These tests were conducted down at Miso, which is in close by NPS.  The vehicle had 8.0 lbf of reserve buoyancy.  The Usbl transponder was moored 5 m off the bottom, about 300 m out from the Miso station.

Summary:

* Compass calibration didn't appear to work.  The navigation error was

  extremely large, sometimes reaching 30%DT.  The compass error was not a

  constant bias, that is, it appeared to depend at least on heading.

* The Usbl was set to the lowest gain in an attempt to get good readings

  close in.  It is now losing it's fix between 17 and 5 meters from the

  transponder, which corresponds to transponder locations of 32 and 7

  degrees off the Usbl centerline.  In the previous homing trials a higher

  gain setting gave better close-in performance where the Usbl typically had

  transponder lock up until 5-6 meters distant.

* The two docking runs had miss-distances less than 80 cm.  This can (and

  will) be significantly reduced by adjusting gains.  Recall that the homing

  miss error is typically less than 40 cm, but also recall that homing has an

  unconstrained approach path.

* Steady-state depth control good, generally +/- 20 cm, due to apparent wave

  forcing.  Altitude track had a steady-state error of 40-50 cm, but this

  will be reduced by adjusting control parameters.

* The cross-track error bias was from -75 to 150 cm @ 1.5m/s, depending on

  current, without the cross-track integrator on.  It was turned on for run

  .09 and above, which eliminated the bias in steady state.  An oscillatory

  component at the wave frequency of up to +/- 40 cm was occasionally present.

* Dvl recording up to +/- 20 cm/sec wave induced surge, in 20 m of water, with

  a depth of 8-10 m.

To Do and Test Next Time Out:

* Recalibrate the compass.

* Increase kiwp.  Convergence is too slow during the dock approach.

* Increase kiDepth and kiDepthOff. The integrator still was not effective

  during altitude tracking up a 2% grade.

* Decrease cross-track transit angle from 90 to 45 degrees to reduce the

  number of bad Usbl hits during the maneuver which gets on the approach

  path.  Possibly increase the Usbl gain again.

* Measure the effect of reducing the Usbl gain on data integrity during

  turns, and also on maximum range.

Further Work:

* Add filtering and a data quality check on the measured transponder location

  in UTM. Add logic to ignore bad (but marked good by the Usbl) hits

  particularly during turns close in (say within 300 m).

* Rework the altitude-following control loop to eliminate dependence on the

  depth sensor.

* Improve the altitude calculation.

* Terminate the homing and docking behaviors if the range begins increasing.

  The range-only measurement has been significantly more consistent than the

  3D data.

Lingering Questions:

* Why does the Dvl persistently read faster ground speed than water speed?

* Why was crab angle not symmetric in runs .9 and .10?

* Why do some Usbl hits cause large rudder excursions, e.g. run .17.

Mission Summaries:

089.03 - 300 m run to get away from the kelp.  8m deep.  +/- 20 cm depth

     oscillation prominent, probably due to the waves.  Nav error

     4%DT. The Dvl compass looks good; there is a 5 deg p-p oscillation,

     but this is real.  Dvl is solid, again with the ground speed

     exceeding the water speed. RunOut.cfg

089.05 - Compass cal run.  The vehicle couldn't stay on the surface and was

     porpoising wildly.  This was most likely due to a nose-heavy

     ballasting, and an increased speed of 1.5 m/s.  The previous cal ran

     at .8 m/s.  The calibration didn't seem to improve, and it was

     unclear whether the Crossbow ever actually was in calibration mode.

     The vehicle made at least one complete circle on the surface,

     according to the Gps.  CrossCal-15.cfg

089.06 - Partial 500m box run at 8m.  The timeout was too low so it aborted

     partway through.  Depth control steady at +/- 15 cm.  The navigation

     was 13% on the first leg, and 20% on the second leg to the OPPOSITE

     side, indicating the compass error is not a constant bias.

     box500-10.cfg

089.08 - Full 500m box at 8m.  Depth control error +/- 20 cm.  Cross-track

     error (-75,150) cm.  Heading error 2-5 deg p-p depending on heading,

     at the wave frequency.  Nav error at each corner: 24% left @ 136

     deg, 18% left @345 deg, 30% right @249 deg, 19% left @157 deg.

     box500-10.cfg

089.09 - Out and back, 8m deep, for cross-track integrator gain evaluation.

     Set kiwp to .001 deg/m/sec, and kih to 0.0.  Cross track error bias

     is now zero, but with an oscillatory component of about +/- 40 cm

     at the wave period of 10 seconds.  Heading error is 4 degrees p-p on

     the way out at a bearing of 24 degrees, but decreases to about 2

     deg. p-p on the way back, at a bearing of 172 degrees.  Depth error

     is mostly +/- 10 cm, with occasional excursions to +/- 20 cm.  The

     commanded crab angle was approx. 5.5 degrees out, and .75 degrees

     back.  It is curious that the crab is not negative on the way back.

     The rudder potentiometer looks noisy compared to the elevator.

     OutBack500.cfg.

089.10 - Out and back, 8m deep, for cross-track integrator gain evaluation.

     Set kiwp to .002 deg/m/sec, and kih to 0.0.  The cross track,

     heading, and depth error are similar to the previous case.  The

     navigation error was 4%@20 out, and 9%@175.5 back.  Curiously, the

     crab angle was 5 degrees out, and near zero on the way back. 

     Wave motion sensed by the Dvl seems large; +/- 20 cm/sec in surge

     and heave.  Additionally sway has a -10 cm/sec bias outbound, and

     +10 cm/sec returning.

089.14 - Homing run in the 300x50 m offshore box course.  The inshore two

     corners were shifted east by about 20 meters due to the transponder

     drop location.  The Usbl was reset to it's lowest gain setting.  The

     Usbl didn't cut out as before, but it did start timing out about 8

     meters before closest approach.  The timeout is 3 seconds, so it

     had an effective sampling period of around 4 seconds.  It reports

     that the transponder was 5.2 meters below the vehicle, and the

     vehicle passed it within 38 cm horizontally.  The transponder was 28

     degrees off the centerline when the Usbl lost it.  The homing

     behavior terminated about 3 meters prematurely.

     kiwp was .001 deg/m/sec.

     Depth control error was +/- 10 cm until the speed dropped to 1.0

     m/s, and then there was a 25 cm bias with a 60 cm excursion.  The

     integrator was slowly trimming but didn't converge during the slow

     speed segment, which was about 180 seconds.  Cross-track error was <

     28 cm.  Crab angle was -2.3 degrees.  OffshoreBox.cfg

089.15 - Docking run in the 300x50 m offshore box course, with a dock bearing

     of 134 degrees, 20 degrees less than the box axis.  Depth 8 m.  When

     the Usbl first detects the transponder, the docking behavior

     commands a 90 degree turn to the east to get on the track-line.

     During the transit to get on the track-line the Usbl is intermittent

     and got one bad hit, causing the vehicle to start to turn the other

     way.  When the vehicle turns back on the track-line the Usbl is solid

     and reliable again, until 13 meters (6 degrees off-axis) before

     closest approach where it begins timing out.  It cuts out 8 meters

     before c.a. 

     Miss distance: 35 cm vertically 72 cm horizontally.

     The vehicle passes within 10 meters of the transponder again on the

     way out.  The Usbl loses it 17 meters out, at an angle of 32

     degrees.  Between 15 and 10 meters away (38 and 50 degrees,

     respectively), it gets three nasty false readings (marked good) with

     the signs on the y and z components flipped.

     Depth control has a few 50 cm excursions, and has a 35 cm bias

     during slow flight (increase kid).

     OffshoreBoxR1.cfg

089.16 - Docking run in the 300x50 m offshore box course, with a dock bearing

     of 134 degrees, 20 degrees less than the box axis.  Depth 10 m, with

     a transition to altitude following about halfway through, with

     minAltitude = 7.  The depth integrator is cutting in and out during

     the altitude-tracking phase.  Increase kiDepthOff from 4 to 10

     cm/sec.  There is a velocity error constant of about .04 1/sec,

     which gives 50 cm steady-state error when climbing a hill of slope

     of 1/50.  This should decrease significantly with increases in

     kiDepthOff and kiDepth.  S.S. depth error again good during 1.5 m/s,

     about +/- 10 cm/sec with a few 1m excursions.

     Projected cross-track error during the slow-speed approach was

     around -50 cm, decreasing to -25 cm as the vehicle passed.  The

     integrator had not converged yet.  It started the approach trimmed

     to -3 degrees, and was slowly accumulating upward. The gain was .001

     rad/sec/m, so over the 100 second approach .001*.5*100*180/pi = 2.8

     degrees.  This explains why it hadn't even reached zero yet.  It

     would need to be positive to correct a positive cross-track error.

     Dvl again measures 20 cm/sec faster over-ground speed than

     through-water speed at 1.5 m/s, both inbound and outbound.  At 1.0

     m/s the two speeds agree pretty well.

     The Usbl loses the transponder during the turn to get on the dock

     approach path.  During the short jog over to the line, several bad

     Usbl hits (flagged as good) get through, which cause the vehicle to

     start to turn the other way. See Figure 2, 255 seconds, and Figure

     11 at 255 and 265 seconds.  There are two ways to prevent this.

     Limit the relative bearing during transit to the line to be no more

     than 45 degrees off the line, so the transponder will stay in the

     Usbl's field of view.  The other step is to average and store the

     calculated transponder location in UTM while the Usbl data is good,

     then ignore the Usbl while it is turned more than a specified (30

     degrees?) amount off of the transponder.

     The Usbl cuts out 6 meters before c.a.  The vehicle passes 2 m above

     the transponder.  This works out to 16 degrees off center at the

     cutout. 

     The behavior doesn't terminate until 4 m past the transponder.  At

     t=420 (already past) the cross-track error jumps up by a meter,

     causing the rudder to slew 5 degrees.  Not yet sure exactly why.

     Fix: Add code to terminate the behavior when the range measurement

     starts increasing.  So far the range-only measurement has been very

     reliable.

     The Usbl loses the transponder at 30 degrees off center on the

     second pass.

     Several of the turns about the acute corners appear sluggish.

     Test MaxHdgRate = 20 deg/sec next time out.

     OffshoreBoxR2.cfg.

089.17 - The depth control error quite similar to .16.

     Projected cross-track error during the slow-speed approach was

     around 80 cm as the vehicle passed.  The integrator had not

     converged yet.  It started the approach trimmed to -3 degrees, and

     was slowly accumulating upward. The gain was .001 rad/sec/m, so over

     the 100 second approach .001*.5*100*180/pi = 2.8 degrees.  This

     explains why it hadn't even reached zero yet.  It would need to be

     positive to correct a positive cross-track error.  We need to

     increase kiwp.     The vehicle passed 2 m above the transponder as

     planned.

     The cross-track controller again got a few spurious large estimated

     errors at 270-280 seconds, causing a large rudder excursion, right

     as the vehicle turned onto the docking approach path.  This requires

     further examination.

     The Usbl started timing out 12 meters from the transponder, which

     corresponds to an off-axis angle of 7.5 degrees.  The vehicle passed

     within 5 meters again on the way back out.  On this pass the Usbl

     started timing out 15 meters out, at an off-axis angle of 10

     degrees.

     The usual wave-induced heading oscillations of 1-2 degrees are

     nearly gone during the dock approach, most probably because of the

     reduced speed.

     As before, the Dvl reads the ground speed higher than the water

     speed, with a superimposed +/- 10 cm/sec oscillation at wave

     frequency.

089.18 - CrossCal2.cfg. Started a compass cal, but immediately killed it to

     recover the vehicle.

