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The shape design of the lower limbs is an important part
of the lower limb assisted robot. The shape design and
material selection of the lower limb robot will affect the
parameters of the lower limb. Different materials and shapes
determine the weight and rotational inertia of the lower limbs,
which directly affects the choice of motor [7]. The different
power of the motor, the weight and capacity of the motor are
also different, which will affect the movement of the
exoskeleton together with the material and shape. Therefore,
reliable simulation software is an important condition to help
the external skeleton [8].
In the above selection of robot motor torque, it is
generally roughly obtained by multiplying torque by rotational
speed. Or it can be solved by ADAM and other software, and
the result is not good under the condition of MATLAB
interaction [9].

Abstract - The weight of motor is related to torque in
exoskeleton. Designers need to install the motor on the
exoskeleton. The weight and moment of inertia of the exoskeleton
will change when the motor type is changed. For the purpose of
determine the motor type, this paper developed a MATLAB
Graphical User Interface (GUI) to complete forward kinematics
solution, dynamic analysis through program writing and data
interaction. The forward kinematics is solved by DenavitHartenberg (DH) parameters method, the dynamics is solved by
Lagrange equation. General kinematics can be decomposed into
multiple polynomials by Taylor series.
Input polynomial
coefficients into GUI to obtain motor torque curve data. The
designer can then determine the motor power by the product of
torque and rotational speed.
Index Terms - Exoskeleton leg robot, Graphical user interface,
Kinematic, Dynamics

I. INTRODUCTION

The article consists of five parts. The first part is
Introduction. In the second part, the objects of simulation
design are introduced. The third part uses DH parameter
method to solve kinematics. The fourth part introduces the
Lagrange equation. At the same time, in the third and fourth
parts, we will also add programming and interface design. In
the fifth part of this article, this article will show the
simulation results [10].

Legs play an important role in human movement. But in
life, it is difficult to avoid the loss of walking ability due to
accidents or diseases, such as stroke [1]. Due to leg
disabilities, nearly 10 million people cannot walk [2]. More
and more designers are beginning to pay attention to the
development of lower exoskeleton [3]. The first step in the
development of exoskeleton is to choose an electric motor.
The motor is too small to drive the body [4]. If the capacity of
the motor is too large, it will cause energy loss and shorten the
charging interval. Correct choice of exercise is an important
step in the development of lower limb exoskeleton.
In the 1960s, General Electric created the world’s
first electric-assisted robot for the development and testing of
wearable electric-assisted exoskeletons: hydraulically driven
Hadman [5]. In the 21st century, with the explosive growth of
leg exoskeleton research, Berkeley University produced
BLEEX (Berkeley Lower Extremity Exoskeleton) in 2004.
Japan masters the core technique of robotics. The HAL series
of robots was developed by the University of Tsukuba and has
now reached the fifth generation. Honda has developed the
U3X robot to reduce the workload of workers in the
automobile production workshop. The development of
exoskeleton robots is obvious. Exoskeleton robots are
gradually full of life, and developing a suitable exoskeleton is
a new challenge [6].
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II. MODEL STRUCTURE
The main joints of the human lower extremities include
the hip, knee and ankle joints. The ankle joint has little effect
on human activity. It is set to fix the joint and will not be
discussed. The human hip joint is a complex joint. Then the
knee. Thigh and calf are about two links.
The hip joint consists of the femoral head and acetabulum.
It belongs to the ball and socket joint and is a typical ball and
socket joint. Its main functions are: internal rotation and
external rotation. The knee joint consists of the lower end of
the femur, the upper end of the tibia and the patella. It is the
largest and most complex joint of the human body and belongs
to the pulley joint.

1889

III. KINEMATIC ANALYSIS AND SIMULATION
Kinematics is an important part of robot simulation.
Kinematics analysis is to analyze the relationship between the
rotation angle of the rotary joint and the position of the
connecting rod. Through kinematic analysis, the rotation angle
of hip joint and knee joint can be transformed into the position
of connecting rod. The rotation angle of hip joint and knee
joint can be obtained by encoder, and the length of connecting
rod is also known. If it is a two-dimensional plane, it can be
obtained by the transformation of polar coordinate system and
rectangular coordinate system. But for the three-dimensional
plane is more complex. It can be solved by three-dimensional
spherical coordinate system. But for robotics, there is a mature
Denavit-Hartenberg (DH) parameters method to solve the
problem. The kinematic simulation of this paper is also solved
by DH parameter method [11].
There are two parts in kinematic solution. Forward
kinematics analysis and inverse kinematics analysis. Inverse
kinematics analysis is to calculate the joint rotation angle
through the end position, length and origin of the connecting
rod.
There are four important parameters in DH parameter
method: , , , . is distance of (
, ) along
.
is angle of (
, ) about
.
is distance of (
, )
, ) about . According to Fig.2, the
along is angle of (
following table can be obtained.

Fig.1 Anatomical structure of hip joint
TABLE I
RELATIVE PARAMETERS OF THE LEG

Joint

range of motion
(Degree)

Adduction/Abduction

-30~40

Flexion/Extension

-120~65

Internal Rotation/External
Rotation

-35~60

Flexion/Extension

-60~0

Valgus/Varus

-34~20

Joint

Hip
Joint

Knee
Joint

Simplify the simulation object in the simulation process.
The knee joint is simplified as a rotational joint with one
degree of freedom. The ankle is a fixed joint. The hip joint is
considered as a rotating joint with three degrees of freedom.
Mainly through the combination of two rotating joints. In this
way, the lower limb exoskeleton with 4 degrees of freedom is
obtained.
Then, the length of the connecting rod is set. Set the
midpoint of the left and right hip joints as , the two rotation
joints of the right hip joint as and , the axis of the rotation
joint of the knee joint as , and the center of the ankle joint as
. Among them, the distance between and is , and the
length of thigh is and the length of leg is .
According to the Denavit-Hartenberg (DH) parameters
method, every joint should have a corresponding XYZ
coordinate system. In order to explain the design of the
simulation system in this paper more directly, this paper will
also directly stipulate the coordinate system on each point. See

TABLE II
DH PARAMETER TABLE

Joint

(mm)

(°)
90°

1

0

2

0

3

0

0

4

0

0

90°

0

1

0
0

Fig.2 for details.

(mm)

(°)

0

0

1

The operation of T matrix is the core of DH parameter
method. T matrix contains a lot of information. The
transformation matrix can be obtained with the parameters in
Table II and formula 1.
0
0
1
0

0
0

0
0

Fig.2 DH coordinate system setting
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0
0

0
0

0
0

0
0
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0

0
1

0
0

0
0
1
0
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them, axis1 is used to display the simulation diagram. And
you can use text to prompt for input. The three boxes on the
left of axis 1 are the control of the hip joint and the control of
the knee joint in two directions. The twelve frames on the
right of axis 1 are the motion descriptions of the two motors of
the hip joint, the length of the thigh and the length of the lower
leg, and the weight and rotational inertia. The researcher can
set the parameters and press the calculation button. At (x, y,
z), we obtain ankle coordinates. By pressing the dynamics
button, the motor output torque curve is obtained. And the
design of MATLAB is open source, we can access the source
program and transplant the system algorithm.
The data sent to the background through the GUI is string
data, which needs to be extracted after pressing the button, and
type conversion. 2 in num2str means "to", which is a unique
transformation statement in MATLAB. In data output, you
need to convert array data to string data. After the
transformation, x, y and z need to be spliced, so that the
kinematic calculation can be completed.
The simulation results need to be tested. At present,
Adams and ANSYS with better simulation are not suitable for
simple robot simulation [12]. Finally, choose MATLAB's
Robotic Toolbox for simulation testing [13].

4

5

Through matrix point multiplication, multiple t-matrices
can be connected, thus the whole lower limb system of robot
can be reduced to a T-matrix, which simplifies the operation
of computer simulation software. The solution of T matrix is
as follows:
0

1

6

The DH parameter method is far from simple. is a 4
4 matrix, and can be divided into four parts, as shown in
formula 6, Where R is the attitude matrix and d is the end
position [6].
7
In formula 7,
exactly represents the position of the
robot leg end, which is exactly what the forward kinematics
needs to solve.
The simulation design is divided into two parts: front end
and back end. The front-end is the human-computer interface,
the main function is to collect the data information that people
input. The back end is mainly used for data calculation, and
the information calculated by the back end needs to be
returned to the front end. Sequential information interaction
can save researchers' time. Through simple and visual
information input, results can be obtained. And the program is
open-source, through the upper derived forward kinematics, to
calculate. Next, the interface design is introduced.

Fig.4 Graphical user interface

IV. DYNAMICS ANALYSIS AND SIMULATION
Next is the analysis and simulation of dynamics, which is
also an essential part of robot control. The introduction of
dynamics enables the control robot to follow the required
trajectory more accurately.
The main analysis of dynamics: the relationship between
the force acting on an object and the speed of the object [14].
This part of the analysis is mainly: the conversion of motor
torque and exoskeleton inertia, gravitational potential energy
and speed. Accurate analysis makes the control speed more
accurate. Newton's first law can explain the solution to this
part of the problem:

In the power assisted robot, the motor usually works by
rotating. Newton's law is linear thrust, so it should be extended
to Euler's second law of motion. Euler's second law will lead

Fig.3 Data flow diagram

In Fig.3, the left side of the figure is the tool provided by
MATLAB, the main role is to input kinematics data. Among
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to the calculation of tensor, so it is difficult to solve the
kinematic problem through Euler's second law.
12
In order to solve the complex calculation of Euler's
second law, it can be solved by Euler-Lagrange equation.
For this part of the analysis, Ignore the link between the
two rotating joints of the hip joint. The rest is thigh and calf,
hip joint fixation. Two link mechanism is formed. The output
torque of hip joint motor is , the output torque of knee joint
, is the rotation angle of hip joint motor, is
motor is
the speed of rotation, and is the acceleration of rotation. O
is hip joint, A is knee joint, B is ankle joint.

13
It should be noted here that is a continuous function,
needs to
and the same is true for minus , so
be expanded by a binary Taylor function, which can reduce
the amount of computer operations by sorting out the formula
in advance.
At present, the motion of each joint can be represented by
a polynomial. Therefore, only the coefficients of the
polynomial need to be input, and the polynomial of the motor
torque can be obtained through calculation and sorting. In
addition, general polynomials are infinitely differentiable, so
Taylor functions can be used here.
Inverse dynamics solution is the process of obtaining
and
by knowing the output torque of the motor. It is the
process of solving the differential equation. The real-time
requirement of simulation is not high, so it can be solved
directly by the Runge-Kutta method built in MATLAB. The
solution statement is "ode45". The differential equation
solution will not be described here.
V. EXPERIMENTS AND RESULTS
In this paper, the experimental results are tested through
the Robotic Toolbox, version 9.10.
A. Experimental setup
In order to reflect the accuracy of the simulation, the
human gait data is quoted.

Fig.5 Dynamic analysis

In the whole system, all motion energy is output by the
motor. It is mainly converted into kinetic energy and potential
energy, and potential energy is mainly used to work against
gravity. The kinetic energy is divided into two parts, one is the
kinetic energy of linear motion, the other is the energy of the
rotation of the connecting rod. The energy formula can be
expressed as follows:
1
2

1
2

1
2

1
2

TABLE III
CLINICAL GAIT ANALYSIS [8]

8

The part of potential energy is mainly divided into thigh
and calf raising, work done to overcome gravity:
9
To construct Lagrange function:
10
11

Time(s)

Hip Angle (°)

Knee angle (°)

0.01

13.368

24.548

0.14

11.999

23.623

0.27

0.379

20.110

0.4

-8.323

18.528

0.53

0.052

49.299

0.66

22.131

79.426

0.79

36.628

66.754

0.92

32.056

15.361

1.05

29.253

17.528

1.18

25.053

28.011

1.25

16.979

25.678

According to the data to test the input of simulation,
detect the error of data output, so as to analyze the simulation
accuracy. The following table shows the data of human

in the above formula is the coordinate. The output
torque of the motor, , , can be obtained by taking L into
the Lagrange equation:
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Knee rotation angle (°)

walking at 4km/s. It is necessary to convert the data into
radian system, and process it according to DH parameter
method. Facilitate the next step.
Through the Robotic Toolbox, the same model of the
lower limb assist robot as the simulation is established [16].

Time (s)
Fig. 8 Fitting function of knee joint rotation angle.

Through the function of fkine, the kinematics is solved,
and the data is saved for the comparison of simulation results
[19].
B. Experimental results and analysis
According to the motion data of Fig.7 and Fig.8, several
motion angles of the hip joint and the ankle joint are selected,
and the terminal coordinates can be obtained through the
calculation of GUI and Robotic Toolbox, and the coordinates
are on the XOZ plane.
Set the length of thigh and calf to 1m, bring in two curves
in Fig.7 and Fig.8, and solve them in the Robotic Toolbox and
GUI respectively. According to the data obtained, the
comparison of drawings is carried out [21]. Fig.10 is available:

Fig.6 Robotic Toolbox Model

Z axis distance (m)

Hip rotation angle (°)

In order to obtain more data points, test the error. The
motion curve of hip joint and ankle joint can be obtained by
curve fitting. In this paper obtains Fig.7 and Fig.8 by 6th order
curve fitting.

Time (s)
Fig. 7 Fitting function of hip joint rotation angle.
X axis distance (m)
Fig. 9 Distance between ankle and origin.

‘*’ represents the kinematics result of Robotic Toolbox,
‘O’ represents the GUI kinematics result. It can be seen from
Fig.9 that the Robotic Toolbox and GUI results are completely
coincident, which verifies the accuracy of the kinematics of
GUI.
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After inputting other parameters such as the motion
trajectory and weight of the ankle and hip joints in the
dynamics simulation, the torque that can be output by the
motor of the Lagrange solution can be obtained. The torque
multiplied by the rotation speed is the power required.
Generally, robots require large torque and low speed, so they
need mechanisms such as reducers. The energy loss needs to
be considered in the calculation of power [22].

[5]

VI. CONCLUSION AND FUTURE WORK

[8]

[6]

[7]

In this paper, a new type of exoskeleton assisted lower
limb robot simulation is proposed, which is used to help
developers more convenient, fast and visual simulation. The
simulation can be used for kinematic and dynamic analysis.
Through the quality and length of the preliminary selection of
motor power. The simulation mechanism has four degrees of
freedom movement, which can basically realize the human leg
movement. It is convenient for the developer to select the
motor and determine the movement range of the lower limb
robot. In the experiment, it is proved that the simulation is
reliable and accurate through the verification of Robotic
Toolbox. In conclusion, the research draws the following
conclusions:

[9]

[10]

[11]

[12]

1) The new simulation design can directly understand the
situation of the lower limb robot through the interface meter.
2) The simulation can help designers to determine the motor
parameters and the movement of lower limbs.
3) The simulation design is based on the open source platform,
which can be simply transplanted, and add new functions,
laying the foundation for future development and
improvement.

[13]

[14]

[15]

In the future work, we will add more complex functions
and turn them into better simulation software. For example:
joint simulation with other software, as well as various inverse
kinematics and inverse dynamics solutions. The Jacobian
matrix is added to make the simulation more accurate for
speed control. At the same time, simplify the algorithm, use
less storage space and calculation times to get the accurate
answer.

[16]
[17]
[18]

[19]
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