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ABSTRACT

Pose Estimation of a Mobile Robot Using

Electric Compass and Encoder

Kim, Kwang Jin
Advisor : Prof. Nak Yong Ko, Ph. D.
Dept. of Control and Instrumentation Eng.

Graduate School of Chosun University

This paper propose a method to estimate the pose of an indoor mobile robot.
The method uses the information from electric compass and wheel encoder. Usually
the dead reckoning method using only the encoder information can’t avoid the error
due to slip, wheel diameter error, and uneven floor. So the proposed method uses
electric compass to compensate the pose error.

The method regards the heading angle from the electric encoder more reliable
than the heading angle from the dead reckoning. The heading angle from the
electric compass substitutes the dead reckoned heading angle, and is used to
calibrate the dead reckoned position data. This method is tested and evaluated

through simulation and experiments.
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A4d. AA FAHo AHEE AA R o]F 2R A2H

o= AFSE AAYET A= CMPS03 AHA ydw 258 ALE
9

A=A AAA gh& ddghe= @rksto] o] ghol osf =ito] 3=

Pin 4 - Ov Ground
Fin g - Mo Connect
Pin 7 - 50/60Hz
Fin & - Calibrate
Fin & - Mo Connect
Fin 4 - P4

Fin 3 - 5DA
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Fin 1 - +&¢
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Register

Function

0 | Software Revision Number

1 Compass Bearing as a byte, i.e. 0-255 for a full circle
53 Compass Bearing as a word, i.e. 0-3599 for a full
"~ [circle, representing  0-359.9 degrees.
45 Intzrnal Test — Sensor1 difference signal — 16 bit signed
T wor
6.7 Int(ejrnal Test — Sensor2 difference signal — 16 bit signed
© wor
8,9 | Internal Test — Calibration value 1 — 16 bit signed word

10,11 Internal Test — Calibration value 2 — 16 bit signed word

12 | Unused — Read as Zero

13 | Unused — Read as Zero

14 | Unused — Read as Undefined

15 Calibrate Command - Write 255 to perform calibration

step. See text.

Table 2. Register of CMPS03

#2+ CMPS03 A A3 wt 259 2 A ~F o]t}

Fig 3. Electric compass Sensor

A ool AgR AAGAR A o
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(@) A ey 5

£ prog

Received Data

Fig 4. Electric compass Data

a"4s ARG AMREE dHelHE f5sts Euolth. Al

Ae Fdto] 0.1% @2 dolHE HFHAA Te 5

A g AAHA AR A5S HesAan v

oo
=

m

CMPSO03 Electric Compass Sensor.

Voltage — 5v only reqguired

Current — 20mA Typ.

Resolution — 0.1 Degree

Accuracy — 3-4 degrees approx. after calibration

Qutput 1 = Timing Pulse TmS to 37mS in 0.1mS increments
Output 2 — 12C Interface, 0-255 and 0-3599

SCL speed up to 1MHz

Small Size — 32mm x 35mm

Low Cost — Best Price Compass Module Available
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7k Zd g ol yp HA o] wEl Wil AXE mpolamHEZHZ Aol

G oehte By R BREEAE o §d FA FYAl AL A

(1). st o] +x
B =R AL A& F3 23 A 2= Pioneer 29 93y LxE

Ue 2H(™5) oF 2ok

Control Panels
for Onboard Computer & Accessories
Rear Sonar Front Sonar
_ ing / Ring
00O == O[O0
. 18.5¢
21.5¢ = Removable
m Battery - = Nose
Access E
Door f /
o
@) Sen @
1
Caster Drive Wheels
byy L — by
. - N
by ) b,
by 'Rear Bumpers Front Bumpers ||| |by

T
|
}

Fig 5. Pioneer 2’s physical dimensions and sonar array
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Information Command
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Communications
Serial TCP/IP
Local Pipe
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Packets
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Ranging

B -
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e Integration Schedules
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Control Control
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Fig 6. Client-server control architecture
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S Pels AR Aol mES FeoldE Ao

AR Aol R Apgx Zzagdo] APAow wR  uE(daemon)
FAlste] 28 Ao]g ZEOMOR ARG otk o] zEaOYe 2R

of &Mooz gRelA HelHE WolA o|AES AW AL, dolEE thA
¥

w Al ZIel ARgehs W ot

Pioneer 29] X213 Rro #As Y& v 2H(ZEDA JEFN A

User Program Commands » Robot Demon Robot
Sensory Data
Direct Mode
User Program Server Robot Demon Robot
Simulator
Client Mode

Fig 7. Direct Mode and Client Mode
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@ FLASH £9A1& 23] =i & ol g3 Axwdoe= fAA200

@ MOTOR WES& ON e = FAA7|HA RESETH &5 ON—OFF gt}

@ "A o2 MOTORHES 3%°]4 ONAHE FX 3 Fo OFF g},
% plosT g C\o EAFEHT}.
% MS-DosE A&t CDHES A3l p2os7t & HPEZRZ o] &gty

# ploscfexedtd A (HAl A2 vs TH(IHS) 3 2

c\>cd p2os
c:\p2os>p2oscf.exe

Opening serial port COM1
Sending 187 byte boot loader
Monitor is 1765 bytes
Monitor loaded!

% Serial port, boot loader and memory bus OK.

Retrieving parameters from flash ROM.......... Pioneer
============== P20S Constants P2PP
S======s========== BDBBI1533
that you shouldn’t touch... 0
Type 360
Subtype 2200
Serial Number 360
FourMotors 0=no, I=yes 4000
500

RotVelTop deg/sec 128
TransVelTopmm/sec
RotAccTop deg/sec/sec
TransAccTop mm/sec/sec

CURRENT

_17_




PwmMax 0-500 pwm counts

Encoder counts/mm

—EsEEEEEEEE=EE== PZOS Variables

KEYW ORD

Name

SInfoCycle 0=100ms, 1=50ms
HostBaud 0=9600, 1=19200, 2=38400
AuxBaud 0=9600, 1=19200, 2=38400
HasGripper O=none, 1=userio 2=genio
FrontSonars 0O=none, 1=installed
RearSonars O=none, 1=installed
AddedSonars O=none, 1=8 sonars, 2=16 sonars
Low Battery 1/10 volt increments
WatchDog ms

Rev Count

P2Mpacs 0O=classic, 1=new

StallVal 0-500, never if > pwmmax
StallCount 10ms increments
Compass O=none, 1=V2X, 2=TCMZ2
CompX, compass X cal. offset
CompY, compass Y cal. offset
RotVelMax deg/sec

TransVelMax mm/sec

RotAcc deg/sec/sec

RotDecel deg/sec/sec

RotKp

RotKv

RotKi

TransAcc mm/sec/sec

TransDecel mm/sec/sec

TransKp

TransKv

VALUES
Boo-Ki_1533
0

S ~N ~N © O N

110
2000
33500

400
100

100
500
50
100
30
60

100
200
40
80

600
125
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TransKi
JoyVelMax mm/sec
JoyRVelMax deg/sec

======== P20S Config Commands =================
Type: keyword alone to view current value
keyword and new value to change it
‘c’ or ’‘constants’ to view P20S constants
‘v’ or ’variables’ for current variables
‘a’ or ‘arm’ to for current arm values
‘r’ or 'restore’ to restore original values
‘q’ or ‘quit’ to exit *without* saving
‘save’ to save changes and exit
’?” or "help’ to see this menu again
command> HostBaud 0
HostBaud is 9600.
command> save
Comparing params with board FLASH. One moment, please...
Saving changes to flash...% Flash bank 3 cleared
% Flash bank 3 erased.
Writing parameters....
Saved to flash...
command> ¢

Comparing params with board FLASH. One moment, please...

Press <Enter> to quit...
C:\p20s>

Fig &. Pioneer 2 Reconfiguration
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(4). Update

® FEL

% MS-DosE A a3t CDHE S AFE3 pos7t & HIEZZ o] &gt

¥ C:\p2os>p2osdlexe p2osl_Phex(A A Azd e tf 2H (21} 2})

C:\p2os>p2osdl.exe p2osl_P.hex

% Loading Intel hex file p2osl_P.hex
Read p2osl_P.hex successfully

% 949 32-byte blocks

Opening serial port COM1

Sending 187 byte boot loader
Monitor is 1765 bytes

Monitor loaded!

% Serial port, boot loader and memory bus OK.
Syscon is 043f

FLASH bank 0: data

FLASH bank 1: data

FLASH bank 2: data

FLASH bank 3: data

Retrieving parameters from FLASH BANKS.......ccoocoviiiiiiiiieeee

Downloading flash data...
% Downloading 384 blocks to FLASH bank 0
% Flash bank 0 cleared
% Flash bank O erased.
% Downloading 382 blocks to FLASH bank 1
% Flash bank 1 cleared
% Flash bank 1 erased.
% Downloading 178 blocks to FLASH bank 2
% Flash bank 2 cleared
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% Flash bank 2 erased.

No parameters to update or add. Skipping Bank 3.

Press <Enter> to quit...

C\p2os>

Fig 9. updating Pioneer 2

)

v}. PIONEER 29 54 Z 271

(1). Packet Protocol

P20SE ¥ 33 o] 5¥g HE gA S /Ao FEolAdET Auel o
HAE gAY Foixd ol it Ao JeHARE FEolAEANA A F
=

(o

Component | Bytes Value Description
Packet header; same for client and

Header 2 OxFA, OxFB
server

Number of subsequent data bytes,

Byte Count 1 N + 2 including the Checksum word, but not

the Byte Count. Maximum 200 bytes.
command |Client command or server information

or SIP  |packet (SIP)
Checksum 2 computed |Packet integrity checksum

Data N

Table 3. Pioneer 2 Packet Protocol
P20St= SdtoldEZRE WS wow AFor TAE AYUUZES
sl WA ARES ) 100msvith HEH = SFtoldECNA BulA €
A e A 239 ¢ x|, Sonar, Bumpers ¢ AR E F49 A

SEAl A
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Name Data Type Description
Header integer Exactly 0xFA, 0xFB
Byte byte Number of data bytes + 2 (checksum); must be less
Count Y than 201 (0xC9)
Status/Pac| byte = 0x3S;
ket Motors status
where S =
Type Motors stopped
Robot moving
unsigned
Xpos integer ) )
(15 1s-bits) Wheel-encoder integrated coordinates;
; d platform-dependent units; multiply by DistConvFactor¥
 unsigne to convert to millimeters.
Ypos integer
(15 1s-bits)
Th pos signed Orientation in platform-dependent units —multiply by
P integer AngleConvFactor¥ for degrees.
L vel signed
integer Wheel velocities (respectively Left and Right) in
platform—-dependent units;
R signed multiply by VelConvFactor¥ —currently 1.0 for all—to
vel . . ot
integer convert into millimeters per second.
Battery byte Battery charge in tenths of volts
Motor stall and bumper accessory indicators. Bit 0 of
the Isbyte is the left wheel stall indicator = 1 if
Stall and stalled. Bits 1-5 of that same byte correspond to the
integer bump switch states (1=on) for the rear bumpers
Bumpers accessory. Bit 0 of the msbyte is the right wheel stall;
the bits 1-5 of that same msbyte correspond to the
front bumpers switch states.
Control signed Setpoint of the server’s angular position
ontro integer servo—multiply by AngleConvFactor¥ for degrees
fLAGS unsigned b0 - motors flag (1=motors enabled)
was integer _ ., Q00 ens ;
PTU) bl sonar flag: enabled if 1.
Compass | byte Compass heading in 2-degree units
Sonar Number of new sonar readings included in information
. byte . - .
readings packet; readings follow:
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Sonar

number | PVte Sonar number
Sonar . Sonar range; multiply by
irllltr?frn ed RangeConvFactorf — currently 0.268 for all —for
range & millimeters

--:rest of the sonar readings--

Timer unsigned int Selected analog port number 1-5

User Analog input (0-255=0-5 VDC) reading on

Analog byte selected port

Digin byte User I/O digital input
Digout byte User I/O digital output
Checksum |integer Checksum (see previous section)

Table 4. Server Information Packet

ZgoldEE W= HAWYFA S A Watchdog(default : 2sec)A] 7+ ol
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Byt

Value Description
es

Component

Header 2 | OxFA, OxFB | Packet header; same for client and server

Number of following command bytes plus
Byte Count 1 N + 2 Checksum’s two bytes, but not including
Byte Count. Maximum of 200.

Client command number;

see Table 4-4

Command Number 1 0 - 255

0x3B or Required data type of command argument:

positive integer (sfARGINT),

Argument Type

(command 1 0x1B or

dependent) 0x2B negative integer or absolute value
(sfARGNINT), or string (sfARGSTR)

Argument

(command n data Command argument; integer or string

dependent)

Checksum 2 computed Packet integrity checksum

Table 5. Client Command Packet

De .. PSO| P2

Command c Args Description s |os
Before Client Connection

SYNCO 0 none Start connection; P20S echoes

SYNCI1 1 none 3.x | 1.0

SYNC2 5 Hone synchronization commands back to client.

After Established Connection

PULSE 0 none Client pulse resets server watchdog 3x [1.0

OPEN 1 none Starts the controller 3x [1.0

CLOSE 2 none Close server and client connection 3x [1.0

POLLING 3 string |Set sonar polling sequence 3.9 1.0

ENABLE 4 int Enable=1; disable=0 the motors - 11.0
Resets translational acceleration parameter, if

SETA 5 |signed int positive, or deceleration, - 110
if negative; in millimeters per second2

SETV 6 int Reset maximum translational velocity, 48 | 1.0
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in millimeters per second

SETO 7 none Resets server to 0,0,0 origin 3.x | 1.0
MOVE 8 |signed int|Translation distance to move in mm
Resets maximum rotational velocity
SETRV 10 int 48 11.0
in degrees per second
Move forward (+) or reverse (-)
VEL 11 |signed int 3x [1.0
at millimeters per second
Turn to absolute heading (+) =
HEAD 12 |signed int |counterclockwise; 42 1.0
+ degrees
DHEAD 13 | signed int Turn relative _to ‘current heading (+) = 3x 1.0
counterclockwise; + degrees
As many as 20 pairs of duration (20 ms
SAY 15 string |increments) /tone (half-cycle) pairs; int is 42 1.0
string length
CONFIG 18 int 1=Request configuration SIP - 114
. Request 1 or continuous stream (>1), or tell to |
ENCODER | 19 mnt stop sending (0) Encoder SIPs 1.4
RVEL 21 |signed int|Rotate at + degrees per second 42 1.0
Heading setpoint relative to last setpoint;
DCHEAD | 22 |signed int
+ degrees; (+) = counterclockwise
Sets rotational (+)acceleration or
SETRA 23 |signed int - 11.0
(-)deceleration, in mm/sec/sec
SONAR 28 int 1=Enable; 0=disable all the sonar - | 1.0
STOP 29 none Stops robot (motors remain enabled) - 11.0
Msbits is a byte mask that selects output
DIGOUT 30 int port(s) for changes; Isbits set (1) or reset (0) 42 112
the selected port.
Independent wheel velocities; lsb=right wheel;
VEL?2 32 | signed int msb=left wheel; PSOS is in +4mm/sec; 41110
P20S in *2cm/sec increments
Pioneer 1 and Pioneer 2 Gripper server
GRIPPER | 33 int command. See the Pioneer Gripper manuals for | 4.0 | 1.3
details.
. Select the A/D port number for analog value in|
ADSEL 35 mnt SIP. Selected port reported in SIP Timer value. 1.2
GRIPPER i ) Pioneer 2 gripper server value.
nt -
VAL See P2 Gripper Manual for details.
GRIP Request 1 or continuous stream (>1), or tell to
37 none . . - |1.E
REQUEST stop sending (0) Gripper SIPs
0 10 hone Request 1 or a continuous stream (>1) or tell e

to stop sending (0) IO SIPs
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REQUEST

msb is the port number (1-4) and Isb is the 1.2
. pulse width in 100usec units PSOS, 10upsec _
PTUPOS 41 int units P20S. Version 1.J uses RC-servo 40ms 45
duty cycle. 1.J
Send string argument to serial device
TTY?2 42| string |connected 42 1.0
to AUX port on microcontroller
Request to retrieve 1-200 bytes from the aux
GETAUX | 43 int serial channel; 0 flushes the aux serial input - |14
buffer.
Stop and register a stall if front (1), rear (2)
BUMP_ST 44 int or either (3) bump-ring contacted and robot - 115
ALL SRR .
motion is in direction of bump.
TCM2 45 int TCM2 Module commands; see TCM2 Manual - 116
for details.
Default is 0=OFF; 1=enable docking signals;
DOCK 46 int 2=enable docking signals and stop the robot - 11.C
when docking power sensed.
JOYDRIVE | 47 int Default is O=OFF; 1=allow joystick drive from - G
hardware port
E_STOP 55 none Emergency stop, overrides deceleration - 118
E_STALL | 56 int Emergency stop button causes stall - |1.E
STEP 64 none |Single-step mode (simulator only) 3.x [1.0
70
ARM ~ ~ Plea;e consult the Pioneer 2 Arm Manual for C
details.
80
. Change working rotation proportional PID drive |
ROTKP 82 mnt factor (not FLASH default) .M
. Change working rotation’s derivative PID drive ~
ROTKV 83 mnt factor (not FLASH default) LM
. Change rotation’s integral PID drive factor (not|
ROTKL 1 841 int gy ASH default) LM
. Change working translation proportional PID ~
TRANSKP |85 | int |06 factor (not FLASH default) 1M
. Change working translation derivative PID ~
TRANSKV| 86 mnt drive factor (not FLASH default) .M
. Change working translation integral PID drive ~
TRANSKI | 87 mnt factor (not FLASH default) LM
REV
38 int Change working revcount (not FLASH default) 1.M
COUNT
PLAYLIST| 90 int Must be 0; request AmigoBot sound playlist - |1.E

Table 6. Client Command Set
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Fig 10. Geometric robot moving system
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Fig 11. Robot structure
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short int dTheta = 8;

short int dX, dv¥;

unsigned char 1_ThetaHighByte ;
unsigned char 1_ThetalLouByte ;
bool 1_chkSign ;

d¥% = (({m_pioneer.thXpos[1] << 8) + m_pioneer.thXpos[0]);
if(d¥ >Bx7FFF)
{
df = (™dX + 1);
K
m_pioneer.dipos = di = 08.4919;

m_Xpos .Format(“%4.2f", m_pioneer.dipos);
SetDlgltemText(IDC_KPOS, m_Xpos);

d¥ = ((m_pioneer.th¥pos[1] << 8) + m_pioneer.th¥pos[0]);
if(dY >Bx7FFF)
{
dy = (™dy + 1);
}
m_pioneer.d¥pos = dY * 0.4919;

m_Ypos .Format{"%4.2f", m_pioneer.d¥pos);
SetDlgltemText(IDC_YPOS, m Ypos);

Fig 12. Range data algorism
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if( m_pioneer.thThpos[1] & 0x68 )

1_chkSign = true ;
H

else
{

1_chkSign = false ;
H

1_ThetaHighByte = m_pioneer.thThpos[1];
1_ThetaLowByte = m_pioneer.thThpos[8] ;

1_ThetaHighByte &= Bx87 ;
dTheta = (unsigned int)({1_ThetaHighByte << 8 ) + 1_ThetalLowByte);

if{ 1_chkSign )

{
m_pioneer.fThpos = float{{™~dTheta+1) = 0.88153% = {188/pi));
H
else
{
m_pioneer .fThpos = float{dTheta = 8.881534 = (1868/pi));
H

m_Thpos .Format{"%3.2f", m_pioneer.fThpos};
SetDlgltemText{IDC_THPOS, m_Thpos);

Fig 13. Angle data algorism
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Fig 14. Data of Encoder and Electric compass
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#d WS (random variables) wy, vy = TAY 4 wolzg 77 ®A
it} o] Wi 52 A2 5940 Aoz JMAEHT, A 3 JA E BE
E z2te Ao E M4 HEY, 4(3-100% A(3-11)3 o] X I}

2wy ~ MO, &) (3-10)
Aoy ~ MO, £y (3-11)

ojxb Zwk JE WAAL AA A A WG 2 (time update equation)

3} =4 784 WA 2 (measurement update equation)>.Z o] T} z+z

};H = Aé};—{_ﬁ% (3-12)
Pon = APAL+ Qs (3-13)

H4GE1200A S8 B A2 geh Az 4 gl o A g

242 EAG Holv, HGB-13)e0AH g & F4 A2 _gsh AxsY ol

o
55
o
ot
1>
o
v

= @ el olefe] A e 74 (priori estimation)

K= PH{HPH+ R) ™! (3-14)
= v+ KA —Hir ) (3-15)

= Pp— K0P
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