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Abstract: To solve the problem of not accurate acquisition of external data in human computer
interaction by ordinary cameras and the forward dynamics and reverse dynamics of the
manipulator, we present a method to control the motion of the manipulator using the gesture
recognition technology based on the Kinect camera. Use Image binarization, morphological
filtering and feature extraction operations to process the captured gestures image to complete
the recognition of hand gestures; use D-H parameter method to establish the mathematical
model of the manipulator to analyze the motion of the manipulator; finally, send the gesture
recognition results message to myRIO, myRIO processes it as the information of the joint angle
of the manipulator and the control information of the end executor, so as to control the rotation
of each joint of mechanical arm and the gripping and releasing of end effector.
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1. INTRODUCTION
With the continuous development of science and technology, robots have more and more
extensive applications to replace human activities and tasks that are dangerous or difficult to
carry out. Generally, the operation and control of the robot is closely related to the computer.
The control algorithm of the robot is developed and adjusted by the computer. The control
algorithm is the core of the robot operation. Therefore, when human beings control the robot,
the information exchange transmission between human and robot can smoothly transfer to the
information interaction between human and computer. As an important part of humancomputer interaction, gesture recognition has an great influence on the naturality and flexibility
of human-computer interaction [1-2]. In practical applications, gestures are usually in a complex
environment, such as bright light and dark, which will bring many uncertain factors and
challenges to gesture recognition [3]. At present, using gesture recognition technology to control
mechanical arm movement is mainly controlled by hardware sensors or machine vision.
Compared with the machine vision, the use of hardware sensors makes a lot of inconvenience
to users, so the machine visual gesture control method is more promising.
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To solve above problems, this article is based on Kinect camera to design an efficient and
accurate method of carving up user’s gestures from the complex environment to control the
mechanical arm to complete a series of activities
2. IMAGE PROCESSING AND GESTURE RECOGNITION
2.1 Image processing
The main purpose of the image preprocessing is to do some operations with collected RGB
image, such as binarization processing, morphological filtering operation to reduce noises in
the images, eventually extract the useful image features from gestures, to be prepared for the
follow-up work. This paper mainly use the Kinect camera and the IMAQ Vison Builder module
in LabVIEW for image acquisition and preprocessing.
The binarization of the image refers to converting gray or color images into a binary image by
selecting the appropriate threshold. After using the IMAQ Color Threshold module in
LabVIEW to set the threshold range of the image, the target image can basically reveal, but
there are still some clutter in the image. This would require the median filtering method to
eliminate or suppress the noise of image, the function of filtering can not only make certain
characteristics more prominent, but also eliminate the noise of images, but the premise is not
to destroy the image of the original information and the filtered image will have good clarity.
When salt and pepper noise appeared, make the pixel of one point is different from the others,
then filter out the brightest and darkest point after pixels rearrange, keep the middle point.
Finally reach the purpose of removing noise
In addition also need to use the image morphology for image processing, image morphology is
based on set theory method to simplify the image data, the basic operations: the erosion of the
binary image, dilation, opening and closing. The purpose of expansion is to enlarge the image,
and the purpose of corrosion is to reduce the image. Opening is the operation of first corrosion
and then expansion of the binary image, and the closure is the operation of first expansion and
then corrosion. The binary morphological opening and closing algorithm combining also can
remove the noise, and the advantages of opening and closing doesn’t change the target area, at
the same time, smooth the edges of the target image.
After the above image preprocessing steps, we can extract the meaningful image, but in order
to do qualitative or quantitative analysis of the target image, usually we also need to do some
important parsing for features of the target. Common features include: NMI features, Contour
moments [4], Fourier descriptors[5]. In this paper, the features of NMI are mainly analyzed, and
the two-dimensional image f(x, y) can be viewed as M*N pixels, and the center of image
centroid is (cx, xy), and the calculation formula is shown below.
𝑁
∑𝑀
𝑥=1 ∑𝑦=1 𝑥𝑓(𝑥, 𝑦)
𝑐𝑥 = 𝑀
(1)
∑𝑥=1 ∑𝑁
𝑦=1 𝑓(𝑥, 𝑦)
𝑁
∑𝑀
𝑥=1 ∑𝑦=1 𝑦𝑓(𝑥, 𝑦)
(2)
𝑐𝑦 = 𝑀
∑𝑥=1 ∑𝑁
𝑦=1 𝑓(𝑥, 𝑦)
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The rotational inertia J of the image around the center of mass and the normalized rotational
inertia NMI, the calculation formula are as follows.
𝑀

𝑁

𝐽 = ∑ ∑((𝑥 − 𝑐𝑥)2 + (𝑦 − 𝑐𝑦)2 )𝑓(𝑥, 𝑦)

(3)

𝑁
2
2
√∑𝑀
𝑥=1 ∑𝑦=1((𝑥 − 𝑐𝑥 ) + (𝑦 − 𝑐𝑦 ) )𝑓(𝑥, 𝑦)
√𝐽
𝑁𝑀𝐼 =
=
(4)
𝑁
∑𝑀
𝑚
𝑥=1 ∑𝑦=1 𝑓(𝑥, 𝑦)
The m value is the sum of the gray values of all image pixels.The experiment also verified that
NMI has the characteristics of rotation, scaling and translation invariance[6] .
2.2 Gesture recognition
Gesture recognition is divided into static gesture recognition and dynamic gesture recognition.
The gesture recognition method based on template matching method [7], dynamic time neat
method (DTW) [8] hidden markov model (HMM) [9], etc., the template matching method usually
for static hand gestures recognition. In the literature[10], static gesture recognition has been
introduced in detail, which is not discussed here. In this paper, the dynamic gesture recognition
process is analyzed in detail. The specific flow chart of gesture recognition is as follows:
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Dynamic hand gestures are complex, and in many literatures, the direction angle is the most
representative of gesture characteristics, and the direction angle feature of each point and the
previous point is used as the dynamic gesture feature. In order to facilitate the calculation, the
direction angle is divided into 16 grades to reduce the calculation. The specific description is
shown in figure 2.
Because HMM can simultaneously model spatio-temporal characteristics and related
characteristics, it has good recognition effect in dynamic gesture recognition system[11]. In this
paper, a dynamic gesture recognition method based on HMM is adopted, and the characteristic
of the change angle will as the input parameter of the HMM. The hidden Markov process is a
double stochastic process, which includes two stochastic processes: implicit state transition and
explicit observation output. Generally speaking, HMM model is composed of Markov chain
and observation stochastic process. The Markoff chain describes the transition between the
states with the implicit state transfer probability matrix A and the initial state probability matrix,
thus producing the state sequence q; and the observation random process is described by the
observation probability matrix and produces the observation value sequence. The model is
shown in Figure 3.
Markov chain
（Π，A）

State sequence

(q1,q2,…qn )

Observable random process
（B）

Observed sequence

(o1,o2,…on )

Fig.3.The composition of the HMM
A HMM can be seen as a five tuple: λ = {N, M, Π, A, B} [12], N is the number of implicit states;
M is the number of observation values (the direction angle is divided into 16 grades in the
above, so the number of observations is 16); the original state transition matrix is Π =
(𝜋1 , 𝜋2 , … , 𝜋𝑛 )
𝜋𝑖 = 𝑃(𝑞1 = 𝑆𝑖 ) 1 ≤ 𝑖 ≤ 𝑁
(5)
(𝑆𝑖 is the state probability of Q at t=1, state sequence Q = (𝑞1 , 𝑞2 , … , 𝑞𝑇 ),at the same time
𝜋𝑖 ≥ 0 and ∑𝑁
𝑖=1 𝜋𝑖 = 1)
A is the state transition probability matrix, the matrix element are as follow:
𝑎𝑖𝑗 = 𝑃(𝑞𝑡+1 = 𝑆𝑗|𝑞𝑡 = 𝑆𝑖 ) 1 ≤ 𝑖 ≤ 𝑁, 1 ≤ 𝑗 ≤ 𝑁

(6)

B = {𝑏𝑗 (k)}𝑁×𝑀 is an observation probability matrix, the matrix element are as follows:
𝑏𝑗 (k) = P(o𝑡 = 𝑣𝑘|𝑞𝑡 = 𝑆𝑗 ) 1 ≤ 𝑗 ≤ 𝑁, 1 ≤ 𝑘 ≤ N

(7)

(V is the observable value of the observed state; the observable state of the moment is
o𝑡 ∈ {(𝑣1 , 𝑣2 , … , 𝑣𝑛 )} )
The HMM method is used to train gestures in the case of the known observation sequence O,
and the model parameter of λ = {A, B, Π} is adjusted to maximize the probability value
of P(O|λ).The basic steps are as follows:
(1) initializing hidden Markov model: initialize the state transfer probability matrix A and let
the status i can only be returned to the current or transferred to the state of j=i+1.that is the
Initialization of the the model parameter of λ = {A, B, Π}.
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(2) The hidden state sequence of O can be found out by using Viterbi algorithm, after the initial
model is determined, we calculate the P(O|λ) under this model. The initial HMM model is
recalculated by the Baum Welch algorithm, and the parameters of the HMM model are
̅, B
̅, Π
̅ }. Then the Viterbi algorithm
reestimated in this process, and we will get the new λ: λ̅ = {A
is used to calculate the P(O|λ̅) and P(O|λ̅) − P(O|λ), and comparing the magnitude of the
difference value and the convergence threshold value. If the value is less than convergence
threshold ε, the convergence P(O|λ̅)is obtained, otherwise the repeated calculation will be
done until P(O|λ̅) is convergent, so the trained HMM model parameters and the hidden
Markov model which are closest to the observation value are obtained .
And HMM's optimization algorithm can effectively improve accuracy and real-time
performance[13] .
3. DESIGN OF MOTION CONTROL SYSTEM FOR MECHANICAL ARM
In this paper, the results of gesture recognition are used to control the movement of the
manipulator, that requires a motion analysis of the arm first. The kinematics of manipulator is
divided into two aspects: forward and inverse kinematics[14]. The forward kinematics problem
is to find the position and attitude of the end-effector of the manipulator relative to the reference
frame in the premise of knowing the geometrical parameters and joint variables of the
connecting rod. While the inverse kinematics problem is to find the joint variables of the
manipulator under the premise of knowing the desired position of the end-effector.
In general, the D-H method [15] is used to establish the coordinate system of the manipulator
model, for each link of the manipulator, a coordinate system is established to describe the
relative positions of these coordinates with the homogeneous transformation. By recursively
obtaining the homogeneous transformation matrix of the terminal actuator relative to the basis
coordinate system, the motion equation of the mechanical arm will be obtained, and the
description of the space state of the manipulator is represented by position and attitude [16].
The local coordinate system is established at each joint first, and then the relative position and
posture of each joint are obtained through the coordinate transformation, finally, we use the
base frame to represent the end-frame of the actuator. The transformation from j coordinate
system of joint unit to j+1 is shown in Fig. 4.
First, we rotate about 𝜃𝑗 degrees around the 𝑧𝑗 axis, so that the 𝑥𝑗 axis is parallel to the 𝑥𝑗+1
axis; then move 𝑑𝑗 parallel to the 𝑧𝑗 axis, make the 𝑥𝑗 axis on a line with the 𝑥𝑗+1 axis; and move
𝐿𝑗+1 parallel to the 𝑥𝑗+1 axis, make the 𝑧𝑗 axis parallel to 𝑧𝑗+1 axis; finally, we rotate about
𝛼𝑗+1 degrees around the 𝑥𝑗+1 , make the 𝑧𝑗 axis on a line with the 𝑧𝑗+1 axis; and the coordinate
matrix

𝑗+1
𝑗𝑇

(the pose matrix of frame {j+1} relative to {j})is derived by rotation matrix and

transfer matrix, the formula is derived as follows:
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Fig.4. Relationship between adjacent joint units.
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Fig. 5. Simplified mechanical arm structure.
𝑗+1
𝑗𝑇

= 𝑅𝑜𝑡(𝑧, 𝜃𝑗 ) · 𝑡𝑟𝑎𝑛𝑠(0,0, 𝑑𝑗 ) · 𝑡𝑟𝑎𝑛𝑠(𝐿𝑗+1 , 0,0) · 𝑅𝑜𝑡(𝑥, 𝛼𝑗+1 )

𝑐𝑜𝑠𝜃𝑗 −𝑠𝑖𝑛𝜃𝑗 𝑐𝑜𝑠𝛼𝑗+1 𝑠𝑖𝑛𝜃𝑗 𝑠𝑖𝑛𝛼𝑗+1 𝐿𝑗+1 𝑐𝑜𝑠𝜃𝑗
𝑠𝑖𝑛𝜃𝑗 𝑐𝑜𝑠𝜃𝑗 𝑐𝑜𝑠𝛼𝑗+1 −𝑐𝑜𝑠𝜃𝑗 𝑠𝑖𝑛𝛼𝑗+1 𝐿𝑗+1 𝑠𝑖𝑛𝜃𝑗
=(
)
(8)
𝑐𝑜𝑠𝛼𝑗+1
𝑠𝑖𝑛𝛼𝑗+1
𝑑𝑗
0
0
0
0
1
According to the above coordinate equation (8), we can deduce the position coordinate
transformation of unit j relative to unit i, the formula is as follows:
𝑗
𝑖𝑇

=

𝑖+1
𝑖𝑇

𝑗

· 𝑖+2𝑖𝑇 ···· 𝑗−1𝑇

(9)

The base coordinate system is used to represent the end-frame of the actuator by the method of
recursive again, then the homogeneous transformation matrix of the end-effector of the
manipulator is obtained, and this is the solution to the forward motion equation. Due to the six
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degrees of freedom manipulator used in this paper, in order to simplify the analysis calculation,
we simplified the characteristics of the structure unit of the manipulator as shown in the figure
below:
Compared with the forward kinematics problem, the inverse problem is more difficult to solve,
and the existence of the inverse kinematic solution depends on whether the desired position is
within the range of the robot end-effector. The calculation of inverse kinematics is large and
each joint solution may not be unique, so we need to find the optimal solution by fully consider.
In this paper, the inverse kinematics problem of joint angle is determined based on the known
terminal position 𝐸𝐴𝑇 , the formula is derived as follows:
𝑛𝑥 𝑜𝑥 𝑎𝑥 𝐸𝑥
𝑛
𝑦 𝑜𝑦 𝑎𝑦 𝐸𝑦
𝐸
𝐵
𝐶
𝐷
𝐸
)
(10)
𝐴𝑇 = 𝐴𝑇 (𝛼1 ) · 𝐵 𝑇 (𝜃1 ) · 𝐶 𝑇 ( 𝜃2 , 𝛼3 ) · 𝐷 𝑇 (𝜃3 , 𝛼4 ) = (
𝑛𝑧 𝑜𝑧 𝑎𝑧 𝐸𝑧
0 0
0 1
The geometric solution is to solve the equation by using geometric knowledge of the
mechanical arm, and the solving steps are as follows:
(1) Calculation of D point coordinates
𝐸𝑥
From the formula (10) we can get the E coordinate value E = (𝐸𝑦 ), and the azimuth matrix
𝐸𝑧
𝑛𝑥 𝑜𝑥 𝑎𝑥
𝑛𝑥
𝑅𝐸 = (𝑛𝑦 𝑜𝑦 𝑎𝑦 ), and 𝑛⃗ = (𝑛𝑦 ) is the direction vector that relative to the polar coordinate
𝑛𝑧 𝑜𝑧 𝑎𝑧
𝑛𝑧
system{A} and ⃗⃗⃗⃗⃗
𝐷𝐸, the expression is as follows:
⃗⃗⃗⃗⃗
𝐷𝐸 = 𝐸 − 𝐷 = 𝐿4 · 𝑛⃗
(11)
This can also deduce the coordinates of the D point:
D = E − 𝐿4 · 𝑛⃗
(12)
(2) Calculation of the joint angle of 𝛼1
From Figure 5, we can know that A, B, C and D four points on one plane and α1 is located in
the coordinate system{A}, the rotation angle of yAz plane to this plane. From the formula (12)
we can get that D = (𝐷𝑥 , 𝐷𝑦 , 𝐷𝑧 )𝑇 , then the formula of α1 is shown as follows:
𝛼1 = arctan (−

𝐷𝑥
) + 𝑘𝜋 , 𝑘 ∈ 𝑧
𝐷𝑦

(13)

(3) Calculation of the joint angle of 𝜃1
From Figure 5, we can know that the C and D points are all in the xBy plane. Based on the
obtained D point coordinates, the coordinates of the coordinates of the {B} coordinate system
are obtained by coordinate transformation. The formula is shown below:
assuming that: 𝐵𝐷 =

𝐵𝐷 =
(𝐵 𝐷𝑥 , 𝐵 𝐷𝑦 ,0)𝑇 , 𝐵𝐶

by known conditions:

(𝐵𝐴𝑇)−1 · 𝐷
= (𝐿2 𝑐𝑜𝑠𝜃1 , 𝐿2 𝑠𝑖𝑛𝜃1 ,0)𝑇 ,

𝐿3 = |𝐶𝐷| = | 𝐵𝐷 − 𝐵𝐶 |

so we can get that:
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(𝐿2 𝑐𝑜𝑠𝜃1 − 𝐵𝐷𝑥 )2 + (𝐿2 𝑠𝑖𝑛𝜃1 − 𝐵𝐷𝑦 )2 = 𝐿3 2
Then, 𝜃1 can be obtained from the following formula:
𝐿2 2 + |𝐵𝐷|2 − 𝐿3 2
+ 𝜑 + 2𝑘𝜋 , 𝑘 ∈ 𝑍
2𝐿2 · |𝐵𝐷|
𝐷𝑦
𝐷
and |BD| = √𝐵𝐷𝑥 + 𝐵 𝐷𝑦,cosφ = 𝐵 𝑥 ,sinφ = 𝐵 .
𝜃1 = ±𝑎𝑟𝑐𝑐𝑜𝑠

|𝐵𝐷|

(15)
(16)

|𝐵𝐷|

(4) Calculation of the joint angle of 𝜃2
By known conditions: 𝐵𝐶𝑇 = 𝑅𝑜𝑡(𝑧, 𝜃1 ) · 𝑡𝑟𝑎𝑛𝑠(𝐿2 , 0,0) · 𝑅𝑜𝑡(𝑥, 𝛼2 ) ,by using matrix
coordinate transformation, we can get the coordinates of D in {C} which are shown as below:
𝐶
−1
· 𝐵𝐷
(17)
𝐶 𝐷 = (𝐵𝑇)
𝑇
assuming that 𝐶 𝐷 = ( 𝐶 𝐷𝑥 , 𝐶 𝐷𝑦 , 𝐶 𝐷𝑧 ) ,then:
𝐶 𝐷𝑥 = 𝐿3 𝑐𝑜𝑠𝜃2
{
(18)
𝐶 𝐷𝑦 = 𝐿3 𝑠𝑖𝑛𝜃2
The formula for calculating 𝜃2 is as follows:
𝐷

𝜃2 = 𝑠𝑔𝑛(𝐶 𝐷𝑦 ) · arccos(𝐶 𝑥) + 2𝑘𝜋 , 𝑘 ∈ 𝑍
𝐿3

(19)

(5) Calculation of the joint angle of 𝛼3
⃗⃗⃗⃗⃗ × ⃗⃗⃗⃗⃗
By known conditions:𝑎
⃗⃗⃗⃗𝐷 = ±𝐶𝐷
𝐷𝐸, since 𝑧𝐶 and 𝑧𝐵 is in the same azimuth, we can get
𝑇
that:𝑎
⃗⃗⃗⃗𝑐 = (𝑐𝑜𝑠𝛼1 , 𝑠𝑖𝑛𝛼1 ,0)
And we know that by the vector inner product:
𝑎𝐷 · 𝑎𝑐 = |𝑎
⃗⃗⃗⃗𝐷 | · |𝑎
⃗⃗⃗⃗𝑐 |𝑐𝑜𝑠𝛼3
(20)
The formula for calculating 𝛼3 is as follows:
𝑎𝐷 · ⃗⃗⃗⃗
⃗⃗⃗⃗
𝑎𝑐
𝛼3 = 𝑠𝑔𝑛 ((⃗⃗⃗⃗
𝑎𝐷 × ⃗⃗⃗⃗
𝑎𝑐 ) · ⃗⃗⃗⃗⃗
𝐶𝐷 ) arccos (
) + 𝑘𝜋 , 𝑘 ∈ 𝑧
(21)
|𝑎
⃗⃗⃗⃗𝐷 | · |𝑎
⃗⃗⃗⃗𝑐 |
(6) Calculation of the joint angle of 𝜃3
Similar to the derivation of 𝛼3 , the solution of 𝜃3 and 𝛼4 is shown in the following formula:
⃗⃗⃗⃗⃗
𝐶𝐷 · ⃗⃗⃗⃗⃗
𝐷𝐸
⃗⃗⃗⃗⃗ × ⃗⃗⃗⃗⃗
𝜃3 = 𝑠𝑔𝑛 ((𝐶𝐷
𝐷𝐸) · ⃗⃗⃗⃗
𝑎𝐷 ) · arccos (
) + 𝑘𝜋 , 𝑘 ∈ 𝑍
(22)
𝐿3 · 𝐿4
⃗⃗⃗⃗𝐷 · ⃗⃗⃗⃗
⃗⃗⃗⃗⃗ ) · arccos (
𝛼4 = 𝑠𝑔𝑛 ((𝑍
𝑍𝐸 ) · 𝐷𝐸

𝑧⃗⃗⃗⃗𝐷 · ⃗⃗⃗⃗
𝑧𝐸
) + 2𝑘𝜋 , 𝑘 ∈ 𝑍
|𝑧⃗⃗⃗⃗𝐷 | · |𝑧
⃗⃗⃗⃗𝐸 |

(23)

So far, all the joint angles of the manipulator are obtained, and the inverse kinematics problem
is solved completely. The control mode of the manipulator adopts the master-slave control
mode, the main control machine is an ordinary computer, while assistant controller is the
myRIO hardware platform. The whole system process is to use the Kinect camera to collect
gestures first, then the computer carries out the image processing and completes the gesture
recognition. According to the computer processing results, the information of the joint angle
of the manipulator and the control information of the end executor will be obtained, thus the
steering gear of the manipulator is actuated. The master-slave control system framework is
shown in the figure below.
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Fig.6. The master-slave control system framework
4. CONCLUSION
In this paper, gesture technology is applied to the research of manipulator control so that the
user can directly manipulate the trajectory of the manipulator through gestures. And this noncontact man-machine interaction has great application value in this system.
(1) The original image is collected by using the Kinect camera, then segment the required image
from the original image, finally the required image is extracted by filtering and morphological
processing techniques.
(2) The gesture recognition is divided into two parts, and the static gestures are matched by the
template. The dynamic gestures are identified by the HMM method based on the time and space
trajectory, each of them is analyzed at the end.
(3) In the kinematics processing of the manipulator, the mathematical model of the manipulator
is described first, and on this basis, the forward kinematics and inverse kinematics of the
manipulator are analyzed and calculated.
(4) The control mode of the manipulator adopts the master-slave control mode, the main control
machine is an ordinary computer, it is mainly responsible for image acquisition and gesture
recognition, and send the results of processing to myRIO through WIFI,t hen the steering gear
is actuated from the control machine myRIO.
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