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Improvement on Accuracy of Fisheye Stereo Camera by Disparity Offset Map

Fumito YAMANO, Hirotaka IIDA, Kazunori UMEDA, Akira OHASHI,
Daisuke FUKUDA, Shuzo KANEKO, Junya MURAYAMA and Yoshitaka UCHIDA

This paper improves the accuracy of fisheye stereo camera by correcting images using a disparity offset map. A disparity
offset map is a map of disparity errors that are calculated from the disparity of the feature points obtained from an object
with known distance. By correcting the disparity errors and aligning the images, errors due to the insufficient calibration of
the camera parameters, etc. are reduced. A disparity offset map is constructed and the accuracy of distance measurement
of a fisheye stereo camera using the disparity offset map is evaluated by experiments.

Key words: stereo camera, fisheye camera, equirectangular image, calibration, disparity, offset map, range image

1. & B

WA, 2N OMEETEO DO N A Z R YR Y
ML HHENTWS, Ml LTAFLAHAS, LIDAR, V
F=laERIATIERINT NS, ARXTIE, ARAFL
FAHAZIZGHT S, AR A Z 1L 180 FER#HO LS4 %
Fih, Al A %2 22 WEARAT LA LA S 2T S
Z etk o TR CE RIS e L 2 5.

fRAT LA DA TORRMIEE LTIXELFO & 5 ifgeh
%%, Abraham 5 " i, MIEAF LA B A FIZAF L AFiFL
BT A LILEoTAT VAN y F o2 L. L
L, BREHSHETRHNAETETVARY, Moreau 5 2 I,
SR E T VOMIRAT VA A A S R WEESE TR
ERE LA, L Lahs, ZoHERRKERHIA M ERE
Y94 %. Hane 5 ¥ 1%, plane-sweeping %% f\WTY 7L &4
L0 3 WALHIEEE U, iz, UAVY i 9~ Yo
FRAWR T Ty b7 —DIZAIRAT VAR A F %M L4
LIET 5, ZNSOWKTI, MAIREHRIE0E, HGaEER
YL T 5 IO B I E I AR E D, L, £
OB GO JOFEI R E Gl EME TN L7728, [0
TAFVARYF VI RT5 2 ENRMEE A b, 5o fimE 4
O & g U TRl i< - T L £ 5.

ZITRIES P B I NS ORMEERYT 2720, FARmE
F ARl & A A B & e 3 7 1A SRR R O 4G 1T 25
Lz EREMA G EZ W ARAT LA AT E2BELTY
4. IEEEMEEEIC & D AERESOEAOMRE, HISREED

* EREN PHR30ESH4H
Wik ER 3048 H2H
=G & H dRRFRER (B, () vv R
i K WL 2SS IR T 3-1)
el kRO (MR AR H 1-13-27)
TOOE £ B ekt GHEEORE AR 1-1327)
T (k) 2504y BERE W il D 7-2)

M ZRITS ZEATES. L Lads, ks
DTRNEWHIIFEND L. Zhid, A A—2 2HD
H A Z IO ES) BLUBEHIATONENATA=ZD
MEIzEBLEZLONS., INLOPENKELRLDIE,
TE, AIREGSE VNS VEREXBEREHG L TS L
FHEMAEEEOEADNKZ N LR H AT OMEEENKZ N
Lickd, Fi, MELAEABRATLANASOEMRN RS
T, EHPEENARIZ X > TRRBIEGHIESBTIThE Z L
LEHBTHEIEELZTWS, ZhizH L, ARXTid, £v
T—2a vFEPETFVOEEGETI>DOTIRZL, BHOIE
Bz B BN EOEED SHEOFEETHEHEA 7Y by
TERBRTE O, HEA Ty by L RENOHIC S
B G B oNREOBEr SR SN HEREE S
LILRHEREMET DYy T THD. ZOREAT Y by
TEHAWDZETHENT A =R EMNENT A —RDEEDE
EEL, MIRATFLVATATOEBREETS. REFEOH
% B TR T

2. BERAFLIHAASOBRE

21 BRIATETI

IR L > XOHE AL, S oA AR, ST
AR DS S, L, BEBFICRET ISR
& EEEO MRS A S L HARA Y5 R RS kb
W, FIZTARMELTIE, Scaramuzza 5 'V AMEE L TWA L
EEBLEAASEFTVEHOTHRNAT A -2 25l %T
W, falRH A SOEAEHIET L.

2.2 EEREAEER

B 1(a)(b) (o d il b, RGO E A& BB G2
g5 Z L TH LHEIBNRRE LG EMETNTLE
5. Bl EME I NAHHIEEEAE 2D, AFLATyFV
AR O HIGEERD B Z BRI RS, TDD, §lEf
BHLZEHZDD, EARKREELZLTCAT LAY F VI

BBITFR5E/Journal of the Japan Society for Precision Engineering Vo84, No.12 2018 991



REFITLY PRV TICRDBBRRAT VA AAXASDSHEL

MBI EHBEEE LT, KRXTEHE 1(c) DIEHMME
W% P B TE R P AT e kA & ABEh & s A 240 ¢
12 & - 7R R B A 7=, MRS L TR
R ERTE, B EEIELPEADODRWEEREERT A E
HTED. ARG EREMAA R 2T 2B ER 2 12
R

23 EHAME®D 3 RIThid

WNEMERBAT VAT ASTOEBIEIIA TP -2
Uw Rl 45, AT, AhAS2IENEL T2, FHik
DIFESEES Db EAGHAZOLNBAOEEE AN, EARAS
MOMEMETOHNMAE N, GHATh SR E TOMA
o LT BHEMANTIHINTE S,

b cosN

De sin A\ cos ¢ )

3. |EFT7Ey ey S

3.1 BEEELBIHIOFERICHT 2EERE

BEA D BHEEIT 3 B 30k 4 % Hfd L 7= IEBE P fT i b & Rl %
L, ThEThOHOEHEOREERD S, HEEFEA LD
THH A R SN, LR ofEikdsz
LHARETH H. WAEIR AR CAMiA ), A (A E
), FNFNIZHLTRO S, SFLY IOz H 25
Fotnrds, B3DFRNEETHENZEYHZDFIT
H5. BEEOMEE <y F o 70k AKAZED V5. 7
B, HEEEIELSONRERSBTHZEEHETHL D,
AATDEEREADL I LIZE > Tt O M4 % b okt~
IR TR LR S 2T 5 Z 2 it ko T, @& dic
LTREEDARONE EDI2T 5. £, EAEHROREND
a—2 Yy REENAKE VSR TIMEE LTHRET S,

32 WEA 2y b T

FEROBERGE, S R IZ T o AR EZ ROy
TEERTD. ZThi@fEX 7€y by FTEIER, HWEOMHR
AR HTAMEHEZE 4 I2RT. SEEOHERED,
FOWFEOFFIZH BREAE Y, B3 e OHEHE dy, 126
UCTHA w, 25 LEEAMTEEEIZEORET 5. FER
(uk, Vi) DR eur, eor D SHHE (i, j) DEAEIE e,
e; BIRATHRDB.

T
k=1 WE - Euk

e = =hsl = 2 2)
k=1 Wk
oj = Sks Tk Cuk 3
’ 2k=1 Wk
1 di
Wk = org? ‘”‘p{‘ﬁ} @
di = V/(ur — 0)2 + (vx — j)? (5)

Frz, R@B2MAHA I ARMHIZH-TEY, o IJEEHEHE
R, WEOEAEEERD S HHOREIZHE,IS L &
VEEL R OO SUZHIR S 2. n ik Z OB OREE O SET
H5. MO L EWEBNICHEIE L h o 2548137 Ol
HKOUEBEIFEET B,

33 BEF 7€y by FICLZ2EHRBE
A7y by TOMEBEOEEPEE S L ICH{G %G IE
T5., ARXTREEGICHEZTS. W% (i,5) »ofAEH

(b) Perspective image

(c) Equirectangular image

Fig.1 Transformed images from a fisheye image
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Fig.3 Target with a known distance on an equirectangular image
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Fig.4 Method of calculating disparity error of a pixel using feature points
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Fig.6 Experimental environment
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Fig.7 Measurement points
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(a) Horizontal direction (b) Vertical direction

Fig.8 Disparity errors of feature points

(a) Horizontal direction (b) Vertical direction

b) With correction (Cond.1
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(a) Horizontal direction (b) Vertical direction (c) With correction (Cond.2)
Fig.11 Range images

Fig.10 Disparity offset map (Cond.2)
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Fig.13 Distance measurement error and standard deviation for 1 m
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Fig.14 Distance measurement error and standard deviation for 5 m
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