lig ht, near-infrared , and  te rahe rtz freq uencie s 
• Alread y used  in ag ricultural ap p lications
• Hyp ersp ectral Neural-Rad iance  Fie ld s (NeRFs)

• Provid es a more  comp le te  p icture  of mate rial p rop e rtie s than any 
sing le -sp ectrum me thod

S p e c t r a l  
C o r r e l a t i o n  
E n g i n e s
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Pulse  oxime try's comp arison of lig ht 
ab sorp tion at d iffe rent wave leng ths
Emp loy multi-wave leng th comp arative  
analysis to  iso late  sp ecific mate rial 
characte ristics. 
Filte r out b ackg round  noise

D i f f e r e n t i a l  
S p e c t r o s c o p y
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1nm
Resolution

Quantum sensors 

achieve nanometer-

scale resolution, 

seeing what 

conventional 

methods miss.

100x
Sensitivity

Detects defects 100 

times smaller than 

traditional methods.

0
Speed Penalty

Real-time inspection 

with no production 

slowdown.
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T h e  Q u a n t u m  
I n s p e c t i o n  
A d v a n t a g e
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Consume  sp ectral 
NDE re sults
Enab le s In-situ 
monitoring

A u g m e n t e d  
R e a l i t y
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V i r t u a l / A u g m e n t e d  R e a l i t y

Q
U

A
N

T
U

M
 S

P
E

C
T

R
A

L
 H

O
L

O
-S

E
N

S
E



Ju
ly

 3
, 2

02
5

15

V i r t u a l / A u g m e n t e d  R e a l i t y
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Q SHS d e live rs comp lex mate rial analysis d irectly to  eng inee rs throug h holog rap hic aug mented  reality 
inte rface . This intuitive  visualization system transforms ab stract q uantum d ata into  actionab le  insig hts.

H o l o g r a p h i c  A u g m e n t e d  R e a l i t y  I n t e r f a c e

Sp atially-Reg iste red  Data 
O ve rlay

Mate rial analysis d ata is 
p recise ly map p ed  to  p hysical 
comp onents in real sp ace , 
allowing  eng inee rs to  see  
exactly where  p otential issues 
are  located

Multi-Dimensional Data 
Visualization

Comp lex d atase ts from 
multip le  sensing  mod alitie s are  
p re sented  throug h intuitive  
visual me tap hors, using  color, 
transp arency, and  animation to  
rep resent mate rial p rop e rtie s

Inte ractive  Analysis Tools

Inte ract with the  holog rap hic 
d ata using  g esture  contro ls to  
iso late  sp ecific p arame te rs, 
zoom into  areas of inte re st, or 
comp are  current read ing s with 
historical b ase lines

This inte rface  b rid g es the  g ap  b e tween q uantum-leve l mate rial sensing  and  p ractical 
manufacturing  d ecisions, d irectly acce ssib le  to  p rod uction te ams.
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T h e  F u t u r e  o f  
M a n u f a c t u r i n g
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Ae rosp ace  Comp onent Manufacturing

• Insp ect turb ine  b lad es d uring  p rod uction, for d e tecting  
sub surface  crystallog rap hic anomalie s that conventional 
me thod s can miss. 

Me d ical De vice  Prod uction

• Monitor mate rial integ rity d uring  3D p rinting  of titanium 
imp lants, id entifying  micro-p orosity issues in real-time  and  
ad justing  p rocess p arame te rs d ynamically.

Automotive  Structural Comp onents

• Detect incip ient fracture s d uring  forming  op e rations for a 
hig h-streng th stee l stamp ing  line , and  p reventing  
d ownstream assemb ly issues, saving  in warranty costs.

I n d u s t r y  A p p l i c a t i o n s  a n d  
P o s s i b l e  C a s e  S t u d i e s
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Defect Reduction: 
Reduction in field 
failures and 
warranty claims 
due to improved 
detection of 
previously invisible 
defects during 
production.

Scrap Reduction: 
Early detection of 
emerging defects 
allows for process 
corrections, 
reducing scrap 
rates.

ROI Multiplier: 
Average return on 
investment for 
QSHS 
implementation can 
be as high as 3x in 
the first year of 
operations.

E c o n o m i c  I m p a c t  f o r  
M a n u f a c t u r e r s

Q
U

A
N

T
U

M
 S

P
E

C
T

R
A

L
 H

O
L

O
-S

E
N

S
E



Ju
ly

 3
, 2

02
5

20

Q S H S  -  S u m m a r y

Quantum Sensing

See defects at atomic scales

Spectral Correlation

Intelligent material diagnostics

Bio-Inspired Monitoring

Read material vital signs
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Prof. David  Dornfe ld

D e d i c a t i o n



Q & A
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