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Project Overview – created by Gene Massion
 
1.      System Engineering
a.      Problem definition: What’s the mission?
                                                              i.      CPF Mission
                                                            ii.      Nick’s Internship Mission
b.      Risk identification
                                                              i.      CPF Risks
1.      Can we keep the float in the measurement volume?
2.      Biofouling
                                                            ii.      Nick’s risks
1.      Fit all the work we’d like to do in <10 weeks
2.      Can we assume the CPF stays vertical and all the accelerations are horizontal?
c.       System architecture
                                                              i.      Integrate IMU in existing CPF architecture or standalone chunk on the side.
d.      Deliverables
                                                              i.      Nick’s presentation
                                                            ii.      Nick’s paper
2.      Detailed design
a.      Design the Matlab model
b.      Electrical
c.       Mechanical
d.      Software
3.      Test Plan
a.      Benchtop
b.      Test Tank
c.       At sea
4.      Get the TTP working on the bench and in the test tank.


Software 
.Net Micro Framework
The .NET Framework was developed to standardize programming. (Note how we are talking about the full .NET Framework and not the Micro Framework.) Programming in .NET abstracts the underlying operating system. It offers a set of libraries that developers can use from many programming languages. The .NET Framework is very large and runs on PCs and not on microcontrollers. Also, the Page 4 of 68 www.GHIElectronics.com GHI Electronics,LLC .NET Micro Framework for Beginners .NET Micro Framework .NET framework has many things (methods) that wouldn't be very useful on microcontrollers. This is how .NET Micro Framework was born. The micro framework removed the unneeded libraries to shrink down the size of the framework. It also added few microcontroller specific features, for accessing pins for example. Due to similarities among these frameworks, similar code can run on PCs and on microcontrollers.
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Figure 1: Connecting to hardware.
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Difference between strings and Integer variables
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IMU Sensor

Bosh BNO055 IMU 
Tasks: need to create drivers based on Adafruit libraries and data sheet so that we can interface this IMU with the GHI G400-S microcontroller board using I2S. 
Information on I2C communication included below from page 90 of the Bosh data sheet.
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Figure 2: Information about I2C protocol for the Bosh BNO055 IMU.

6/08/2016

Getting the BNO055 to communicate with microcontroller

Was able to get the IMU to communicate with the microcontroller over I2C today with lots of help from Gene. The IMU used clock stretching where there salve device holds the clock line low to tell the master device to delay while the slave device works to finish he last request. When I was unable to establish communication with the IMU, I thought that the GHI hardware library did not have this functionality. The next step was to  implement software I2C  as an online reference verified the clock stretching was enabled in the software I2C library. After Gene and I had the device working with the software I2C, he asked me to check once more with the hardware I2C. 
Here was the wiring that I used:
Socket X2 on the G400 microcontroller
Pin 8 > PA30 – SDA wired to Green Wire > SDA on IMU
Pin 9> PA31 – SCL wired to Blue wire > SCL on IMU
THIS WORKED! WE COULD READ THE TEMP SENSOR DEFAULT VALUE 
using Microsoft.SPOT;
using Microsoft.SPOT.Hardware;

public class Program
{
    public static void Main()
    {
        //create I2C object
        //note that the netmf i2cdevice configuration requires a 7-bit address! It set the 8th R/W bit automatically.
        I2CDevice.Configuration con =
           new I2CDevice.Configuration(0x28, 400);
        I2CDevice MyI2C = new I2CDevice(con);

        // Create transactions
        // We need 2 in this example, we are reading from the device
        // First transaction is writing the "read command"
        // Second transaction is reading the data
        I2CDevice.I2CTransaction[] xActions =
           new I2CDevice.I2CTransaction[2];

        // create write buffer (we need one byte)
        byte[] RegisterNum = new byte[1] { 0x34 };
        xActions[0] = I2CDevice.CreateWriteTransaction(RegisterNum);
        // create read buffer to read the register
        byte[] RegisterValue = new byte[1];
        xActions[1] = I2CDevice.CreateReadTransaction(RegisterValue);

        // Now we access the I2C bus using a timeout of one second 
        // if the execute command returns zero, the transaction failed (this 
        // is a good check to make sure that you are communicating with the device correctly
        // and don’t have a wiring issue or other problem with the I2C device)
        if (MyI2C.Execute(xActions, 1000) == 0)
        {
            Debug.Print("Failed to perform I2C transaction");
        }
        else
        {
            Debug.Print("Register value: " + RegisterValue[0].ToString());
        }
    }
}
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We now were able to communicate with the sensor.
My task is to now add the remaining registers and make a complete driver for the sensor. 





Week 2:

Monday meeting with Gene
Now that the IMU is talking to the computer, we need to setup some experiments.

Tasks for this week:

1. Need to determine the range of accelerometer data we can expect to measure from the underwater buoy as it drifts in the currents.
a. Use current profile data to calculate the range of accelerations assuming the buoy is a perfect velocity follower (ignore inertial effects).
i. Access MBARI data: http://dods.mbari.org/lasOASIS/main.pl?
ii. Use backward difference calculation
iii. Use center difference calculations
iv. Plot acceleration profile using M1 and M0 buoys for NS and EW data points for day with average conditions, and day with fast currents.
v. Assume upward float velocity of 10cm/s
b. Use Simulink to create model, inputs a velocity current profile and then calculates the acceleration, velocity, and position of the buoy.
i. Use 30 kg mass for calculating the acceleration.  
ii. Use one of Gene’s example CPF > Calcs > BE_Controller_velocoty.sim to get started
iii. Need to use added mass for the buoy
iv. Need to loop up drag coefficient for cylinder body in radial flow (text book table)
v. Assume upward drifting velocity of 10 cm/s
vi. Include Reynolds calculation, needed for drift
2. Setup the Linear actuation on the bench top to test the acceleration output from the IMU for a known acceleration profile
a. Setup the linear actuator on the benchtop
b. Use software to setup velocity profiles
c. Mount sensor, log data and determine minimum accelerations that we can accurately measure
d. Use different signal processing methods to low pass, bandpass signal to see if we can estimate the actual acceleration values.
Current Velocity Profile – estimating acceleration range
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Figure 3: Velocity profile for 1998 from M1.
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Figure 4: Velocity profile for month of February 1998 from M1 buoy.



Extreme Profile:
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Figure 5: True mooring motion correction current velocity profile M1 for Feb 17, 1998, (+E/-W).
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Figure 6: True mooring motion correction current velocity profile M1 for Feb 17, 1998, (+N/-S).
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Figure 7: True mooring motion correction current velocity profile M1 for Jul 7, 1998, (+E/-W).
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Figure 8: True mooring motion correction current velocity profile M1 for Jul 7, 1998, (+N/-S).


Typical profile:
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Figure 9: True mooring motion correction current velocity profile M1 for Feb 20, 1998, (+E/-W).
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Figure 10: True mooring motion correction current velocity profile M1 for Feb 20, 1998, (+N/-S).

Calculations:
First I plotted the current profile as a function of depth, from the CSV files downloaded from the historical data provided by MBARI.
Next, I assumed that the float had a constant straight vertical floating velocity of 10 cm/s. With this assumption, it was possible to determine the time required to reach each depth with the float to produce a table of time versus horizontal current velocity. Assuming the float was a perfect velocity follower, such that the float had the same velocity as the current at a given current depth, I used the backwards difference formula to perform numerical integration and obtain acceleration as a function of time. This was then plotted, in units of both m/s2 and mg.



The sensor has a range of +- 2g, with a 14 bit accelerometer register, so this can provide a theoretical resolution of:

2^14 = 16348 divisions
Resolution: 2g/ 16348 divisions = 1.2239 e-4 g  >>>> 0.12239 mg. This is not accounting for noise, so we are still an order of magnitude off of the needed resolution, based on the current velocity profiles we have looked at thus far. To mitigate noise, we can use low pass filtering by implementing a moving average on the data set. The effect of the reduction of noise is to the power of the square root of N, where N is the number of samples used to calculate the moving average. This can be used in practice, so we will run benchtop experiments to see if this is possible. 



Drag force calculations
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Figure 11: Drag Coefficient linear interpolation for cylinder (0.788).
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Figure 12: Simulink model of dynamics of CPF, accounting for drag and current velocity profile.

This week was spent developing a simulation model to predict the position, velocity, and acceleration of the float as it drifted in the underwater currents. This is important because we need to know the range of accelerations that we can expect to measure to ensure that our sensor will be sensitive enough to detect the changes in acceleration. Using real data collected from a moored buoy in Monterey Bay, M1, I was able to download a CSV file of underwater current profiles from February 1998 and use this information as the input to my model. This particular data was chosen because it had strong underwater currents.
 Since the float has no active propulsion or steering, the only force acting on the float is caused by hydrodynamic drag. Assuming that the physical shape of the float can be modeled as a cylinder (pretty good assumption) it was possible to calculate the drag force acting on the float as it moved through the water at different velocities. Here we are assuming that the drag force is proportional to the square of the velocity of the object, which is why it was important to use real data about the underwater currents in Monterey. The historical data was obtained from the MBARI Live Access to DATA website: http://dods.mbari.org/lasOASIS/main.pl??&.
The rest of the week was spent developing the model in Simulink and testing the model to verify that the outputs were correct. Once complete, a set of plots was created so that we could look at all the data together. Based on this work, it looks like the range of expected accelerations that we need to detect will be from 0.05  to - 0.05 m/s/s. These are very small accelerations, and the sensor that we are currently using may not be sensitive enough to detect this without post processing and filtering of the data. 
The next step (plans for next week) is to start testing the actual IMU sensor to characterize the noise profile and determine the smallest possible acceleration that we will be able to detect. To accomplish this, we are using a computer controlled moving table in the lab. We will mount the sensor to the table and accelerate the table very slowly and read the output from the IMU.  By testing a range of acceleration, we can determine the sensitivity and noise  profile of the sensor and compare this with the results from the dynamic simulation.
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Figure 13: Simulink for N/S E/W CPF simulation, inputs are current profiles from MBARI data base.

Output files
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Figure 14: Output plots from the  buoy dynamics Simulink model for both N/S and E/W directions.


Formatting ToString() function to control decimal places
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Week 3
Asked to add drag force calculations and simulation for vertical axis of CPF. Need to add a new drag force coefficient and copy+paste the modules from N/S and E/W to extend the model.

[image: ]
Figure 15: Drag coefficient for the CPF moving in the vertical axis.




Week 4
We have finished work on the sensor and data logger (while it is not operating perfectly, it is good enough to conduct experiments).
Now we are using the  linear translation state to move the sensor and obtain acceleration data. The motion controller can have two different velocity profiles, either S-curve or trapezoid. Below are examples and I have decided to use s-curve to reduce the magnitude of the jerk since it is the jerk term that induces vibrations into the mechanical system.
Reference: http://www.pmccorp.com/support/technotes/tn1031.pdf
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Week 6
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08 - Jul - 1998
Velocity N/S	0.16440000000000002	0.16440000000000002	0.16440000000000002	0.19329999999999997	0.2271	0.25900000000000001	0.27839999999999998	0.28910000000000002	0.29410000000000003	0.29239999999999999	0.28749999999999998	0.27789999999999998	0.2621	0.24480000000000002	0.22820000000000001	0.215	0.2041	0.19589999999999999	0.1885	0.1822	0.17920000000000003	0.17600000000000002	0.16940000000000002	0.16219999999999998	0.1545	0.14400000000000002	0.13250000000000001	0.1197	0.10929999999999999	9.9339999999999998E-2	8.8459999999999997E-2	7.85E-2	6.9159999999999999E-2	5.9109999999999996E-2	4.8750000000000002E-2	3.7949999999999998E-2	2.8069999999999998E-2	1.9730000000000001E-2	1.661E-2	1.201E-2	6.4249999999999993E-3	1.189E-3	-3.7280000000000004E-3	-8.1650000000000004E-3	-1.085E-2	-1.21E-2	-9.3430000000000006E-3	-7.5770000000000004E-3	-6.4680000000000007E-3	-6.4680000000000007E-3	-6.4680000000000007E-3	5	10	15	20	25	30	35	40	45	50	55	60	65	70	75	80	85	90	95	100	105	110	115	120	125	130	135	140	145	150	155	160	165	170	175	180	185	190	195	200	205	210	215	220	225	230	235	240	245	250	255	Velocity E/W	-7.8859999999999989E-3	-7.8859999999999989E-3	-7.8859999999999989E-3	1.754E-2	2.358E-2	2.181E-2	8.182E-3	9.2310000000000005E-4	-2.0890000000000001E-3	-9.4120000000000002E-3	-1.9550000000000001E-2	-3.3919999999999999E-2	-4.5439999999999994E-2	-5.4059999999999997E-2	-5.3960000000000001E-2	-5.1360000000000003E-2	-4.7089999999999993E-2	-4.4720000000000003E-2	-4.3310000000000001E-2	-4.3369999999999999E-2	-4.3029999999999999E-2	-4.2279999999999998E-2	-4.0259999999999997E-2	-3.9949999999999999E-2	-4.079E-2	-4.5229999999999999E-2	-4.9640000000000004E-2	-5.3990000000000003E-2	-5.6769999999999994E-2	-5.9349999999999993E-2	-6.2740000000000004E-2	-6.6229999999999997E-2	-6.9790000000000005E-2	-7.3090000000000002E-2	-7.644999999999999E-2	-7.9909999999999995E-2	-8.1850000000000006E-2	-8.3070000000000005E-2	-8.2970000000000002E-2	-8.163999999999999E-2	-7.9490000000000005E-2	-7.732E-2	-7.6100000000000001E-2	-7.6319999999999999E-2	-8.0890000000000004E-2	-8.5779999999999995E-2	-8.7650000000000006E-2	-8.7279999999999996E-2	-8.5429999999999992E-2	-8.5429999999999992E-2	-8.5429999999999992E-2	5	10	15	20	25	30	35	40	45	50	55	60	65	70	75	80	85	90	95	100	105	110	115	120	125	130	135	140	145	150	155	160	165	170	175	180	185	190	195	200	205	210	215	220	225	230	235	240	245	250	255	Current Velocity [m/s]
08 - Jul - 1998
Accel. N/S	0	50	100	150	200	250	300	350	400	450	500	550	600	650	700	750	800	850	900	950	1000	1050	1100	1150	1200	1250	1300	1350	1400	1450	1500	1550	1600	1650	1700	1750	1800	1850	1900	1950	2000	2050	2100	2150	2200	2250	2300	2350	2400	2450	2500	0	0	5.7799999999999909E-4	6.7600000000000049E-4	6.3800000000000022E-4	3.8799999999999946E-4	2.1400000000000086E-4	1.0000000000000009E-4	-3.4000000000000698E-5	-9.8000000000000309E-5	-1.9199999999999995E-4	-3.159999999999996E-4	-3.4599999999999963E-4	-3.3200000000000005E-4	-2.6400000000000035E-4	-2.1799999999999985E-4	-1.6400000000000025E-4	-1.479999999999998E-4	-1.26E-4	-5.99999999999995E-5	-6.4000000000000173E-5	-1.319999999999999E-4	-1.4400000000000079E-4	-1.539999999999997E-4	-2.0999999999999963E-4	-2.300000000000002E-4	-2.560000000000001E-4	-2.0800000000000012E-4	-1.9919999999999994E-4	-2.176E-4	-1.9919999999999994E-4	-1.8680000000000001E-4	-2.0100000000000006E-4	-2.0719999999999989E-4	-2.1600000000000007E-4	-1.9760000000000001E-4	-1.6679999999999993E-4	-6.2400000000000026E-5	-9.2E-5	-1.117E-4	-1.0471999999999999E-4	-9.8340000000000011E-5	-8.8739999999999994E-5	-5.3699999999999997E-5	-2.4999999999999988E-5	5.5139999999999984E-5	3.5320000000000007E-5	2.2179999999999994E-5	0	0	Accel. E/W	0	50	100	150	200	250	300	350	400	450	500	550	600	650	700	750	800	850	900	950	1000	1050	1100	1150	1200	1250	1300	1350	1400	1450	1500	1550	1600	1650	1700	1750	1800	1850	1900	1950	2000	2050	2100	2150	2200	2250	2300	2350	2400	2450	2500	0	0	5.0851999999999994E-4	1.2080000000000001E-4	-3.5400000000000013E-5	-2.7255999999999998E-4	-1.4517800000000001E-4	-6.0242000000000004E-5	-1.4646E-4	-2.0276000000000002E-4	-2.8739999999999994E-4	-2.3039999999999991E-4	-1.7240000000000004E-4	1.9999999999999186E-6	5.1999999999999963E-5	8.5400000000000192E-5	4.7399999999999804E-5	2.8200000000000032E-5	-1.199999999999951E-6	6.8000000000000001E-6	1.5000000000000014E-5	4.040000000000002E-5	6.1999999999999559E-6	-1.6800000000000009E-5	-8.879999999999999E-5	-8.8200000000000084E-5	-8.7000000000000001E-5	-5.5599999999999813E-5	-5.159999999999998E-5	-6.7800000000000225E-5	-6.9799999999999867E-5	-7.1200000000000159E-5	-6.5999999999999951E-5	-6.7199999999999763E-5	-6.9200000000000096E-5	-3.8800000000000225E-5	-2.4399999999999976E-5	2.0000000000000571E-6	2.6600000000000233E-5	4.2999999999999703E-5	4.3400000000000106E-5	2.4399999999999976E-5	-4.3999999999999596E-6	-9.1400000000000094E-5	-9.7799999999999829E-5	-3.7400000000000211E-5	7.4000000000001841E-6	3.7000000000000086E-5	0	0	Time [sec]
Acceleration [m/s2]
08 - Jul - 1998
Accel. N/S	0	50	100	150	200	250	300	350	400	450	500	550	600	650	700	750	800	850	900	950	1000	1050	1100	1150	1200	1250	1300	1350	1400	1450	1500	1550	1600	1650	1700	1750	1800	1850	1900	1950	2000	2050	2100	2150	2200	2250	2300	2350	2400	2450	2500	0	0	2.9489795918367298E-2	6.397959183673467E-2	6.7040816326530653E-2	5.2346938775510193E-2	3.0714285714285732E-2	1.6020408163265356E-2	3.367346938775479E-3	-6.7346938775510717E-3	-1.4795918367346951E-2	-2.591836734693875E-2	-3.3775510204081594E-2	-3.4591836734693855E-2	-3.040816326530614E-2	-2.4591836734693888E-2	-1.9489795918367352E-2	-1.5918367346938776E-2	-1.3979591836734681E-2	-9.4897959183673202E-3	-6.3265306122448801E-3	-1.0000000000000002E-2	-1.4081632653061258E-2	-1.5204081632653084E-2	-1.8571428571428534E-2	-2.2448979591836726E-2	-2.4795918367346955E-2	-2.3673469387755108E-2	-2.0775510204081638E-2	-2.1265306122448976E-2	-2.1265306122448976E-2	-1.9693877551020401E-2	-1.9785714285714292E-2	-2.0826530612244893E-2	-2.1591836734693875E-2	-2.1102040816326533E-2	-1.8591836734693872E-2	-1.1693877551020405E-2	-7.877551020408163E-3	-1.0392857142857143E-2	-1.1041836734693878E-2	-1.036020408163265E-2	-9.5448979591836753E-3	-7.2673469387755096E-3	-4.0153061224489786E-3	1.5377551020408159E-3	4.6153061224489785E-3	2.9336734693877547E-3	1.1316326530612241E-3	0	0	Accel. E/W	0	50	100	150	200	250	300	350	400	450	500	550	600	650	700	750	800	850	900	950	1000	1050	1100	1150	1200	1250	1300	1350	1400	1450	1500	1550	1600	1650	1700	1750	1800	1850	1900	1950	2000	2050	2100	2150	2200	2250	2300	2350	2400	2450	2500	0	0	2.5944897959183668E-2	3.2108163265306126E-2	4.3571428571428563E-3	-1.5712244897959183E-2	-2.131316326530612E-2	-1.048061224489796E-2	-1.0546020408163265E-2	-1.781734693877551E-2	-2.5008163265306124E-2	-2.6418367346938771E-2	-2.055102040816326E-2	-8.6938775510204142E-3	2.7551020408163201E-3	7.0102040816326606E-3	6.775510204081632E-3	3.8571428571428485E-3	1.3775510204081674E-3	2.8571428571428823E-4	1.1122448979591843E-3	2.8265306122448992E-3	2.3775510204081616E-3	-5.40816326530615E-4	-5.387755102040816E-3	-9.0306122448979634E-3	-8.9387755102040851E-3	-7.2755102040816221E-3	-5.4693877551020304E-3	-6.0918367346938871E-3	-7.0204081632653098E-3	-7.1938775510204086E-3	-7.0000000000000053E-3	-6.7959183673469235E-3	-6.95918367346938E-3	-5.5102040816326697E-3	-3.2244897959183769E-3	-1.1428571428571388E-3	1.4591836734694024E-3	3.5510204081632621E-3	4.4081632653061118E-3	3.4591836734693916E-3	1.0204081632653071E-3	-4.8877551020408182E-3	-9.6530612244897923E-3	-6.8979591836734709E-3	-1.5306122448979606E-3	2.2653061224489931E-3	1.8877551020408205E-3	0	0	Time [sec]
Acceleration [mg]
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using Microsoft.SPOT;

namespace NETFBook

{
public class Progran
{
public static void Main()
{
int Myvarl = 3;
int Myvar2 = 3;
string MyStringl
string MyString2
Debug.Print(“Using int =>" + (MyVarl + MyVar2).ToString());
Debug.Print(“Using strings =>* + MyStringl + MyString2);
}
}
1

Integer 3 plus integer 3 results in 6 as we know, but string 3 plus string 3 is not 6, but it is 33.

Using int =>6
Using strings =>33
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4.6 12C Protocol

The FC bus uses SCL (= SCxpin, serial dock) and SDA (= SDx pin, serial data input and
output) signal lines. Both lines are connected to Voo externally via pull-up resistors so that

theyare pulled high when the bus is free.

The I°C interface of the BNODSS is compatible with the I°C Specification UM10204 Rev. 03
(19 June 2007), awailable at httpy/wwwnxp.com. The BNOOSS supports I°C standard mode
and fast mode, only7-bit address mode is supported. The BNOOSS IC interface uses dock

stretching.

‘The default I%C address of the BNOOSS device is 0101001b (0x29). The alternative address
0101000b (0x28), in 12C mode the input pin COM3 can be used to select between the

primary and alternative 12C address as shown in Table 4-7.

Table 4-7: 12C address selection

12¢ COM3_state 12 address,
configuration
Slave HIGH 029
Slawe Low o8
HID-2C x o0

‘The timing specification for IC of the BNOOSS is given in Table 4-8: °C timings:

Parameter Min  Max
Clock Frequency = 400
SCL Low Period oW 13
SCL High Period T 05
SDA Setup Time [ 01
SDA Hold Time tuooar 00
Setup Time for a

repeated Start tousa 05
Condition
Hold Time for a Start
e tuosa 05
Setup Time for a
P Tine lor aSo0 || tusm 06
Time before anew
Transmission can start %% )
Idle time between write
accesses, normal mode,
by mode low - toiesacsm 2
Power mode 2
Idle time between write
accesses, suspend e vace s 150
mode, lowpower mode
1
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*Microsoft.SPOT.Debugger.CorDebug.12.d11" (Managed): Loaded Files\Microsoft .
*Microsoft.SPOT.Debugger.CorDebug.12.d11" (Managed): Loaded Files\Microsoft .
*Microsoft.SPOT.Debugger.CorDebug.12.d11" (Managed): Loaded Files\Microsoft .
*Microsoft.SPOT.Debugger.CorDebug.12.d11" (Managed): Loaded Files\GHI Electrc
*Microsoft.SPOT.Debugger.CorDebug.12.d11" (Managed): Loaded Files\GHI Electrc
5 Debugger.CorDebug.12.d11" (Managed): Loaded '\\aths shore.mbari.org\proj
\, (@x2) has exited with code @ (@x@).

The thread *<No Nai
Register value: 6

Tig for debug commands

The program *[@x4C] Micro Framework application: Managed' has exited with code 0 (0x0).
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Characteristic Area

Drag coefficients are defined by using a characteristic area A, which may differ
depending on the body shape:

drag.
C; .62)
D=Ly T62)

s our traditional tribute to Euler and Bemoulli. The area A is usually
one of three types:

1. Frontal area, the body as seen from the stream; suitable for thick, stubby bodies,
such as spheres, cylinders, cars, trucks, missiles, projectiles, and torpedoes.

2. Planform area, the body area as seen from above; suitable for wide, flat bodies
such as wings and hydrofoils.

3. Wetted area, customary for surface ships and barges.

In using drag or other fluid force data, it is important to note what length and area
are being used to scale the measured coefficients.
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Table 7.3 Drag of Three-Dimensional Bodies at Re = 10*
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private static void IMU_readAccel ve2()
{
byte[] writeArray = new byte[1] { BNO®55_ACCEL DATA X_LSB_ADDR };
byte[] readArray = new byte[6];
short LSB;
short MSB;
if (hwI2CWriteRead(writeArray, ref readArray))
{
LSB = readArray[0];
MSB = readArray[1];
float accelX = (short)((MSB << 8 LSB) / (float)100;

LSB = readArray[2];
MSB = readArray[3];
float accelY = (short)((MSB << 8) | LSB) / (float)100;

LSB = readArray[4];

MSB = readArray[5];

float accelZ = (short)((MSB << 8) | LSB) / (float)100;

Debug.Print("Accel X,Y,Z = " + accelX.ToString("D2") + ", " + accelY.ToStr
//Debug.Print("readArray ©-5: " + readArray[@].ToString() + "\r\n");

}
else
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More Information
The graphs below demonstrate the difference of a move executed as a trapezoidal

versus S-curve profile. The distance, maximum velocity, acceleration, and deceleration
are the same for both graphs.

Servo Velocity Profiles

Velocity

40 80 120 160 200 240 40 80 120 160 200 240
Time (msec’s) Time (msec’s)

Trapezoidal Profile S curve Profile

The trapezoidal profile completes in 190 milliseconds. The S-curve profile takes an
additional 50 milliseconds to complete the move. As demonstrated by the Acceleration
profiles below, trapezoidal profile moves are much more likely to have throughput
reduced (due to increased settling time) and mechanical component degradation due to
acceleration jerk.

Servo Acceleration / Deceleration Profiles
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Servo Acceleration / Deceleration Profiles
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3.5.1 Default sensor configuration

At power-on the sensors are configured with the default settings as defined in Table 3-8
below.

Table 3-7: Default sensor configuration at power-on

Sensors Parameters Value
Accelerometer Power Mode NORMAL
Range +-4g
Bandwidth 62.5Hz
Resolution 14bits
Gyroscope Power Mode NORMAL
Range 20005
Bandwidth 32Hz
Resolution 16 bits
Magnetometer Power Mode FORCED
ODR 20Hz
XY Repetition 15
2 Repetition 16

Resolution x/y/z 13/13/15 bits.
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3.5.2 Accelerometer configuration
The fusion outputs of the BNOOSS are tightly linked with the accelerometer sensor settings.
Therefore the configuration possibilities are restricted when running in any of the fusion
operating modes. The accelerometer configuration can be changed by writing to the
ACC_Config register, Table below shows different Accelerometer configurations

Table 3-8: Accelerometer configurations

Parameter Values [Reg Addrl: Reg Value Restrictions
G Range 26 [ACC_Configl: xx00000b
46
86
16G -
Bandwidth 7.81Hz [ACC_Configl: xxx000xxb
15.63Hz [ACC_Configl: xx001xxb
31.25Hz [ACC_Configl: xxx010xxb
625H [ACC_Configl: xx011xxb
125Hz [ACC_Configl: xxx100xxb  Auto controlled in fusion
250Hz. [ACC_Configl: o0t mode
500Hz [ACC_Configl: xxx110xxb
1000Hz [ACC_Configl: xcx111xxb
Operation Mode  Normal [ACC_Configl: 000xcxxb
Suspend [ACC_Configl: 0010000xb.
Low Power 1 [ACC_Configl: 010xc0xxb
Standby [ACC_Configl: 0110000cb.
Low Power 2 [ACC_Configl: 100xc0xb

Deep Suspend  [ACC_Configl: 101xx00xb

The accelerometer sensor operation mode is not configurable by user when BNO power
mode is configured as low power mode. BNO rewrites the user configured value to Normal
mode when switching from config mode to any BNO operation mode. This used to achieve
the BNO low power mode performance.
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3.5.3 Gyroscope configuration
The fusion outputs of the BNOOSS are tightly linked with the angular rate sensor settings.
Therefore the configuration possibilities are restricted when running in any of the fusion
operating modes. The gyroscope configuration can be changed by writing to the GYR_Config
register, Table below shows different Gyroscope configurations

Table 3-9: Gyroscope configurations

Parameter Values [Reg Addr]: Register value Restrictions
Range 2000 dps. [GYR_Config_0J: 0000000
1000 dps. [GYR_Config_0J: x000<001b
500dps [GYR_Config_0J: x000<010b
250 dps [GYR_Config_0J: x000<011b
125 dps [GYR_Config_0]: x000100b
Bandwidth 523Hz [GYR_Config_0]: xx000xcxb
230Hz [GYR_Config_0]: xx001x0b
116Hz [GYR_Config_0]: xx010xcxb
aTHz [GYR_Config_0): xx011xxxh Auto controlled in fusion mode
23Hz [GYR_Config_0]: xx100xcxb.
12Hz [GYR_Config_0]: xx101x0b
64z [GYR_Config_0]: xx110xcxb
32Hz [GYR_Config_0]: xxt11x0b
Operation Mode  Normal [GYR_Config_1]: x000cx000b

FastPowerup  [GYR_Config_1l: xxxxx001b
Deep Suspend  [GYR_Config_1: xxoxx010b,
Suspend [GYR_Config_1}: xxoxx011b

Advanced [GYR_Config_1}: xxcxx100b.
Powersave
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3.5.4 Magnetometer configuration

The fusion outputs of the BNOOSS are tightly linked with the magnetometer sensor settings.

Therefore the configuration possiblities are restricted when running

any of the fusion

operating modes. The magnetometer configuration can be changed by writing to the
MAG_Config register, Table below shows different Magnetometer configurations.

Parameter
Data output rate

Operation Mode

Power Mode

Table 3-10: Magnetometer configurations

Values
2Hz
6Hz
8Hz

10Hz
15Hz
20Hz
25Hz
30Hz
Low Power
Regular

Enhanced
Regular

High Accuracy.
Normal

Suspend
Force Mode

[Reg Addr]: Register
value
[MAG_Configl: x:00xx000b
[MAG_Configl: x:000x001b
[MAG_Config]: x000<010b
[MAG_Configl: xx000x011b
[MAG_Config]: x000100b
[MAG_Configl: xx000101b
[MAG_Config]: x000110b
[MAG_Configl: xxo0od11b
[MAG_Config]: xxx00xxxb
[MAG_Configl: xocx0 100
[MAG_Configl: xooct Ot
[MAG_Configl: xoodt oo
[MAG_Config]: x00x0cxb
[MAG_Configl: X000
[MAG_Config]: x10x00cxb
[MAG_Configl: x1 10000

Restrictions

Auto controlled in fusion mode.
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When the NETMF device is connected, go to the project properties
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Note that this program will never end so you will need to force stop using shift+F5.




