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Fig. 2 The block diagram of

system function
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Fig. 3 The principle diagram of dual-camera

stereovision distance measurement

WAL Z B A B R (R KO N 0,0, [ =d. A
R H AR - Z S FAR PR XAR P TR T R
POy . W Fy AL f OB CRALR R
BOALA A RAEPIERT T _E R R AR O
%Uﬂﬂ(ﬂsyl)»(Igsyz);F1F/1’F2F/z’AB EE?‘



TR T RUE R 2 6w B I T vk 325

% 3 .
AA,.
HRAE AR 0= 5B BB AT 0. | AB| = | 0,0, | -
F, F , .
IDELL s AF.FO0 4Bl MBP. 18 3
| AP | _ | AB | _
o TR, A=
ClAB| o0,
|Fl()l‘ ‘F]F/]‘_‘FIOI‘ |.T]_.T2‘O
LA B (% B 2 54 7T 7
A 1)
| Xy T X2 ‘

2.2 EBRLERSZ

BT CCD 3R = BUR B A SU 3 2 5 e
IR S RRAE X6 e A7 5 D L =2 R 20 201 1 A7 PR 384
SER T IR S AL 3 DA A LR R AIE 2 ORI DS i 1Y)
BOR ., BUA Y R B Sk R H Oy B e
XoF L B BR ) [ 3 R Ak Wallis 38 9k 55, A
SCOR FH EL 7 I 3494 Ak 04 ik AT RS 3 5

T P 389 A R o — i PR R ) A R A — 1k
OIARTE O<<r<C1 SN . A BB A3 A bR BUAE by A8 40
BRI, 7 A — W EL AT X 5 AR S B R 1 K ) 4y A
B ¥ RAR R BUH A 3h AT F L 32 DL R R R

SR R BN

S=Tu>=fﬁxwmw, 2

K2, P, () Ry UG IR BEAE S r B B R 58285
2.3 HERIRESIE

BT AR = B 2 858 A B O IRk 45
SO B AR XE B4 AT X S DT S . A e R R
ELAG 15 1 30 Jm 35 R AE A 68 Y R L AT B A8 5 AR
U (R MR Ik (GRAE 1% 2R 48 0 Fo 45 s 2 U s A
OB L g2 FH FASRAEDCEL . Harris £ 55 K0 5
T T A B fm AR e T AR R
FH Harris £f 50800 &5 0 R AT M SR D0 88 05 )
FHAR R 29 T4 B i T R oS — 350 05 TN — A
HREAS B ITE I DX, e — i AR A O — R B
Hh SR T I A I AE 1 X I B X 0 A S
FRB K AH I R B K ) VR D FRIE D I A3 R
FH AR SR N R AR DG C & 30 47 4 DG DX 38 DC e BT A 9
IR 0 VT TR A 3R R R =2 A A T A R
JERREE BIMR R G, o T B DR ORS B AR SCTE
Harris £ s K0 36 il 1 P24 7 3045 28 9% ff o R0
2.3.1 WARZE M SR

A WAL R A SR AR 2, o R

B B 1] S 14 % TR B Y T TR S B T X 1)
i IE S A I T S B A DL AT R D 5
AU BB AR R A G N g W E B p 1
45 p A AL Y GO JBE T 52 - ol T I P A D I i
A SSAE AN O A7 AE 1R 25 04 e W] LLGE 5 88 i B A7
TESZ AR R AR A g /N B G I 1) g i 57 2 U 8
BREPSRNLE . WARF S R R AU 4
71N 5 R 2R Sk T 1) R R T 1]

K4 WARR GRS
Fig.4 The schematic diagram

of subpixel detection
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Fig. 5 The drawing of the closest points(the number: 1713) in two images at

1032 BT 10 May in 2011 (a)the closest points map through image matching,

(b) the closest points map through rotation transformation
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attitude angle correction at 1032 BT 10 May 2011
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Cloud Base Height Measurement Methods Based on Dual-camera Stereovision
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Abstract

A pair of digital cameras whose baseline length are 60 meters are used to constitute a binocular ima-
ging cloud base height measurement system, which can be used in image acquisition, processing, calibra-
tion, the whole sky cloud image splicing, cloud high layer and calculation and data storage and terminal
display. etc. Along with the digital camera technology and stereoscopic vision sensor development, binocu-
lar imaging visual sensor is widely used because of its simple structure, good usability and higher measur-
ing accuracy. Through the laboratory calibration and field calibration for internal and external bearing ele-
ments, obtaining two cameras inside, outside elements and relative attitude angle, the measurement accu-
racy are improved. The CCD acquisition cloud image has some disadvantages such as poor texture and low
signal-to-noise ratio, therefore, image enhancement and filtering pretreatment should be carried out to
meet the image feature extraction and matching requirements. Through the method of histogram equaliza-
tion to enhance the images, sub-pixel corner point detector are used to improve the measurement precision.
The normalized cross-correlation method for regional correlation are adopted for same name point detec-
tion, which will be eliminated by introducing the polar constraint reference to image matching process.

Then according to the matching feature points, getting relative parallax, height of cloud base can be
calculated by use of photography measurement principle. The cameras are calibrated in lab for internal and
external elements first, then calibrated using the star relative position and attitude angle of camera rela-
tionship on the spot, which ensures the measurement precision. In Beijing, with CL31 ceilometer for con-
trast test, concrete analysis are carried out to investigate the system error and possible causes for this
cloud height measurement system.

Binocular imaging cloud base high measuring methods is direct photogrammetry method, which has o-
vercome the poor accuracy of passive remote sensing and improved the measuring accuracy. According to
the analysis, the accuracy can be improved through improving camera resolution, calibrating the internal
and external elements of camera, correcting relative attitude angles of the two cameras, and controlling
sample synchronization time and so on.

However, visible light image sensor is greatly influenced by light and obstruction, which is only suit-
able in a daylight and when the cloud image texture is clear. In order to reduce the influence of illumination
and improve data acquisition rate, infrared image sensor can be used to constitute a binocular imaging cloud

base high measuring system, to realize cloud base high measurement.

Key words: cloud base height; image processing; photogrammetry; field calibration



