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Design of a Single-Degree-of-
Freedom Immersive
Rehabilitation Device for
Clustered Upper-Limb Motion
Mechanical devices such as robots are widely adopted for limb rehabilitation. Due to the
variety of human body parameters, the rehabilitation motion for different patients usually
has its individual pattern; hence, we adopt clustering-based machine learning technique
to find a limited number of motion patterns for upper-limb rehabilitation, so that they
could represent the large amount of those from people who have various body parameters.
By using the regression motion of the clustering result as the target, in this article, we seek
to apply kinematic mapping-based motion synthesis framework to design a 1-degree-of-
freedom (DOF) mechanism, such that it could lead the patients’ upper limb through the
target motion. Also, considering rehab training generally involves a large amount of repeti-
tion on a daily basis, this article has developed a rehab system with UNITY3D based on virtual
reality (VR). The proposed device and system could provide an immersive experience to the
users, as well as the rehab motion data to the administrative staff for evaluation of users’
status. The construction of the integrated system and the experimental trial of the prototype
are presented at the end of this article. [DOI: 10.1115/1.4050150]

Keywords: mechanism design, mechanism synthesis, medical robotics

1 Introduction
In recent years, mechanical assisting devices such as robots have

been recognized as one of the most significant developments in
emerging industries [1,2]. Especially in those fields that require a
large amount of human resources, the adoption of robots and
other intelligent devices could drastically reduce the cost and
improve the efficiency. Rehabilitation of patients of disabilities,
after-strokes, etc. is one of the novel medical fields that has been
recently started to apply the intelligent devices so as to provide
effective training for the patients and also to reduce the cost of clin-
ical caring staff. This article focuses on the development of an
upper-limb rehabilitation mechanism, i.e., an automatic device for
assisting patients with upper-limb dysfunction to complete the reha-
bilitation training and provide feedback information for rehabilita-
tion physicians and patients. Currently, the structural design of
upper-limb rehabilitation devices and robots are mainly accom-
plished with end traction mechanism and exoskeleton mechanism
[3]. The former basically takes linkages or serial robots as the essen-
tial motion executer and realizes the repeated rehabilitation training
by supporting and guiding the end of the patient’s upper limb. For
example, Holt et al. designed a dual-arm robot called iPAM [4], and
a 2-degree-of-freedom (DOF) upper-limb rehabilitation robot
named UECMwas developed by Zhang et al. [5]. The exoskeletons,
on the other hand, usually have a structure that accommodates
with human body and transmit forces to the limb to assist rehabili-
tation training. Examples of this type of rehabilitation mechanisms
include the 7-DOF exoskeleton powered arm CADEN-7, which
was designed by Perry et al. [6] and a 3-DOF EMUL rehabilitation
robot that was developed by Haraguchi et al. from Osaka University

[7]. Considering the cost of these multi-DOF rehab devices is
usually quite expensive, designers also proposed a series of
1-DOF rehab mechanisms for specified tasks. Naghavi and
Mahjoob [8] proposed an active 1-DOF mechanism for knee reha-
bilitation. Franci et al. [9] designed a parallel mechanism for mod-
eling passive motion at the human tibiotalar joint. Our group [10]
also proposed a cam-linkage mechanism for lower-limb rehabilita-
tion with kinematic mapping-based motion synthesis approach.
Since human body parameters vary among each individual,

apparently the suitable rehabilitation motion for different patients
should also have different patterns. If 1-DOF rehabilitation mecha-
nisms are adopted for its simpler structure and lower cost, then a
group of different mechanisms need to be prepared to adjust differ-
ent users since 1-DOF mechanisms can only generate one specified
motion. Conversely, to address such issues, most of the current
multi-DOF limb rehabilitation mechanisms are controlled and pro-
grammed to produce training trajectories in different scales to reflect
the limb length. Yet, body parameters such as height and weight
also affect the trajectories, but they are usually not considered. It
would also be unpractical to customize a different motion or mech-
anism for each user individually. Therefore, in our previous study
[11], we adopted several clustering algorithms of unsupervised
machine learning to find three motion patterns for upper-limb reha-
bilitation, so that they could represent the large amount of those
from people who have various body parameters. Using the regres-
sion motion of the three clusters as the task motion, in this article,
we are seeking to design a one-DOF mechanism, such that it
could lead the patients’ upper limb through the task motion.
It is known that designing a mechanism to lead a rigid-body

through a sequence of given poses is a classic kinematic task
called motion synthesis [12,13]. In those designs, linkage mecha-
nisms, i.e., mechanisms that contains only planar low pairs, are gen-
erally the goal that researchers focusing on due to its simpleness to
analyze and convenience to manufacture. This problem is usually
solved by numerical optimization algorithms. In our previous
work [14–16], we have also presented a framework of an efficient
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algorithm for motion approximation of linkage mechanisms. This
approach is based on the kinematic mapping theory that was first
explored by Bottema and Roth [17] for application in planar
linkage design and then developed by McCarthy [18] and Ravani
and Roth [19]. This theory was further adopted and extended by
several other researchers [20–24]. Based on our kinematic
mapping-based motion synthesis framework, a simple four-bar
linkage mechanism is proposed to realize the task motion in this
article, which is simpler, lower cost, and easier to control compared
with the multi-DOF limb rehab devices.
According to the limb rehabilitation requirements, the training

process usually involves a large amount of repetition of rehab
motion in daily basis, which could be quite tedious for most patients
[25]. Therefore, in this article, we are adopting virtual reality (VR)
technique to create an immersive rehabilitation training mode to
help the patients to improve their training experiences. Virtual
reality refers to a highly realistic computer-simulated environment
in terms of sight, hearing, touch, etc. Users can interact with this
environment to produce an immersive experience. Users can
observe items in the three-dimensional space in a timely and unlim-
ited manner. They can also interact with items in the virtual reality
with the help of tools. When the user moves and/or manipulates an
assisting tool, the computer can immediately perform complex cal-
culations to accurately produce a sense of presence, controlling
intelligent hardware to give users feedback on multiple channels
to produce real-time changes in perception. In recent years, the
use of virtual reality technology in the areas of rehabilitation and
therapy continues to grow [26–29], with encouraging results being
reported for applications that address human physical, cognitive,
and psychological functioning. This article incorporates VR techni-
que to the upper-limb rehabilitation device and designs an immer-
sive rehab system as well as a displays user interface for the
caring staff to better support the patients’ training process.
The organization of this article is as follows: Sec. 2 presents how

the upper-limb rehab motion trajectory data are acquired and clus-
tered to generate the task motion. Then, Sec. 3 briefly introduces our
kinematic mapping-based framework, and based on that, a four-bar
linkage is designed to serve as the rehab motion executer, with
which a simple one-DOF device is developed to generate the
rehab motion. In Sec. 4, virtual reality technique is adopted to
create an immersive rehabilitation training mode, and a patient
user interface is designed with Unity3D. Then, Sec. 5 shows the
integration of the whole system with two-mode (passive and
active) rehabilitation strategy and presents a system prototype as
well as experiment results of human trial.

2 Acquisition of Upper-Limb Rehabilitation Motion
Trajectory Data
The upper-limb rehabilitation training motion we are trying to

implement is a boating movement as shown in Fig. 1(a).Our data
acquisition environment is a high-precision labeled motion
capture system named cortex (Figs. 1(b) and (c)), in which eight
cameras are set around the subject to record data and trajectory
extraction. During the data acquisition process, the real-time trajec-
tories of 25 small balls that are attached to each joint of the subject
are acquired. The spatial location information of the specified three
points S, E, andW on the left arm is obtained, where the three points
S, E, and W represent, respectively, three small balls fixed to the
shoulder joint, the elbow joint, and the wrist joint. A total number
of 47 healthy subjects have participated in the data collecting
process, who wear the experiment equipment for the motion
capture. After learning from the demonstration video of rehabilita-
tion training motion, the subjects accomplished the specified
boating movement for upper-limb rehabilitation training in the envi-
ronment of trajectory acquisition. Debugging and coordinate cali-
bration of the experiment equipment were also completed before
operating the device to record the trajectory data.

After capturing the raw data of the boating motion from the sub-
jects, these data sets are first preinterpolated and processed to reduce
the noises. To improve the performance of clustering, it is a com-
monly adopted strategy to expand the database by separating one
original set of data to multiple sets. In our case, to expand the data-
base, we uniformly sample 24 frames in a complete motion of about
120 frames. Thus, the database is now expanded to 94 sets.
Due to the variety of human body parameters, in our previous

study [11], we have adopted clustering-based machine learning
technique to find a limited number of motion patterns for upper-
limb rehabilitation, so that they could represent the large amount
of those from people who have various body parameters. Spectral
clustering (SC) method was chosen for its performance, and as
shown in Fig. 2, three clusters of motion patterns (blue/dot,
green/circle, and red/star) are formed. After regression of each
cluster, three types of motion for upper-limb rehabilitation are con-
structed, which could serve as the task motion for the design of
rehabilitation mechanisms.
To actually obtain the pattern and trend for each cluster of reha-

bilitation motion, we still take the three points’ (shoulder joints S,
elbow joints E, and wrist joints W) spatial coordinates of each
cluster generated by spectral clustering algorithm and conduct a
regression for each cluster of motion. Figure 3 shows the regression
result of the S, E, and W joints’ spatial trajectory of the three type of
clusters. It could be noticed that the shoulder joint trajectory is a
small closed curve in all types of motion, which is generally
treated as a fixed sphere joint in practical design cases.

3 Kinematic Mapping-Based Mechanism Synthesis for
Task Motion
Now, to design a 1-DOFupper-limb rehabilitation device, the blue

cluster in Fig. 2 is taken in this article as the task motion for it repre-
sents the most data sets. The original motion in Ref. [11] contains 24
poses from the 24 frames, and 4 additional poses are interpolated
between the starting and ending pose so as to form a smoother
closed loop motion. The coordinate data of these 28 poses are
listed in the supplement files. The aim is to determine a mechanism
such that it could lead its manipulator through the boating

Fig. 1 The demonstration of (a) upper-limb rehabilitationmotion
and (b) and (c) the trajectory capture device
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rehabilitation motion. It could be noticed in Fig. 3 that the elbow and
the wrist trajectories of the blue spatial motion could be approxi-
mately viewed as in the same plane. Thus, in this section, we approx-
imate the spatial forearm motion in Fig. 3 to a planar one and seek to
use 1-DOF mechanisms to lead through it.
First, the 28 discretized spatial forearm poses of this motion are

fitted to a plane. As shown in Fig. 4, the expression of the fitting
plane is expressed as follows:

−0.8687a + 0.4736b − 0.1449c − 65.9624 = 0 (1)

The two light curves of Fig. 4 are the projection of the two trajec-
tories in the left of Fig. 3. They are plotted as two planar curves in
the right figure, and connecting each pair of corresponding elbow

trajectory point and wrist trajectory point yields 28 line segments
with location and angle, which are identified as 28 task planar
poses to be lead through. Next, we use our kinematic mapping-
based planar motion synthesis framework [14,15] to design a
planar one-DOF mechanism that approximates this rehabilitation
motion. Considering a planar moving rigid-body represented with
a quaternion Z= (Z1, Z2, Z3, Z4) [17], if it is capable to be led
through by the moving frame of a planar dyad (two-bar linkage),
then a unified quadratic equation needs to be satisfied:

p1(Z
2
1 + Z2

2 ) + p2(Z1Z3 − Z2Z4) + p3(Z2Z3 + Z1Z4)

+ p4(Z1Z3 + Z2Z4) + p5(Z2Z3 − Z1Z4) + p6Z3Z4

+ p7(Z
2
3 − Z2

4 ) + p8(Z
2
3 + Z2

4 ) = 0 (2)

Fig. 2 The clustering (above) as well as regression (below) of 94 sets of rehabilitation
motion data using the SC method. α+ βi is defined in Ref. [11], so as to reflect the trend
and pattern of the upper-limb poses during the boating rehabilitation motion
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with two unified additional constraints on coefficients p1 through
p7:

p1p6 + p2p5 − p3p4 = 0

2p1p7 − p2p4 − p3p5 = 0
(3)

where coefficient vector p= (p1, p2, …p8) is constructed with only
the parameters of the planar dyad, including its fixed frame and
moving frame parameters. In this way, the prescribed task informa-
tion (Z) and the to-be-determined information (p) are separated. The
aforementioned conditions apply to all three common types of
planar dyads: RR, PR, or RP. This system could be solved with
null space analysis technique [15], which yields a group of resulting
vector p. Furthermore, by investigating the value of p, we can deter-
mine the type and dimensions of the resulting dyads. Applying this
kinematic synthesis method to the 28 task poses in Fig. 4, several
planar dyads are obtained that could lead through this upper-limb
rehabilitation motion. The parameters of these dyads are listed in
Table 1. The first two dyads are taken from Table 1 and combined
them to form a one-DOF four-bar linkage. In Fig. 5, we show the
coupler motion that generated by this four-bar crank-rocker
linkage. It could be seen that the trajectory (light blue) leads

through the 28 prescribed poses (black). Compared with multi-DOF
linkages, upper-limb rehabilitation device equipped with such a
one-DOF mechanism could still approximately realize the rehabili-
tation task, while maintaining a simpler structure and control mode
as well as a much lower cost.
Now that the essential motion executer (i.e., the four-bar linkage

synthesized to lead through the rehabilitation motion) has been
given, we seek to design a one-DOF upper-limb rehab device
with this motion executer. Considering the health condition of the
patient, the device is designed to adopt sitting-position rehabilita-
tion training mode. Aside of the motion executer, an adjustable

Fig. 3 Upper-limb rehabilitation joint trajectories in Fig. 2: blue cluster (left), green cluster
(middle), and red cluster (right) (Color version online.)

Fig. 4 The spatial forearmmotion (including both the elbow and wrist trajectories) is projected to
a plane, and this planar approximated motion on the right figure is the to-be-realized task motion

Table 1 Dimensions of the four planar dyads that could lead
through the planar motion poses in Fig. 4

Fixed pivot Moving pivot Link length

p1 (6.97, −7.25) (7.58, −6.65) 12.96
p2 (−22.12, −19.56) (−6.11, 6.08) 31.38
p3 (−23.14, 14.33) (−26.71, 12.56) 14.40
p4 (−53.13, −64.84) (−1.88, 14.02) 93.25
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platform is designed so that the four-bar linkage could be fixed on.
The height and the angle of the platform could be adjusted to suit
the users’ comfort. Specifically, the height of the device is adjusted
by the support bar, the angle of the platform (pitch angle) is adjusted
by the connecting joint between the table board and the support bar,
and the initial angle of the four-bar linkage (roll angle) is adjusted
by the two fixed pivots of the linkage. The structure of this
device is shown in Fig. 6.
We use STC12C5A60S2 chip to build and control the rehabilita-

tion system. Also, to measure the contact pressure between the

motion executor and patient’s upper limb, FSR film pressure
sensor is used. The sensor first outputs its voltage U0 to the SCM
through the conversion module, and then, this voltage signal is con-
verted to the measured pressure F to the user interface through the
following equation:

U0 = 3.2/Fmax × F + 0.1 (4)

where U0 is the output voltage value from the AO port of FSR pres-
sure sensor, F is the pressure, and Fmax is the maximum measure-
ment value of the FSR sensor, which in our system is 6000 g.
To drive the one-DOF motion executor, an 86 cm 45 step motor

is used with DY-IS step controller as shown in Fig. 7. MA860C
driver and YT06-0P incremental photoelectric rotary encoder are
embedded to control and record the speed of rotation. Conversion
between the motor speed ω and count pulse of the encoder is
expressed as follows:

ω = 2π × N/M (5)

where N is the count pulse that received by the SCM from the
encoder within unit time and M denotes the line number of the
encoder, i.e., the resolution.

4 Design of Immersive Upper-Limb Rehabilitation
User Interface Based on Virtual Reality
As stated in Sec. 1, generally the training process involves a large

amount of repetition of rehab motion on a daily basis, which could
be quite tedious for most patients. Considering the patients’ enthu-
siasm to perform the rehab training could easily drop in plain train-
ing, in this section, we adopt VR technique to create an immersive
rehabilitation training mode. More specifically, we design a
VR-integrated rehabilitation training user interface based on the
Unity3D engine. The virtual rehabilitation training system has a
real interactive experience, which makes patients feel immersive
in training and get positive feedback. This system can provide

Fig. 5 The one-DOF four-bar upper-limb rehabilitation mecha-
nism designed to approximately lead through the 28 task
poses in Fig. 4

Fig. 7 The actual rehabilitation device

Fig. 6 Design of the upper-limb rehab device incorporated with
the one-DOF motion executer as shown in Fig. 5
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repeated stimulation and entertainment during the training process,
and it could also help maintaining the rehab motion that has been
practiced.
As shown in Fig. 8, a model of rowing boat is constructed to

simulate the immersive environment for the boating motion of the
rehabilitation task. In addition, a series of scenes such as hull and
lake surface are built using SOLIDWORKS software. The screen is
used as the virtual display to reflect and interact with the actual
rehab training behavior. After building the three-dimensional
model, 3DMAX is adopted to generate an fbx file for the streamlining
and rendering process. Finally, the fbx file was imported into
UNITY3D for development of the character features and the boating
scene. To reduce the resource occupation during program
running, the character features have been simplified, such that the
whole arm is reflected in the VR game as a control feature. The
speed parameters of the motor are transmitted from the rehabilita-
tion device to the host computer through the USB serial port. The
character control script in this VR game reads the speed parameters
of the serial port to control the character’s arm for rowing motion.
Initialization is required at the beginning of the game to match
the current position of the rehabilitation mechanism. The mapping
relationship between the virtual model and the real device is set
as follows:

ωr = ω1 (6)

where ωr denotes the rotation angular velocity of the character’s
arm in the VR rowing game and ω1 is the angular velocity of the
crank link in the rehabilitation device.
By detecting the pulse frequency of the motor, the speed of the

upper-limb movement can be obtained. Through the mapping
between actual rehab motion and the virtual model, the transforma-
tion of the actual coordinates and the virtual motion coordinates is
calculated, and then the spatial coordinates of a group of essential
point is acquired and converted into a motion sequence composed
of a series of animation frames. Through that, a three-dimensional
space motion process is described, and a three-dimensional

character skeleton animation source file is then created. This
process is shown in Fig. 9.
When the patient starts the training process and the device is set

in the initial state, the spatial origin in UNITY3D matches the point
transmitted by the hardware driver, so that the arm position in the
virtual environment is consistent with the patient’s sitting position.
During the rehab training motion, the data are obtained and trans-
mitted to the UNITY3D software through the drive interface to gener-
ate the virtual movement in the user interface. In the end, the
interaction between the patient and the virtual reality not only pro-
vides an immersive experience for the rehab training user but could
also let the medical caring staff observe the real-time motion effect
and record the rehab training data for each patient.

5 Integration and Experiment of the System
In this section, the rehabilitation mechanism as shown in Fig. 7

and the VR-based rehab user interface are combined to construct

Fig. 8 The VR-based user interface for upper-limb rehabilitation
training patients

Fig. 9 Implementation process of the VR-integrated rehabilitation approach

Fig. 10 The two-mode (PR and AR) strategy of the proposed
upper-limb rehabilitation system
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an immersive upper-limb rehab system. Considering the proceeding
of rehab training, to suit patients in different rehab condition, we set
two modes in the system: passive rehabilitation and active rehabil-
itation. In the passive rehabilitationmode (PR mode), the operation
of the rehab motion executer is only driven by the motor, and the
patients’ upper-limb motion are completely controlled by the
device. During the PR mode, the speed of the motor is controlled
variable, which is adjusted according to the initial settings at the
start of the rehab training. During the entire training process, the
patient’s arms are naturally relaxed and is driven by the executer
to perform rehabilitation movements according to a predetermined
trajectory. Conversely, in the active rehabilitation mode (AR
mode), a pressure sensor is installed on the arm cover to detect
the pressure between patients’ upper limb and the motion executer,
and the speed of the motion executer is also calculated by the pulse
frequency of the motor. These parameters could be recorded so as to
reflect the patient’s motion performance, and the current training
state could then be evaluated.
The two-mode rehabilitation strategy of this system is illustrated

in Fig. 10. In the passive rehabilitation mode, the controller sends
commands to the driver, and the driver outputs a given pulse to
drive the stepping motor to rotate at a certain angular speed.
When the rehabilitation device is driven to operate, the pressure
sensor starts to measure the pressure between the patient’s upper
limb and the mechanism. The obtained pressure signal is then
obtained and passed to the SCM, which calculates the pressure
value and transmits to the host computer through the USB serial
port. The pressure value and the motor speed are displayed in real
time on the administrator user interface for the caring staff to
monitor the status of the patients. At this time, on the patient’s
user interface, the rowing motion of the character in the VR is
driven and controlled by the angular velocity of the motor.
In the active rehabilitation mode, the mechanism is driven by the

patients. The pressure sensor and incremental encoder start to
record the motion parameters including the pressure between the
upper limb and the executor, as well as the angular velocity value
of the rowing movement. The pressure is acquired similarly as
shown in the PR mode, while the angular velocity is obtained by

Fig. 11 These two figures show the prototype of the upper-limb
rehab device and how it is applied to a user

Fig. 12 Real-time diagram of the pressure and angular velocity data of the (a) PR and (b) AR
human trial results
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converting the count pulses obtained by the YT06-0P encoder
through the SCM.
For both modes, the patients’ motion data are captured by the

sensor and sent to the VR display system, so that the real-time train-
ing performance could be reflected. Also, the training parameters
such as the rotational speed, the time of duration, as well as the pres-
sure could all be recorded to help the medical caring staff evaluate
the rehab status of patient’s upper limb.
The illustration of the prototype of VR-integrated upper-limb

rehabilitation system is shown in Fig. 11, as well as how it is
applied to a user. A trial of the system on a human subject is also
conducted for both PR and AR training modes. The user attaches
the forearm to the motion executor with straps to fasten it. The rota-
tional speed is detected by the encoder installed at the end of the
step motor, and the pressure sensor is installed close to the end of
the elbow on the arm rest, which detects the real-time pressure of
the subject’s forearm arm. First PR training is conducted by the
subject, in which the rehab motion is purely driven by the motor.
Figure 12(a) shows the real-time diagram of the pressure and
angular velocity data. The horizontal axis of the two diagrams
denotes the time of training. From the result, we can find that
since there is no active control to the subject’s forearm, the pressure
detected is merely due to the gravity, which shows no obvious peri-
odic variation. Also, during PR training, the motion is driven by the
motor; thus, the velocity only reflects the preset motor speed, which
basically is a constant value on the diagram.
In the AR training trial, the subject put the forearm on the device

and complete the rowing movements independently. The diagram
of pressure and speed are also plotted in Fig. 12(b), with the
same legend and unit as in PR trial. It can be observed that there
exist obvious periodic patterns in both pressure and velocity. More-
over, we could further notice that when the subject’s elbow moves
to the lowest point of the motion, it starts to exert force to raise the
forearm, bringing a peak value in the pressure diagram, and mean-
while, the speed diagram reaches a valley, as shown by the green
line at 3.0 s of the horizontal axis of the figure. Conversely, when
the elbow of the arm is raised to the highest point and ready to
fall, the arm muscles are relaxed and the measured pressure value
reaches a valley, and the speed diagram generates a peak, as
shown by the purple line at 6.9 s of the horizontal axis of the figure.

6 Conclusions
In this article, we presented a VR-integrated upper-limb rehabil-

itation device with single-DOF. First, the regression motion of the
clustering result were taken as the task motion, and kinematic-
mapping-based motion synthesis framework was adopted to
design the one-DOF four-bar linkage mechanism as the motion exe-
cuter. Then, an immersive rehab system with UNITY3D based on VR
was developed to address the issue of large amounts of repetition in
the practical rehab training process, with a two-mode (PR and AR)
rehabilitation strategy. This rehabilitation device is simple, low
cost, and easy to control, and it could provide the patients with an
immersive rehab training experience. Future work includes the
improvement of the mechanical structure, as well as the further uti-
lization of the rehab data collected by the system so as to provide a
better rehab therapy.
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Appendix: Coordinates for the Elbow and Wrist
Trajectories of the Blue Cluster

Index Elbow Wrist

1 [−160.12, 44.009, 1071.1] [−148.86, 190.19, 947.29]
2 [−154.27, 34.923, 1083.0] [−154.48, 187.71, 982.99]
3 [−158.70, 33.887, 1092.9] [−159.57, 191.31, 1027.6]
4 [−167.56, 41.237, 1102.1] [−162.12, 201.02, 1075.3]
5 [−177.38, 55.813, 1111.5] [−161.14, 217.13, 1125.2]
6 [−186.44, 77.343, 1122.1] [−155.93, 238.71, 1172.4]
7 [−192.85, 104.09, 1133.8] [−146.87, 263.78, 1212.8]
8 [−195.66, 133.45, 1145.7] [−133.93, 292.37, 1246.3]
9 [−194.73, 165.34, 1157.7] [−118.18, 322.1, 1269.6]
10 [−190.04, 197.0, 1168.7] [−101.28, 350.31, 1280.9]
11 [−182.37, 225.69, 1177.2] [−83.503, 376.95, 1280.3]
12 [−172.08, 251.43, 1182.7] [−66.698, 399.41, 1266.8]
13 [−160.38, 271.69, 1184.2] [−52.604, 415.75, 1241.9]
14 [−148.74, 284.86, 1180.8] [−41.495, 425.82, 1205.2]
15 [−137.57, 290.93, 1172.2] [−34.809, 428.18, 1159.1]
16 [−128.33, 288.92, 1158.2] [−33.158, 422.74, 1108.0]
17 [−122.07, 279.37, 1139.9] [−36.564, 409.53, 1052.2]
18 [−119.04, 262.54, 1117.4] [−44.822, 389.52, 997.6]
19 [−119.80, 240.16, 1092.9] [−56.543, 365.28, 950.83]
20 [−124.09, 215.41, 1069.8] [−70.726, 338.04, 915.08]
21 [−124.09, 215.41, 1069.8] [−70.726, 338.04, 915.08]
22 [−130.33, 193.41, 1051.5] [−81.442, 318.04, 902.71]
23 [−139.97, 171.41, 1046.6] [−91.574, 298.04, 887.25]
24 [−146.64, 149.41, 1046.7] [−103.31, 278.04, 887.62]
25 [−152.75, 127.41, 1047.4] [−117.50, 258.04, 895.18]
26 [−157.81, 105.41, 1048.8] [−131.20, 238.04, 905.75]
27 [−161.26, 83.409, 1050.9] [−141.38, 218.04, 916.53]
28 [−162.55, 61.409, 1054.0] [−145.47, 198.04, 925.02]
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