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High-Accuracy Distance Measurement Method Using Image Captured by Monocular Camera Based on
Aberration Maps
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Methods to perform distance measurement with high accuracy using images are generally classified into (1) methods using a stereo camera
system equipped with two cameras, which have been widely used in various applications; and (2) methods using a monocular camera, including a
monocular depth estimation method employing deep learning and a color-filter aperture method in which color filters are inserted into the optical
path. However, there are significant issues with these approaches in terms of the need for downsizing of the camera systems and resolution of the
trade-off between versatility in dealing with objects of various shapes and reduction of costs.

To rectify this situation, Toshiba Corporation has now developed a versatile method to precisely measure a distance at low cost using an image
captured by a commercially available monocular camera. This method makes it possible to perform distance measurements based on blurinforma-
tion datarelated to the lens performance (hereafter referred to as aberration maps), which vary according to the object distance and image position,
through analysis of the image applying deep neural networks. We have conducted evaluation experiments using actual images and confirmed that
this method achieves distance measurement accuracy comparable to that attained by methods using a stereo camera system without dependence

on object shapes.
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Overview of distance measurement by means of aberration maps
of image captured by monocular camera
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Example of aberration maps of regularly arranged point light sources
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Enlarged views of blurred shape and red-green-blue (RGB) brightness values at image center and edge parts
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Differences in color fringes depending on distance to object due to
chromatic aberration of achromatic lens
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Automatic calibration data acquisition system
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Outline of deep neural networks for aberration map analysis

L, M1~2mMo 1008 0K ABIRELE, A
400D AT —HRTH D, TDEIICLTHEFLIE
A7 —%%, BE=a—9V 3y 7—=2ICAHLT, ¥F
EEITT 5,

K61, BAFLIEE=2—IV %y b7 — 27 OMEX %
Y, 3 AENCRR LS, INEICE SR T O EUERE
M RAT 9 2728, Tv Y ORI MRT S 5 8 2 BT
Gy b7 =2, REICRE L3 OB 2 T T 2 AL E
TERIANT 2> by —2, RONEF OO E 2T T2
gt 2y b — 2 T 5, JRSEHERICKAEE T, 1F
JEWRE TR T2 T RELT, TV FLIEIRLZ16
x 16 7 ¥ A ZO/NEROEERE ZNEND Ry b7 —
JICASIT B, HFy T —212BW0»T, ABNERICT 4L
O — I T TREEZ ML, B REIcEM Y
D7 DICIRRE 2T S TERREZ EME T 208 % D
B RHEEEZENL TV, £, MMEEHRENTE
BT ORy V=260 IE, TTvvarviidh
B AN B 2 RO A BUENT Y b7 — 21T A E
Nz, 77viarigld, YvmEGoMEL AIcs
W, HEAROE Z2BEHTRIETTERELOFE
BN TELDERGIET 2720IEREhS, FEOER
TlE, WE=2—IV 3y b7 — 2 CHEE L7 BEHE L 225
T =YL AT L(IX5) T L 72 IEfRERE L DR AEDS
INEL 3B EINTR Y NI — T DT A=Y —Z T T 5,

4, FHMSEER

TIRO—HIRL 7 H AT ICESEEESOmMMOA AT X

BRAX S TR U 1 ROBEBROINEFRICED < SEERERDIFE

—A%5ESC FEATURE ARTICLES

60 - REUFE

50 -

40 -

Ty

i

b
22 (cm)

330 -

ATLARASFER
20 -

EERE(m)

(7. EEREFSEDFHESEERER
BAFE L e FIECRONAIEHERE E O HRAE, AT LAARATFIRER
BETHoT,

Results of evaluation experiments on accuracy of distance measurements
obtained by conventional method using stereo camera and newly
developed method using monocular camera
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