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Abstract In terms of underwater non—parallel binocular image matching not being parallel correction, and no
longer satisfying the epipolar constraint in the air, a kind of epipolar constraint model that suitable for underwater
is presented. According to the differences of relative position between the camera and waterproof cover, the
underwater imaging ways of binocular vision is divided into parallel imaging, common reflection surface imaging
and independent reflection surface imaging. And the epipolar constraint model of the last two are deduced. The
camera is calibrated. The scale invariant feature transform (SIFT) algorithm can help to match stereo. And
corresponding curve of the feature points on reference image is derived. According to whether the corresponding
feature is on the curve, the false matching points are eliminated and the matching accuracy are improved.
Experimental results show that the underwater curve constraint model can effectively eliminate false matching
points, and reduce the error matching rate.
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Fig.1 Underwater camera imaging mode. (a) Parallel imaging; (b) common reflection surface imaging;

(¢) independent reflection surface imaging
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Fig.2 Curve constraint derivation of common reflection surface
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Fig.3 Curve constraint derivation of independent reflection surface

o T ZE SR AR ML 1A S (DA .

X=X E7F

W =S SAAEE KT, ZPT S 5 BN sinOx+cosOz=h , L TTFEN {sinh  cos6 , F AT GL FIik 2k

Y=%

PLE T8 R —y v+ (xi—zitan Q)y+y tan 02=0, %2k 53k 0. H V47 T Z2 37 51 1 09 F 1 38 T 55 Ly inzn) , 14528

Hid Q" BAPAT T 2247 S 180 A9 T 52 T 5L (322, 22,222) , W)
sin Ox,, + cos 0z, =0
TR it
sin 6 cos 6
Yu=n
sin Ox,, + cos 0z,, = sin Ox, + cos 0z,
X ~X _Zn T3

sin 6 cos 6
y22:y1

BEI 0.QL A QQ'L 4 BUELft = e, I (2) 2XnT 4298 O
-y, x, + (x1 -z tanf)y, +y tan 0z, =0
2 nl 2 nz

=n,-————5—
1 +tan’d, 1 +tan0,

2 x121+y|21+2121
tan'd, = 5 B 5
(x]_xll) +(}/1_}’11) +(zl_zll)
) (xz_xzz)z"'(yz _9/22)2"'(22_z22)2
tan'd, = 5 S 5
xZZ_xI) +(y22_y1) +(Zzz_z|)
z,=k

XX, 273

Sk oK P A8 2 25 S, A YT B I 5 2 0 —sinBx+cosOz+sinBa=h , LT FE R {—sin@  cos

Y=%s

0315001-4

AR



Dl R R
FNE 28 P 52 B T yax—(wa+tan Oz —a)y+tan Oysz—y;a =0,
Bk 5t Q" HAVAT T4 565 T A1 T2 T 8L R (wasysnnzss) » 5 R T 0 O, AT 740 47 38 180 49 1 181 28 T
).J—\:"\ R ! (9644,}’44 7244) 5 [)1']

—sin Ox,, + cos Oz, = —sin Ox, + cos 0z,
X3 7% _ZnT %
—sin 6 cos 0
Yi3=Ys
—sin Ox,, + cos 0z,, = —sin fa
Xag — %5 — 244 T3
—-sin 6 cos 6
y44 = y?
BEiS O.QR FQQ'R AU H A = A W (3) SR 42T
y3x = (%, +tan 6z, —a)y + tan 0y, z - y,a =0
ni 2 nlz

- . T 2
1 +tan"d, 1 +tan'9,

(tu=0) +(ra=9) +(a-2) (10)
(v =x3) + (s = ys) + (20 =23)
(a-x,) +yl+2,
(24— x3)2 + (v, - yz)2 +(z,-2 )2
BT AR BT A 5 @) A . AT, 28 R AT B — 5P (xo.yo.20) 0T X R B AT AR 1 A 250
P’ (x4,Y4,21) o

taa—

tan’d, =

3% I
3.1 SLIGLER

TESLARDEEE Oy 1 BRI R DT AC 28, A1 A8 55 B R U Y RO R  SIBRIRIT L 28 . DAL ML SIFT 55
TR B, AR AR A VT BE R IS, 20 MR AR B A, R A S A OK R iR OGRS BRI VT BC A
SIS - 5 X H L SR W A 4E L MV -1300FC CCD Tl AHHL . MV-1394 B4 %% HA 7 B
S THT 3% 35 HE 1) KA BT BT, o e FH AT S TSR S5 4G o KA IE AT 7E Matlab R2015a 3585 T, Bl H 3K 1E &
P 2 3 FUORL T B S0 1 3 BRAR ML AT T AR b S EUN R 1R o b (R ) N BB ALEEEE , (woso) K
HC AR AR kR TR R, r R BERE RE R T A RS A0 4, m R T 51 TS 1) 4, b S 00 BT S T B S
#1 HEHISH

Table 1 Camera parameters

Left camera Right camera
(f f0) (983.5992, 981.5893) (974.1427, 969.4036)
(w0, v0) (654.9866, 581.4098) (689.2882, 537.8656)
k. (-0.1634,0.3325,0.0014,0.0001,0) (=0.1393, 0.1945, 0.0016, 0.0001,0)
r (2.17,2.03,0.01) (=2.30,-2.14, 0.21)
T (-231.19, 31.42, 532.73) (34.35, -6.89, 555.11)
n, (0.0562, -0.0859, 0.9704) (0.1747,0.0519,0.9603)
h /mm 121.094 109.068
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Fig.4 Comparison of epipolar and curve at point (1092.40, 207.43)
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Fig.5 Comparison of matching result. (a) SIFT algorithm; (b) the proposed algorithm
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Table 2 Comparison of matching results

Algorithm Label Total number of matches Wrong number of matches ~ Matching error rate /%
SIFT algorithm Fig.5 (a) 125 17 13.60
Proposed algorithm Fig.5 (b) 115 7 6.09
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