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1 DERIVATION OF THE STOKES IMPULSE RESPONSE

FUNCTION

In this section we provide a step-by-step derivation of our forward
models for scenes with depolarizing and polarizing targets that
provide practical inverses. We provide a general expression for
forward light transport considering polarization effects (Equation
(6) of the main document):

𝐻𝑠 (𝑥𝑙 , 𝑥𝑑 , 𝑡, S) =
∫
𝑉

𝐺 (𝑥) 𝑓 (𝑥𝑣)𝑀 (𝑥) S𝑙 𝛿 (𝑡 − Δ𝑡𝑣) d𝑥𝑣 . (1)

For scenes with depolarizing targets, this turns into a simpler
forward model (Equation (11) of the main document):

𝐻𝑠 (𝑥𝑙 , 𝑥𝑑 , 𝑡, S) =
∫
𝑉

𝐺 (𝑥) 𝑓 (𝑥𝑣)𝐶 (−𝜙)𝑀𝑥𝑑 S𝑢𝛿 (𝑡 − Δ𝑡𝑣) d𝑥𝑣 . (2)

Here we provide a step-by-step derivation from this expression
to a practical invertible forward model (Equation (13) in the main
document):

𝐻𝑠 (𝑥𝑙 , 𝑥𝑑 , 𝑡, S) =
𝐺 (𝑥) 𝑓 (𝑥𝑣)
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The main idea of this derivation lies in the assumption that any
polarized light transport measurement with time-of-flight 𝑡 was re-
flected by a single point in the hidden scene. Under this assumption,
we can remove the integral and the 𝛿 (𝑡−Δ𝑡𝑣) term from Equation (2),
having:

𝐻𝑠 (𝑥𝑙 , 𝑥𝑑 , 𝑡, S) = 𝐺 (𝑥) 𝑓 (𝑥𝑣)𝐶 (−𝜙)𝑀 (𝜃ℎ𝑥𝑑 )S𝑢 . (4)

The remaining simplification is just a collapse of the known terms
𝐶 (−𝜙),𝑀 (𝜃ℎ𝑥𝑑 ) and S𝑢 :

𝐻𝑠 (𝑥𝑙 , 𝑥𝑑 , 𝑡, S) =𝐺 (𝑥) 𝑓 (𝑥𝑣)
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For scenes with targets that preserve polarization of light, we
propose an inversion model (Equation (16) in the main document)
restricted to confocal configurations 𝑥𝑙 ≡ 𝑥𝑑 :

𝐻𝑠 (𝑥𝑑 , 𝑡, S) =
𝐺 (𝑥) 𝑓 (𝑥𝑣)
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for which we provide a step-by-step derivation here. By substituting
𝑀 (𝑥) in the general expression for polarized transport (Equation (6)
in the main document) by its specific expression in confocal config-
urations with polarizing targets𝑀 (𝑥) = 𝐶 (−𝜙)𝑀 (𝜃ℎ𝑥𝑑 )

2 (Equation
(15) in the main document) we obtain

𝐻𝑠 (𝑥𝑑 , 𝑡, S) =
∫
𝑉

𝐺 (𝑥) 𝑓 (𝑥𝑣)𝐶 (−𝜙)𝑀 (𝜃ℎ𝑥𝑑 )
2S𝑙𝛿 (𝑡 − Δ𝑡𝑣) d𝑥𝑣 . (6)

Under an analogous assumption of single-point reflection as in the
case of depolarizing targets, we reach the following expression:

𝐻 (𝑥𝑑 , 𝑡, S) = 𝐺 (𝑥) 𝑓 (𝑥𝑣)𝐶 (−𝜙)𝑀 (𝜃ℎ𝑥𝑑 )
2S𝑙 . (7)
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For known terms 𝐶 (−𝜙),𝑀 (𝑥𝑑 ) and S𝑙 , it yields:

𝐻 (𝑥𝑑 , 𝑡, S) =𝐺 (𝑥) 𝑓 (𝑥𝑣)
( 1 0 0 0
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2 NON-COLLIDING POLARIZATION STATES

To analyze the full potential of our polarized time-gated NLOS
imaging method, we also formulate an impulse response function
assuming that we can separate incoming radiance bymultiple angles
of linear polarization 𝜉 and degrees of polarization𝜓 . This formula-
tion allows us to remove the assumption that light is only reflected
by a single point 𝑥𝑣 in the hidden scene, capturing their polarization
states separately as:

𝐻 (𝑥𝑙 , 𝑥𝑑 , 𝑡, 𝜉,𝜓 ) =
∫
𝑉

𝑓 (𝑥𝑣)𝐺 (𝑥) S𝑑 𝛿 (𝑡 − Δ𝑡𝑣)

𝛿 (𝜉 − 𝜉 (S𝑑 )) 𝛿 (𝜓 −𝜓 (S𝑑 )) d𝑥𝑣,
(8)

This formulation can be inverted similarly to the Stokes impulse
response functions for depolarizing and polarizing targets, adding
the polarization integration domains:

𝑓 (𝑥𝑣) ≈
∫
𝐷

∫
𝐿

∫
Ξ

∫
Ψ
𝐻 (𝑥𝑙 , 𝑥𝑑 ,Δ𝑡𝑣, 𝜉,𝜓 ) 𝛿 (𝜉 − 𝜉 (S𝑑 ))

𝛿 (𝜓 −𝜓 (S𝑑 )) d𝜓 d𝜉 d𝑥𝑙 d𝑥𝑑
(9)

where
∫
Ξ d𝜉 and

∫
Ψ d𝜓 are the integration domains over the angle

of linear polarization and degree of polarization, respectively.
The decoupling of incoming radiance of Equation (9) by its po-

larization state allows us to distinguish points in the hidden scene
which reflect light with the same time of flight at 𝑥𝑑 , as the polariza-
tion state (𝜉,𝜓 ) will be different depending on the direction (𝜙, 𝜃 )
at which the point lies with respect to 𝑥𝑙 and 𝑥𝑑 . As the polarization
state encodes directionality, this formulation increases the angular
resolution to the system.

The challenging part of the capture formulation from Equation (8)
in the real world is to measure radiance based on its angle of linear
polarization and degree of polarization. Although transient polar-
ization hardware has been developed [Baek and Heide 2021, 2022],
it does not decouple the mixed incoming polarization states from
different paths. This could be achieved by combining wave plates,
power meters, polarizing beam splitters, and polarizer filters in au-
tomated rotation mounts to precisely and independently control the
polarization of the outgoing laser emission and the polarization of

Front Top Side

Fig. 1. Reconstruction using our impulse response function 𝐻 (𝑥𝑑 , 𝑡, 𝜉,𝜓 )
that separates by polarization states (Equation (8)), scanning only four

points on the relay surface. All scene features are clearly visible in the

reconstructions, including those in the missing cone (Bunny’s ear, Lucy’s

wing, or the leftmost plane in Planes).

incoming light. However, the automation, calibration, and synchro-
nization of all these components is not trivial experimentally, and
research on computational methods to reconstruct the separated
polarization components is needed.
This acquisition procedure allows us to reduce the number of

scanned points on the relay surface compared to existing conven-
tional NLOS imaging methods. In Figure 1 we show that, in an
optimal case in which we separate incoming light by its angle of
linear polarization and degree of polarization, we can fully recon-
struct a hidden scene with as little as four scanned points on the
relay surface, dramatically increasing visibility of all surface points
that reflect any light towards the relay surface.
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