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•  Quantitative Differential Phase Contrast (qDPC)1 is a Quantitative Phase Imag-
ing (QPI)2 method that recovers the complex transmittance function of a sample 
through several coded-illumination measurements (multi-shot) and a phase re-
trieval optimization.
•  The multiple DPC measurements are time multiplexed, which requires the 
sample to be stationary during the acquisition, however, typical biological samples 
are non-stationary and might violate this assumption.
•  Similar to motion-induced blur during a long exposure, motion occurring be-
tween measurements during the multi-shot DPC acquisition will cause spatial dis-
tortion and errors in the reconstructed quantitative absorption and phase.
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A simple LED array3 provides a cost-effective hardware solution for 
QPI methods. qDPC can be implemented on such a device by acquir-
ing four coded-illumination measurements, where each illumination 
pattern is a unique semi-circle1 with radius equal to the numerical 
aperture, NA, of the system.

•  Motion-resolved qDPC can improve the temporal resolution of the original 
method by a factor of four and can reveal motion dynamics at the frame rate of the 
camera.
•  Our ability to estimate motion depends on the bandwidth and SNR of the naviga-
tor signal; because its bandwidth is similar to that of the DPC signals motion esti-
mated in one can be well corrected in the other.
•  Further, our method can be applied to even faster moving samples by strobing 
the illumination LEDs during the exposure, this would be equivalent to taking mea-
surements with delays between them.

Quantitative Phase: C. Elegan
No Motion Correction Motion-resolved DPC

20µm

−0.5

−0.1

0.3

Ph
as

e 
(r

ad
.)

Ph
as

e 
(r

ad
.)

A
bs

or
p.

T=480ms T=1240ms T=2000ms
A

bs
or

p.

U
nc

or
r.

na
vD

PC
U

nc
or

r.
na

vD
PC

PhaseAbs. PhaseAbs. PhaseAbs.
10µm 10µm

−0.5

−0.1

0.3

-2

0

2

-2

0

2

G
ro

un
d 

Tr
ut

h
Ph

as
e 

(r
ad

.)
M

ot
io

n 
C

or
ru

pt
ed

Ph
as

e 
(r

ad
.)

M
ot

io
n-

re
so

lv
ed

Ph
as

e 
(r

ad
.)

−0.4

1.2

−0.4

1.2

−0.4

1.2

Quantitative Phase: Amoeba Proteus

20µm
4µm

20µm

Coded-illumination measurements cannot be registered with standard tech-
niques due to their varying spatial-frequency contrast. Here, we use an addi-
tional color-multiplexed measurement with consistent contrast, called the navi-
gator signal, to estimate and correct the motion between time points.
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