m 1Carnegie Mellon University “University of Toronto 3University College London

Non-line-of-sight (NLOS) setup Femtosecond-scale reconstructions sem x dem
y RN 1000 x 1000 spots

LOS wall

NLOS reconstruction ground truth direct scan)

A VAN NLOS
S VTN -
e
B
horizontal Iocation transient IMdaging using
height profiles comparison optical coherence tomography
Picosecond-scale reconstructions 80cm x 80cm.
e - re 64 x 64 spots
<< >

LOS wall
80cm

traiaging using single-
photon avalanche diode (SPAD)
What are Fermat paths How to find Fermat paths Why Fermat
Fermat paths: specular or boundary transient discontinuous at Fermat’s principle: paths of stationary length
Fermat pathlengths 21 Bl ! S — (I
5| o : I —
Al = | |
: | : s -:. = 8 e > o > k———.‘—>'l >
: : : pathlength surface point
A [ I [
surface S : : '
© |
specular: boundary: [ '
ray parallel to ray orthogonal * . i plane isphere Aparaboloid
surface normal to boundary S : |
O
s i :
' — - A 4 h\ '\.
I Tq Ty aluminum foil S LA . —"/' >
virtual source & detector photon time-of-flight diffuse paint  BRDF invariance and curvature
How to reconstruct a point and its normal NLOS reconstruction pipeline
Fermat pathlength: spherical constraint Fermat flow: ray constraint densely scan wall reconstruct points & normals
xz € sphere (v, 1/2) Ny, = —V,Tx (V) S
point on sphere ___ Xr XF
tangent to surface TN o
~
/ N
/ \
, a tr
/ /
, surface normal R4 A7 1
/ same as sphere / cos H = —— IR N N
[I normal, and 4 /T — z dvx ﬂ > ﬂ > A > B e ''''''
| parallel to ray T 2 — Ty R
j R 0 Zl X ﬂ . /l .
s —— ‘S & —— T T T MR
virtual source & detector v v+dv v A X _/l ) _A X
Reconstruction from sphere-ray intersection: xr = v — 1£V,,7£(v) detect discontinuities locally fit polynomials
This work was supported by the DARPA REVEAL program under contract HR0O011-16-C-0025, NSF imaging.CS.Cmu.EdULpublicatiOnS/fermat_pathS[

Expeditions award CCF-1730147, the NSERC RGPIN and RTI programs, and an ONR DURIP award.



http://imaging.cs.cmu.edu/publications/fermat_paths/

