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Velocity detection based on superpised vortex
beams' Doppler effect

YAO Junyu, CHANG Min, LIU Xuejing, YU Xiantong
(School of Optical-Electrical and Computer Engineering, University of Shanghai for Science and
Technology, Shanghai 200093, China)

Abstract: ortex beam carries orbital angular momentum and exhibits a helical phase, with a
Poynting vector oriented at an angle to the optical axis. The angular component of the vortex
beam's Poynting vector causes a rotational Doppler effect, which allows direct measurement of
rotational velocity. The linear and rotational Doppler effects of vortex light can be used to detect
both linear and rotational velocities of an object, providing a comprehensive view of its compound
motion. On this basis, the target is detected using the vortex light superimposed with different
orbital angular momentum modes. These different orbital angular momentum modes cause different
frequency shifts, which, when combined with the frequency shifts resulting from the linear Doppler
effect, allow us to measure the specific velocity components of the compound motion. In this paper,
we propose a measurement model for compound motion using superimposed vortex beams and

analyze how different motion states affect the detection results.
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Fig.1 Skew angle between Poynting vector and its optical axis

IR AR XS G T ) S AEAT RN e AR
YR IR S R 2Z 80T KN )iz ik iRs =
f@+”f"ﬂzf@+%?),aﬁ%wwﬁjoxﬁﬁ
XA B R Q DA AR G T m) A G i 1k R TR
ZEZR, Ot SEmPOES, WK 2(a)
s, M i 1R e IR S iR

, 1Q
f -zf(l*'zg?) )
FO R 5 5 BN E L, BR N HER £ 3% RO

wmE 2(b) A1 () Frn, AR oA
EAE, EFES R PO RS d > r, BR
WESX WA, Ma<rit, PSS

(b) d<r

(@) d>r
B2 RS S e AR

Fig.2 Deviation between the optical axis and
the spinning center
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Fig. 4 Vortex beams detect a spinning object
with linear velocity
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Fig.5 Vortex beams detect the Doppler effect caused by
complex motion
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