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Summary of Results of the Dorado Sea Trails in May

Revision 3

This report contains a brief review of each mission.   The section immediately below summarizes vehicle performance, and also mentions some problems and questions that become evident when reviewing the data.  The individual mission summaries follow.

SUMMARY:

1. The vehicle turning rate is 10-12 degrees/sec. at 10 degrees fixed rudder, at a speed of 1.5 meters/second.  The vehicle banks 15 degrees into the turn.  See missions 146.08, .09,  and .10.  The GPS antenna is probably involved in coupling roll to heading.

2. The vehicle has a tendency to nose-dive when traveling ahead on the surface at 1.0 to 1.5 m/s. The vehicle typically pitches between –40 to –50 degrees.  See mission 144.14.  Because of this phenomenon, the vehicle can launch in the forward direction.  It typically gets down to 2 meters in 1 minute, including the time it takes to build up speed on the surface. See mission 145.18.

3. The vehicle speed in straight and level flight was measured using the USBL.   The results are shown in the table below.  Each mission was an out-and-back, so that ocean currents will approximately average out. Translational speeds are in units of meters/second, and rotational speeds are in revolutions per minute.  

Due to an inaccurate conversion from commanded vehicle speed to commanded propeller speed in the flight code, the commanded vehicle speeds were lower than expected.  The table below contains the corrected values.  The propeller and duct are designed to cause the vehicle to travel at 3.0 knots when the propeller spins at 300 rpm.

Mission 
Cmd. Veh. 

Speed; 
Cmd. Prop.

Speed, rpm
Meas. Prop. 

Speed; rpm
Meas. Veh. Spd
Spd. Std. Dev. m/s
Mission Duration, Sec.

146.11
1.90
370.1
320
1.84
1.57
680

146.12
1.43
277.6
260
1.40
.89
800

146.13
.952
185.1
188
1.17
.92
810

4. Once the vehicle has established depth control, it consistently flies with its nose down about 4 degrees, and rolled 2 degrees to port, when travelling at the nominal speed of 1.5 meters/second.  See mission 146.12.  The vehicle is approximately 4 pounds buoyant.

5. At 1.0 m/s, the vehicle flies with its nose down by 8 degrees, and rolled 4 degrees to port.  The depth-to-pitch integrator is saturated at its limit of 5 degrees.  Compare missions 146.12 and 146.13. Further adjustment of gains and limits is necessary to attain the commanded depth at this speed.  The depth control is faster at 1.5 m/s.

6. In the early missions, the vehicle was occasionally nose-diving after having established depth control.  See 145.03, or 145.07, for example.  These missions were run at a slow speed of 1.0 m/s. After increasing the speed to 1.5 m/s, and adjusting the pitch gains, the nose-diving stopped, although it still happens on the surface.  Mission 145.10 had higher pitch gains, and the vehicle had many nose-dives, which indicates that this phenomenon is a control loop stability issue.

7. The propeller had come loose during missions 144.15, 16 and 17.

8. The vehicle typically has a steady-state limit-cycle that appears in both heading and roll during straight and level flight. At 1.5 meters/sec, the amplitude is 2-4 degrees peak-to-peak (p-p) in heading, with a period of 6.5 seconds.  The GPS antenna is most likely a principle cause.  See mission 146.05, or 146.12, for an example.  We found that lowering the heading gains reduced, but did not eliminate, the tendency to limit-cycle.  See mission 146.24.

9. The flight code on the Main Vehicle Computer (MVC) appears to have timing or overrun problems.  In most cases, a back-difference of the time stamps in the navigation log show a jitter of 40-50% of the control sampling period, which is 200 milliseconds.  The overruns are not consistent from mission to mission, and seem to get inexplicably better on various missions.  145.21 is very bad, for example, while 146.01 is much better.  146.08 is moderate, but 146.09 is perceptibly better than 146.08. In 146.06, the overruns vanish during the rudder-fixed segment.  In 146.07, a similar rudder-fixed mission, they do not.  

An apparent consequence of the overruns is that some of the logging ceases working properly.  Time stamps in some of the log files, such as the Metrabyte, become offset by a large number.  The Metrabyte log is sometimes empty.  Also, the tailcone tachometer reading is affected, and has fewer dropouts when the MVC is not overrunning.  See 145.21 and 146.01.

10. The stepper motor actuators in the tailcone are apparently dropping counts.  During most missions, the heading and pitch integrators wind up to counteract the lost counts.  See mission 146.12 for an example.

11. In early missions, such as 144.27, the tailcone accrues lost counts from mission to mission. On the third day, 146, it loses counts during the course of each mission, but seems to start each mission initialized properly.   How does this happen, since we weren’t manually initializing it each time?

12. GPS was present only on some missions on the third day.  The GPS data seems to initialize the dead reckoning with a reciprocal heading. See 146.04 & 08.

13. Mission 146.08 shows a decrease in battery current during a rudder-fixed segment, which illustrates the effect of having one actuator shut off.  The actuator moving at full speed from 10 degrees rudder back to the center causes the small current spike at the end of the rudder-fixed segment.

***********  Day 1  **********

OBJECTIVE: Do some simple manuvers on the surface; verify basic functionality.

These first few missions were very brief, and consequently aren’t discussed here. They were mostly to make sure that the vehicle wouldn’t run away.  The log book comments are included below.

144.09 - First mission; on surface. Vehicle appeared to dive.  Also very fast.

144.10 - Changed speed to .75 m/s.

144.11 - Changed speed to 1.0 m/s

144.12 - Extended time to 60 sec.

OBJECTIVE: Begin testing depth control, using only "setpoint" behaviors.  

144.13 - Try depth mode, without yet using a launch behavior.  Vertical mode set to "depth".  Couldn't submerge. The speed was set to 1.0 m/s.  We were using a setpoint behavior, in depth mode, to attempt to launch.  This didn't work particularly well.  The next day we switched to a launch behavior, which worked much better, as seen in mission 145.01.

144.14 - Try Pitch control rather than depth control.  The mission duration was extended to allow time for transit.  Speed= 1.0 m/s. The depth control was set to hold the vehicle pitch fixed at 0 degrees.  The vehicle remained on the surface, but kept nosediving to about -40 degrees.  The elevator was opposing this motion, but had little effect because the ring was partially submerged, and during a nosedive was usually completely out of the water.  The ocean was relatively calm at this time.

144.15 - 20 sec on surface, then 40 sec at 3 m.  The vehicle couldn't submerge. From the data, it appears to be nose-down, probably with the ring out of the water.  The heading is oscillating with a period of 15 seconds, probably due to swells.  The prop has probably come loose here.

144.16 - Changed Kip (pitch integral term) from .1 to 0.  Ran the same mission. Vehicle again couldn't submerge.  Commanded pitch and measured pitch are diverging.  The tailcone is apparently losing counts.  The speed is still commanded to be 1.0 m/s, and we're using a setpoint with depth mode.

144.17 - Ran the same mission.  The result is basically the same as the above.

144.18 - Recovered the vehicle and ran the Lab1 mission.  The propeller was loose on the shaft. The ops crew tightened it, and re-deployed the vehicle.

144.19 - Ran 144.15 again.  This mission had peculiar results.  At first the vehicle can't submerge, but when it does, it gets "stuck" in a 40 deg nose down attitude. Speed 1.0 m/s.

144.20 - Confirm depth abort before extending mission.  Again, vehicle stays on the surface for awhile, then nose-dives to -50 degrees.  The elevator is opposing the motion.  Speed still set at 1.0 m/s.

144.21 - Extend to 120 sec.  Speed 1.0 m/s.  This time the vehicle nose-dives, but then recovers pitch control, and gradually submerges.

144.22 - Extend mission above; 3 min at 3 meters.  1.0 m/s.  Vehicle does a large bow-up pitch, followed by bow-down, then regains control and gradually submerges.

144.26 - Rerun the above mission.  The vehicle hit the depth limit and surfaced prematurely. 1.0 m/s.  The vehicle pitch is all over the place; first a large nose-up, then it seems to get stuck in approx. a 25 degree nose-down attitude, even though the elevator (commanded angle; pots were not logged) is nearly pegged in the climb position.  The measured pitch is nowhere near the commanded. This could be due to a large elevator offset from lost stepper motor counts.

144.27 - Submerge to 3 meters, then to 5 meters.  The vehicle exceeded the commanded depth and aborted. There is a large nose-down at the start, as usual, but the depth control recovers. However, the actual pitch is offset from the commanded by nearly 20 degrees. The steady-state depth is well below the commanded.  This again looks like a large elevator angle offset due to lost counts.

144.28 - Reran the above, but with a speed of 1.5 m/s for the second 3 meter depth setpoint.  The first setpoint (20 sec duration) retains the 1.0 m/s speed. Again there is a very large pitch error, indicating an elevator offset.

144.29 - Reinitialized tailcone using tailConeTest, then re-ran the mission. The depth performance is MUCH better; only a small nose-dive on the surface to get started, then the depth control looks good.  There is a sharp pitch-up near the end; this looks like an external disturbance such as kelp getting snagged. 1.5 m/s.

OBJECTIVE: Test the heading control.

144.30 - Again manually re-initialized the tailcone before the mission.  This mission has a heading step change. 1.5 m/s.  The commanded depth was 3 meters, but the vehicle was never able to submerge.  We are still using only the setpoint behaviors; the launch behavor hasn't yet been tested.  There are numerous nose-dives.  The vehicle maintains heading control, but it's very sloppy, probably due to the reduced lift of the ring while on the surface, and the uncontrolled pitch-down events.

***********  Day 2  **********

OBJECTIVE: Test the launch behavior, and find a way to consistently get successful launches.

145.01 - The mission is a forward launch, using the launch behavior, with the elevator fixed at 5 deg (dive), and the speed at 1.0 m/s.  The launch behavior is set to depth-terminate at 2 meters, and it is followed by a depth setpoint of 3 meters, at 1.0 m/s.  The vehicle nose-dives to -40 degrees, but recovers nicely, and attains the commanded depth.

145.02 - Same as above, but with the elevator fixed at 2.5 deg during the launch.   The result is similar to the above, except the depth control appears to have a damped oscillation with a period of about 30 seconds.  Again, there is a small but constant pitch offset, indicating that the elevator offset is still plaguing us.  The pitch loop still has its integral term shut off.

145.03 - Same as above, but with the elevator fixed at 0.0 deg during the launch.  The vehicle nose-dives to -50 degrees, but then quickly stabilizes within less than a meter of the commanded depth of 3 meters.  The depth control then is rather slow (2 min) in removing the remaining depth error.  There are then two sudden, peculiar nose-dives of -25 to -30 degrees.  The pitch error is small but appears to be accruing.  The speed is 1.0 m/s.

145.04 - Reran the above. Very similar result, but without the two nose-dives. Also noticiable is a 1 degree, peak-to-peak heading oscillation, with a period of approx. 7 seconds.  The vehicle roll angle also oscillates about 2-3 degrees p-p with the same frequency.  The vehicle pitch does not oscillate.  Also, the y and z axis accelerometers show oscillations at this frequency.  This could be due to roll/yaw coupling from the GPS antenna, or wind-wave induced motion of the water. 

The vehicle appears to run at a steady-state roll angle (excluding the oscillation) of approx. -2 degrees, at this speed (1.0 m/s).

OBJECTIVE: Continue to characterize depth control.  Improve it if possible. Also, from here out every mission, unless otherwise stated, is started with our new standard launch procedure which consists of 1.0 m/s forward speed; the elevator locked at the neutral position; and depth terminated at 2 meters.

145.05 - Reran the above.  The results are very similar.  Again a constant pitch error is accruing.  It's now about -5 degrees of elevator.

145.07 - Standard launch; 3 minute setpoints at 3m, 6m, 3m; speed = 1.0 m/s. Depth control appears sluggish.  The vehicle does it's usual double-nose-dive to get started.

145.09 - Changed the speed to 1.5 m/s; otherwise the same as the above. The depth control is faster and better.  The constant pitch error is still there. The heading/roll oscillations are also still present, although apparently at slightly different frequencies.  The period of the heading oscillation is 11 seconds, while the roll is 9 seconds.

145.10 - Same mission as above but with a 50% increase in the depth gains.  The depth control is much worse, bordering on instability.  Nose-dives abound.

145.11 - Same as above but w/ 10% increase in depth gains over original. There is no visible improvement.

145.16 - Orig gains but with Kdp changed from .25 to .66.  The depth performance is worse, with many nose-dives.

145.17 - Repeat the above mission.  The performance is better, but there still is one nose-dive, at 6 m depth, just before the step back to 3 m.

145.18 - New pitch loop gains; Kp=.3 (was .05), Kd=.4 (.66) Ki=.02 (0).  Depth control looks much better.  Also, due to the nonzero pitch integral gain, the commanded vehicle pitch matches the measured.  The integrator in the depth control loop ends up trimming the vehicle 4.0 degrees nose-down.  The integrator in the pitch control loop is now adding a lot of trim to adjust for presumably lost actuator counts; in 10 minutes its has accrued approx. -5 degrees.  Also, after 10 minutes, the heading integrator has to trim the rudder approx. –5 degrees to get the vehicle to go straight; again presumably due to lost actuator counts.  Both the pitch and heading integrators start with zero state at the beginning of the mission.

OBJECTIVE: Characterize the heading control.

145.21 - Heading test - box pattern, 2 min/side.  Initial heading 310 degrees; 120 sec. legs; increment by 90 degrees (turn to starboard).  The measured heading (the compass reading) follows the commanded trajectory very well. However, again present is a 1.5 degree p-p oscillation, of period 6.6 seconds. The vehicle also has a roll oscillation of 2-3 degrees, and 4.5-6.5 Hz.

The control loop sampling period appears to have 50% or more jitter.  This can be seen from back-differencing the time stamps in the Dynamic Control log file, which is what is displayed in the first plot.

The metrabyte and crossbow log time stamps are corrupted and unusable.  The tailcone log file is empty.  Something was seriously wrong with the MVC software on this run.  The data suggests that the MVC was overloaded.

146.01 - Test heading control on the surface. The vehicle is in pitch mode at –5 deg, doing the zig-zag pattern.  It stays on the surface for awhile, but after about 55 seconds it nose dives.  During the nose-dive, the elevator is full-up (for climb).

The heading control is working, but very sloppy.

The control loop jitter inexplicably appears much better than yesterday.  All of the time stamps in the log files appear to be correct.  Also, for the first time, GPS is working and logging data.  The tailcone tach reading is nearly free of dropouts.

146.02 - A depth control mission (the objective here was probably to move the vehicle away from the shore).  Launch, followed by a setpoint at 3m, followed by a setpoint in pitch mode to ascend.  The vehicle control performance is consistent with previous missions.  However, the control loop timing is poor again, and the tailcone tach reading looks very bad again.

Here we're using a sepoint in pitch mode, with pitch = 30 deg, to bring the vehicle to the surface.

146.04 - Test heading control at 5m instead of 3m.  Zig-zag at 5 m, 1 min/leg. The heading control appears a little worse than usual.  It oscillates at about 1.5 degrees, with a period of 6.5 seconds.  As before, it appears coupled to a rolling motion, which has an amplitude of 2-4 degrees, and a period of about 6.5 seconds.

The vehicle turns at around 8 degrees/second, which closely matches the smoothed heading command.

The cpu jitter appears better than usual.  The tach dropouts are less frequent.

146.05 - Out & back at 5 m.  The performance is nominal.  This is a long, straight & level run.  Roll is clearly coupled with heading. They both oscillate with a period of 6.5 seconds.  The amplitude of the heading oscillation is 1.5-2 degrees.  The GPS antenna is very probably the cause.

The cpu over-run/timing problem is evident.  Tach drop-outs are numerous.

The vehicle is nimble, and follows the commanded turn rate of 10 degrees/sec easily. 

146.06 - 5m, then rudder fixed at 0 deg for 1 min.  The MVC over-run problem disappears during the interval that the rudder is fixed.  The average speed from USBL is 1.15 meters/sec.

146.07 - 5m, then rudder fixed at 5 deg for 1 min.  The vehicle turns at –6 degres/sec. The cpu over-run changes character slightly, but is PRESENT during the fixed rudder segment.  Heading and roll oscillations are present.  The metrabyte time stamps are whacked.  The average speed from USBL is 1.35 m/s.

146.08 - 5m, then rudder fixed at +10 deg for 1 minute. The vehicle turns at –10 degrees/sec, and banks -15 degrees, which is into the turn.  This could be an effect of the GPS antenna. 

The cpu over-runs are consistently present.

It looks like the vehicle didn't submerge and attain depth control until about 80 seconds into the mission.  Consequently both pitch and heading control are very poor during this segment. 

The average speed from USBL is 1.04 m/s.

During the rudder-fixed segment, the battery current drops from about 7.4 amps to 6.7.  The prop speeds up from 260 to 264 rpm.  There is also a transient in current when the rudder actuator kicks back in.

Also, the dead reckoning / UTM coordinates don't look right.

146.09 - 5m, then rudder fixed at -5 deg for 1 min. GPS data wasn't updating. The vehicle submerges nominally.  Overruns are moderate.  The vehicle turns at 8 degrees/second, with a roll angle of 10 degrees. The average speed from USBL is 1.14 m/s.

146.10 - 5m, then rudder fixed at -10 deg for 1 min. Voltage = 23.48 after. The vehicle turns at 12 deg/sec, with a roll angle of 5-12 degrees.  The vehicle comes up about a meter above its commanded depth during the maneuver. The average speed from USBL is 1.17 m/s.

The overruns are less frequent than usual, but the Metrabyte log has incorrect time-stamps.  

OBJECTIVE: Characterize performance versus speed.  Measure speed.

146.11 - Out & Back, speed = 2.0 m/s (FAST).  The vehicle holds depth to within 50 cm., which is good.  However, the constant component of heading is correct but the oscillations are larger; 3.5 - 4 degrees in amplitude, with a period of 6.5 seconds.  The roll angle is approx a -4 degree bias with a 2 degree p-p oscillation superimposed.

The prop is running at 320-324 rpm.

The average speed from USBL is 1.83 meter/sec.  This computation doesn’t include the last 120 seconds of data (15%) because it was of poor quality.

Metrabyte log time appears offset by 889 seconds.

146.12 - Out & Back, speed = 1.5 m/s V = 23.09 before, 22.87 after.  The heading oscillations are large; 4 degrees p-p.  No gps data.  There is a constant roll bias of -2 degrees, with the usual 1.5 degree p-p oscillation superimposed.  The metrabyte log is corrupted.  Prop speed of 260-264 rpm.

The average speed from USBL is 1.40 meter/sec.  This computation doesn’t include the last 48 seconds of data because it was of poor quality.

146.13 - Out & Back, speed = 1.0 m/s V = 22.73 after.  The overruns are a little worse than ususal.  The metrabyte log file is empty.  The tach dropouts also appear worse than before.

The average speed from USBL is 1.17 meter/sec.  This computation doesn’t include the last 50 seconds of data because it was of poor quality.

At this speed, the vehicle can't quite maintain depth.  It's running 1 meter above the commanded depth of 5m.  The depth-to-pitch integrator is saturated at -5 degrees.  The vehicle is flying with a nose-down attitude of -8 degrees.

The heading integrator is winding up, as we've seen before.  The heading limit cycle is still present; 4 deg p-p at 6.5 seconds.  The roll bias is about -.5 degree. 

The prop speed is 188-192 rpm.

146.14 - Straight & Level; 60 sec decreasing speed segments; 1.5, 1.0, .75, .5 .25 m/s. The vehicle is unable to maintain depth when traveling at speed of .75m/s (144 rpm).  There are no gps hits. 

OBJECTIVE: Test manuverability on the surface.  Significant swells and wind waves were present.

146.17 - 60 sec on the surface; elev = -5 deg., 1.5 m/s.  It nosedives once. Overruns are nearly gone.

146.19 - Zig-zag on the surface, elev fixed at -5 deg (?). V = 22.57 at mission end.  This mission FAILED.  Many of the logs are empty.  The Navigation log shows the vehicle on the surface, and contains data for 116 seconds.  A back difference of the time vector in the navigation log shows no overruns.

146.21 - Repeat 19.  Overruns are quite a bit less than usual.  The vehicle nose-dives several times, but this may be due to the waves.  It appears to follow the commanded heading to within +/- 25 degrees.  Gps data has reappeared, but the course looks weird again.  This bears further investigation.

OBJECTIVE: Test heading control performance with new gains.  See if a higher yaw rate gain will damp the 2-4 degree heading limit cycle.  

146.22 - 5m; zig-zag with 180 at the end.  V = 22.29  The heading gains are now (.35, .01, 1.0); they were (.8, .015, .4).

The overruns are bad and the Metrabyte log is corrupted.  

GPS is present.

Heading control appears improved; it has less of an oscillation, but is slower. After about a minute after each turn, the heading error reaches a constant .5 - .7 degree.  I think more tuning is necessary; this system is too slow.

146.23 - Repeat but at 10m.  Ended unexpectedly.

146.24 - Repeat; zig-zag, followed by a 180 at 10m, 1.5 m/s. V = 22.13. Overruns are not as bad here.  Gps data is present while the vehicle is on the

surface. Again, the vehicle appears to move backwards on the surface. I think there is some sort of reciprocal heading bug with the UTM stuff.

The heading control has much less of a limit cycle, but is slower.  After the first zig it does pick up a 1 degree p-p limit cycle with a period of 7.2 seconds.  But this oscillation is not present after the last two turns.
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