MOTION PARAMETER MEASUREMENT OF THE
PARACHUTE BASED ON AI VISION
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ABSTRACT
Parachute is an essential guarantee for flight safety. The offset angle on parachute deployment is
an important parameter to evaluate its performance. In this paper, the principle of space
constraint is applied to design a motion parameter measurement method based on monocular
vision with high-speed camera. And an intelligent real-time tracking algorithm based on image
features is proposed to obtain images of the parachute during the deployment process. The realtime position and the offset angle of parachute are achieved by this method in flight test, which
provides a reliable and effective means for the design and improvement of the parachute.
KEY WORDS
Monocular Vision, Parachute, High-speed Camera, Deep Learning, Motion Parameters
Measurement.
INTRODUCTION
The parachute, also known as the deceleration parachute, is an equipment that uses air resistance
to slow down the aircraft when landing. The movement state of the parachute has a direct impact
on the drag force applied on the aircraft body [1]. Therefore, the motion parameter measurement
of the parachute is an essential research topic for the flight test of new aircraft, which is
important for the safety of landing [2]. The working efficiency of the parachute is the basis for
parachute design, which is determined by factors of the drag force, the direction of dragging, and
the law of motion. The drag force can generally be measured by a force sensor [3], while the
direction of dragging and the law of movement can not be achieved because conventional test
equipment can not be installed on the umbrella body, consequently the horizontal and vertical
swing angles of the parachute can not be obtained directly.
In this paper, a measuring method of the non-rigid umbrella based on monocular vision using
high-speed camera is proposed in light of the research requirements of a new-type parachute [4].
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This method establishes a vision measurement system by installing a high-speed camera on the
axis of the aircraft body. Capturing image sequences combined with image processing and closerange photogrammetry, the swing angles of the parachute during the ‘release-drop’ process is
obtained, and the mutual interference of the two umbrellas is verified, which provides significant
data for the evaluation of the performance of the parachute.
THE BODY
1 SYSTEM STRUCTURE
The motion parameter measurement system is composed of airborne high-speed image
acquisition system and ground data processingsystem. Airborne high-speed image acquisition
system mainly includes high-speed digital camera, camera trigger, GPS time generator, which is
employed to capture image sequencesof the parachute in the deployment process. The GPS time
generator outputs IRIG-B synchronizing signal for the camera, while camera trigger receives
parachute releasing signal and sends trigger signal to the camera. The system structure is shown
in Figure 1.

Figure 1Structure Diagram Of The System.

The ground data processing system mainly completes camera calibration, feature marks
interpretation and the motion parameters calculation, specifically including the following steps.
Fisrt,the image preprocessing application, including necessary image format conversion,
sharpening, enhancement, stabilization and so on. Then, camera calibration application,
resolving exterior and interior parameters of photogrammetry. And finally, data processing
application, including motion parameters calculation, graph plotting, and result report. Other
necessary ground equipment includes total station, a number of marks, high-performance
computer and so on.
2 MEASUREMENT METHOD
A suitable location at the axis of the aircraft was chosen to install one high-speed digital camera,
to ensure the principal optic axis approximately parallel to the aircraft axis, and the field of view
covers both the left and the right umbrellas. Some feature marks were sprayed on the surface of
the parachute to provide marks for image recognition. After flight tests, images of certain period
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were selected when the parachute was fully deployed, with this image sequence and the
calibration data. According to photogrammetry, the swing parameters of both left and right
umbrellas can be obtained, as well as the angles between the umbrella and the aircraft axis.

Figure 2Principle Of Measurement.

3 FEATURE MARKS SPRAYING AND RECOGNITION
3.1 Reference Coordinate System
An ordinary right handed coordinate system was adopted in this solution [5].
Considering the characteristics of parachute movement and the focus of flight test mission, a mid
point on the parachute cabin was defined as the coordinate origin, and the Z axis was parallel to
the heading direction, the Y axis parallel to the sky direction, and the X axis was parallel to the
left of the heading, as shown in Figure 2.
3.2 Feature Marks
It is necessary to spray feature marks on the parachute for umbrella location, image interpretation
and parameters calculation. A total of 5 types of feature markers were involved in this solution,
specifically, the sizes, the shapes and the colors are shown in Figure 3. The distribution of the
feature markers on the parachute is shown in Figure 4.
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Figure 3Measurement Marks(unit:mm).

Figure 4Distribution Of The Marks.

Among these five marks, the 5th mark was located right at the center of the umbrella,
representing the reference position of the umbrella. Symmetric with the 5th mark, the other four
marks were located on the upper, lower, left, and right axes of the parachute. Accordingly, given
any three marks on the parachute, the position of the other two marks can be deduced from
thespatial constraints [6], so as to solve the shade problem in the parachute deployment process.
3.3 Feature Marks Identification Based On Deep Learning
Deep learning is a hierarchical mechanism that simulates the information processing by human
brain, which builds an architecture with no less than 3 layers, and extracts features from the input
samples step by step to output accurate restored samples [7]. In the deep learning model, the data
will be lost through each layer of the input network, therefore, the parameters of the system need
to be constantly adjusted to ensure that the error between the output and the input is as small as
possible, so as to obtain the approximate feature expression of each layer.
When deep learning is used for image processing, the input of the deep learning neural network
is the original image, and the features of the image are extracted through multiple layers of the
neural system. At the same time, the parameters of each layer can be adjusted by training so that
the input and output are close to each other. Finally, the classifier is designed to classify the
features in the image [8].
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In this paper, the TensorFlow open source AI learning system is used to recognize and extract
the feature marks of the parachute. TensorFlow has a unique advantage in deep learning. It uses
graphs to represent the programming system of computing tasks. Each node in the graph can
create multiple tensors representing typed multidimensional array, which can efficiently build a
deep learning neural network. TensorFlow comes with Python and C++ programming interfaces,
which can implement operations on threads and queues from the ground up. If TensorFlow is just
provided with objective functions, input data and node structure, the computing in this
computing platform can be parallel , increasing the efficiency significantly.
When the TensorFlow was applied to the identification of the parachute feature marks, a deep
learning environment was built, and a deep learning neural network was constructed. The
processing flow is shown in Figure 5.

Figure 5The Flow Of Feature Marks Identification.

The experiment consists of two parts, training and recognition. In the training stage, the weights
of each layer in the neural network were adjusted by the training samples to minimize the output
error; in the recognition part, the parameters obtained by the model training part were used as
initial weights, and the test samples were mapped through each layer of the network to obtain the
recognition result.
3.4 Recognition Results of Feature Marks
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The parachute images were acquired by a high-speed camera with a resolution of 1696*1024
during flight tests. In the initial stage, the captured images were taken as training samples, and
the identified targets were manually marked with a rectangular frame to train the deep learning
neural network.

Figure 6Manually Labeled Training Samples.

The training method used in this paper was an adaptive moment estimation algorithm. The first
and second moments of each parameter gradient were estimated by the loss function, and the
learning rate of the parameters was adjusted. After the training completed, the test samples were
input into the training model. The test samples were 2000 pictures, the feature marks in the
images were identified, and the results are shown as follows.

Figure 7 Recognition Results Of Feature Marks.

At the end of the first recognition further learning can be performed on this basis. The circular
markings in the recognition frame were trained twice, the identification results are as follows.

Figure 8 Secondary Learning Recognition Results.

As can be seen from the figure, when the feature marks rotate, drift or have a slight occlusion,
the features marks can be well identified and positioned by the trained model. By performing
secondary processing on the image in the recognition area, the central pixel coordinates of four
quadrant feature marks can be obtained by threshold segmentation and edge extraction
algorithms.
4 Motion Parameters Measurement Of The Parachute
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4.1 Measurement Principle
According to the interpretation data of the high-speed camera image, the spatial coordinate
(X,Y,Z) of the mark points was found by analyzing the collinearity equation ,which is given by:
a1 ( X  X S )  b1 (Y  YS )  c1 ( Z  Z S )
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Where ( x , y ) and ( x0 , y0 ) are the coordinates of the image point and principal point in the image
coordinate system respectively; (x, y) is the error correction of the image coordinates,
including radial distortion and tangential distortion; f stands for focal length; ( x0 , y0 , f ) represents
interior orientation elements; P( X , Y , Z ) is the coordinate of a point p in the object coordinate
system; ( Xs, Ys, Zs) represents the coordinate of the photographic center in the object coordinate
system, also known as the exterior line elements ; ai , bi , ci (i  1,2,3) are the elements in the rotation
matrix R which are determined by the exterior angle elements  ,  ,  .
Because of the small swing of the umbrellas, the actual intercept of the camera from the umbrella
is smaller than the standard deviation before the test. According to previous experience, the
measurement error on the camera's optical axis in the photogrammetry has a relatively small
influence on the measurement accuracy of the other two directions, so the z can be set as a
known constraint for monocular vision photogrammetry.
Write equation (1) as a matrix:
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After transformation can be:
Xp
Yp
Zp


X  Xs Y  Ys Z  Zs

(3)

Thus, get:
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Among them, is the scale factor; ( X p , Y p , Z p ) is auxiliary coordinates of the target point in the
image space, and the remaining parameters have the same meaning with (1).
After obtaining the coordinates of the marking points, that is, the horizontal and vertical swing, a
more accurate Z can be calculated based on the distance between the parachute cabin and the
parachute, and then the angle between the umbrella and the aircraft axis can be found according
to the trigonometric function.
4.2 Error Analysis
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Since the distance between the parachute cabin and the parachute was about 14m, the high-speed
camera was 15m away from the umbrella, and the field angle was 60degree (4/3 inch sensor and
12mm lens), and the field of width was 15m at a distance of 17m. According the horizontal total
pixels (1696), the optical imaging accuracy is about 1mm/pixel.
From the principle of equation (4), and given the Z a fixed value, the unknown left and right
swing quantity X and the up and down quantity Y can be obtained. The direction of the beam is
from the optical center to the image point of the feature mark. Therefore, it is related to the
interpretation accuracy of the image and the calibration accuracy of the interior and exterior
orientation elements. As the principal point offset from the image center is generally is very
small, assume the principal point coincided with the center of the sensor, so the direction of the
beam can be shown in Figure 5.

Figure 9 Beam Direction.

The direction of the beam PO is:
  tg 1

( x  x 0) 2  ( y  y 0) 2
f

(5)

The differential equation is:
dα =

(

)

dx +

(

)

(

dy −

)

dx0 −

(

)

dy0 −

df

(6)

Where
A = f (x − x0) + (y − y0)
B = f + (x − x0) + (y − y0)
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As can be seen form the above error transfer function, the farther away from the image center the
greater the error. Assume X, Y are the image points at the edges, thus X=13.568mm
(1696x0.008mm), Y=13.68mm (1710x0.008mm). If (X0,Y0) is the center of the image,
Accordingly, X0=6.784mm,Y0=6.84mm. Focal length f=12mm.
Assume human interpretation accuracy is 2 pixels, then:

 x   y   x 0   y 0  0.008  2  0.016(mm)
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(9)

The calibration accuracy of the focal length can generally reach 5 pixels below (the calibration
can reach 1 pixels under the laboratory), then:

 f  0.008 5  0.04(mm)

(10)

After calculation, get:

   0.1262

(11)
Camera distance from the deployed parachute was about 15m, so the error on the XY plane was:
 xy  15 *    3.3(cm)
(12)
Considering the actual situation and the required accuracy, it can be concluded that the method is
effective and feasible, and the accuracy can meet the measurement demand of the flight test.
FLIGHT TEST RESULTS
In the flight test of the performance of a new-type of parachute, it is required to measure the
maximum swing angle of the umbrella in the horizontal and vertical direction during the
deployment, and to assess whether it satisfies the design indexes. According to the principle
adopted in this paper, the variations of the horizontal and vertical angle of the parachute were
obtained, and the error was corrected. As shown in Fig. 10, the curves of the motion data for the
left and right umbrellas are given respectively. Through the comparison and analysis, it can be
seen that the motion characteristics of the parachute meet the limit 5° of vertical swing, 3° of
horizontal swing. The measure data indicates that the performance meets the design indexes.
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Figure 10 The Swing Angle Of The Parachute.
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CONCLUSIONS
In this paper, a single high-speed camera is installed on the aircraft to capture the motion images
of the parachute during the landing of the aircraft. The deep learning neural network is trained to
identify the feature marks on the parachute. With the acquired pixel coordinates, the monocular
vision photogrammetry is performed to obtain the swing angle of the parachute in both
horizontal and vertical directions. In this application of monocular vision photogrammetry, the
motion parameter measurement of the non-rigid target is completed successfully, and the
measurement result meets the flight test requirements. It can also be extended to other flight test
vision measurement projects.
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