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Position Control of a Ping-Pong ball on a Pivot Mechanism
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Project Synopsis & Expected Functionality:

The goal of this project was to display control of a physical fourth order system. To do
this we took the route of controlling two consecutive second order systems in an inner-loop,
outer-loop architecture.

For the inner-loop second order system we built a fan-actuated pivot mechanism with a
tube as the lever. Inside of the tube is a ping-pong ball which acts as the plant for the outer-loop
second order system. Inner-loop angular control of the tube results in the cascading actuation of
the position of the ball within the tube, linking the two second order systems into a fourth order
system.

Control of the inner-loop, angular position of the tube is described by the following
second order equation: J6" + bO' = 1, where J is the rotational inertia and b is the damping
constant. Control of the outer-loop linear position of the ball inside the tube is described by the
following second order equation: mx" + bx' = mg0, where g is the gravitational constant
(9806.65mm/s?), and m is the mass of the ping-pong ball. Here, a small-angle approximation
was used to remove the nonlinear sine term which would be present on the right side of the
equation.

To physically implement these cascading, double second order systems, we used two
air-blowers controlled differently via PWM to actuate the angular position of the tube. The
angular position of the tube in-turn actuates the linear position of a ping-pong ball within the
tube. The angular position of the tube is measured with a rotary encoder and the linear position
of the ball is measured with a time-of-flight sensor.

The PWM signals to the blowers are controlled digitally using two subsequent PID loops
using the feedback of the ball position and the tube angular position. A rough Concept of
Operations is shown in Figure 1 below.

Additionally, a GUI was designed to visualize live feedback of the angular and linear
positions and to provide a view of the control influences of the Proportional and Integral terms
for each of the Pl loops over time.
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Figure 1. Visual Concept of Operations
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System Overview:
Images of our system are shown below with some annotation of the key components. An
in-depth discussion of the design is provided in the next section.
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Figure 2. Our fourth order ping-pong ball pivot system shown on the right and the accompanying control
GUI shown on the left of the image.
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Figure 3. Isometric view of ping-pong ball pivot system
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Figure 4. Close-up view of the PCB, sensor wiring, adjustable set-point, and adjustable Pl gains.
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Figure 5. High-Level Component Block Diagram



Design Description:
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We found that success on this project was rooted in having a robust and mechanically
stable physical system to control. This enabled repeatability in controlled response and allowed
us to develop an effective control system. During the design process, we began by developing a
functional inner-loop second order system before adding the outer-loop second order system.

We had to make some design adjustments along the way, but we were ultimately able to

implement our initial design concept.
To build the system we mounted the center of a 18-inch (~450mm) clear tube onto a
pivoting shaft. We initially had the shaft located below the tube, which resulted in a center of

gravity above the axis of rotation. This acted like an inverted pendulum and resulted in an

inherently unstable system, which was by default harder to control. We ended up moving the
shaft above the tube, raising the center of gravity below the axis of rotation. This resulted in a
standard pendulum-like system which settled to stability and was easier to control.

The shaft was mounted around 260mm above the base plate and was fit into two

bearings which enabled low-friction rotation. The shaft height enabled around plus-minus 30° of

rotational motion for the tube. On the protruding portion of the shaft, we coupled a rotary

quadrature encoder to provide us with angular feedback. This sensor provided us with quick and
accurate angular feedback without adding rotational friction.

Table 1. Specifications for the Rotary Quadrature encoder.

Operating Voltage

Resolution

Output

5VDC

600 pulses/revolution

Digital, 2-phase

We mounted two 12VDC, 0.9A air-blowers onto the acrylic baseplate under the ends of
each side of the tube. The blowers were controlled differentially via PWM signals from our

controller and used to actuate the angular position of the tube. The controller was using a

double Pl-control architecture which is further explained in the next section. To increase the lift

delivered by the fans, we added small “sails” to the ends of the tube to collect the airflow.
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Figure 6. Datasheet for the YSTech BW09733012BH blowers.

Inside of the tube we had a free rolling ping-pong ball, which acted as the plant for the
outer-loop system. A ping-pong ball was chosen as the plant as it has low mass and inertia,
which helped us keep the outer-loop system slower than the inner-loop system. To further
“‘dampen” the outer-loop system, we added endcaps that almost completely enclosed the tube.
This added an air-buffer to dampen the ball movement within the tube.
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For positional feedback of the ball we ended up using a VL53L4CX time-of-flight sensor.
This had an advertised range of 0-6,000mm. Practically, we found the sensor to have a
lower-limit range of 20mm when used to sense the ping-pong ball. We didn’t have any issues
with the upper-limit range of the sensor as our tube length maxed out at 450mm. The ToF

sensor was mounted to one of the endcaps and provided us with a digital output.
Table 1. Technical specification

ﬁO*VLss‘u.ch
: ToF Distance b Package Optical LGA12
: . r ] Sze 44%24%1mm
; ' Operating voltage [ 28w 35V
Operating temperature ' -30 to 85°C

£ At - B ! Infrared emitter [ 840 nm
oo O%‘d‘%‘" s Up to 1 MHz (fast mode plus) serial bus

VIN  SCL—GPIO— . Address: 052

Figure 7. (Left) Image of the unmounted VL534CX time-of-flight sensor. (Right) Technical Specs

We initially tried using two IR analog distance sensors for positional feedback of the
ping-pong ball. These sensors had a working range of 10-80cm (4”-30”), which forced us to use
them in a differential configuration to accurately monitor the position of the ball over the whole
length of the tube. We had issues with this as the IR beam seemed to bounce off the tube walls
resulting in crosstalk between the two sensors. Ultimately, the digital output, lighter weight, and
higher precision of the time-of-flight sensor made it a better choice of sensor.

For the microcontroller we ended up using an Adafruit Metro ESP32-S3 paired with an
Adafruit V3 Motor Shield on top. The Adafruit Metro provided us the ability to supply both 3.3V
and 5V and provided 16-bit resolution for analog readings. The addition of the Adafruit V3 Motor
Shield aIIowed us to supply a 12V PWM S|gnal to the blowers.
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Figure 8. (Left) Adafruit Metro ESP32-S3. (Right) Adafruit V3 Motor Shield

Additionally, a simple Ul was designed to provide visualization of the tube angular
position, the ball position as well as Kp and Ki control contributions for both inner and outer loop
control. To provide the user the ability to control the ball setpoint and the Kp/Ki gains for each
loop we mounted potentiometers with knobs to the baseplate.
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Control System Design & Performance:

To control this system, we implemented two PID control loops, first around the angle of
the tube, and second around the position of the ball. The control logic was implemented in
Python on the Adafruit Metro controller using their CircuitPython libraries for ease of prototyping.

The general control architecture involves the previously mentioned inner-loop /
outer-loop architecture. The loops are characterized by the feedback of the angular theta-value,
being read from the rotary encoder and the linear x-value read from the time-of-flight sensor.

The control system begins with a desired x-position setpoint, which is physically set via a
single-turn potentiometer. The “desired x-position” is then compared to the actual x-position
feedback from the ToF sensor, resulting in the “x-position error”. The error is then fed into the
Outer-Loop PID controller which outputs a “desired theta” value or q_des. The desired theta is
compared to the actual theta, read from the rotary encoder, and results in the “theta error” being
output. The theta error is then fed into the Inner-Loop PID controller which outputs fan torque in
the form of a PWM signal.

The fan torque then feeds into the Tube Dynamics model which is modeled by the
equation: T = J6" + bO'. The resulting output of the tube dynamics is the “actual theta” value
which then fed into the Ball Dynamics model is modeled by the equation: mg6 = mx" + bx'.
The output of the Ball Dynamics model is the x-position of the ping-pong ball.

Outer-Loop PID Inner-Loop PID .
( Position Controller ) ( Angular Controller ) Tube Dynamics Ball Dynamics

q_error Fan Torque # Fan Torque q q x > C]
emor Fan Torgua q X

X - Position'

h 4

x_error q_des

Position Setpoint'

X

Figure 9. Control System block diagram

Similar to how we developed the hardware system, we also designed and tested the
control system in steps. We began by implementing control over the full system angular range of
+/- 30° from the center line. After proving successful angular control of the tube down to ~1° we
added the outer loop control of the ping-pong ball position. For the control of the ball position we
rarely saw the system exceed an angular range of +/- 10° from the center line. This makes
sense as extreme angular change would result in drastic changes in ball position within the
tube.

Prior to testing, we expected the position response of the ball to be on the order of 10-20
seconds for any setpoint within the tube’s 20mm-450mm range.

Software Design

This system was developed with two major software components: the embedded
software for the microcontroller, and a Windows application (GUI) for the user’s viewing and
monitoring pleasure.
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The embedded software was written in Python and installed and run on the
microcontroller using the CircuitPython architecture that was provided by Adafruit. Given the
processing power of the ESP32 chip, and considering the 10-20 second settling time goal,
extreme low-latency control loops were not a major priority, and so the relative inefficiencies of
Python were not a concern. The primary control loop was run at 50 Hz, and while this appeared
functional, the exact speed wasn’t verified thoroughly. A slower loop was run at 5 Hz to send
telemetry data over USB to the Windows GUI, as well as read the analog inputs to adjust the
position setpoint and adjustable gains. See the appendix for a flow chart as well as the full text
of the Python script used.

The Windows GUI was written in C# using Visual Studio and displayed to the user four
plots: the position and setpoint for the ball, the PID control efforts for the position (outer) loop,
the angle and setpoint for the tube, and the PID control efforts for the angle (inner) loop. All four
plots were updated at 5 Hz and scrolled to show the latest 10 seconds of data. The current Kp
and Ki gains were displayed as well. A log of telemetry data was stored in plain text in a
secondary tab, making data collection simple. Screenshots of the GUI with example data are
shown in the appendix.
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Figure 10. Screenshot of the custom GUI



Simulink Modeled Behavior
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To accurately build a Simulink Model of our system, we began by modeling the Inner
Loop control architecture. The PID block used has Kp =5, Ki = 0.1, and Kd = 0, which reflects
our initial design choice of implementing a Pl controller. For the Tube’s Angular Dynamics, we
estimated a damping coefficient value of 2 and an inertia value of J = 5.

Inner Loop System: Tube Angular Control

Angle Controller

| [

PID(s)

q_desired q_error

Angular Setpoint

Fan Torque |

Tube Angular Dynamics
b - Damping
| ad
J
| 1 1
¥ B (@)
qdd $ |qd ¥ q
J - Inertia Angular Position

q

Figure 11. Simulink Model of the Inner Loop control architecture.

For the simulation, a step input representing the Angular Setpoint was set to an initial
value of 0 radians (0°), a final value of pi/180 radians (+1°), and a step time of 1sec. Simulation
plots can be seen below for a couple of Kp and Ki values.

Angular Position vs Time ( Kp=5, Ki= 0.1, SP = pif180 )
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Figure 12. Inner Loop control simulation. Kp = 5, Ki = 0.1, SP = pi/180

For the second plot of the inner loop simulation, the overshoot and the oscillation were
practically eliminated by decreasing Kp from 5 -> 2 and by adding a Kd term. Steady State of
pi/180rad, or 1° was reached within 6.5 seconds.
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Angular Position vs Time (Kp=2, Ki= 0.1, Kd =2, 5P = pi/180 )
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Figure 13. Inner Loop control simulation. Kp = 2, Ki= 0.1, Kd = 2, SP = pi/180

Next, the Ball Dynamics were added to the Simulink system and produced realistic
looking results. The angular set-point was still set to +1° with no position feedback. In the plot
you can see the ball starts at the lower-limit position of 20mm and rolls to the upper-limit of
450mm after around 12sec.

| Inner Loop System: Tube Angular Control

Angular Position1
Angle Controller Tube Angular Dynamics [Ball Dynarmics
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Figure 14. Simulink Model with Inner Loop as well as the Tube Dynamics and Ball Dynamics.

Ready Sample based T=20.0000

Figure 15. Inner Loop control simulation w/ Tube & Ball Dynamics. Kp = 2, Ki = 0.1, SP = pi/180
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Next, the outer loop PID position controller was added to the model and the angular
setpoint was replaced with a position setpoint. The input for the model is the desired x-position
setpoint and the output of the model is the simulated x-position. Tube damping (b) = 0.4, Tube
inertia (J) = 0.4. Ball damping (b) = 1.5.

Ball Position Controlier Tilt Angle Contraller

e

Au
3

Figure 16. Simulink Model with Inner Loop & Outer Loop PID control, Tube Dynamics and Ball Dynamics.
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Figure 17. Simulated plot of Tube Angle vs Time (Tube Angular Position). Position Setpoint = 100mm.
Outer Kp=0.001, Ki=0.0001, Kd=0.001; Inner Kp=4, Ki=0.01, Kd=6.
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Figure 18. Simulated plot of Ball Position vs Time (Ball X-Position). Position Setpoint = 230mm.
Outer Kp=0.001, Ki=0.0001, Kd=0.001; Inner Kp=4, Ki=0.01, Kd=6.
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System Response Behavior — Experimental Data

For the following plots of experimental data, we tested our system with the tube angle
starting around 0° and the ball starting in a position around the center of the tube (150-300mm).
The position setpoint was then changed by +50mm, +100mm, +150mm and the response was
measured for both the Tube Angle and the Ball Position. We also plotted the control efforts from
the P, I, and D terms over time. The gains selected were as follows: Position: Kp = 0.25, Ki =
0.0005, Kd = 0.5; Angular: Kp = 10, Ki= 0.1, Kd = 0.5.

Table 2. Summary of step response performance.

Setpoint Delta 50mm 100mm 150mm
Typ. overshoot 0% 50% 30%
Typ. steady-state error 10% 3% 5%
Typ. settling time 6 sec 10 sec 10 sec

Step Response Data: Setpoint Change +50mm
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Figure 19. Setpoint A = +50mm. (Top Left) Tube Angle vs Time. (Top Right) Tube Angle control efforts.
(Bot Left) Ball Position vs Time. (Bot Right) Ball Position control efforts.
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Tube Angle Control Efforts
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Figure 20. Setpoint A = +100mm. (Top Left) Tube Angle vs Time. (Top Right) Tube Angle control efforts.
(Bot Left) Ball Position vs Time. (Bot Right) Ball Position control efforts.
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Figure 21. Setpoint A = +100mm. (Top Left) Tube Angle vs Time. (Top Right) Tube Angle control efforts.
(Bot Left) Ball Position vs Time. (Bot Right) Ball Position control efforts.
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Setpoint Restriction Near Pivot

As expected of this less-than-precision system, the performance varied across the range
of motion due to a number of factors, including but not limited to the roundness of the ball, the
flatness of the tube surface, the inconsistent friction between the tube pivot shaft and the
3D-printed frame, and the asymmetric force from the wire harness of the distance sensor
attached at the Omm end of the tube. We chose PID gains to optimize across the variations as
much as possible.

However, we anticipated that performance near the pivot (230mm) would be different
from performance elsewhere due to the geometry of the system, and testing confirmed. The
pivot, although offset from the axis of the linear ball motion, still resembled a kinematic
singularity, where no applied tilt can generate any force on the ball. The offset prevents this
case exactly, but the dynamics were different enough from the rest of the system that we were
not able to find a compromise on PID terms. See below for the resulting instability around
230mm. For this reason, we recommend any future user of this system restrict their commanded
setpoints to 0-200mm or 260-450mm.

50mm Step, Initial Position 300mm

Ball Position

50mm Step, Initial Position 200mm

Ball Position

50mm Step, Initial Position 100mm

Ball Position
400
350
300

E 250
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System Response Behavior — Simulated vs Experimental Data
Below is a head-to-head comparison of the predicted and experimental results. | am
comparing the experimental “Step Response data: +100mm” to the simulink model.

Table 3. Comparison of the Experimental Results to the Simulated Results of our system behavior

Experimental Results

Simulated Results

- Initial Angle: ~0°
- Initial Position: 200mm
- Position Setpoint: 300mm

- Position: Kp = 0.25, Ki = 0.0005, Kd = 0.5
- Angular: Kp =10, Ki= 0.1, Kd = 0.5

Position:

- Overshoot: ~25%
-S.S. =10 seconds
- S.S. Offset +2%

- Initial Angle: ~0°
- Initial Position: Omm
- Position Setpoint: 100mm

- Position: Kp = 0.001, Ki = 0.0001, Kd = 0.001
- Angular: Kp =6, Ki=0.01, Kd =6

Position:

- Overshoot: 10%

- S.S. =10 seconds
- S.S. Offset: ~1%
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Appendix:
Simulink Model
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Embedded Software Flow Chart
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Embedded System Text (Python)

import time
from collections import deque
import board
from analogio import AnalogIn

from digitalio import DigitalInOut, Direction, Pull

import v15314cx
import rotaryio
from adafruit_motorkit import MotorKit
import usb_cdc

# SIMULATION
SIMULATION = False

# DIO / AIO

home_switch = DigitalInOut(board.D13)
home_switch.direction = Direction.INPUT
home_switch.pull = Pull.UP

enable_switch = DigitalInOut(board.D12)
enable_switch.direction = Direction.INPUT
enable_switch.pull = Pull.UP

sp_dial = AnalogIn(board.A®)

dist_kp_dial = AnalogIn(board.A3)
dist_ki_dial = AnalogIn(board.A4)
ang_kp_dial = AnalogIn(board.A1)
ang_ki_dial = AnalogIn(board.A2)

# Serial
serial = usb_cdc.console

# Motor Shield

kit = MotorKit()

kit = MotorKit(i2c=board.I2C())
kit.motor3.throttle = None
kit.motor4.throttle = None
motor3_sign = -1

motor4_sign = -1

motor_offset = -0.65

# Encoder
home_offset = @
if not SIMULATION:

encoder = rotaryio.IncrementalEncoder(board.D10, board.D9, divisor=1)

# Distance Sensor
last_distance_measurement = @
if not SIMULATION:

i2c = board.I2C() # uses board.SCL and board.SDA
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# i2c = board.STEMMA_I2C() # For using the built-in STEMMA QT connector on a microcontroller

v153 = v15314cx.VL53L4CX(1i2¢c)
v153.distance_mode = 1
v153.timing_budget = 28

model_id, module_type, mask_rev = v153.model_info

v153.start_ranging()

# Control Parameters

ang_kp = 10
ang_kd = 0.5
ang_ki = 0.1
dist_kp = 0.25
dist_kd = 0.5
dist_ki = 0.0005



# Control Variables

def_ang_kp =
def_ang_kd =
def_ang_ki =

def_dist_kp
def_dist_kd
def_dist_ki

ang_err_p =

0

10
0.5
0.1

ang_err_p_prev = 0
ang_err_pf = 0
ang_err_pf_prev = 0

ang_err_d =
ang_err_i =
ang_err_i_ma

dist_err_p = @
dist_err_p_prev =
dist_err_pf = 0

dist_err_pf_
dist_err_d =
dist_err_i =

0

0

X = 10000
0

prev = 0

0

0

dist_err_i_max = 100000

ang_out_p =
ang_out_1i
ang_out_d
dist_out_p
dist_out_1i

ang_buffer =
pos_buffer =
pos_sp_buffe

last_update

0

0

0
0
0

r

deque((), 20)
deque((), 20)
= deque((), 80)

time.monotonic()
update_interval = 0.02

last_slow_update =
slow_update_interval = 0.2

def GetAngle():
if not SIMULATION:

ang = encoder.position - home_offset

else:

ang = 0
return ang

time.monotonic()

def UpdateAngleQueue(ang):
global ang_buffer
ang_buffer.append(ang)

return

def GetFiltAngle():

return sum(ang_buffer) / len(ang_buffer)

# def GetAngleSetpoint():

# sp = sp_dial.value / 65536 * 1008 - 50

# return sp

def GetPosition():
if not SIMULATION:

pos = last_distance_measurement

else:

pos = 200
return pos

def UpdatePositionQueue(pos):
global pos_buffer
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pos_buffer.append(pos)
return

def GetFiltPosition():
return sum(pos_buffer) / len(pos_buffer)

def GetPositionSetpoint():
sp = sp_dial.value / 65536 * 400
return sp

def UpdatePositionSetpointQueue(pos):
global pos_sp_buffer
pos_sp_buffer.append(pos)
return

def GetFiltPositionSetpoint():
return sum(pos_sp_buffer) / len(pos_sp_buffer)

def GetDistKp():
# range from @ to 2x default
kp = (dist_kp_dial.value / 65536) * def_dist_kp * 2
return kp

def GetDistKi():
# range from @ to 2x default
ki = (dist_ki_dial.value / 65536) * def_dist_ki * 2
return ki

def GetAngKp():
# range from @ to 2x default
kp = (ang_kp_dial.value / 65536) * def_ang_kp * 2
return kp

def GetAngKi():
# range from @ to 2x default
ki = (ang_ki_dial.value / 65536) * def_ang_ki * 2
return ki

def ParseAndExecuteCommand(command) :
print(f"parsing command {command}")
global ang_kp, ang_ki, dist_kp, dist_ki
if '=' in command:
var_name, var_value = command.split('=', 1)
var_name = var_name.strip()
var_value = var_value.strip()

if var_name == "ang_kp":
ang_kp = float(var_value)

elif var_name == "ang_ki":
ang_ki = float(var_value)

elif var_name == "dist_kp":
dist_kp = float(var_value)

elif var_name == "dist_ki":
dist_ki = float(var_value)

else:
print(f"Error: {var_name} not recognized")
else:
print("Error: Invalid command format. No '=' found")

while True:
now = time.monotonic()



# Update position data
if not SIMULATION:
if v153.data_ready:
last_distance_measurement = v153.distance
v153.clear_interrupt()

# Look for serial data
if serial.in_waiting > 0:
incoming = serial.readline()
try:
command = incoming.decode().strip()
ParseAndExecuteCommand (command)

except Exception as e:
print(f"Error: {str(e)}")

# Check home button for reset
if not home_switch.value:
if not SIMULATION:
home_offset = encoder.position
ang_err_i =@
dist_err_i = 0

# Run slow loop for serial output and gain input

if (now - last_slow_update > slow_update_interval):

# global dist_kp, dist_ki, ang_kp, ang_ki
dist_kp = GetDistKp()

dist_ki = GetDistKi()

ang_kp = GetAngKp()

ang_ki = GetAngKi()
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print(f"{GetPosition()} {GetFiltPositionSetpoint()} {dist_out_p} {dist_out_i} {GetAngle()}

last_slow_update = now

# Run fast loop for control
if (now - last_update > update_interval):

# Update queues/buffers
UpdateAngleQueue(GetAngle())
UpdatePositionQueue(GetPosition())

UpdatePositionSetpointQueue(GetPositionSetpoint())

# Position

dist_err_p = GetFiltPositionSetpoint() - GetPosition()
dist_err_pf = GetFiltPositionSetpoint() - GetFiltPosition()

dist_err_d = (dist_err_pf_prev - dist_err_pf) / update_interval

dist_err_i += dist_err_p

{ang_sp} {ang_out_p} {ang_out_i} {dist_kp} {dist_ki} {ang_kp} {ang_ki} {dist_out_d} {ang_out_d}")

dist_err_i = max(-dist_err_i_max, min(dist_err_i_max, dist_err_i)) # cap integrator

dist_out_p = dist_kp*dist_err_pf
dist_out_i = dist_ki*dist_err_i
dist_out_d = dist_kd*dist_err_d

ang_sp = -1 * (dist_out_p + dist_out_i)

# Angle
ang_err_p = ang_sp - GetAngle()
ang_err_pf = ang_sp - GetFiltAngle()

ang_err_d = (ang_err_pf - ang_err_pf_prev) / update_interval

ang_err_i += ang_err_p

ang_err_i = max(-ang_err_i_max, min(ang_err_i_max, ang_err_i)) # cap integrator



ang_out_p =
ang_out_i =
ang_out_d =

T = (ang_out_p + ang_out_d + ang_out_i) / 1000

m3 =
m4 =

ang_kp*ang_err_p
ang_ki*ang_err_i
ang_kd*ang_err_d

motor3_sign * (motor_offset - T)
motor4_sign * (motor_offset + T)

# print(f"{m3} {m4}")

if (enable_switch.value):
kit.motor3.throttle =
kit.motor4.throttle =

else:

kit.motor3.throttle

kit.motor4.throttle =

ang_err_pf_prev = ang_err_

max (@, min(1, m3))
max (@8, min(1, m4))

None
None

pf

dist_err_pf_prev = dist_err_pf

last_

update

= now
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@ Ball Balancing Ul (SCU MECH 208, Winter 2026)
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(@ Ball Balancing Ul (SCU MECH 208, Winter 2026)

COM5 Refresh 115200

Main | Log

= m} x

| Send | | Stop (Cmd=+C | | Reset (Cmd+D)

TSI IUOT T T TTOU OO g Sias T TSI T T T 2 O T T
149.9508031 26 19.1864 -0.952025 9.95773 36 -9.00481 -462.313 -996.338 0.306206 0.000491806 10.2725 0.0996338 2.53611 0.860214
150.1524616 24 19,1833 -0.877786 995771 36 -9.07993 -463.084 -996.338 0.306206 0.000491806 10.2725 0.0997558 1.21174 0430298
150.3513840 22 19.1818 -0.970116 9.94228 36 -8.97216 -461.977 -997.558 0.306358 0.000492111 10.2725 0.0097558 -4.09992 -1.40612
150.5535867 22 19.1803 -0.833204 993949 36 -9.10629 -463.355 -997.558 0.306206 0.000491806 70.2725 0.0997558 -2.46201 -0.719452
150.748851 22 19,1803 -0.557205 9.92576 36 -9.36856 -466.049 -097.558 0:306358 0.000492111 10.2725 0.0996338 0.038147 0.0465393
150.9554775 24 19.1757 -0.712065 9.91803 36 -9.20596 -464.379 -996.338 0.306053 0.000491806 10.2725 0.0996338 0.0 0.0347137
1511671613 20 19.1802 -1.23027 9.88617 36 -8.6359 -458,729 -996.338 0.306206 0.000491806 10.2725 0.0996338 -2,65064 -0.801468
151.368471 21 19.1848 -1.09169 9.87673 36 -8.78504 -460.055 -996.338 0.306206 0.000491806 10.2725 0.0997558 -1.24989 -0.360107
151.5686964 22 19.1924 -0.630043 9.86624 36 -9.23619 -464.69 -097.558 0,306206 0000487195 10.2725 0.0997558 -3.07622 -1.51978
151.7770741 18 19.2031 -0.565529 0.8471 36 -0.28157 -465.156 -007.558 0.306358 0.000482111 10.2725 0.0997558 -3.75004 -1.15051
151.9856997 23 19.1985 -0.383399 9.86002 36 -9.47662 -467.159 -097.558 0.306206 0.000491806 10.2725 0.0997558 1.25008 0429916
1521815645 22 19,1935 -0.583177 9.84051 36 -9.25733 -464.907 -997.558 0.306206 0.000492111 10,2725 0.0997558 3.75004 1.18256
152.3856247 25 19.1985 -1.10279 0.8264 36 -8.72361 -459.424 -997.558 0.306358 0.000492111 10.2725 0.0097558 2.49996 0.836045
152.5917584 19 19.2062 -1.08569 9.81163 36 -8.72504 -450.448 -997.558 0.306206 0.000481806 10.2725 0.0997558 -3.74985 -1.15128
1527913883 23 19.2016 -1.01 9.79068 36 -8.78068 -460.01 -097.558 0.306358 0.000492111 10.2725 0.0997558 -2.49996 -0.718689
1529907661 25 19.2031 -0.826215 9.78495 36 -8.95873 -461.839 -097.558 0.306358 0.000492111 10,2725 0.0997558 7.53803 238075
153.19392249999999 22 19,2046 -0.856385 5.77106 36 -8.91467 -461,387 -997.558 0.306206 0.000491806 10.2725 0.0996338 -1.28803 -0.360107
153.3931989 23 19.2001 -1.01046 0.74024 36 -8.73878 -450.58 -996.338 0.306206 0.000491806 10.2725 0.0097558 -2.49996 -0.718689
153.59573699999999 24 19.197 -0.797053 9.74076 36 -8.94371 -461.685 -997.555 0.306053 0.000491806 10.2725 0.0996338 2.49096 0.824356
153.7975194 22 19.2016 -0.93298 0.72107 36 -8.78809 -460.087 -996.338 0.306053 0.000451806 10.2725 0.0996338 -1.32618 -0.371552
153.9973501 23 19.2046 -0.977952 9.71163 36 -8.73367 -459.528 -096.338 0.306206 0.000492111 10.2725 0.0997558 -1.25008 -0.336075
154.2056811 22 19.1955 -0.7660 9.70386 36 -8.93696 -461.616 -997.558 0.306503 0.000491806 10.2725 0.0097558 -1.25008 -0.360489
154413188 20 19.197 -1.01238 9.6791 36 -8.66671 -458.84 -097.558 0.306053 0.000491806 10.2725 0.0996338 -3.78799 -1.15089
154.6145709 22 19,1924 -0.87457 9.6706 36 -8.79605 -460.168 -996.338 0.306358 0.000492111 10.2725 0.0997558 1.28803 0428772
154.8166428 23 19.1909 -0.416372 9.67212 36 -0.25574 -464.891 -097.558 0.306358 0.000492111 10.2725 0.0097558 -2.49996 -0.71907
1550140835 20 19,1864 -0.739425 9.65422 36 -8.9148 -461.388 -997.558 (.306358 0.000402111 10.2725 0.0997558 -2.53811 -0.767517
155.2153838 23 19.1895 -1.13675 9.63741 36 -8.50066 -457.134 -097.558 0.306206 0.000451806 10.2725 0.0997558 6.25 1.96152




