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Fig. 1. Calibration laboratory equipment of GBAII.
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(X, YY) BT 252 25N

bi=d; —r*=X?+Y?+aX; +bY;+c. (2

é,\
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FIH MATLAB gmfe =R il 77 #2 (1)—(4) B,
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A E, M IFIERTH CCD MIEH 0 128 x 128 4 & ik
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Fig. 2. Calibration of the centre of the interference

fringe.
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Fig. 3. (color online) Uniformity test for the emergent

light of the integrating sphere.
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AN, FER G CCD fi i BOK, WL B30 2
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Fig. 4. (color online) CCD’s dark current (a) and flat field detect (b) by 632.0 nm laser.
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Fig. 5. (color online) Calibration comparison of four interference fringes before and after by CCD’s flat field: (a) Four

imaging interference fringes before flat-field by 632.8 nm; (b) four interference fringes after flat-field by 632.8 nm.
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Fig. 6. (color online) Test result of phase step interval
at incident angle of 10.24°.
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Fig. 7. (color online) Phase step calibration by 532.0 nm

laser.
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Fig. 8. Phase step interval test at incident angle of 0°.
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Nm,n,k = Iabs ' IT*>\1 ' Rm,n : Tf(m,n)(/\l) * Tins * Ttrans ° Dm,n ' []- +V.-U- COS(QTC c01 - Am,n + ¢k>]
+ Iabs : IT—)\Q . Rm,n . 7—f(m,n) ()\2> * Tins * Ttrans * Dm,n . []- + V.-U- COS(QT( % Am,n + d)k)]

+ Iabs . IT—)\12 : Rm,n . Tf(m,n)()\IQ) * Tins * Ttrans * Dm,n . []- + V.U- 005(2"—( 012 Am,n + ¢k)]

+ Ib (Nnoise)
12
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Fig. 9. (color online) GBAII’s system decay coefficient.
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Fig. 10. (color online) Phase calibration for zero wind speed by laser (left 532.0 nm, right 632.8 nm).
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Abstract

Ground based airglow imaging interferometer (GBAII) prototype made by our group is used to successfully detect
the atmospheric wind velocity and temperature at the altituded of 90-100 km. In order to improve GBAII’s velocity
accuracy, its calibrations are studied in this paper where covered are the calibration of imaging interference fringe
center position, CCD dark noise and flat field, the decay coefficient of GBAII’s optical system, the phase step length,
GBAII’s optical path difference with the angle of incidence, GBAII instrument response and the zero wind speed phase
calibration, etc. The theoretical and experimental researches of calibration show the following conclusions. The fringe
center coordinates by shooting 30 imaging interference fringes are confirmed on the pixel of CCD (123.3, 121.1) by
using the least squares method; by 632.8 nm laser for the CCD flat field calibration, the parameters of CCD’s flat field
coefficients, dark intensity, dead pixels and the imaging interference fringes before and after flat field are all obtained,
respectively; the comparison between GBAII’s one edge fringe bright whose incidence angle of 10.24° and the center
fringe bright whose incidence angle of 0° shows that the edge fringe phase is stepped by 0.356 fringes relative to the
center fringe. After taking the sample of 200 imaging interference fringes, from the sine fit curve of the phase step
interval at an incident angle of 10.24°, the fitted root mean square (RMS) deviation is obtained to be 90.34% and the
step interval of 4.06 nm for one interference fringes is corresponding to the stepped phase of 0.00941; According to the
forward formula, GBAII’s system decay coefficient calibration is performed after taking imaging interference fringes by
IDL programming, the RMS deviation of fitted curve is 99.98%; GBAII’s response is 4.97 x 107 counts (Rayleigh-s) ™"
from the 632.8 nm laser experiment; GBAII's zero wind speed calibration phases are obtained to be —9.2442° and
—68.6353° for the 532.0 nm and 632.8 nm lasers for the outdoor experiment, respectively. This paper provides a series of
calibration methods for GBAII and these methods are all verifies experimentally. These calibration methods can support

the upper atmospheric wind field passive measurement.

Keywords: calibration, upper atmospheric wind field, phase
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