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Abstract—At present, Chinese traditional physiotherapy is
more and more trusted and valued by people, among which
moxibustion is a very effective treatment. In order to improve
the efficiency of human-computer interaction and help
physiotherapists to use robots to replace human power, this
paper proposes a visual based robot arm trajectory teaching
method. The physiotherapy staff only needs to use an optical
marker to demonstrate the therapeutic trajectory on the
patient's back, and the robotic arm can pick up the expected
trajectory and repeat the same work. We use LK optical flow
algorithm to obtain marker's motion trajectory, and then
smoothen the trajectory through SG filter, which is more
executable for robot arm. Finally, we design an experiment
and simulate it on MATLAB to obtain the accuracy of the
trajectory and the results is impressive.
Keywords-robot, learning from demonstration, traditional
Chinese medical moxibustion, machine vision, LK optical flow,
trajectory optimization

I.

INTRODUCTION (HEADING 1)

Moxibustion is a treatment method that burns moxa leaves
[1] to create heat stimulating the acupuncture points or
specific parts of the human body [2]. By stimulating the
activity of channels and qi, it can adjust the physiological
and biochemical functions of the human body [3] so as to
achieve the purpose of disease prevention and treatment. The
mechanism of moxibustion is similar to acupuncture, and it
has complementary therapeutic effect. Moxibustion has
many advantages such as simple operation, low cost and
remarkable effect. But in one course of treatment,
physiotherapists need to keep a certain height away from the
skin to and keep moving back and forth. This repetitive
motion is very tiring. In addition, the burning of moxibustion
strips will produce lots of smoke, which will irritate people's
eyes and respiratory tract, causing discomfort to
physiotherapists. Therefore, it is necessary to use robots to
replace manual labor.
Due to the repeatability and accuracy of the task, the
robotic arm can be well applied to the treatment of
moxibustion. At present, with increasing demand of the
intelligent manufacturing mechanical arm, in order to adapt
to the rapid and changeable production task in modern
industry and people's life, the manipulator should not only be
able to complete repeated work stably for a long time, but

also need to have the characteristics of intelligence, openness
and nicer man-machine cooperation. For now, there are two
major problems in the research on the acquisition of the
behavior and action of the robotic arm: (1) The coding
process of the behavior and action based on the motion
trajectory planning is relatively complicated, and the
program design of the robotic arm system is complex, so the
learning process of the new behavior and action is inefficient.
(2) The robot arm can only move according to the planned
action. When the working environment and work tasks of the
robot arm is changed, the teaching behavior needs to be recoded. The generalization ability and intelligence of the
robot arm system is no very good. Therefore, as an important
aspect of the continuous development and innovation of
industrial robots, teaching technology is developing towards
the direction that is conducive to the rapid teaching
programming and the enhancement of man-machine
cooperation ability.
Visual based demonstration [4][5]is a very convenient
teaching tool, which can make people to plan movement
tracks of the robot arm without programming foundation,
and help them complete the work or life affairs. Robot can
observe expected trajectory in task through the camera and
then repeat the task directly. This paper introduces a visual
based moxibustion trajectory teaching system. When
physiotherapists demonstrate [6] the points and process of
moxibustion with an optical marker, we record the track of
moxibustion through a camera by using the LK optical flow
method [7][8][9]. In order to reduce the vibration of the track
caused by flexibility of people arm, SG filtering algorithm is
used in this paper to optimize the acquired jerky trajectory
and generate a smooth trajectory that is conducive to the
execution of the manipulator. In the experiment, we design a
test paper and print out acupoints of the tracking lines of duarteries on the back and spine of the human body, including
Great Vertebra (Du-14), Body Pillar (Du-12), Reaching
Yang (Du-9), Central Pivot (Du-7), Life Gate (Du-4), and
Low Back Yang Passage (Du-3).A 3D-printed optical
marker moves on the corresponding target acupuncture point
and records through the camera. After SG filtering, we
generate a smoother trajectory. Finally, we simulate the robot
arm to complete this application on MATLAB and the result
is impressive.

Figure 1. Workflow of the visual based robot trajectory teaching method

II.

Trajectory Obtaining

In the research of vision object tracking, optical flow is a
classical method. The mechanism of optical flow method is
to find the corresponding relationship between the previous
frame and the current frame [10] by using the change of
pixels in the time domain and the correlation between
adjacent frames in the image sequence [11][12], so as to
calculate the motion information of objects between adjacent
frames. Optical flow is the instantaneous velocity of pixels
moving in space on the observed imaging plane. In general,
the instantaneous change rate of gray level at a specific
coordinate point of a two-dimensional image is defined as an
optical flow vector [13].
To establish the optical flow method, the following two
basic assumptions must be met:
(1) The assumption of constant brightness. The grayscale
value (brightness) of the pixel does not change with time,
which is the basic assumption of optical flow and must
be met by all optical flow methods.

(2) The assumption of "small motion". The change of time
will not cause the violent change of the target position,
and the displacement between the two adjacent frames is
very small, so that the gray level change of the positions
between adjacent frames can be used to obtain the
partial derivative of the gray level position.
In order to establish the optical flow constraint equation, set
the feature point pixel at moment t to be I (x, y, t), which
moves dx and dy distances in the x and y directions,
respectively, in dt time. According to the assumption of
constant brightness:

I ( x, y, t ) = I ( x + dx, y + dy, t + dt )

(1)

we can expand the right side of the equation by using Taylor
expansion：

I ( x, y , t ) = I ( x, y , t ) +

I
I
I
dx + dy + dt + o( 2 )
x
y
t

(2)

where
denotes the second-order infinitesimal term,
which is negligible, and brings equation (1) into equation (2)
with division dt to obtain:

I dx I dy I dt
+
+
=0
x dt y dt t dt

(3)

Let u and V be the velocity vectors of the optical flow in the
x and y directions, respectively:
Figure 2. Diagram of constant brightness assumption
For example, the luminance value of any pixel p (x, y)
in the object above (figure 2) at time t stays the same
after moving (u, v) at time t +1.

u=

dx
dy
,v =
dt
dt

(4)

set

Ix =

I
I
I
, represents the partial
, I y = , It =
x
y
t

The least squares method is used to approximate the
solution:

derivative of pixel grayscale along x, y, and t，respectively,
then equation (3) can be written as follows：

I xu + I y v + It = 0

(5)

According to equation (5), there is only one optical flow
constraint equation but two unknowns, so the exact value
cannot be obtained, and other constraints need to be
introduced to solve the equation. Therefore, different optical
flow methods are formed by solving the optical flow
constraint equation with different constraints introduced
from different angles.
In the development of optical flow, the two most classic
gradient-based optical flow algorithms are HS global optical
flow (dense optical flow) and LK local optical flow (sparse
optical flow). Generally, only one moxibustion strip is
needed for physiotherapy, so the LK optical flow method is
used for simple tracking of a single optical maker in this
paper. The LK optical flow method is proposed by Bruce D.
Lucas and Takeo Kanade. In addition to meeting the
requirement of constant brightness and small motion, the LK
optical flow method also needs to meet the requirement of
uniform space. Spatial consistency means two pixels
adjacent to each other on the previous frame and also
adjacent to each other on the next frame.
Within a neighborhood, calculate weighted squared and
minimized to estimate the optical flow vector for the
following equation.



( x , y )

W 2 ( x)( I xu + I y v + I t ) 2

(6)

where
denotes the neighborhood window
weighting function, which typically makes the
neighborhood center weighted larger than the neighborhood.
For n points
within the neighborhood
, set：

V = (u, v)T , I ( X ) = ( I x , I y )T
 I x ( X1 ) I y ( X1 ) 


set A =


 I (X ) I (X )
y
n 
 x n
0
W ( X1 )

0
W (X2)
W =


0
 0

0
0
0

 It = ( X1 ) 




I = (X2)
0 
b= t






W (XN )
 It = ( X n ) 
0

(7)

AT W 2 AV = ATW 2b

(8)

and the optical flow vector V is：

V = ( AT W 2 A) −1 AT W 2b
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(9)
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The above calculations are performed in the window field
. By combining information from a few nearby pixels, the
LK optical flow method can eliminate polynomial in the
optical flow equation.
III.

TRAJECTORY OPTIMIZATION

Due to flexible wrists, when people demonstrate expected
trajectory, the trail recorded by optical flow tend to contain
many jagged parts. Although there are lots of classical
methods such as FIR filter [14] and Kalman Smoother [15]
applied to eliminate random noise, the SG filter outperforms
them in approximating the true trajectory [16]. In order to
reduce the impact of hand shaking and approach
demonstration path as far as possible, this paper optimizes
and generates a trajectory that is conducive to the execution
of the manipulator [17] through SG smoothing algorithm.SG
smoothing algorithm is a least square based polynomial
smoothing algorithm proposed by Abraham Savitzky and
Marcel J. E. Golay, also known as convolution smoothing.
The key to Savitzky-Golay convolution smoothing lies in
the solution of matrix operator.
Set the width of the filter window to
, and each
measurement point is:
Fitting of data points within a window by using k-1st
polynomial:

y = a0 + a1 x + a2 x 2 +

+ ak −1 x k −1

(11)

So, there are n such equations, fastened into a k-element
linear group of equations. For a set of equations to have a
solution then n should be greater than or equal to k. The
general choice is n>k, through the least-squares legal fit
parameter A. This gives:
 y− m   1 − m
(− m) k −1   a0   e− m 


 
 

(− m + 1) k −1   a1   e− m +1  (12)
 y− m −1  = 1 − m + 1
+
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Expressed as a matrix:

Y(2 m +1)1 = X (2 m +1)k  AK 1 + E(2 m +1)1
The least-squares solution

(13)

of A is:
−1

where

A = ( X  X )  X Y
T

1
(2Y−2 − 8Y−1 + 12Y0 + 27Y1 + 2Y2 )
35
1
Y2 = (−Y−2 + 4Y−1 − 6Y0 + 4Y1 + 69Y2 )
70

Y1 =

T

Y = X  A = X  ( X T  X ) −1  X T  Y = B  Y (15)

.

The formula requires data points n ≥5, and when there are
more than 5 data points, for symmetry considerations, the
rest are smoothed by formula (19) except at the ends with
formulae (17), (18) and (20), (21), respectively, which is
equivalent to smoothing with a different triple least squares
polynomial on each subinterval.

(16)

In this passage, we use the five-point cubic smoothing
formula, where the five points at equal wavelength intervals
in a section of the spectrum are referred to as the X-set.
Polynomial smoothing uses polynomial fits to data at
wavelength points Xm-2, Xm-1, Xm, Xm+1, Xm+2 instead
of Xm, and then moves them around until the spectrum is
traversed (figure 3).

IV.

EXPERIMENT

A. Experiment components
The experiment components consist of a REALSENCE
D435 camera mounted on a shelf above the work platform,
an optical marker, and one test paper of acupoints in
human’s back.
The governor meridian in the back and spine of human
body contains important acupoints in moxibustion therapy.
In the experiment, according to the meridian diagram in the
Figure 4, we extract the acupoints of Great Vertebra (Du-14),
Body Pillar (Du-12), Reaching Yang (Du-9), Central Pivot
(Du-7), Life Gate (Du-4), and Low Back Yang Passage (Du3) successively from the top to the bottom as the test object
of demonstration and print it out as a test paper (figure 5) .

Figure 3. 5-point quadratic polynomial smoothing
mechanism
If we take m=2, k=4，then we get the cubic polynomial：

Y = a0 + a1 x + a2 x 2 + a3 x 3
According to the least-squares principle, the coefficients
a0, a1, a2, a3 are determined, and the final five-point cubic
smoothing formula is as follows：

1
(69Y−2 + 4Y−1 − 6Y0 + 4Y1 − Y2 )
70
1
Y−1 = (2Y−2 + 27Y−1 + 12Y0 − 8Y1 + 2Y2 )
35
1
Y0 = (−3Y−2 + 12Y−1 + 17Y0 + 12Y1 − 3Y2 )
35
Y−2 =

(21)

(14)

The model predictions or filtered values of Y are:

B = X  ( X T  X ) −1  X T

is the improved value of

(20)

(17)
(18)
(19)

Figure 4. Acupuncture point of human spine

Figure 7. Standard locations of acupoints acquired in
camera images
Figure 5. Extracted acupoints for experiments
We also use 3D printer to print out a little optical marker
showed in figure 6 and the black circle is considered as the
object for the trajectory tracking.

Figure 8. The tracking point of the optical marker
acquired in the camera image

Figure 6. Optical marker

B. Experiment steps
In the experiment, we first obtain the position of the
acupuncture point theoretically in the image taken from the
camera as shown in Figure 7, and take it as the standard to
test the trajectory accuracy.
In moxibustion therapy, physiotherapist must pay attention
to the accuracy of acupoints and physical comfort. In order
to achieve the desired effect [18][19][20], in addition to
finding the acupuncture points according to the prescription,
moxibustion usually requires reciprocating or circumferential
movements around the acupuncture points, so as to avoid
discomfort caused by excessive temperature. Therefore, we
design the moxibustion route from the Great Vertebra (Du14) to the Low Back Yang Passage (Du-3), which includes
some reciprocating and circling routes. After setting the
black dot in the middle of optical marker as the tracking
point of optical flow, as shown in Figure 8, we manually
operate optical marker to complete the previously planned
moxibustion route, as shown in Figure 9.

(a)

(b)
Figure 9. Teaching trajectory acquired under the camera

We record 15 teaching trajectories in experiment (as
shown in Figure 10) and then smoothed the acquired
trajectories by using SG filtering. The comparison of the
original trajectory diagram and the smoothed trajectory
diagram is shown in the figure 11. It can be seen that the
jerky part of the circling routes becomes smoother and the
reciprocating route becomes straighter.

experienced physicians and record the locations of their
treatment points. The mean area of 95% and 68%
confidence intervals range of the acupoints in the treatment
2

2

is 19.4 cm and 4.8 cm , respectively. Therefore, to
determine the effectiveness of the trajectory sheet, we set up
three round areas of acupoint. Taking the theoretical
acupoint position as the center of the circle, we set up 3
standard circular range for the acupoints in the treatment
and the diameter of the circle area is 4 cm, 3cm and 2cm,
respectively.
In the experiment, the men on the test paper have a
shoulder width of 15cm and the average adult male in China
has a shoulder width of 37.5cm. Assuming that the males in
the experimental paper represented the average Chinese
adult males, the 3 standard circular treatment areas which
we have introduced should be changed to 3 circular areas
with diameters of 1.6cm,1.2 cm and 0.8cm in accordance
with the corresponding proportions. We simulate these
standards on MATLAB, as shown in figure 12.

Figure 10. 15 teaching trajectories

Figure 12. Diagram of the three ranges of acupoints

(a) Original trajectory
(b) Smoothed trajectory
Figure 11. Comparison of the original trajectory diagram
and the smoothed trajectory
C. Result
In order to prove the accuracy of the acquired trajectory,
we design the standard to test accuracy of the tracks.
According to [21], the author randomly selects 71

These three ranges represent different teaching accuracy
standards. If the teaching path intersects the circle, the
teaching is deemed successful; if it does not intersect the
circle, the teaching is deemed unsuccessful. The accuracy of
the teaching curve can be known from the number of
successes and failures. According to figure 12, the number
of times the trajectory theory should pass through the
acupuncture point should be 15, and there are 15
intersecting line segments within the maximum circle range,

so the accuracy rate is 100%. With this method, we
calculate the accuracy of 15 trajectories according to
different accuracy standards, as shown in table 1.
No.
Standard1 Standard2 Standard3
1
100%
100%
100%
2
100%
100%
100%
3
100%
100%
93.3%
4
100%
100%
100%
5
100%
90.9%
81.8%
6
100%
100%
90.0%
7
100%
90.0%
90.0%
8
100%
93.3%
93.3%
9
100%
90.9%
90.9%
10
100%
100%
100%
11
100%
100%
91.6%
12
100%
100%
100%
13
100%
100%
100%
14
100%
100%
85.7%
15
100%
92.3%
84.6%
Average
100%
97.16%
93.36%
Table 1. Accuracy of trajectories under three criteria
In terms of the average success rate, the expected
trajectory generated by this method will not exceed the
deviation of 2cm from the physiotherapy acupuncture point,
and the accuracy within the range of 1cm from the
acupuncture point is over 90%, which achieves the expected
effect comparing with artificial moxibustion.
V.

CONCLUSION

In this paper, we design a visual based teaching method
for moxibustion therapy, so that it can avoid complex
programming and simplify the process for physiotherapists
to operate robot arms, contributing to the development of
medical service. Through the LK optical flow method, we
can capture the position of optical Marker and generate its
locus. The trajectory is then smoothed through SG filtering.
Finally, in the experiment, the accuracy rate of the trajectory
reaches 93.36% within the range of 1cm around the
theoretical acupuncture point, achieving the expected effect.

process, due to lack of certain constraints. In the future, we
will study trajectory tracking methods in three-dimensional
space and better trajectory optimization method to improve
the accuracy of the trajectory.
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