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1. Introduction 

This document gathers the test plan for validating the camera rotator’s control in Simulink 
model. Section 3 includes the requirements and flags which affect the controller and the 
trajectory generator. It will also discuss the requirements which cannot be validated in the 
Simulink model, or which need to be reviewed. Section 4 describes the different tests and the 
requirements that are validated in each of them. The results for the simulation will also be 
discussed. Finally, section 5 includes the conclusions for the test results. 

2. Reference document list 

No. DOCUMENT CODE VERSION 

1 LTS-206   

3. Requirements and signals to be validated 

This section will include the requirements and signals that have to be validated in the Simulink 
model and the real hardware. 

3.1 Requirement description 

The requirements in Table 1 have been extracted from the LTS-206 document. 

 
Table 1. Requirements for the rotator controller and trajectory generator 

Requirement 
ID 

Requirement 
Name 

Description 

3.1.8.2 Rotator slewing 
time 

Any small rotator slewing (< 0.7 deg) shall not exceed more 
than 2 sec. Duration of larger slews shall only be constrained 
by maximum velocity requirements 

3.4.4 Rotator rotation 
range 

The Camera Rotator SHALL be designed to rotate over a 180 
degree operational range (+/-90 degrees TBR). This range 
must be achievable without reaching any software limit, limit 
switch or hard stop. The limit switches shall stop the motion 
within 2 degrees of meeting this maximum operational range. 
The hard stops shall be within another 2 degrees of the limit 
switches. 

3.4.5.1 Rotator slewing 
velocity range 

During a rotator slew, the Camera Rotator SHALL be able to 
reach any velocity between 0 and 3.5deg/sec with a goal of 
5.25deg/sec in both rotation directions. 



 

 

3.4.5.2 Rotator slewing 
acceleration range 

During a rotator slew, the Camera Rotator SHALL be able to 
reach an acceleration of 1.0 degrees/sec2 (with a goal of 1.5 
degrees/sec2). 

3.4.6 Rotator tracking 
requirements 

All tracking requirements are only applicable for a single 
exposure with a maximum time of 15 seconds and a maximum 
rotation of 1.0 degree. However, these requirements are 
applicable for any 1.0 degree rotation. Unless otherwise stated 
all tracking requirements are Root-Mean-Square (RMS) 
values and not maximum values. 

3.4.6.1 Rotator velocity 
range during 
tracking 

During tracking, the Camera Rotator SHALL be able to reach 
any velocity between 0 and 0.068 degrees/sec with a goal of 
0.10 degrees/sec. 

3.4.6.2 Rotator position 
accuracy during 
tracking 

During tracking, over a 15-sec duration, the Camera Rotator 
SHALL have a position error equal or better than 0.1 arcs 
seconds RMS. This requirement shall be met over the 
complete tracking velocity range. 

3.4.10 Rotator duty cycle The Camera Rotator SHALL be designed to operate 
continuously for 12 hours every day for its design lifetime. The 
typical duty cycle is for ~30 seconds of tracking followed by 2 
to 5 seconds of slewing. 

3.7.1.7 Positioning 
bandwidth 

The control system positioning bandwidth SHALL be a 
minimum of 20 Hz. 

3.7.3.1 Slewing and 
tracking 

The Camera Rotator control system SHALL be able to rotate 
rapidly (slew) the rotator to a demand angle position and to 
rotate the rotator slowly (track) to a continuously updated 
demand angle position to compensate for field de-rotation. 

3.7.4.3.1 Configurable 
parameter limits 

The trajectory generator configurable parameters shall not 
exceed the Camera Rotator’s performance limits as defined in 
requirements 3.4.5.1, 3.4.5.2, 3.4.6.1, and a jerk of 4 
degrees/second^3. 

3.1.1 Requirement discussion 

Some of the requirements presented in Table 1 cannot be validated in Simulink or need to be 
reviewed. They are discussed in the following subsections: 

3.1.2 Requirement 3.4.4 – Rotator rotation range 

According to this requirement, the rotator should stop within 2 degrees of meeting the 
maximum operational range. However, if maximum speed (3.5 deg/s), acceleration (1 deg/s2) 
and jerk constraints (4 deg/s3) are considered, this distance cannot be met. 

If jerk limitation is neglected, the distance 𝑥 travelled by the rotator starting at 𝑣0 speed and a 
deceleration of 𝑎 is much higher than 2 deg: 
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3.1.3 Requirement 3.4.10 – Rotator duty cycle 

For meeting this requirement, a 12 hour simulation is required. This is not feasible in the current 
Simulink model. This requirement must be tested in the real system. 

3.2 Flag description 

The rotator controller includes several flags that must be tested. The following flags have been 
identified and will be validated during the different tests: 

 
Table 2. Flags for the rotator controller and trajectory generator 

Flag Description 

initializationComplete This flag is triggered when the motors are initialized. This flag is triggered 
by the state machine, which has not been modified by Tekniker. During 
the tests, this flag does not change its value to True value. TBD 

stopComplete This flag is set to True when the trajectory generator’s stop profile is 
finished. This flag will have a True value for at least the time defined by 
flag_hold_time. In the current simulations, it is set to 1 s. 

followingError This flag is set to True when the error between the trajectory generator’s 
position output and the position feedback is above the threshold defined 
by Parameters_FollowingErrorThreshold_deg. In the current simulations, 
its value is 0.1 deg. This flag will have a True value for at least the time 
defined by flag_hold_time. In the current simulations, it is set to 1 s. 

positionFeedbackFault This flag is set to True when the rotator’s feedback position is outside the 
operational limits defined by Parameters_upperPosLimit_deg and 
Parameters_lowerPosLimit_deg for more than 1 s. The limits are set to 90 
and -90 deg respectively. The parameter flag_hold_time sets the 
minimum time for this variable to be in True level. In the current 
simulations, it is set to 1 s. 

newPt2PtCommand This flag is set to True when the positionSetpoint variable is updated and 
the rotator is ready to execute a point to point move. 

pt2ptMoveComplete This flag is set to True when the trajectory generator’s point to point profile 
is finished. This flag will have a True value for at least the time defined by 
flag_hold_time. In the current simulations, it is set to 1 s. 

moveSuccess This flag is set to True when the error between the position setpoint and 
the position feedback goes below the threshold defined in the parameter 
Parameters_moveSuccessPositionThreshold_deg. In the current 
simulations, the value is 0.1 deg. 

positionSet This variable is updated with the point-to-point setpoint position. 

rotatorOdometry_deg This variable accumulates the rotator displacements when the system is 
enabled. 



 

 

slewComplete This flag is set to True when the slewing component of a 
slewingAndTracking move is completed by the trajectory generator. 

trackingSuccess When in tracking operation, this flag will be set to True if the RMS value 
of the error between the trajectory generator output position and the 
feedback position is below the threshold 
Parameters_trackingSuccessPositionThreshold_deg during the last 0.15 
s. The value of the threshold is defined in 0.1 arcs. 

trackingLost This flag is set to True when trackingSuccess flag is set to false and the 
time defined Parameters_trackingLostTimeout_sec has elapsed. Its 
current value is 0.15 s. This flag is not used inside the model for triggering 
errors. 

Time_Sync_sec The difference between the controller time and the command time. 

ReceivedCmd Position received in the LSST command. In the original control, it was 
modified in the rotatorUnifiedSim/rotator_smlnk_Controller/Control Laws 
& Profile Generators (4 KHz)/Command Profile/updatePosAndVelCmd 
block. In the current model, it is the position setpoint without additional 
modifications. 

noNewTrackCmdError This flag will be set to True when the system is working in 
slewingAndTracking mode, and no command has been received in 0.25 
s 

TrackMode This flag is False when the system is disabled or executing a slewing or 
point to point move. In the remaining conditions, the flag is True. 

 

4. Tests 

This section will describe the tests that are proposed for validating the camera rotator controller 
requirements and flags. All the tests follow the same structure: 

- A brief description of the test, including its goals and the steps followed to meet them. 

- A subsection with the description of the test sequence, including procedure to execute 
the test. 

- A subsection with the requirements and flags that are validated through the tests. 

- A subsection with the simulation results and a discussion. 

4.1 Small slewing test 

In this test, a small slewing (0.7 deg) will be executed, both in positive and negative directions. 
The goal of this test is to check that the point to point operation works properly and that its 
duration does not exceed more than 2 s. The test will finish with an additional point to point 
move that will be stopped before finishing, testing the stopping capability. 



 

 

During the test, the position setpoint, the trajectory generator’s output values and the feedback 
signals (position and speed) will be analysed. The error between the setpoint and feedback 
values will also be measured when move is completed. 

4.1.1 Test sequence 

This test is executed with the scripts test_smallSlewing, which can be found in the 
testModel/system subfolder. This script will do the following actions: 

- Load the dqueue_test_smallSlewing file, which includes the commands required to 
execute the sequence described in Table 3. 

- Launch the simulation. 

- Plot the results which are discussed in 4.1.3. 

 
Table 3. Small rotator slewing test sequence 

Sim. time (s) Description 

0 – 0.2 Do all the actions to enable the rotator 

0.2 – 3 Execute a point to point command to move the axis to 0 deg position 

3 - 6 Execute a point to point command to move the axis to 0.7 deg position 

6 – 9 Execute a point to point command to move the axis to 0 deg position 

9 – 10 Execute a point to point command to move the axis to 0.7 deg position 

10 – end Execute a stop while the axis is executing the point to point move 

4.1.2 Requirements and flags validated during this test 

This test is used to validate the following requirements (for more information, see section 3.1): 

- ID 3.1.8.2 – Rotator slewing time 

- ID 3.4.5.2 – Rotator slewing acceleration range 

- ID 3.7.4.3.1 – Configurable parameter lists* 

*In this requirement ID, a maximum jerk of 4 deg/s3 is defined. This limit will be checked. 

Additionally, the following flags are checked during the simulation (for more information, see 
section 3.2): 

- pt2ptMoveComplete 

- newPt2PtCommand 

- moveSuccess 



 

 

- positionSet 

- initializationComplete 
 

- stopComplete 
 

- followingError 
 

- positionFeedbackFault 
 

-  rotatorOdometry_deg 

4.1.3 Results 

Figure 1 shows the position setpoint and feedback during the simulation. It also shows the 
flags that are related to point to point move and those which are common to the rotator 
operation. The following conditions are met: 

- The position feedback follows the position setpoint in all the point to point commands. 
The exception is the last command, in which position setpoint is not reached because 
a stop is executed before completing the move. 

- The newPt2PtCommand, ptp2MoveComplete, moveSuccess and stopComplete flags 
meet the description in subsection 3.2. 

- There is no followingError nor positionFeedbackFault triggered during the operation. 



 

 

 
Figure 1. Small slewing test results. Position and flags 

The time elapsed for a 0.7 deg point to point move is measured using the rising edges of 
newPt2PtCommand and ptp2MoveComplete flags. The measured time is 1.94 s, below the 2 
s requirement specified in ID 3.1.8.2. The position error when the rising edge of 
ptp2MoveComplete occurs is around 0.43 arcs. This error continues to decrease until 0 arcs 
is reached. 

Figure 2 shows the trajectory generator’s output position, speed, acceleration and jerk. The 
rotator’s maximum limits are represented as red lines in the figure. The trajectory generator’s 
point to point profiles that meet maximum limits, validating ID 3.4.5.2 for acceleration and  ID 
3.7.4.3.1 for jerk.  



 

 

 
Figure 2. Trajectory generator’s output for small slewing test. The rotator dynamic constraints are represented as 

red lines 

Figure 3 displays the setpoint position, the trajectory generator’s output position and feedback 
position. The error between the setpoint and feedback, and the trajectory generator’s output 
and feedback positions have also been calculated.  



 

 

 
Figure 3. Rotator position profile and error calculation for small slewing test 

In Figure 4, the same procedure has been followed for the speeds and their error calculation. 
In this case, the speed setpoint is not available and two speed measurements exists: one for 
channel A and  other for channel B. The speed error between these feedbacks and the 
trajectory generator’s output speed have been calculated. 

 
Figure 4. Rotator speed profile and error calculation 

Finally, rotator’s odometry is shown in Figure 5. The odometry measures the accumulated 
position of the rotator as described in subsection 3.2. The first displacement of the rotator is 
not captured by the odometry because the rotator is not enabled, the mechanical system is 
moving due to external forces, such as gravitation. 



 

 

 
Figure 5. Rotator position feedback and odometry 

4.2 Long slewing test 

In this test, a long slewing of 15 deg will be applied, both in positive and negative direction. 
The stopping capability is not tested, as it has already been proven in test 4.1. 

The requirements and flags that will be tested test are the same as in the small slewing test 
(section 4.1). However, in this case, the duration of the slewing is limited by the maximum 
velocity of the system, validating the speed limit requirement. 

4.2.1 Test sequence 

This test is executed with the scripts test_longSlewing, which can be found in the 
testModel/system subfolder. This script will do the following actions: 

- Load the dqueue_test_longSlewing file, which includes the commands required to 
execute the sequence described in Table 4. 

- Launch the simulation. 

- Plot the results. The script will plot several graphs. However, for the lack of simplicity, 
only the main results will be discussed in the document. 

 
Table 4. Long slewing test sequence 

Sim. time (s) Description 

0 – 0.2 Do all the actions to enable the rotator 

0.2 – 3 Execute a point to point command to move the axis to 0 deg position 

3 – 12.5 Execute a point to point command to move the axis to 15 deg position 

12.5 - 25 Execute a point to point command to move the axis to 0 deg position 

4.2.2 Requirements and flags validated during this test 

The requirements and flags from test 4.1 are also valid for this test. Additionally, the following 
requirement ID is tested: 



 

 

- ID 3.4.5.1 – Rotator slewing velocity range 

4.2.3 Results 

Figure 6 shows the trajectory generator outputs. In this case, the maximum speed limit is 
reached, meeting the requirement ID 3.4.5.1. 

 
Figure 6. Trajectory generator’s output for long slewing test. The rotator constraints are represented as red lines 

The rotator position and the position error are displayed in Figure 7. As in the small slewing 
test, the point to point move finish with a small error below 0.5 arcs, which tends to 0 after 
some time. 



 

 

 
Figure 7. Rotator position profile and error calculation for long slewing test 

4.3 Constant speed move test 

The aim of this test is to check that the rotator can be controlled in constant speed mode. While 
reaching the speed setpoint, maximum acceleration and jerk constraints must be met. 

The constant speed move can be finished in two ways. Both of them will be tested in this 
section: 

- When the duration of the constant speed move goes above the threshold defined in the 
parameter trackVel_duration_sec. 

- When a stop command is received. 

4.3.1 Test sequence 

This test is executed with the scripts test_constantSpeed, which can be found in the 
testModel/system subfolder. This script will do the following actions: 

- Load the dqueue_test_constantSpeed file, which includes the commands required to 
execute the sequence described in Table 5. 

- Launch the simulation. 

- Plot the results which are discussed in subsection 4.3.3. 

 
Table 5. Constant speed move test sequence 

Sim. time (s) Description 

0 Update trackVel_duration_sec parameter to 5 s 



 

 

0 – 0.2 Do all the actions to enable the rotator 

0.2 – 6 Execute a 3.5 deg/s constant speed move.  

6 – 12 Stop the constant speed move 

12 – end Execute a -0.01 deg/s constant speed move. The constant speed will stop when 
the constant speed time reaches trackVel_duration_sec 

4.3.2 Requirements and flags validated during this test 

This test is used to validate the following requirements (for more information, see section 3): 

- ID 3.4.5.1 – Rotator slewing velocity range 

- ID 3.4.5.2 – Rotator slewing acceleration range 

- ID 3.7.4.3.1 – Configurable parameter lists* 

*In this requirement ID, a maximum jerk of 4 deg/s3 is defined. This limit will be checked. 

Additionally, the following flags are checked during the simulation (for more information, see 
section 3.2): 

- initializationComplete 

- stopComplete 

- followingError 

- positionFeedbackFault 

- rotatorOdometry_deg 

4.3.3 Results 

Figure 8 shows the speed setpoint and feedbacks during the simulation. It also shows the flags 
which are common to the rotator operation. The figure in the right is a zoom of left figure. The 
zoom is required because in the second part of the simulation, the speed is small. The following 
conditions are met: 

- In the first part of the simulation, the speed feedback follows the speed setpoint and 
reaches 3.5 deg/s. Then, the speed returns to 0 due to a stop command. In the second 
part of the simulation, a -0.01 deg/s constant speed move is applied. This constant 
speed move is automatically stopped after 5 seconds*.  

*Because of the simulation implementation, the constant speed move is re-started after the 
stopComplete flag returns to False. This occurs because the constant speed command is 
continuously rewritten in the command management subsystem (Commands/Parameters 
block). To prevent this problem, the command management of the simulation should be 
modified. In real operation, this behaviour will not occur. 

- The stopComplete flag meets the description in subsection 3.2. 



 

 

- There is no followingError nor positionFeedbackFault triggered during the operation. 

 
Figure 8. Constant speed move test results. Speed and flags 

Figure 9 shows the trajectory generator outputs. Maximum speed, acceleration and jerk limits 
are met during all the constant speed profile, meeting ID 3.4.5.1, ID 3.4.5.2 and ID 3.7.4.3.1. 

 

 



 

 

 
Figure 9. Trajectory generator’s output for constant speed test. The rotator constraints are represented as red lines 

Figure 10 displays the setpoint speed, the trajectory generator’s output speed and feedback 
speeds (channel A and B). The error between the setpoint and feedbacks, and the trajectory 
generator’s output and feedbacks have also been calculated.  

As the setpoint does not update when a stop command is writen, the error between trajectory 
generator and feedback provides more information in this test. The noise of the signal depends 
on the speed. At low speeds, the error is nearly zero. 

 

 



 

 

 
Figure 10. Rotator speed profile and error calculation for constant speed test 

4.4 Rotator rotation range test 

In this test, the camera rotator range will be tested. According to requirement 3.4.4, the rotator 
move should be limited to [-90, 90] deg range. Outside this position range, the system should 
be stopped and only moves in the opposite direction to the pressed limit should be allowed. 
The stopping distance has been already discussed in 3.1.2 and cannot be met with the current 
moving constraints. 

The behaviour of the system depends on the operation mode: 

- Point to point move: the position setpoint must be within the range defined by 
parameters Parameters_RangeMaximum_deg and Parameters_RangeMinimum_deg 
to be executed. If outside this values, the command will be rejected. 

- Constant speed move: No checking is carried out. The rotator can be moved while 
inside the position range defined by Parameters_lowerPosLimit_deg and 
Parameters_upperPosLimit_deg. If outside, an error will be triggered, and the rotator 
will be stopped. 

- Slewing / tracking move: The same behaviour as in constant speed move applies. 

For this tests, the limits values will be modified so that they are near the current rotator’s 
position. This will considerably reduce the simulation times. 

4.4.1 Test sequence 

This test is executed with the scripts test_rotationRange, which can be found in the 
testModel/system subfolder. This test can be executed to test both positive and negative limits. 
This script will do the following actions: 



 

 

- Load the dqueue_test_positiveRotationRange file, which includes the commands 
required to execute the sequence described in Table 6. This file is used to test positive 
limits. For testing negative limits, replace the file name by 
dqueue_test_negativeRotationRange. The sequence is the same but using negative 
speeds. 

- Launch the simulation. 

- Plot the results which are discussed in subsection 4.4.3. 
 

Table 6. Constant speed move test sequence 

Sim. time (s) Description 

0 Update Parameters_upperPosLimit_deg and 
Parameters_RangeMaximum_deg to 0.5. Replace 
Parameters_lowerPosLimit_deg and Parameters_RangeMinimum_deg to -0.5 
deg 

0 – 0.2 Do all the actions to enable the rotator 

0.2 –0.35 Execute a point to point command to move the axis to 5 deg. The command 
should be ignored 

0.35 – 0.5 Execute a point to point command to move the axis to -5 deg. The command 
should be ignored 

0.6 - 11 Execute a 3.5 deg/s constant speed move. The rotator should stop 1 s after 
hitting the 0.5 deg positive limit 

11 – end Execute a 3.5 deg/s constant speed move. The rotator should not move. 

4.4.2 Requirements and flags validated during this test 

This test is used to validate the following requirements (for more information, see section 3.1): 

- ID 3.4.4 – Rotator rotation range 

- ID 3.4.5.2 – Rotator slewing acceleration range 

- ID 3.7.4.3.1 – Configurable parameter lists* 

*In this requirement ID, a maximum jerk of 4 deg/s3 is defined. This limit will be checked. 

Additionally, the following flags are checked during the simulation (for more information, see 
section 3.2): 

- positionFeedbackFault 

- stopComplete 

4.4.3 Results 



 

 

Only positive limits results are shown in this document. Negative limit results can be obtained 
by following the steps described in subsection 4.4.1. Figure 11 shows the rotator position and 
the flags during the simulation: 

- The point to point commands that are outside the operation range ([-1, 1] deg for this 
test) are ignored. The rotator will not move. 

- The positive constant speed move is applied, and the rotator starts to increase its 
position. Once the Once the position feedback crosses the 0.5 deg threshold for more 
than 1 s, the positionFeedbackFault flag is set to True (meeting the description in 3.2). 

- Once the positionFeedbackFault flag is set to True, a stop command is executed. The 
axis is stopped and the stopComplete flag is set to True.  

- A second positive constant speed move is executed when the positive limit is active. 
The rotator executes the action when this move should be forbidden. The limit 
management of the rotator is not properly implemented and should be reviewed. This 
topic will be discussed more into detail in the conclusions (section 5). 

 
Figure 11. Positive rotator range results. Position and flags 

Figure 12 shows the trajectory generator’s output profile. Once the positive limit is reached 
and 1 seconds have elapsed, the trajectory generator will perform a stopping sequence. The 



 

 

stopping action will use the maximum jerk and acceleration defined ID 3.4.5.2 and ID 3.7.4.3.1. 
However, as it has been already discussed, this limits are not high enough to stop the axis 
within 2 degrees. 

 
Figure 12. Trajectory generator’s output for positive rotation range test. The rotator constraints are represented as 
red lines 

4.5 Rotator position accuracy 

In this test, the slewingAndTracking operation will be tested, focusing on the tracking error 
measurement. The main goal is to check that the error position during a 15 s tracking is lower 
than 0.1 arcs RMS. 

For this purpose, a slewing followed by a long tracking period will be executed. The position 
error’s (command – feedback) RMS value will be measured when the system completes the 
initial slewing move. Also, the flags relative to tracking/slewing move will be tested. 

Two different tracking profiles will be used for measuring the position accuracy. They are 
shown in Figure 13. The first tracking moves at maximum negative speed (-0.068 deg/s), 
whereas the second one moves at maximum positive speed (0.068 deg/s). 



 

 

 
Figure 13. Rotator position accuracy tests. Test_rotatorAccuracyNegative (left) and 

Target_rotatorAccuracyPositive (right). 

4.5.1 Test sequence 

This test is executed with the scripts test_rotatorAccuracy, which can be found in the 
testModel/system subfolder. This test can be executed to test both profiles shown in Figure 
13: 

- Load the tracking target profile in target_rotatorAccuracyPositive.txt file. The negative 
tracking profile can be loaded by replacing the previous file by 
target_rotatorAccuracyNegative.txt. 

- Load the dqueue_test_rotatorAccuracy file, which includes the commands required to 
execute the sequence described in Table 7.  

- Launch the simulation. 

- Plot the results which are discussed in subsection 4.5.3. 

 
Table 7. Rotator position accuracy test 

Sim. time (s) Description 

0 – 0.2 Do all the actions to enable the rotator 

0.2 – 2.5 Execute a point to point command to move the axis to 0 deg position 

2.5 - end Execute slewing / tracking profile 

4.5.2 Requirements and flags validated during this test 



 

 

This test is used to validate the following requirements (for more information, see section 3.1): 

- ID 3.4.5.2 – Rotator slewing acceleration range 

- ID 3.4.6.1 – Rotator velocity range during tracking 

- ID 3.4.6.2 – Rotator position accuracy during tracking 

- ID 3.7.4.3.1 – Configurable parameter lists* 

*In this requirement ID, a maximum jerk of 4 deg/s3 is defined. This limit will be checked. 

Additionally, the following flags are checked during the simulation (for more information, see 
section 3.2): 

- slewComplete 

- trackingSuccess 

- trackingLost 

- noNewTrackCmdError 

- TrackMode 

- Time_Sync_sec 

- ReceivedCmd 

4.5.3 Results 

Only the results for the tracking profile in target_rotatorAccuracyNegative.txt are shown in this 
subsection. For the positive accuracy test, follow steps in subsection 4.5.1. 

Figure 14 shows the position setpoint and feedback during the simulation. It also shows the 
flags that are related to slewingAndTracking move and those which are common to the rotator 
operation. The following conditions are met: 

- The rotator executes a 0.7 deg slewing followed by a tracking move at -0.068 deg/s. 

- The slewComplete, trackingSuccess, trackingLost and TrackMode flags meet the 
description in subsection 3.2.  

- During the test, there is no error such as noNewTrackCmdError, followingError or 
positionFeedbackFault. 

The script will also calculate the error between the LSST command position and the position 
feedback to validate the ID 3.4.6.2. It will use the next 15 s after the slewComplete flag is set 
to True for this. The error for this test is 0.022 arcs, which is below the 0.1 arcs defined in the 
requirement. 

 



 

 

 
Figure 14. Rotator position accuracy with positive tracking results. Position and flags 

Figure 15 shows the trajectory generator’s outputs for the slewingAndTracking mode. During 
the move, the maximum constraints are met. Once in tracking mode, small jerk spikes can be 
seen. These changes in jerk are used to track both the command position and speed with the 
minimum error. 



 

 

 
Figure 15. Trajectory generator’s output for rotator position accuracy with positive tracking test. The rotator 
constraints are represented as red lines 

Figure 16 and Figure 17 show the position and speed commands and feedbacks during the 
slewingAndTracking operation. The estimated error between the command and the feedback 
values, and the trajectory generator output and the feedback values are also displayed. After 
the slewing is finished and the tracking move is started, the error is lower than 0.1 arcs. 



 

 

 
Figure 16. Rotator position profile and error calculation for rotator position accuracy with positive tracking test 

 
Figure 17. Rotator speed profile and error calculation for rotator position accuracy with positive tracking test 

The Time_Sync_sec flag is plotted in Figure 18. The time difference between the LSST 
command time and the controller time varies between 0 and 0.05 s. 



 

 

 
Figure 18. Time sync signal during tracking 

Finally, Figure 19 compares the ReceivedCmd flag and the LSST command position during 
the move. As it has been mentioned in 3.2, both variables have the same value in the current 
control. 

 
Figure 19. ReceivedCmd variable and tracking/slewing position command. Both variables have the same value 

4.6 Tracking / slewing sequence test 

This test will execute several slewing and tracking commands in the same simulation, to 
validate the continuous operation of the trajectory generator. It will also check that the controller 
can stop in slewingAndTracking mode and return to this mode again in a seamless mode. 

The slewing / tracking profile selected for this test is the one in the figure below. An additional 
signal is added to show the time in which the camera rotator is stopped. In this region, the 
position feedback should not follow the command position because the system is stopping or 
disabled. 



 

 

 
Figure 20. Slewing / tracking test profile 

4.6.1 Test sequence 

This test is executed with the script test_trackingSlewing, which can be found in the 
testModel/system subfolder. This script performs the following actions: 

- Load the tracking target profile in target_TrackingSlewing.txt file. 

- Load the dqueue_test_trackingSlewing file, which includes the commands required to 
execute the sequence described in Table 8.  

- Launch the simulation. 

- Plot the results which are discussed in subsection 4.6.3. 

 
Table 8. Tracking / slewing test sequence 

Sim. time (s) Description 

0 – 0.2 Do all the actions to enable the rotator 

0.2 – 2.5 Execute a point to point command to move the axis to 0 deg position 



 

 

2.5 - 10 Start slewing / tracking operation 

10 – 11 Stop the rotator and exit the slewing / tracking operation 

11 – end Restart slewing / tracking operation 

4.6.2 Requirements validated in this test 

This test is used to validate the following requirements (for more information, see section 3.1): 

- ID 3.4.5.2 – Rotator slewing acceleration range 

- ID 3.4.6.1 – Rotator velocity range during tracking 

- ID 3.7.3.1 – Slewing and tracking 

- ID 3.7.4.3.1 – Configurable parameter lists* 

*In this requirement ID, a maximum jerk of 4 deg/s3 is defined. This limit will be checked. 

Additionally, the following flags are checked during the simulation (for more information, see 
section 3.2): 

- slewComplete 

- trackingSuccess 

- trackingLost 

- noNewTrackCmdError 

- TrackMode 

- StopComplete 

4.6.3 Results 

Figure 21 shows the position and the flags during the tracking/slewing test: 

- The position feedback tracks the target position during the slewingAndTracking mode 
operation. In t = 10 s, the rotator is stopped. In t = 11 s, the slewingAndTracking mode 
is reactivated and the position feedback tracks the target position again. 

- The slewComplete, trackingSuccess, trackingLost, TrackMode and StopComplete 
flags meet the description in subsection 3.2.  

- During the test, there is no errors. noNewTrackCmdError, followingError or 
positionFeedbackFault flags are False. 

 



 

 

 
Figure 21. Slewing/tracking test results. Position and flags 

Figure 22 shows the trajectory generator outputs during the test simulation. Maximum 
constraints are met, both for jerk (ID 3.7.4.3.1) and acceleration (ID 3.4.5.2). As it has been 
discussed in test 4.5, during the tracking, small jerk spikes appear to minimize the position and 
speed errors. These errors are calculated in Figure 23 and Figure 24. 

 



 

 

 
Figure 22. Trajectory generator’s output for slewing/tracking test. The rotator constraints are represented as red 

lines 

 



 

 

 
Figure 23. Rotator position profile and error calculation for slewing/tracking test 

 

Figure 24. Rotator speed profile and error calculation for slewing/tracking test 

 

 



 

 

4.7 Tracking without initial slewing test 

This test is similar to rotator position accuracy test discussed in subsection 4.6. However, no 
initial slewing is applied to the rotator. The main goal of this test is to check that the trajectory 
algorithm can be used to track the position without the need of an initial slewing. This could 
occur when the position command is near the position feedback. 

4.7.1 Test sequence 

This test is executed with the script test_trackingSlewingWithoutInitialSlew, which can be 
found in the testModel/system subfolder. This script performs the following actions: 

- Load the tracking target profile in target_TrackingWithoutInitialSlew.txt file. The position 
and speed commands for this profile are shown below: 

 
Figure 25. Tracking profile for tracking without initial slewing test 

- Load the dqueue_test_trackingWithoutInitialSlew file, which includes the commands 
required to execute the sequence described in Table 8.  

- Launch the simulation. 

- Plot the results which are discussed in subsection 4.7.3. 

 
Table 9. Tracking without initial slewing test sequence 

Sim. time (s) Description 

0 – 0.2 Do all the actions to enable the rotator 

0.2 – 2.5 Execute a point to point command to move the axis to 0 deg position 

2.5 - end Execute slewing / tracking profile 

4.7.2 Requirements and flags validated during this test 



 

 

This test is focused on validating trajectory algorithm’s tracking capability without slewing 
move.  

Additionally,  the requirements and flags from test 4.5 and 4.6 can also be validated in this test.  

4.7.3 Results 

Figure 26 shows the position and flags during the simulation. The following conditions are met: 

- The rotator starts the tracking process without an initial slewing move. During first 
seconds of the tracking, there is an error between the command and the feedback 
position because the trajectory generator must generate a speed profile meeting the 
jerk and acceleration constraints. 

- The slewComplete, trackingSuccess, trackingLost and TrackMode flags meet the 
description in subsection 3.2.  

- During the test, there is no error such as noNewTrackCmdError, followingError or 
positionFeedbackFault. 

 



 

 

 
Figure 26. Tracking without initial slewing test results. Position and flags 

Figure 27 shows the trajectory generator’s output during the tracking move. The tracking profile 
is generated while meeting the maximum jerk, acceleration and speed limits. The position and 
speed errors are calculated in Figure 28 and Figure 29 respectively. The errors are below 0.1 
arcs. 



 

 

 
Figure 27. Trajectory generator’s output for rotator tracking without initial slewing test. The rotator constraints are 
represented as red lines 

 

 



 

 

 
Figure 28. Rotator position profile and error calculation for tracking without initial slewing test 

 
Figure 29. Rotator speed profile and error calculation for tracking without initial slewing test  



 

 

4.8 No tracking commands 

The goal of this test is to check that in slewingAndTracking operation: 

- Tracking commands can be extrapolated when no new commands are received. The 
rotator should continue moving at the speed of the last tracking command to ensure a 
continuous motion profile. 

- noNewtrackCmdError error flag is triggered when LSST commands are not received 
for more than 0.25 s. The rotator controller should transition to faultState condition and 
stop the motion. 

4.8.1 Testing sequence 

This test is executed with the script test_noTrackingCommands, which can be found in the 
testModel/system subfolder. This script performs the following actions: 

- Load the tracking target profile in target_TrackingWithoutInitialSlew.txt file. This 
tracking profile has already been used in test 4.7. The position and speed commands 
are displayed in Figure 25. 

- Load the dqueue_test_trackingWithoutInitialSlew file. This command file has already 
been used in test 4.7. The test sequence is summed up in Table 9. 

- Remove all the position and speed commands which are applied after the 6th second 
of simulation. The LSST command will repeat after this time. As the simulation takes 
10 s, the error should be triggered. 

- Launch the simulation. 

- Plot the results which are discussed in subsection 4.8.3. 

 

Se usa el mismo que 'rotator_controller/trackTarget/target_TrackingWithoutInitialSlew.txt'; 

'rotator_controller/queue/dqueue_test_trackingWithoutInitialSlew'; 

Pero se cogen solo algunos datos 

 

4.8.2 Requirements and flags validated during this test 

This test is focused on the validation of noNewTrackCmdError flag and the behaviour of the 
system once this error has been triggered. 

4.8.3 Results 

Figure 30 shows the rotator position and the flags during the simulation. Until the 6th second of 
simulation, the behaviour of the test is identical to test 4.7.  



 

 

However, at this time, the LSST command is not updated, and no new commands are received 
by the trajectory generator. The trajectory generator will extrapolate the position and the speed 
using the last valid commands, ensuring a continuous motion of the profile. The continuous 
motion that meets the dynamic constraints is shown in Figure 31. 

The NoNewTrackCmdError is triggered when the LSST commands are not updated for more 
than 0.25 s. Once this flag is activated, the system is stopped with a controlled profile. Once 
stopped, the system enters the faultState condition and the control stops applying torque to 
the rotator. In this condition, the rotator will move due to external forces. 

Other flags, such as trackingLost flag is also set to True when the LSST commands are not 
updated for more than 0.15 s. 

 
Figure 30. No tracking command test results. Position and flags 



 

 

 
Figure 31. Trajectory generator’s output for no tracking command test. The rotator constraints are represented as 

red lines. 

4.9 Slewing supersession 

The goal is to test the slewing supersession capability of the rotator. Slewing supersession is 
described as the capability of the trajectory generator to perform a new slewing move while 
the previous one has not yet finished. In this scenario, a new position profile should be 
executed to reach the new target as fast as possible. During slewing supersession, speed, 
acceleration and jerk limits should be met.  

4.9.1 Testing sequence 

This test is executed with the script test_slewingSupersession, which can be found in the 
testModel/system subfolder. This script performs the following actions: 

- Load the tracking target profile in target_slewingSupersession.txt file. The position and 
speed commands for this profile are plotted in Figure 32. This profile includes two 
consecutive slewing commands in less than 2 s. 



 

 

 
Figure 32. Slewing supersession test tracking target. Two consecutive slewing commands are applied. 

- Load the dqueue_test_slewingSupersession file, which includes the commands 
required to execute the sequence described in Table 10.  

- Launch the simulation. 

- Plot the results which are discussed in subsection 4.9.3. 

 
Table 10. Slewing supersession test sequence 

Sim. time (s) Description 

0 – 0.2 Do all the actions to enable the rotator 

0.2 – 2.5 Execute a point to point command to move the axis to 0 deg position 

2.5 - end Execute slewing / tracking profile 

4.9.2 Requirements and flags validated during this test 

As it has been mentioned before, the goal of this section is to test the slewing supersession 
capability of the trajectory generator. Therefore, this test will be focused on the requirements 
related to slewing jerk, acceleration and speed limits: 

- ID 3.4.5.1 – Rotator slewing velocity range 

- ID 3.4.5.2 – Rotator slewing acceleration range 

- ID 3.7.4.3.1 – Configurable parameter lists* 

*In this requirement ID, a maximum jerk of 4 deg/s3 is defined. This limit will be checked. 

Other requirements and flags that have been discussed in tests 4.5 and 4.6 can also be 
validated in this test. 



 

 

4.9.3 Results 

Figure 33 shows the position command and feedback during the test. Also, the flags related to 
slewing/tracking operation and common to other operation modes are displayed.  

The controller starts to execute the first slewing command (around 2 deg). However, a second 
slewing is received before finishing the first (around -2 deg). The trajectory generator will try to 
adjust the position to match the new slewing command as fast as possible, meeting the 
maximum speed, acceleration and jerk limits.  

- The trajectory generator’s output position, speed, acceleration and jerk can be seen in 
Figure 34. During slewing supersession, maximum limits (represented with red lines) 
are met. 

- The flags from Figure 33 met the description in 3.2. 

- Position and speed error during the test are displayed in Figure 35 and Figure 36. 

 
Figure 33. Slewing supersession test results. Position and flags 

 



 

 

 
Figure 34. Trajectory generator’s output for slewing supersession test. The rotator constraints are represented as 

red lines. 

 



 

 

 
Figure 35. Rotator position profile and error calculation for slewing supersession test

 

Figure 36. Rotator speed profile and error calculation for slewing supersession test 



 

 

4.10 Following error test 

The goal of this test is to check that the following error is triggered when the conditions are 
met, and the control executes the proper actions. Under a following error, a controlled stop 
should be performed, and the state machine should transition to fault state. 

With the current model, the feedback position will track the trajectory generator’s output 
position with an error lower than the threshold that triggers the following error. This threshold 
is defined by the parameter Parameters_FollowingErrorThreshold_deg, which has a value of 
0.1 deg. For the current test, instead of modifying the plant of the model to generate a position 
error, this threshold will be modified. 

4.10.1 Testing sequence 

This test is executed with the script test_followingError, which can be found in the 
testModel/system subfolder. This script performs the following actions: 

- Load the dqueue_test_followingError file, which includes the commands required to 
execute the sequence described in Table 11. 

- Launch the simulation. 

- Plot the results which are discussed in 4.10.3. 

 
Table 11. Following error test sequence 

Sim. time (s) Description 

0 – 0.2 Do all the actions to enable the rotator 

0.2 – 3.0 Execute a point to point command to move the axis to 0 deg position 

3.0 Start a point to point command to move the axis to 5 deg position 

5.0 Update the parameter Parameters_FollowingErrorThreshold_deg to 0 deg 

5.5 Update the parameters Parameters_FollowingErrorThreshold_deg to 0.1 deg 

4.10.2 Requirements and flags validated during this test 

As the goal of this section is to test the following error, it will be focused in the requirements 
related to slewing, jerk, acceleration and speed limits: 

- ID 3.4.5.2 – Rotator slewing acceleration range 

- ID 3.7.4.3.1 – Configurable parameter lists* 

*In this requirement ID, a maximum jerk of 4 deg/s3 is defined. This limit will be checked. 

Additionally, the following flags are checked during the simulation (for more information, see 
section 3.2): 

- followingError 



 

 

- stopComplete 

4.10.3 Results 

Figure 37 shows the position and the flags during the following error test executed in Simulink. 
The rotator starts to execute a 5 degree point to point move. However, while the movement is 
being performed, the threshold of the following error is set to 0. As the error between the 
trajectory generator’s output position and feedback position is in the range of arcs, the following 
error is triggered (see description in subsection 3.2).  

When the following error is triggered, a controlled stop is executed. The rotator will be stopped 
as soon as possible while meeting the maximum acceleration and jerk limits (ID 3.4.5.2 and 
ID 3.7.4.3.1). The trajectory generator’s output position, speed, acceleration and jerk are 
displayed in Figure 38. 

Once the rotator has stopped, stopComplete is activated and the state machine goes to 
faultState state (not shown in the figures). In this condition, the control will not control the 
rotator and it will move due to the effect of external forces such as gravitational force. 

 
Figure 37. Following error test results. Position and flags. 



 

 

 
Figure 38. Trajectory generator’s output for following error test. The rotator constraints are represented as red 

lines. 

 

 

 

 

 

  



 

 

5. Conclusions 

This document presents the test plan for validating the requirements and the most relevant 
flags for the camera rotator controller. The simulation results for each of the tests have also 
been included in the document. The results show that most of requirements are fulfilled and 
that the flags for the different operation modes met the expected behaviour. 

As is has already been discussed in subsection 3.1.3, the requirement “ID 3.4.10 - Rotator 
duty cycle” could not be tested in simulation. The Simulink model cannot run for 12 hours, and 
hence, this requirement should be validated in the real hardware. 

On the other hand, requirement ID 3.4.4 is not met, and the controller logic should be reviewed. 
This requirement has already been discussed in subsection 3.1.2. According to the 
requirement, the rotator should stop in less than 2 degrees after reaching one of the limits. 
However, due to the maximum jerk and acceleration limits, the stopping distance is over the 6 
degrees. 

Moreover, to ensure that the position range of the camera rotator is limited to [-90, 90] deg 
range, the limit management of the system must be reviewed and upgraded. The test 4.4 
shows that the system will stop when one of the limits is reached. However, as the limit 
management is based on torque setpoint sign (Figure 39), the rotator can continue moving in 
the direction of the pressed limit and the [-90, 90] deg operational range is not met. A limit 
management based on position and speed setpoints should be used, rather than using the 
torque setpoint. The torque setpoint is not an indicator of the moving direction, as it could have 
both positive and negative sign depending on the load of the mechanical system. 

 
Figure 39. rotatorUnifiedSim/rotator_smlnk_Controller/Current Limiter block 

Note: In the original model, when a limit was reached, the positionFeedbackFault would set 
the torque setpoint to 0 (Figure 39). The system would stop inertially, without meeting jerk and 
acceleration limits. During this inertial movement, the error between the trajectory setpoint and 
the feedback would increase, leading to a following error position that would led the system to 
faultState state. 

 


