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\G2) Preliminary

] Calibration

(1) Calibration (2) Automatic calibration
Sensor Rotation!

< _L
Model(Unknown Paramejers)

® General calibration:

need external calibration
equipment, but accurate.

ﬁd $ <:| Standard ® Automatic calolbratlon.
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Preliminary

[1 Three-Axis Accelerometer
(1) Error Model

There are always some deviations in the three-axis accelerometer during production and
installation. Therefore, the relationship between the calibrated specific force and the specific force

without calibration needs to be established. The error model is as follows

_TK +Vl\\\\
The callbrated

specific force
The specific b' =
T, = —Az// 1 A¢ K, O s,y 0| force without b, = Dy
NG  —Ag 1 0 0o s | calibration b,

The tiny tilt in the process  The scale factor The bias
of mounting sensors
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Preliminary

[0 Three-Axis Accelerometer
(2) Calibration Principle
To calibrate an accelerometer, the following unknown parameters need to be estimated
0-[Ay, A0 Ag s, s, s, BB, B
Then, it can be written as a function, as follows

*a_=h, (@a, ba:n) =TK, (ba:n +b;)

ax

Principle: The calibration principle is that the magnitude of specific force keeps constant
with different attitude of accelerometers, 1.e. the local gravity, denoted as g.

The calibration principle 1s that the magnitude of specific force keeps constant with
different attitude of accelerometers, 1.e. the local gravity, denoted as g.

v 2 arg min {} denotes the minimum
. . in th i
o' —arg min Z ( _ g) value of the variable in the objective
) 9, k=1

h, (0, "a,,)
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Preliminary

[0 Three-Axis Magnetometer
(1) Error Model

There are always some deviations in the three-axis magnetometer during production and
installation. Therefore, the relationship between the magnetic induction value after calibration and he

magnetic induction value without calibrationneeds to be established. The error model is as follows

=T K_(°m’ +b’

The magnetic /
induction value
after calibration

1 Ay, -A

T =|-Ay. 1 mm The magnetic
K, = 0 Sy induction value =
NG,  —Ap 1 y

0 o s | without calibration. " br'ny
The tiny tilt in the process m

of mounting sensors The scale factor The bias
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Preliminary

[0 Three-Axis Magnetometer
(2) Calibration Principle

Principle: In normal, the magnetic induction keeps constant with different attitude of
Hbmm)k“z =1k=12,...M

magnetometer. Here, the magnetic induction value is normalized

To calibrate a magnetometer, the following unknown parameters need to be estimated.
©,2[Ay, AG, Af, s Su Sm Do bu B
m Y m m mx my mz mx my mz
Then, 1t can be written as a function, as follows
h (0., m )T K _("m/ +b' )

According to this principle, the following optimization 1s given

O =arg ngin > (Hhm (G)m,b m, )H —1)2
" k=l
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Preliminary

In order to make this chapter self-contained, the preliminary 1is
from Chapter. 7 of “Quan Quan. Introduction to Multicopter

Design and Control. Springer, Singapore, 2017” .
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Basic Experiment

[0 Experimental Objective
B Things to prepare

(1) Hardware: Pixhawk autopilot system;

(2) Software: MATLAB R2017b or above, Pixhawk Support Package(PSP) toolbox,
QGroundControl(QGC), Instruction Package “e3.1”°( );

(3) Data for calibration are prepared in Instructional Package “e3.1” for readers without hardware

to collect data.

B Objectives

Repeat the given calibration steps to calibrate an accelerometer in the given Pixhawk autopilot

system. Subsequently, make a comparison between the calibrated results and uncalibrated results.
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https://rflysim.com/course

Basic Experiment

O Experimental Procedure

(1) Stepl: Obtain accelerometer data via

Plug in the right
side USB port

the Pixhawk autopilot system

1) Hardware connection Plug in the left

RCIN port
The connection between the RC

- . W

receiver and the Pixhawk autopilot is

~_ Lefi-down

shown 1in the right figure. S.Bus port

Black-red-
white

Figure. Pixhawk and RC transmitter connection

\
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Basic Experiment

(1) Stepl: Obtain accelerometer data via the Pixhawk autopilot system

‘ a QGroundControl v3.4.4

1) Hardware connection File Widgets

& &, @ &| A‘ o E\'\llanualDlsarmed

Open the QGC, as shown in the = """ s

. . i Quadrotor Wide Quadrotor x
right figure and then select “Vehicle — e

Simulation (Copter)

Setup” — “Airframe” —“Quadcopter x”

((»)) Sensors

— “DIJI Flame Wheel F450”. Q) fadio
(/1) Flight Modes

Simulation (Plane)

Power —~
|
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Basic Experiment

(1) Stepl: Obtain accelerometer data via the Pixhawk autopilot system

QGroundControl v3.4.4 = O X

1) Hardware connection Fie Widgets

% 'Q 4 &| A &, o .l a Manual Disarmed
Finally, click the “Apply” button and T Sensors Setup

Sensors Setup is used to calibrate the sensors within your vehicle.

conpass |

Firmware

the autopilot will automatically reboot to —
make the adopted configuration available. ‘m —

< Radio evel Horizo
If the adopted configuration is modified, Flight Nodes |

jet Orientation:
Power

the system will require another re-

Safety

calibration of the sensor data, as shown in s
the ﬁgure. Parameters

P> Tine No ¥light Data selected.. Replay Flight Data | ;
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Basic Experiment

] Accelerometer Calibration Procedure

(1) Stepl: Obtain accelerometer data via the Pixhawk autopilot system

2) Open the data collection model a E L c ;
=
| i H [
. [ =oe | b rc_input
To record the sensor and Radio s | ]
i Accely ay i ﬁ
. . 4% \ ﬁ |- datalog_flag
Controller (RC) data in the Pixhawk | G888 (" « =] s
A b I -
microSD card, a file “acquire data ag.slx” C s | (-
- - | ~ GyraZlr) & [ RGBLED_MODE_ENUM SL_MODE_BLINK_FAST }—E:_"z\_
. . . 12:34 imestaanp "
1S Created’ as shown 1n the rlght ﬁgure. |RGBLED_MGDE_ENUM.SL_MODE_BLINH_NDRII.IALI—r'
L‘U . | ReBLED_COLOR ENUMSL COLOR RED |
- | ResLED coLor enumsL coLor creen | o

€
Figure. Accelerometer data logging, Simulink model “acquire data ag.slx”

\
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Basic Experiment

Block Parameters: logger X
Binary Logg (mask)

(1) Stepl: Obtain accelerometer data

via the Pixhawk autopilot system

2) Open the data collection model |"l';;Iﬂ':;"f'l-lfi-:']

Write data to the microSD card. Double-
click block “binary logger”, as shown in the ﬁ
right figure. The first three path names of 7
“fs/microsd/log/e3” cannot be changed, oooogge w0 [faen
whereas the last path name “e3” is the name B e e
of the file to the log data, and can be changed - " e

as desired. Figure. Logging block in Simulink model “acquire data ag.slx”Click
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Basic Experiment

(1) Stepl: Obtain accelerometer data via the Pixhawk autopilot system

3) Compile the file “acquire data ag.slx” and upload it to the Pixhawk autopilot.

'p'} E1_rgbled_system - Simulink — O >
.
Data can be logged al ]tom atlcall b File Edit View Display Diagram Simulation Analysis Code Tools Help
9 .
: o-@ =@ 2 -| Clickto
mvnl_‘v B vvc@%kr/]l]b * |10.0 » (L) 7@y T k
. . . — build
placing the upper-left stick (CH5) in the
-
@ ‘ B CAWindows\SYSTEM32\cmd.exe - o x
. . . ARW Successiully generated all binary outputs.
COI I es OI ldll I OSIthI l s | Code | Tools Help t the board does not respond within 1-2 seconds, unplug and re-pluz the USE cormector.
. FII_SINOCINE = v
attempting reboot on COMZ..
) C/C++ Code ' if the board does not respond, wplug and re-plug the USB commector.
» Found board 9,0 bootloader rev 4 on
HDL Code 50582400 0022600 00100000 O0FFf£f £ITE1£1 FIfF1£51 TEEEEE TEETLETE BBed4TTE ££73c015 cBadd40e dbeSUEIY dBc20806 105
- 3dzet £2073010 d0ZBab0d 3£E0334e 100da578 cdbOchbd 42cdchbA Sbaz05t7 81532581 B4ecddab 23beh340 5301beS eddsbAct 1e3bsi]
- PLC Code - 5c Bel7decc OcBbo5aZ 46831513 4bbbbe2] edadSceb aBhE40a5 ef018cab c89bblE3 bbODEOCD OBdblaZe T375EE6T leadlddd 24aa662e
llllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllll type: PYA
) idtype: =00
— Data Objects b vid: 000026ac

External Mode Control Panel

Simulink Code Inspector..
i

Verification Wizards

Polyspace

[Px4 PSP: Uplaad code to Px4FMU |

Click to download

4

4

=

pid: 00000010
coa: ZulH//9zzBXIrZON28WE£0dbCDzbEU 9Py BwcwrdA lawl/ YDNOENZe 2wy T 1Czca 206HF94F T TTGET 12ml 7x 301 Mhvmi t01bJHiuPXF 4H3svca+WiRT g
VEOuTvCHt 0121 gL hAp e SBnKEI m7eDuwDumAbbGiZzdf OXHEQA1CSqZ1 4=

sni 0038001£3432470d31323533

Frase : [
Frogram: [
erify :

Rebooting.

H:

Download completed
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(1) Stepl: Obtain accelerometer data via the Pixhawk autopilot system

4) Rotate the Pixhawk autopilot to log data

Pull back the upper-left switch corresponding to
CH5>1500, to start writing data to the SD card. Place the
Pixhawk autopilot as guided by the right figure and hold
the Pixhawk autopilot still with each orientation for a
period of time. Meanwhile, the Pixhawk autopilot logs
data to a file called “e3_A.bin” on the SD card. Once a
feature point 1s collected, the Pixhawk LED status light
will slowly blink in red. By recalling the feature point
collection method, one feature point corresponds to one
orientation that the Pixhawk 1s placed at. Repeat the
logging process for all orientations. Once ten feature
points corresponding to ten orientations are collected, the | N .
Pixhawk LED status light will begin quickly blinking in ~ ®45°to the forward  @45° to the backward
red. Then, pull forward the upper-left. Figure. Ten different orientations of Pixhawk autopilot
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Basic Experiment

P =
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¢ gRi™
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(1) Stepl: Obtain accelerometer data via the Pixhawk autopilot system

5) Read data

Take out the SD card, read the data by a card
reader, copy the file “e3 A.bin”to the folder
“e3\e3.1”. Use the function
[datapoints, numpoints] =
px4 read binary file(‘e_accl A.bin’)
to decode the data. The data are saved in
"datapoints" and the number of the data is saved in

"numpoints". The x-axis accelerometer sampling

data and feature data are shown in the right figure.

15

—_— Sampling points (ax)

N

o L —— Feature point

0.2 0.4 0.6 0.8 1 1.2 1.4 1.6 1.8 2

4
10
X

Figure. x-axis accelerometer sampling data and feature data
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(2) Step2: Parameter calibration

To obtain uncalibrated original data, the
accelerometer calibration parameters in the
Pixhawk autopilot are first read by QGC. In
QGC,

Calibration”

select “Parameters” — “Sensor
to obtain the accelerometer
calibration parameters, as shown in the right
Then, the

uncalibrated data, based on the obtained

figure. data are restored to

accelerometer calibration parameters from

QGC.

Basic Experiment

‘ QGroundControl v3.4.4
File Widgets

IR AX w0 B

CAL_AIR CMODEL
CAL_AIR TUBED MM
CAL_AIR TUBELEN
CAL_BARO PRIME

CAL_GYROO _EN

SURMATY
Search: _ Clear
Firmware PWM Outputs
Radio Calibration
Airframe -
Radio Switches
SeasgEs Return Mode
Radio SD Logging

Sensor Calibration

Flight Modes

Sensors
Fower System
Safety Thermal Compensation
VIOL Attitude Control
Tuning
Developer -
Camera

Other

System

-

CAL_GYROO_ID
CAL_GYROO_XOFF
CAL_GYROO XSCALE
CAL_GYROO_YOFF
CAL GYROO _YSCALE
CAL_GYROO_ZOFF
CAL_GYROO_ZSCALE
CAL_GYROL EN
CAL_GYRO1_I1D

Al PVDRNT VALK

P Tine

Manual Disarmed

Model with Pitot
1. 500 millimeter
0. 200 meter

0

Enabled

1. 000

1. 000

1. 000

Enabled

No ¥light Data selected..

Tools
Airspeed sensor compensation model for
Airspeed sensor tube diameter. Only us
Airspeed sensor tube length
Primary baro 1D
Gyro 0 enabled
ID of the Gyro that the calibration is
Gyro X-axis offset
Gyro X-axis scaling factor
Gyro Y-axis offset
Gyro Y-axis scaling factor
Gyro Z-axis offset
Gyro Z-axis scaling factor
Gyro 1 enabled

ID of the Gyro that the calibration is

Replay Flight Data ot

Figure. Calibration parameter in QGC
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Basic Experiment

(2) Step2: Parameter calibration
1) The usage of function

p = Im(func,p,x,y _dat,dp,p min,p max)

® Input parameters:

® func function name y hat = func(x,p), the functional relationship is TK,("a,+b. ), whereT, =1, .
® p: the initial value of the parameter to be estimated, which denotes the initial value in optimization;
® x: feature points;

® dp:related to the Jacobian matrix;

® p min: the minimum norm of the unknown parameter, the default is -100*abs(p);

® p max: the maximum norm of the unknown parameter, the default is 100*abs(p);

® Qutput

® p: The estimated parameter value by the algorithm iteration, i.e. ©, .
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Basic Experiment

(2) Step2: Parameter calibration
2) Calibrate the accelerometer by the LM

algorithm. The main code i1s shown 1n

following table.

%File Description:

% According to the accelerometer error model, the accelerometer error
model parameters are calculated using the Im optimization algorithm.
close all

cle

clear

load AccRaw %l oad uncalibrated accelerometer data
g=9.8;
m = length(AccRaw);

y_dat = g*ones(m, 1); % UExpected gravitational acceleration data
p0=[111000];

p_init=[1.0 1.0 1.0 0.1 0.1 0.1]'; % Accelerometer error model parameter
initial data

14

15
16

17
18
19
20
21
22
23
24
25
26
27
28
29
30

y_raw = calFunc(AccRaw, p0); %2-norm of uncalibrated
accelerometer dara

y raw =y raw(:);

r raw =y dat-y raw; %The difference between the uncalibrated
gravitational acceleration measured by the accelerometer and the standard
gravitational acceleration

p_fit =Im('calFunc', p_init, AccRaw, y dat);

y_Im = calFunc(AccRaw, p_fit); %?2-norm of calibrated accelerometer
value

y_Im =y _Im(:);

r Im=y dat-y Im;

kx = p_fit(1);

ky = p_{fit(2);

kz = p_{it(3);

bx = p_fit(4);

by = p_fit(5);

bz = p_f{it(6);

Ka9 8=[kx 00; 0 ky 0; 0 0 kz]

ba9_8 = [bx by bz]'

save('calP9_8', 'Ka9 _8', 'ba9d_8")

\
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Basic Experiment

(2) Step2: Parameter calibration

Moreover, as shown in the following figure, the optimization objective converges to
zero very quickly as the iterative number 1s increased with the calibrated parameters
obtained as

(0.9912 0 0
K= 0 09974 0

0 0 09947

(0.0168 g .
b, =|0.2691

10.1253 |

Number of iterations

Figure. Value of £, of calibrated and uncalibrated accelerameters
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Analysis Experiment

[0 Experimental Objective
B Things to prepare

The restored acceleration data collected from the basic experiments.

B Objectives

Change the value of the gravitational acceleration from 9.8 to 1. Calibrate the
accelerometer parameters again; with the calibrated data, calculate the pitch angle. Compare
and analyze the calibration parameters and pitch angles computed based on different

calibrated parameters when the gravitational acceleration is set from 9.8 to 1.
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Analysis Experiment

[0 Experimental Analysis

The optimization of @Z 1s the desired objective. Then

2 -s

TK;("a), +b],)

=0

00

a

0,=0,

where T, =1,. In that regard, the gravitational acceleration changes. For example, g, >0 is

changed to g. Multiplying the left and right sides of

The equation by « yields S
This 1mplies that, after the

8M oK (a4 2 gravitational acceleration 1s
;( a® a( an t m)‘_ag) o changed, the calibration
00, B parameters are K, =aK; and

*/ &

©,=0, ba :ba
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Analysis Experiment

[0 Experimental Procedure

(1) Stepl: Open the file “calLM.m” and

792.4

800

change the value of gravitational

acceleration “g” from 9.8 to 1.

(2) Step2: Copy the sensor data obtained in - | | |

1 NOYa NK

the basic experiment for file “calLM.m”.

(a) Values of optimization objective o o
J. using calibrated and uncalibrated (b) Value of optimization objective f,

accelerameters changes with number of iterations
(3) Step3: Run the file “calLM.m” to t

Figure. Calibration results when “g” is 1

obtain the calibration results and curves.
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1 Calibration Procedure

(3) Step3: Run the file “calLM.m” to obtain the calibration results and curves

Analysis Experiment

Hm g=9.8 K =

(0.9912
0

H g=1

0
(0.1012

0
0

0
0.9974
0

0
0.1017
0

0
0
0.9947 |

0
0
0.1014

One can conclude that when

consistent with the theoretical

€C 99 ¢

g”is 1 and 9.8, K''is reduced to approximately 1/9.8 of K, which is

analysis.
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10.1253
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0.2771
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Analysis Experiment

1 Calibration Procedure

(3) Step3: Run the file “calLM.m” to obtain .. |

the calibration results and curves
The three-axis accelerometer 1s fixed to the

multicopter and aligned with the aircraft-body
coordinate frame. To better illustrate the pitch angle in a
continuous process, a set of accelerometer data 1s logged
again with the Pixhawk autopilot being slowly turned, as
shown 1n the right figure. One can conclude that the two
calibration solutions result in the same angle. This
implies that the pitch angle measurement 1s independent

of the acceleration of gravity.

0.805

0.795

o
3
©

pitch angle (rad)

0.775

0.77

0 10 20 30 40 50 60 70 80 90 100

Sample Number
Figure. Pitch angle with respect two different “g” values
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Design Experiment

[0 Experimental Objective

B Things to prepare
(1) Hardware: Pixhawk Autopilot System;

(2) Software: MATLAB R2017b or above, Pixhawk Support Package(PSP) Toolbox,
QGroundControl(QGC) and Instruction Package “e3.3” (https://rflysim.com/course);

(3) Data for calibration are prepared in Instructional Package “e3.3” for readers without hardware to
collect data.

B Objectives

Design the magnetometer data logging block, following the procedure in the basic experiment.
With the obtained data, calibrate the magnetometer, and compare the calibrated and uncalibrated

results.

A ETEHRREE
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Design Experiment

O Experimental Procedure

HE Simulink Library Browser - a

(1) Step1: Obtain magnetometer

- transfer fun v Ry - PRl - ~| = (2

Pixhawk Target Blocks/Sensors and Actuators

data from Pixhawk Autopilot Fuzzy Logic Toolbox -

HDL Verifier
. Image Acquisition Toolbox
1) Data lOgglng blOCk Instrument Control Toolbox
LTE HDL Toolbox
Model Predictive Control Toolbox

Create a new Simulink file and drag out the Neural etork Toolbox

OPC Toolbox

Phased Arravy System Toolbox
w |[‘ixlm1l.'k Target Blocks |

corresponding modules from the Simulink PSP DX and Serial

Miscellaneous Utility Blocks

[Sensors and Actuators |

Toolbox, as shown in the right figure. To log data, - uORD R o Wit
Report Generator

use the corresponding blocks in “Pixhawk Target i Blockser
. . [f‘_f-ﬂ':L_ISIL Ct-\1111'i\| Toolhox AUX_output
Blocks™ that log data from the inertial sensor and e

Simulink 3D Animation
Simulink Coder

RC transmitter. That data Can be Saved intO the Simulink Control Design W

< > | Ties, QMW\L
Pixhawk SD card.

Figure. PSP toolbox in Simulink library browser
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Design Experiment

[0 Experimental Procedure

(1) Step1: Obtain magnetometer data from Pixhawk Autopilot

1) Data logging block

An appropriate model given in the file

“acquire _data mag.slx” 1s shown in the

right figure.

b Man?

gy
r ARy Accelx
Ly A

fagx

Magy

\

single

L rc_Input
——* data

i datalog_flag

datalog

[ RGBLED_MODE_ENUM.SL_MODE_BLINK_FAST |_I't:

]

|RGBLED_MODE_ENUM.SL_MDDE_BLINK_NORMAL|—‘

i ‘j'-, Accely Acc
Bl '9"1“ [ RGBLED COLOR ENUM.SL_COLOR RED  |——»
T AccelZ Acc 4 [ RGBLED_COLOR_ENUM.SL_COLOR_GREEN |, o
l_-vumé’g'!a'np
12:34

Figure. Magnetometer data logging, Simulink

model “acquire_data mag.slx”
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Design Experiment

[0 Experimental Procedure

(1) Step1: Obtain magnetometer data from Pixhawk Autopilot

2) Hardware connection

The connection between the RC
receiver and the Pixhawk autopilot
can be determined, as 1s shown in

the right figure.

\

-

Plug in the right
side USB port

Plug in the left
RCIN port

Figure. Pixhawk and RC transmitter connection
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Design Experiment

[0 Experimental Procedure
(1) Step1: Obtain magnetometer data from Pixhawk Autopilot

3) Compile the file “acquire data mag.slx” and upload it to the Pixhawk autopilot.
4) Log the data

When the data of the magnetometer is logged, the average data 1s not used to eliminate data
noise; rather, a significant amount of raw data 1s used to eliminate noise. The reason for this is
that when the data of the magnetometer i1s logged, the Pixhawk autopilot should be shaken,
which will cause extra acceleration, but will not change the magnetic field around the autopilot.

Thus, to obtain sufficient magnetometer data, the Pixhawk autopilot can be randomly shaken.
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I:I Experlmental Procedure

(1) Stepl: Obtain magnetometer data from Pixhawk Autopilot
4) Log the data ‘i

Pull back the upper-left switch corresponding to CH5>1500, to start
writing data to the SD card. Place the Pixhawk autopilot as guided by the
right figure. Starting at each orientation, rotate the Pixhawk autopilot a
circle clockwise or counterclockwise around its principal axes of the
moment of inertia, where 40 sampling data are logged. Meanwhile, the
Pixhawk autopilot logs data to a file called “e3 _m_A.bin” on the SD card
Once the process of logging is completed for the current orientation, the
Pixhawk LED status light will be slowly blinking in red. Then, repeat the
logging process for all orientations. Once all data corresponding to all six
orientation is collected, the Pixhawk LED status light will be quickly
blinking in red and a total 240 sampling data are logged. Then, pull

forward the upper-left switch (CH5<1500) to stop writing data to the SD B Upward ©Down
card. Figure. Pixhawk autopilot placement

Design Experiment

facing six different directions
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Design Experiment

(1) Stepl: Obtain magnetometer data from Pixhawk Autopilot

5) Read the data

o *gz* *HK
First, remove the microSD card from Pixhawk autopilot. | %@gﬁﬁ gj:{zwﬁ 2% -
Read the data using a card reader. Copy the file “e3 m A.bin”

to the folder “e3\e3.3” and save it. Use the function

[datapoints, numpoints] =

px4 read binary file(‘e3 m_ A.bin’)

to decode the data. The data are saved in "datapoints" and the

number of the data is saved in "numpoints". The logged data , L , ,
Figure. Magnetometer calibration sampling point

is shown in the right figure.
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Design Experiment

Calibrate the accelerometer by the LM algorithm. The
main code is shown in following table.

close all
clc
clear
load MagRaw.mat
CAL_MAG _SCALE =[1, 1, 1]'; %Calibration value in autopilot
CAL_MAG_OFF = [0.064, 0.014, -0.053]';
MagRaw = (mag + CAL_MAG_OFF)./CAL_MAG_SCALE;
%0 Original magnetometer data
m = length(MagRaw);
MagSum = 0;
fork=1:m
MagSum = MagSum + norm(MagRaw(:, k));
end
MagAver = MagSum/m; % Estimated magnetic field strength
Vdata = MagRaw/MagAver; % Normalization

y_dat = ones(m, 1);
p0=[111000]";
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p_init=[1110.01 0.01 0.01]'; %/Initial value of the parameter to be
estimated

y_raw = calFunc(Vdata, p0); %Z2-—norm of uncalibrated magnetometer
value

y_raw =y raw(:);

r raw =y _dat-y_raw;

p_fit =Im('calFunc', p_init, Vdata, y dat, 0.001);

y_Ilm = calFunc(Vdata, p_fit); %?2-norm of calibrated magnetometer
value

y_Im=y_lm(:);

r Im=y dat-y Im;

y_px4 = calFunc(mag/MagAver, p0); %?2-—norm of PX4 Calibrated
magnetometer value

y_px4 =y_px4(:);

r px4 =y dat-y px4;

kx = p_fit(1);

ky = p_fit(2);

kz = p_fit(3);

bx = p_fit(4);

by = p_{it(5);

bz = p_{it(6);

Km = [kx 0 0;0 ky 0;0 0 kz]

bm = [bx by bz]'
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Design Experiment

O Experimental Procedure

(2) Parameter calibration
As shown in the following figure, the optimization objective becomes smaller than that for

uncalibrated parameters, and the optimization objective converges to 0.5 very quickly as the iterative

number is increased. Finally, the calibrated parameters are obtained as

0.9853 0 0
K = 0 10202 0 . I
0 0 1.0004 -
—0.1448
b =| -0.0334
~0.0898

Number of iterations

Figure. Values of optimization objective f,,using calibrated, uncalibrated magnetometers and PX4
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Summary

An accelerometer calibration model and a magnetometer calibration model are illustrated using
the multicopter sensor calibration experiment, where the PSP Toolbox is used for data logging.
When recording accelerometer data, to avoid additional non-gravity acceleration, it 1s necessary to
hold the Pixhawk still. To reduce the external acceleration noise, some extracted feature points
are used for calibration optimization, rather than all sample points. The calibration results are
satisfactory.

After the gravity acceleration “g” is changed from 9.8 to 1, the same code from the basic
experiment 1s executed again. The results show that the scale factor Ka narrows 1/9.8, but the
attitude angle is consistent with that when “g” is 9.8. This implies that the pitch angle
measurement 1s independent of the acceleration of gravity.

As for recording the magnetometer data, the Pixhawk autopilot is rotated starting from six

different orientations. The calibration results are satisfactory.
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Resource

All course PPTs, videos, and source code will be released on our website

https://rflysim.com/en

For more detailed content, please refer to the textbook:
Quan Quan, Xunhua Dai, Shuai Wang. Multicopter Design and Control Practice. Springer, 2020

https://www.springer.com/us/book/9789811531378

If you encounter any problems, please post question at Github page
https://github.com/RilySim/RflyExpCode/issues

If you are interested 1n RflySim advanced platform and courses for rapid development
and testing of UAV Swarm/Vision/Al algorithms, please visit:

https://rflysim.com/en/4_Pro/Advanced.html
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