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• steering light 1000x faster than Galvanic mirrors

• low-cost (~$100) device

• uses ultrasound to turn any medium (such as water)
into a programmable traveling lens.

applications: 100x faster Lidar

more scans limitation: diffraction blur

hardware prototype

custom built renderer for design

applications: 1000x faster projector

scanning systems

comparison with previous acousto-optic techniques

galvo steering (1 kHz)

proposed steering (1 MHz)

laser mirror

galvo 
(moving mirrors)

camera

laser lens

ultrasound transducers
(without moving parts)

camera

previous technique
(only axial scan)

proposed technique 
(both axial and transverse scan)

axial axial transverse

experimental prototype

ultrasound 
transducers

laserbeam 
splitter

lens

SPAD

mirror

galvo

simulated measured

galvo (5 kHz) galvo (2 kHz)galvo (1 kHz)ours (1 MHz) 

1 
m

s
50

 m
s

(gain = 30) (gain = 15) (gain = 15) (gain = 15)

(gain = 0) (gain = 0) (gain = 0) (gain = 0)

transient peak value
20

16

12

8

4

depth map (cm)

130

140

150

160

170

180

1000

3000

5000

7000

9000

sh
ap

e
do

t p
ro

je
ct

or

physics of programmable traveling lens

light through an ordinary medium travels straight

water

light through ultrasound modulated media focuses

high pressure and 
refractive index
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refractive index

programmability by synchronizing sound and light pulses

the focus steers at the speed of sound, 1.5 kmps in water 
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