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Monocular vision system for distance
measurement based on feature points
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Abstract: To alleviate the effect of matching of corresponding feature points and extraction error of
single feature point, a method by using a single camera as monocular measurement is presented based
on image processing. Firstly, this paper sets up the mapping relationship between image point and
target point, and establishes pinhole imaging model. Secondly, it describes the mapping relationship
between object area and image area of object by using image analysis, and establishes the model of dis-
tance measurement in optical direction. Then, the principle of distance measurement between optical
center and feature point is proposed after image processing and feature point extracting are carried
out. At last, the paper starts out verification experiments and analyzes the cause that error increases
with further distance. After analyzing the data of experiment, the conclusion that error is related with
the optical axis deviation is made. Sequentially, with the maximum relative error 1. 68 % of revised da-
ta, there is a remarkable improvement which proves the feasibility and the effectiveness of the pro-

posed principle.

:2010-07-07; :2010-10-27.
(No. 50805023) ; “ ” (No. 2008144);
(No. 200902) ; “ 7 (No. 2008-30-1)



5 P 1111

Key words: computer vision; monocular vision measurement;pinhole imaging; image processing; tar-

get location

1 ’
[1-2] ,
3 ’ 2
o s [10](
) ) P,
; [3] P, O. P
, O.P, , 1
. [4-5] X.
x 0 0 O
’ Z = Z)[ f 0 0 Yo (D
. , [6] c y ZC b
1 0 0 1 0
o 1
7(1"_)/) Pl
1) s ;(Xc ’Yc 7Zc) Pl
2 (U77J) ’
(u() "U()> ’
s [7] s x d, 0 —ued,] ru
; [8] y|=10 d, —ud,||v| . (2)
, 1 0 0 1 1
d.d, X Y

3 [9] .



1112 19
X. X (XYoo Zo) (X,,Y.,Z,)
Y. - R T - Y. 3 P, ;R
Z. [oT 1] 'z, 3X3 ;T ;0=1(0,0,
1 1 O'M,  4X4
X
I Zu
Yy Y, m,
ITzl\| nm_/ P
S N =
Y, \
1
Fig. 1 Pinhole camera model
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Fig. 4 Schematic diagram of front surface of object
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Fig. 3 Schematic diagram of area calculation
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Tab.1 Data of measurement
v
/cm /cm /pixel /pixel /cm
1 40. 00 42.00 72 59 42.35 0.35 0.83%
2 45. 00 46. 90 64 52 48. 31 1.41 3.01%
3 50. 00 51.85 58 47 54. 35 2.50 4.83%
4 55. 00 56. 70 52 43 60. 24 3. 54 6.24%
5 60. 00 61. 80 48 39 66. 65 4.85 7.85%
6 65. 00 66. 80 44 36 72.92 6.12 9.16%
7 70. 00 71.62 41 33 78.58 6.96 9.72%
8 75. 00 76.75 38 31 84. 81 8.06 10.50%
9 80. 00 81.57 36 29 90. 90 9.33  11.43%
10 85. 00 86.70 33 27 97.02 10.32  11.90%
d, 2
( ) as Tab. 2 Distance measurement in plane
AL, :
AL, =d X tang . (13) D/cm L/cm
1 40 15.42
2 45 19. 06
D, L, 3 50 22.63
L,=AL,+D=dXtana+D , (14) 4 55 26.25
5 60 30. 03
6 65 33.79
L+, —Lyi=(d+1—d;) Xtang . (15) 7 70 37.24
8 75 40. 95
b
9 80 44.51
’ ’ 10 85 48. 34
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Tab.3 Comparison of revised results
d/cm /cm) /cm /cm
1 40 39. 445 41. 80 42.0 0. 20 0.47%
2 45 44. 39 46. 50 46.9 0. 40 0.86%
3 50 49,42 51.32 51. 85 0.53 1.02%
4 55 54,218 55.96 56.7 0.74 1.31%
5 60 59.502 61.09 61.8 0.71 1.15%
6 65 64.619 66.08 66.8 0.72 1.07%
7 70 69.199 70.57 71.62 1.05 1.47%
8 75 74.266 75.54 76.75 1.21 1.57%
9 80 79. 255 80. 45 81.57 1.12 1.37%
10 85 84.116 85. 25 86.7 1.45 1.68%
b
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