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Three-Dimensional Visual Measurement for MAV Aerodynamic Shape
Based on Stroboscopic Imaging Technique

WANG Xiang-jun, YU Ya-nan
(State Key Laboratory of Precision Measuring Technology and Instruments, Tianjin University, Tianjin 300072, China)

Abstract: Current researches have obtained massive experimental results and analyses, however, they
mainly use the high-speed image equipment to record object movement. This paper introduced a new
three-dimensional visual measuring technique for flexible aerodynamic shape, which is based on strobo-
scopic imaging detection technique. By using this technique, continuous image data of micro air vehicle
(MAV) aerodynamic shape during its movement were obtained in the situation in which there was no
high-speed image equipment. In the experiment, features that describe surface texture information were
extracted by using scale invariant feature transform (SIFT). Through matching, those points which are
the same as the extracted SIFT features at different locations in stroboscopic image were searched. In or-
der to improve the accuracy of tracking, RANSAC algorithm was applied to eliminating incorrect pairs.
As a result, the corresponding relationship among extracted points at different locations in one picture was
established and the morphological change value, then motion trace of feature points extracted from aerody-
namic shape during movement could be calculated. The whole experiment framework was based on binoc-
ular vision measurement principle to obtain sufficient visibility and enough accuracy for tracking.
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1.2 Binocular vision

On the framework, the position and pose of two cam-
eras can be adjusted to change their baseline lengths and
angles between baseline and optical axis. The binocular
vision system here is mainly used to obtain sufficient visi-
bility and enough accuracy for detecting, tracking and re-
constructing. Compared with structured light measure-
ment, binocular vision method depends more on object
structure and surface texture. In this experiment, due to
dozens of overlapping images in one picture, binocular vi-
sion method was able to avoid the confusion of modulated
structured light in the image and establish the correspond-
ing relationship among different locations.

The model of binocular vision is shown in Fig. 2,
and the coordinate of any point in the left camera coordi-

nate system (x,, ¥;, z) can be calculated by Eq. (1)
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(1)
where (X; Y}) and (X, Y,) are the left and right camera
image coordinates of spatial point respectively; f; and f,
are the focal length of two cameras; r,~r, are the param-
eters in rotation matrix R; and t,—t, are the parameters
in translation matrix T, Since the midpoint of baseline
is defined as the origin of the world coordinate system,
the transition matrix between left camera coordinate sys-

tem and world coordinate system is calculated by Eq.

(2).
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where (X, Y, Z,_)is the coordinate of any point in world
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coordinate system.

Structural model of binocular
vision measurement system

So if the focal length of two cameras, any point’s two
image coordinates, R and T are known, three-dimension-
al information of that point can be calculated easily. Giv-
en that parameter selection immediately influences binoc-

() and parame-

ular vision measurement system precision
ter values are partially constrained by testing environ-
ment, in the experiment system, 8 mm was selected as
the focal length of two cameras, 410 mm was selected as
the baseline length and two cameras were placed symmet-

rically with § =23°,
2 Proposed method in this paper

2.1 SIFT feature extraction
Since the stroboscopic imaging technique is utilized
to record the space motion and surface deformation of the
object, some changes in illumination and image rotation
will occur. Furthermore, scale space of images also
change during object motion. Compared with other feature
extraction methods such as SUSAN, Harris and Harris-
Laplace, SIFT feature points are more adaptable to image
scaling, rotation, noise, and partial changes in local de-
formation and illumination!'**"),
Firstly, the input image I(x, y) is convoluted with
a variable-scale Gaussian, G(x, ¥, o), to calculate the
scale space of this image L(x, y, o)
L(x,y,0) =G(x,y,0) *I(x,y) (3)
This scale space function is regarded as the only pos-
sible scale space kernel. Then scale space extrema is cal-
culated as stable keypoint in the different-of-Gaussian im-
age, which is produced by subtracting two adjacent
scales.
D(x,9,0) = (G(x,y,ko) = G(x,y,0)) xI(x,y) =
L(x,y,ko) - L(%,y,0) (4)
Secondly, some unreliable keypoints are removed by
giving a threshold to confine the evaluation for each can-
didate and, correspondingly, the location and orientation
of these feature points are detected by using related for-
mulas. At last, a unique descriptor for each feature point
is created to describe it and its surroundings by computing
the gradient magnitude and orientation of the sample point
and building a histogram of eight directions.
2.2 Matching
One of the major goals of matching is to search the
points which are the same as any extracted SIFT feature at

different locations in stroboscopic image. The correspond-
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to establish the corresponding relationships among these
points and finally to obtain the morphological change val-
ue and motion trace of MAV shape. In the next research
work, the following issues should be focused on as well.
This method will be extended to flexible aerodynamic
shape testing. At the present stage, only three-dimen-
sional detection on object with rigid aerodynamic shape is
researched. Next the measurement approach and optimi-
zation algorithm will be improved and finally three-dimen-
sional detecting and tracking for deformable shape will be
realized. The related theories will be derived. External
disturbances such as airflow velocity, pressure and tem-
perature will be combined with location and spatial inter-
relation of object to deduce interaction relationship be-

tween them.
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