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Abstract

This diploma thesis is focused on brushless DC motors, how they work and how to control them
using phase tablest describes the internals of existing motion control library (PXMC) and provides
documentation of its elements, which were published undelLG&nse Additionally it presents
extensions of PXMC library, which were made to control two brushless motors with help of
wSySalaQ | y{ kHc bintrodideOaNBoduuyzéti dbR FXMGNKsoftware for hall
sensor table and index mark detectiomhe target application is a mobile robot for Eurobot

competition.
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1. Introduction

Motors are widely used in many aspects of our lifdey sere in different trivial tasks like
rotation of wheels in toysip to complicatel works demanding very high level of accurdikg

for example imnmilitary andspace applicationsr humanoid robotsOnekind from a hugefamily

of motors are presented later brushless DC motors, whidde to their several advantages are
getting more and more popular and recently were used even in the most demanding tasks
including space missiongr example: robots Spt and Opportunity on Mars use brushless
motors to rotate their wheels.

Fig. 1. Spritigrobot on Mars.

Unfortunately, nowadays even the fastest, strongest and most accurate motors are totally
useless without microcontroller or some other devices. Only external electronicprogery
control them and providesuitable voltages and currents. This is mostlyedto the very
complicated way of the motor control proces©f courseone singlemicrocontroller or even
microprocessor alone is also not argh. W need something more,some special program
whichis executedy the microcontroller and then used to contrthe motor.

Because of this last need, om@in Prague, there was creategllibrary called PXMC. PXMC is
some kind of interface or even mqgrgve can think about ias acollection of functions, which
can be used teontrol different kind of motors. Becse PXM& also hardware independent so
it is possible to use it on many different microcontrollersunted on different boardsOnly one
limitation in this field is that there mudte exising gcc compiler foa desiredmicrocontroller.
What is also impdant, PXMC is under GPL license, so everyone can use it éovrntpurposes
free of charge.



Finally,even the bestsoftware and libraries are useless without good documentatama
examples how to use thenBecause of that, later in this documethiere s describal the whole
PXMC and how toseit, to meet desired needs.

lff 2F 110208S YSyiliAz2ySR (GKAy3I NP LINBaSyGaSR
discussing all very important terms and abbreviations wliah be a key element fqeroper
understnding of thedescribed topicsin the chapter number threeput information aboutthe
brushless DC motorsjow they work, how to control them and what should we know about
them. Forth chapter covers H8S/2368 microcontroller from Renesas which was usest tmd

later extend PXMdbrary. This microcontroller was also used for control of motor built for
Eurobot competition.Chapter number five contains the total documentation of PXM®a#
description of all files, functions, flagederrors which developer can meet during his work with

it. In the next two chapers: sixth and seventh, | described my work with PXMC. These
subsections include information about Board Support Package, how tmowusetend it and
eventualy how toimprove its code. We find there also which tools were use to create
documentation added in Appendix A and LE&st two chapters contain only my own opinion
about new things which | learned and information about sources which | used during my
adventure with writing his document.



2. Terminology and abbreviations

Bedow are presentedthe most importantterms and abbreviations whichre laterused in this
document

Ox ¢ It denotesthat we are using hexadecimal number. For example: Oxff means 255 in decimal
system Ox1f means 3(in decimalsystem)
ACc Alternating Current

Commutationg ¢the action of applying currents or voltages to the proper electrical motor phases so
as to produce optimum motor torque at a motor's shift

GCommutation point¢Itis a pointwhere two phases produce equal levels of torque.

Compare match; A mmparison between some two registers, which gives the result as trueoif tw
registers have the same valoefalse if they have different values.

DCc Direct Current

IRC¢ (IncrementalRadialCounte) Sensor which makes measurement of relative position of the
rotor. The actual position of the motor can be calculated by the sum of pulses received form IRC.

Index ¢ A value which describes the actual position in some array. In this docuthent A Y RS E ¢
points to the actual position in the phase table(s).

Index markg Starting point or point used to make synchronization of the rotating motor.

Phase table¢ An aray whid contains values describing sinusoid or othanction It is used for
proper calculations a@voltagewhich should be sending to the matto causets rotation.

PXMC (Pikron eXtensible Motion Contrdloraryfor control different types of motors.

PXMCstructure ¢ A data structure whichcontainsall necessary parameters needed for rotation of
the motor.

PWMc¢ Pulse Width Modulation

! http ://fen.wikipedia.org



Servo¢ shortcut of Servomechanisg a special motor that typically includes a velocity and/or
position feedback device.

Sinusoidal current wave It is a graphical or mathematicedpresentationof changes itthe current,
whichhasthe shae of asinusfunction.



3. Brushless DC motors.

3.1. Overview.

3.2.

A brushless DC motors, very often denoted by shortcut BLDC (BrushLess Direct Current), are
popular synchronous electric motors widely used in industry, especially in Appliances,
Automotive, Aerospace, ConsumerMedical, Industial Automation Equipment and
Instrumentation. Characteristic property of this mot&ind is that instead of brushes for
commutation it uses electronicaligontrolled commutated system. Brushless motors have
several advantages, and some bémn are:

- good speed versus torque characteristic
- high dynamic response

- high efficiency

- long operating life

- silent during operation

- high speed

- high torque versus the size of the motor

Fig.3.1-1. RE&0 brushless motor from Maxon.

A verygood confirmation of all above features aready mentioned at the begning of this
document fact that brushless motors were sent to Mars on board two rovers: Spirit and
Opportunity.

Description.

Generally we can distinguish two types of brushiessors: trapezoidal and sine wave. First one

is really a brushless DC servo. Second kind has close similarity to the AC synchronous motors.
Later in this section I'll shortly show the main differences between these two types of motors.
Now,f S lidaR taste and find outhow the brushless motors are build.

10
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Fig.3.2-1. Basic schematics bfushless motor.

The basicschematic of a brushless motor$sown on the picture 3.2.1First of all, brushless
motors don't have windings on the rotor. The meaningttot is that here the rotating part is
permanent magnet and the windings are placed on the stator poles. Additionally for proper
functioning we need something what can automatically reverse the current. This can be
achievedin two different ways. st is a mechanical approachwhere we can use a cam
operated reversing switch. Second possibility is to use an electronic amplifier which allows us to
do the commutation in response to lelevel signals from an opticar halleffect sensor. The
general conclusin of above is that we can't just connect our motor to a current source, because
the current in external circuit must be reversed at strict defined position of the rotor. This last
requirement can be very goodolvad by the use of some microcontrolleg for example
H8S/2638 described in the next chapter.

Second thing which is important to understand brushless motoespkacement of windings.

Assuming that wénave three phasedesignmotor, we can connect them in two ways. First is

OFf t SR &, ¢ &2NA Ay ¥ NI YR YBIS O2 vy RIn Both capes tRefaftial | O2 YL
windings are shiftethy 120. Both arrangementscan be seen on the following picture:

“Y-circuit"

Fig. 32-2. Windings in brushless motor.

11



The above presentedifferences in arrangement changige speed and torquenversely

proportional to the factoiof+/3. Of course the arrangement of the windings doesn't have crucial
rule in the motorselection.

Al

/4 %’\fj
[ 1 &4 ) |
(.

oé ‘\( (’?mq . c2 | A2

.,\01_ \d\a __ B1 J, / ‘\

P c'___ B2 ~,
'\S-A—z : // . ‘,’ \.R B

Fig.32-3. Coils and poles inside brushless motor.

As presentedon the figure nr 3.2-3 as a typical brushless motohas three sets of coils called
4 LIK | arldsinsotbr hasalso 2 poles. In normal case the rotor has four or six poles with

corresponding higher number of stator poles. Mentioned here the increase in the number of
poles doesn't have infence to the number of phases.

We know from the basic physics that the torque is at the maximum when the magnetiésfield
perpendicular to the object on which we want to act. Due to this rule, we always try to set the
stator field and rotor at 90degreeeach other Now, to keep the torque as constant we should
always keep above angle at’9Qooking at schematics on the picture 312-3 we find out thatif

we are able only to switch phase voltages on and tof iimpossiblefor usto meet above
mentioned condition. This is due to the limiin the number of phasesin above example we
have 3 phases so thainimal resolution is 60 degree and only by this minimal value we can
changethe stator fielddirection. Hopefully there exists small trick which weac use to be very
close to9C. The basic graphical idea is presented on the following pictuge24:
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Feld + k. _\"‘T. 1’?\5' _____ | Rotation
.\ Wt ,
/ \ M J
\ ‘t-_bﬂ -r
1200
¥
Stator ‘ Rator
Field Field
Average Lag = 90"

Fig. 32-4. Stator and rotor magnetic field.
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Explanation of this figure is quite short and easy. As we know from previous pictures, we
considersituation when we have only three phases. This means we can move stator filed only
with resolution of 60. [ S &t@twith a difference in angle between the rotor and the stator
field equal to 120and wait till the rotor rotates by 60 As the result wavill get the difference
equal only to 68 At the same time wehangethe stator fielddirectionby 60 in the rotation
direction what gives us aa result thesituation analogical to the initial condins. The most

important now isthat the avenge diffeence in the aboves 90. This can be very easily

calculated in following mannm@: 90°. The final resultis almost exactly what we

wanted.Belaw picture presents the rotor position aifferent commutation poins.

_ Stator
Field

Cz JAZ

Fig. 32-5. Rotor position atommutation point.

Now as | promised at the beginninf this section, we will loolshortly and try to explain the
basicdifferences between a trapezoidal aadin wave motor.

[ S (st@rtiwith the trapezoidal motor. When a current has fixed level in the wirsl{foy
example 3A)then the use of the sinusoidal torque characterigtrovidesto a large degree of
torque ripple. To minimize this unwanted effect we ddlattené the torque characteristic and
make it similar to the trapezoidal. The example of it can be seen on the following picture:

/ 60°
/

{ /

/ \ Direction of Rotor

&80° Field Relative to
- Stator Field

Fig. 32-6. Trapezoidl characteristicof a torque

Torque
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3.3.

Of coursepresented in above figure situation due torse noninearity effects is very hard to
realize The effect of norlinearity can be observable when the motor is running very slowly as a
slight kick at the commutation points. There is also a second drawback. Namely, the non
linearity and ripple in the torque tentb produce a velocity modulation in the load. Fortunately,

in a system with a velocity feedback and high gain even small changes in the velocity will
produce big error signalswhat gives us demands to change the torque in such a way to keep
the velocity as costant

In the sine wave motorn difference tothe trapezoidal motor we don't change the basic
sinusoidal torque characteristic. We can think about this motor that it is possible to run this
motor by applyingsinusoidalcurrents to the motor windings. Qfourse, each of these currents
must have the phase shifted by £20Now if we want to have a smooth rotation at low speeds
and without torque ripples we need a high resolution device to control the commutation. This
device in general is more complicatedathresolver for the trapezoidal motor, because we need
somereference table from which it can generate the sinusoidal curremntichadditionallyare
multiplied by the torque demand signal. This last operation alldet®rminingthe absolute
amplitude of the currents. It is good to mention that inqghase motor, it is sufficient to
determine the currents in two of the windings and this will give us automatically the information
about the third one. In this kind of the motor we also need some feedback lmatpye are not
limited only to the velocity. In other words, in the feedback loop we can put velocity or position
as well and at the end we will get the same effect.

Hall sensor.

According to the basic definition a hall sensor is a special kind of sensor or device which works
on base of thedHall Effect to make measurements of the magnetic field and current. Hall
sensors can be use for switching, positioning, speed detection amelnt sensing. All of these
features are very useful and were adopted into the brushless motdesnely, it goes out, that

hall sensosare very useful in detecting the actual position of the rotor. In the already presented
example with hases motor, thre are3 hall sensors Wecan readthe binary outputstates on

them, and then we camalculate the actual position of the rotor. Unfortunately, the resolution

in this approach is not too high and is only.60

14



The small example how the Hall Sensor canubed to read the rotation of the rotor is
presented on thdigure 3.3-1.

+5Y
RS AKTY
/—\ Hall sensor
o L
TLE 4905 directly to RBO
magnets
@ Gerhard Burger
“erzion 1.3
GND 7 March 2005

Fig. 3.31. Example how we can read impulses from Hall Sensor.

3.4. Incremental encoders .

Incremental encoder is a device which is used to measure the speed@ugition. The general

idea of this tool is to converts motion into a sequence of digital pulses. Later, counting these
pulses we are able to estimate the relatioeabsoluteposition and the speed of the movement.
There are two configurations of encoders: lineandarotary. This last configuration has
additionally two forms: absolute and incrementah absolute encoder, we have a unique
4S1jdzSy0S 2F LMz aSa F2NJ SIOK NROFGA2ylf L2aAia;
LINE RdzOS R R dzNX y 3, whiéhSllowisKid td eéstnate mllBivielpdsitich of the shaft.

In most cases the encoder consists from a disk with halEB diode and photo sensdhe light

is continuously produced by the LED diode and when the disk rotates, the light is stopped or it
goes through some hole. When it pasghrough hole it is detected by the photo detector,
which generatesmpulse The idea of the incremental encoder is presented onfipare 3.4-1.

PHOTO SENSOR

SQUARING
CIRCUIT

Fig. 3.41. A typical kample ofrotary optical encoder.
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At this pont small explanation aboutRC and itshannels should be given. Hysttouple of
words about IRC. IRCjisst a rotary and relative sensor which works insanilarway as was
described in previous paragraph. Secongéy/need to ask about one essential thing. Hibowve
know in which direction oumotor is rotating The answeio this questionrmay get closer if we
look at thefollowinggraph 3.42:

Line receiver
Recommended |C's:
- MC 3486

- BN T5175

- AM 26 LS 32

Encodear
Line Driver =
Gnd

Channal A&

Channel A

Channel B

Channel B

Channal T

Channel |

2

Fig. 3.42. Pulses generated in channels during rotation.

This pictue presentshasicallynow connections are made in thRCand what kind of theoutput

they give. What is important for us at the moment is the small difference between the output
from the channel A and the channel B. Yes, it is not mistake. Namely, wbeemakor is
rotating, these two channels have® difference in phase and knowing this difference we are
able to find out the direction of the rotationThis propertycan be also used to explain why we
are using4 in the next subsectionin the example withcalculation of the phase table length.

[ S0 Q &owfatzhe fbllowing figure

channel &

channel B

T2 =2 4 1 2 3 4 1 2 3 4

Fig. 34-3. Outputs from channels A and B during rotation.

The kasic explanation of above graph is that both channels have some differences in phase and
during one cyde wecan detect exactly 4 combinations of the output3PU unit in
microcontroller can be set to phashift countingmode what allows to count the number of
displacement between edges. And what does it give us? Yes, exactly as it was written in
description ofthe incremental encodec, it gives relative position andpeed. More detailed
explanation of the phasshift countingmode can be found imext chapter in the subsection
concerned withd L y 0 S NNHzLIG & RS&ONA LIGA 2y € @
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3.5. General work of brushless motor .

As we knowfrom the previous sectios to make the brushless motor rotating we need to put on
the three windings currents with shifted phases. In the easiest case, when we havasés
motor the shift in the phasesequal to 120. To fulfill this requirementin most cases we will
need to usesome microcontroller to control the motor. This approach progde a first
problem. Namelythe use of amicrocontroller forces usto work not with continuous signals but
with their discrete versions. What does it mean i®? The answer is very easy. We need to
make some discretization of sinusoidal currents waves. After dibiisgs the result we will get

a discrete phase tables withweral values which correspond to real current levels. Of course at
this point, there ocurs question. How many levels should havesthphase tabls and how
many values shoulthey store? The answerto these questions are quateasy anddepend on

the specification of the microcontrollethe motor and the library which we use to control the
motor. If it goes about the number of a phase table leviels®? XMCit should be equal to Ox 7fff.
This limitation isdue to 16bits (in C/C++ it is short) which are used for keeping phase table
valuesg because the last bit is used for sign then thetay 15bits which can give maximum
value equal to Ox7ffflf it goes about the length of phase table, we can calculate it by taking
from documentation of the motor two values: number of channels and the count per After

that we just multiply them. Foexample, during my work with PXMC | had a motor whiathha
channels and count per turn equal to 51Pwo channels give us total number of possible
combination equal to2? = 4. The length of phase table in this casasequal ta 512 * 4 =
20438 elements

[ SsiiaBk now to the discretizatiorhe short example dt is shown on the pictur®.5-1. To
make it more readable, the size of phase table was limited only to 6 levels and the number of
levers to 3.

Currents in sine and block commutation

Sinusoidal phase currents

Block-shaped phase currems

B
| L

1
o &0 120 180 240° 300 360
Tumng angle

Fig. 35-1. Example of discretization.
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Looking at theabove exampl®f discretization on the figure 3:5and thinking little bit, we will

find out another very important problem: it is impossible to put to the pins negative and positive
values at the same time. In other words, we can assume that the vdieagés on the pins now

are negative or positive, but we can't have them both. How to solve it? The solution iquaiso
easy. We just need to shift maximum negative values to be equal to zero. True zero will be equal
to the middle levek in our caseit will be 0x3fff, and the maximum positive value will be equal

to Ox7fff. Here is small mathematical explanaticange of levels is from@x7{ff, what gives us
0x80 possibilities. We dige 0x8000/2 and we get 0x400Because we count from zero we
should decrease this value by 1 and as filmal result we will get: Ox3fff. Thisumberis also the
amplitude of sinusoids which we should generate for phase tables.

The last serious problem which we can meet, can occr &3 Ay 2F 2 dzNJ IR G GA 2
imagine the situation that the rotor is in the position ©£0° and we want to rotate it to the

right. To make it, we should put magnetic field perpendiculath&orotor field, so the angel for

the magnetic field should bequal to120° + 90° = 210°. Eveything seems to be quite easy,

odzi Ay NBFf AGUa y2ide [SiQa | aadzyS 6S Nizy az
analyze. If we start the program and endexfor phase table will pointo a goodposition in the

phase table then nothing wrorghoud happeng the magnetic field wilhave210°. But, what if

the index will be set wrong and gives rise to wrong position of the magnetic field? The answer
depends on the error. If index will be little bit ahead of the right position only the torque will be

litle bit lower, but after short time it willgrow to the desired valueThe same happens if the

index will be only litle bit before good positioAnd what if the index will be behind the proper
positionmore than ¥ of the phase table len@Hnthis case itwill give rise to torque with wrong

direction, because the direction of magnetic field will lsssthan 120°. The worst cas will be if

the index will be %6f the LIK | & S  lendtrobiefSrédtBeproper position or in other words the

magnetic fielddirection generated by this position will be90° to the rotor field then the

torque will be the highesand additionallywith wrong direction What does it meag a wrong

direction of torque? It means that the motor will start to rotate for a short tinie wrong
RANBOUAZ2Y® LY AAYLXS [LIWLXAOIGAZ2Y AG OFy KI @S
lift with heavy load, in this case such error can have catastrophic consequences.

To solve these problems we can use hall sensors presentagbsection3.3 If not every than

at least most of thenodernbrushless motors have such sensors. Ukiafsensors we can find

out the actual position of the motowith 60° precisionand put proper voltages to the right
windings. This avogthe situation presented in thereviousparagraph. It is also worth to note

that some of the motors have w/ g A G K a2 @lpledsSlbok @t he/prBiB.42y | NJ
and explore the channel I. This means, that always when the motor cross some defined point,
senr detecs it and send some signal. We can use this to make some kind of synchronization
between the position of the motor and the index in the phase table. The following picture
presents the reads from hall sensors and voltages on the windings whicheaded to place

the motor to the proper position.

18



3.6.

Block commutation

Signal sequence dlagram for the Hall sensors
IConductive phases | ] m w v Vi

Rotor position €0 120 130 240 300 360

Hall sensor 1

1
o
\ § A e |
A
o

Hall sensor 3

Supplied motor voltage (phase to phase)

O i ——
uzs | ] -

U3-1

Fig. 3.52. Position of the motor and
reading from HAL sensor.

| think it is good idea to explain little bit how we can rotate the motor in destlieektion using
table presented on the figure 3:3. Ttus, if we know from hall sensors that we are in phase |
and we want to rotate the motor into one directioall we need is just to apply positive or
negative voltages according to values shown in the table. In other words for phaseekd to
keep some paitive voltage differencdetween ' and 2¢ windings and the same time zero
voltage differencebetween 2" and 3 and between 3 and £' windings(first column in the
table). If wewould like to rotate the motor intoopposite direction, then we need tkeep
negativevoltage difference between®land 2“ windings,and as beforezero voltage difference
between 2° and 3" and between 3 and ' windings(fourth column in the table)According to
this we can say thathe changein the direction of rotationcorresponds to applyingwerted
voltagesor using voltages which should be applied after reading hall sensor and addihg1.80
course we should remember thafter some time the value realdlom hall senor wilchange and
to continue of the rotationwe will have to set new voltage differences between windings
according taable on thefig. 3.5-2.

Putting everything together.

In this subsection | will shortly describe how all presented ala® taken angbut together to
get right working motor in Eurobot project.

19



Fig. 3.61. Brushless motor which was used by me.

First of all we calculated the length of phase tables. We assumed that the amplitude of the
sinusoid wave will be equal to Ox3ffMaking themaximum equal tdOx7fff and the minimum
equal to 0 we were lale to keep all levels inside two bytes (denoted as short inTG§ rest
calculations were made exactly as described in shbsection3.5 and the final legth of our
phase tables was 4000 (pleagables with length of 2048 presented in above mentioned
examples were used only for tests with motor presented on fig:13a®idit should be saidthat

this motor was not used in Eurobot project)ilext we used hall sensors and block diagram
presented onthe pictures nr 3.8 to protect against wrong direction of rotatioof the motor.

As was mentioned in subsection 3.3 it can occur in the early b&lan the motor starts to
rotate. In otrer words, we decided that diegin we will rotate motor in desired direction with
help of hall sensor. Then, whee RS 1 SO0 aAYRSE YIN)] ¢ ONRa&aAy3adZ ¢
the index. After that we continue the rotation @lfie motor only with use ofRC sensors

20



4. H8S/2638 microcontroller.

4.1. Overview.

H8S/2638 is microcomputemit (MCU) employed by Renesdechnology. In general & B2bit
architectureunit with sixteen 16bit general registers which can be used dsii8registers or as

eight 32bit registers. The maximunalock speed of this microcontroller is 20MHz what is
comparable with the maximum speed of Intel's 80286 microprocessor. Of course we can't make
such comparisons, but | think it is very good way how to imagine speed limitation or slowness of
this microcontoller. Available address size allowsing16-Mbyte address space which seems to

be enough for most of the basic tasksfasexamplemotor control.

© o

o ,”!JIJ!J’J.J IHH!N!H&HNIN

»{uw. m,\f

or:
02 2
O~

o -
-0~ 3
7

Fig.4.1-1. H8S/2638

H8S/2@8 has built in6kbytes of RANMNd 256kbytes oimaskROM or flashmemory Because
ROM can work in this specification as flash memory, so it is possible to upload once software
and then use it every time when we switch on the power for microcontroller.

Additionally, H8S/2638 has watchdog timer, serial communication interfa¢®, and D/A
converters andCAN (©Gntroller Area Network) bus controller Except of that, H8S/2638 has built

in time-pulse unit (TPU), programmable pulse generator (PPG) and motor control PWM timer.
This last functionality is very usefallwvayswhen we wantto use this device for motion control

of some motor.

21



PO 010

PETIDY

Pont E
J1 g
IT 11
s

PAL)

PA
| | PAs
H PAd

PRIAISTIOCAS
PREJATUTIONAS
PRSAINTIOCAS
PRAIAIZTIOCAS
PRIALUTIOC
PRIJAIOTIONE]
PRUAWTIOLES

PRUALTIONAD

Clck pubs
generdor

éHllll

Inberrugnt conboling | orc n

Bux cankrdar
01l

| POt G | Patl I

=
Ol

PC Srumk controber

N

PCTIAT
PLOIAG
PLSIAS
PCAIA4

ROM —1_ B

(reaak ROM =|
fash mumory)

]

—_—
B —
—_
w
z
PL3IAS
PHOPWWMIA =‘ WOT « 2 chanta PC2IAZ
PHIPWULE = ! PCHIAY
PHZPWUIT nam B S e PLOIAD
T lostion] =
PHAPWUID =I5
PHAP N MIE £ — SC1 < 3 channels !
PHEPWWLF - SOk foar PISISCRUSCLO ARG
PHGPRWID = = Molor contol PN bimer ! 7 lee Pr4iRx011S0AD"
PHIPWMIH g B s PIITeD 128CLE T
|| 1 DA comvarte i a P321SCHAISDAL
- 1 . e 9311 Ra00
L f1= I i
5 |
s HEAN <
5
=
I la— PeaiANY
=
T p— pEziana
F ju— PEtIANG
1l L psciana
53 482z & z
<= 55535 2 Cwonn~-a
S8 - SExR3 3 zrxzzzzz
. 528%5% §Zzid EEEE L
9L B S$533935%
2 5E fadsidd
= =)
w a

FINFOINTIOCH 1TCLKG
PATPOASTIOCARTCLKD

PlOPON

Fig. 41-2. Theinternal structure of H8S/2638.

3 B
z ¢ "
Oagm < ¢
iz - ¥
g8g o
i 3
EER e
@ = <
BED .pr 3
-0 3
FEH AT 2l %
o cawiw Tx o
nnonoonn nno
3 ZRBBLEL RN
Paniane Qi =
=4 P einpwMzH
d b merwu
= (5 s FISPWMIF
din b fiarwuzE
[= (5 2p rwmvee
g B rasrwszo
g P rapwszc
= P orurwaze
= P oropwsza
puaNie “fy mwnvss
puuant: o wh
ey TOP VIEW °B
mor g (FP-128B) =]
M g =]
rEOGE e =]
PHNATATICCES O ‘B
PaaRIATICCAS it “h
PEAAIATIOCHA Oz «h
[= “h
g wp
di= wp
(=5 «p
g up
PECARTIOCAY = up rreas
AT MO NS RE OO RURCEIRARAGMIRANAASNAAAS RS
U000 0 0000000000000 0000000000000 oooD
couEp-DwwoN.
50pcifaacoocs
So- p widSGLE
gp & 2EYPDEE

Fig. 41-3. Pins availablein H8S/2638.

22




4.2. PWM description .

Pulse Width Modulation (PWM) is a method of a current or voltage signal regulHtizases on

a changeof the A Y LJdZvidttbwiliiconstant amplitude.

H8S/2638 provides two 1Bit PWM channels with maximum 16 pulse outputs. Edw@mnelhas
10-bit counter and cycle register. Duty and output polarity can be set up for each output
independent. Additionally there are five operating clocks and we can choose one of them. What
is important, all PWM channels carork as 1/0 ports. Because we ditluse this property in our

Eurobotproject I'll not present details about it.

Now, kefore | desdbe how PWM works, I'll introduce all necessary registers needed for the

PWM. Schematics can be found on the following two pictures:

&, $I2, i4, (8, 16 —l
Interrupt T
request +—— PWCR1 |—»{ pwenti | | pwocrt H
Compare U
— match PWCYR1 | | PWPR1 |
129 r Q 129 lJ 0
Internal | 8 l PWBER1A l:>i PWDTR1A
data bus 5
| 2 K= l I_l
3
@ l | PWBFR1C 'D| | PWDTR1C
| | PWBFRI1E b| | PWDTR1E
| | PWBFR1G 'D| | PWDTR1G
Legend:
PWCR1: PWM control register 1
PWOCR1: PWM output control register 1
PWPR1: PWM polarity register 1
PWCNT1: PWM counter 1
PWCYR1: PWM cycle register 1
PWDTR1A, 1C, 1E, 1G: PWM duty registers 1A, 1C, 1E, 1G
PWBFRI1A, 1C, 1E, 1G: PWM buffer registers 1A, 1C, 1E, 1G

Port
control

PWM1A
PWM1B

PWMI1C
PWM1D

PWMIE
PWM1F

PWM1G
PWM1H

Fig. 42-1. PWM channel 1in H8S/2638.
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&, N2, b4, 3/8, 16 l
Interrupt % Port
ok PWCR2 PWCNT2 H PWOCR?2 |——v i
Compare match | pwcvrz | PweRz |
oo 5 9 a
| | PWBFR2A H o PWDTR2A [PN] - PWM2A
| =01, |
I PWDTR2B — PWM2B
internal | 8 U PWBFR2B t:i°<:l_
data bus \g ¥ | '
S Hia | PwoTRZC |
s PWDTR2C - PWM2C
2 PWBFR2C o< | DIR2
o
PWDTR2D - PWMZD
PWBFR2D Hor:” '[_ — [P '
PWDTRZE {P/N] - PWM2E
'*
PWDTR2F m - PWM2F
L
PWDTR2G - PWM2G
L
PWDTR2ZH - PWM2H
Legend:
PWCR2: PWM control ragister 2
PWOCR2: PWM output control register 2
PWPR2: PWM polarity register 2
PWCNT2: PWM counter 2
PWCYR2: PWM cycle register 2
PWDTR2A, 2B, 2C, 2D, 2E, 2F, 2G, 2H: PWNM duty registers 2A, 2B, 2C, 2D, 2E, 2F, 2G, 2H
PWBFR2A, 2B, 2C, 2D: PWM buffer registers 24, 28, 2C, 2D

Fig. 42-2. PWM channel 2in H8S/2638.

PWMOCR1 and PWMOCR?2 are usestlect which PWM outputs should be enabled and which
should be disabled. Selecting proper bits we can enable or disable corresponding PWM output.
PWPR1 and PWPR2 are useful for changing polarity of PWM outputs. Polarity can be direct or
inverse. Thanks PVRTZ and PWCR1 we can decide whether the PWCNT counter is enabled or
not. The same register allows us also to select the doclkcdaesponding channel. We can
choose: , /2, /4, /8 or /16, where  is aninternal frequency of the microcontroller.
Regsterscalled PWCYR1 and PWCYR2 are PWM conversion cycles and they describe when data
from buffer register should be transferred to thdaity registerwe can think about it as PWM
frequency) PWCNT1 and PWCNT2 are twétQip-counters. We can't influerecthem directly.

They are incremented by the input clock and are used to make several comparisons described
later. PWBFR1A, C, E, GandPWBFR2A( to D) are buffer registers. We can put herebl®

values which will be later transferred to theuty registers Selecting 12 bits OTS or TDS
respectivelyfor I* and 2° channelwe can choose to whicRWM (£' channel) or duty register

(2™ channel)data should be transferred®® WDTR1A, C, E, GandPWDTR2A to H) are so called

duty registers. Theseegisters can't be read or write directly and values preseside themare
transferred during compare match from proper PWBFRXxx registers.
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After short description of all registers we can shortly explain how PWM works inside H8S/2638.
So, at thebegiming user has to select which PWi isgoing to use. He alsaeedsto set up
proper polarity ¢ default it isset asdirect. Then, using PWCR we need to select proper clock
sourceq for example, which is the fastesbne. Next step is to set PWkequencywith help of
PWCYR. When we do all of these we can switch on the counter using once again PWCR.

The question which arises nowg how PWM outputs are set up? This can be very easily
presented on followingpicturesnr 4.23and nr4.2-4:

PWCYR1 S = T T ar R e el e S Ty S [ ST L
! I o P o 2

PWBFR1A

PWDTR1A

i OTS (PWDTRIA)=0 | OTS (PWDTR1A) =1

PWM1A

PWM1B

Fig. 42-3. Outputon the PWM channel 1 during compare matching.

Figure4.2-3 presents first channelvhich is described in the following linest the beginning of

the PWM perioddata from buffer register PWBFR1A is transferred to duty register PWDTR1A.
Just after thatPWM unit checks OTS bits. If it is low or equal to 0, high state of the output is
present on PWM1A output. If OTS is high or equal to 1, high state is put to PWM1B. This high
state iskept till compare match between counter and PWDTRZ1A occurs. In otherspwe can

say that till value of the counter is bellow value of PWDTR1A, the output of proper PWM1 is
kept high. In the same time when counter is incremented, we can put new value to buffer
register PWBFR1A. When the nepgriod startsvalue of that registr will be shifted to
PWDTR1A and the whole process will repeat.

PWCYR2

N
PWBFR2A | i i ; ;
PWDTR2A ! ¢ P
PWDTRZE P
A

L T T VA A HEHE

| TDS (PWBFR2A)=0 ! TDS (PWBFR2A)=1 ' TDS (PWBFR2A)=0 ! ot

R N P P

PWM2A ol | T | I P

panze [ LA I L L
1 1 ' 1 ' 1 1 ' ' 1 ' '

Fig. 42-4. Output on the PWM channel 2 during compare matching.
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4.3.

In the case of second channel, the situation is little bit different. This is due to the differences in

the architecture of themicrocontroller We can see it very clealy comparing two pictuneg-

2.1 and nr 4.22. In the first channel we have only four buffer registers and four duty registers
PWDTR1A, PWDTR1C, PWDTRI1E and PWDTRI1G. In the second channel there are still present
only four buffer registers but there are also all eight duty registers from PWDTR2A il
PWDTR2H. In the first channel so called OTS bit decides to which cdgpautshould be
transferred In the second channel, corresponding bit is called TDS. In this case it decides not to
which output but to which duty registdransferthe data. Sé S tily@asanalyze the last picture.

As beforeat the beginning of PWM pero®WM unitchecks TDS bit in PWBFR2A and if it is O
then it transfers data from PWBFR2A to PWDTR2A. If TDS is equal to 1, data from PWBFR2A is
transferred to PWDTRZ2E. Now, the outptiboth PWM2A and PWMZ2E are set to high level and
kepttill counter reacles value equal to PWDTR2ARWDTRZ2E respectively. Meanwhile we can

put of course new value to PWBFR2A. When the peribd startsthis new value will be shifted

to properduty regisér and the whole process will repeat.

Interrupts description.

As aready mentioned abegin of this chapter there are several sources of interrupts in
H8S/2638. All of them we can separate into external or intemal. This separation depends on the
sourceof the interrupt.

According to the documentation there are seven external interrupts: NMI, IRQ5 to IRQO and 49
internal sources of interrupts in the echip supporting modules. All available interrupts have its
own address vector and can be seen on tHeofeing graph:

NMI (1
" External M
interrupts IRQS to IRQOD (6)

s *1

WDT ' (2)

TPU (26)

SCi (12)

DTC (1)

Internal PBC (1)
\ interrupts 1 a/p converter (1)
Motor control PWM (2)
HCAN (4)™3
11IC*2 (3) [Option]

1

Interrupts ¢

Notes: Numbers in parentheses are the numbers of interrupt sources.
1. When the watchdog timer is used as an interval timer, it generates
an interrupt request at each counter overflow.
2. 12C bus interface is available as an option in the H8S/2638. H85/2639, and H8S/2630.
3. 2 sources in the H8S/2635 Group.

Fig. 43-1. List of interrupts present in H8S/263* series.
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Independent interrupt vector address has big advantage, because in this case we don't have to
worry about identification of the source. All interrupts are controlled by the interrupt controller,
which has two control modes. The highest priority has NMermipt and this can not be
changed. To others interrupts we can assign eight priority levels. For external interrupts we can
detect falling, raising or both edges. Thastis not true for NMI, where we can detect only
raising or falling edge.

In the folowing subsections we will focus mainly on IRQ and TPU interrupts. It is due to the fact
that in our Eurobotproject we used only tese two. Later, in the next chaptehe importance

of these will be shown when I'NeE G2 S ELJX | A ¥ RS i disfiesSEotorg | NJ
works with help of IRQ and how we used TPU interrupt for high frequency repeated procedures.

[ S Statwith extemal interrupts IRQO to IRQ5. As we already mentioned these are external
interrupts and can be detected by raisingjifeg or both edges. What does it mean? The answer

is very easy. If we want to generatme or all of these interrupts we must physically connect
electrical lines (voltage/current sources) to proper pilrsthis case these are: PORT12 for IRQO,
PORT14or IRQ1 PFO for IRQ2, PF3 for IRQ3, P32 for IRQ4 and P35 foOfRQbrse this is not
everything. We also need to enable those interrupts using IER register. Here switching on and
off proper bits we can decide which interrupts should be enabled and whiahuld stay
disabled. As | said degin itis possible to assign priority to these interrupts. We can do it very
easily using following registers: IPRA for IRQO0 and IRQ1, and IPRB for IRQ2, IRQ3, IRQ4 and IRQ5.
In this second case we see that unfortuelgtit is not possible to set up different priorities for

IRQ2 and IRQ3 and additionally IRQ4 and IRQ5. In other words, it means that IRQ2 and IRQ3 will
always have the same priority. The same limitation is for IRQ4 and IRQ5. To make detection of
edge, weneed to set up properly two registers: ISCRH and ISCRL. Several pairs of two bits in
these two registers are responsible for selecting which kind of edge we want to dateagh

proper interrupts It is important to note, that always after finishing aumterrupt routine we

need to clear proper bitin ISR register. Only this allagee pfdetect new interrupt.

TPU is 14bit timer pulse unit which can be regarded as special kind of internal interrupt.
H8S/2638 has 6 TPU channelsith numeration from 0 © 5. It can work in several different
ways: as hormal counter compare match, input capture or pltasenting ¢hannels 12, 4, %

and additionally in synchronous way. TPU can give different outputs:t6ggleor PWM. It is
also possible to set up buff@peration for channels 0 and 3. Going further we can connect two
channels for example 2 and 5 or 1 and 4 to work in cascade mode. Thanks that we can get one
or two 32bit counters. To show the strongest side of this unit, we need to point out that there
is the total sunof 26 interrupt sources. This is thanks compare match, input capture, overflow
and underflow interrupt request. Although not all of these are possible for every channel,
making several combinations we can get powerful tool for motion adnifo make it little bit
more clearly for a reader I'll try to shortly describe all of the channels.
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Channels 0 and 3 are almost identical. This means both of them have the same interrupt
sources, the same number of general and buffer registers. Onlydifference is with the
possibilities to set up the count clock. At this point | shoulehtion that it is possible to count
clock's ticks in two different ways. First method is with use of internal clock. Here we have
several frequencies like:, . /4, /16, /164, /256, /1024 and_/4096. Second option i®
measure the ticks with a help of some external clock. These measurements we can do using
followingpins: TCLKA'CLKBICLKC and TCLKD.

Now, f S Badkito our channels 0 and 3. In the channel 0 we can set up count cock for four
frequencies: , /4, /16, /64 or we can measure it with help of all above mentioned pins. At
the same time channel 3 can have count clock with frequencies/4, /16, /64, /256,

11024, /4096 or we can count ticks on the TLCKA pin. Both charrels four general
registers, from which two can also work as buffer registers. They have also four 1/@npins
which we can detect different edges: rising, falling or bottiheim. This is useful option during
counter clear. Counter clear is possible through TGR register compare match or by input capture
with properties mentioned above. During the compare match, output can take two values: 0 or
1 or it can be toggled. The outpoan be also set as PWM in one of two modes. All of these we
can set up separately and independent for each channel. Of course it is also possible to make
configuration of these channels that they will work in synchronous way. Channels 0 and 3 can
not work in phase count mode. Last one, what is important for us, are interrupt sources.
Interrupts can come from four compare match or input capttmem ¢ NB 3A 4 G SNB k LIA y & ¢
TGIOD androm TGI3A to TGI3D respectively for channel 0 and channel 3. It ipasible to
generate interrupt when the overflow occurs.

Channels 12,4 and 5 can all set up counter clock with frequencies: /4, . /16, . /64 and it

is also possible to count external impulses with help of TCLKA. Additionally counter élchan

can have frequency: /256 and can use TCLKB. Channel 4 can have additional frequency for its
counter: . /4 and can use TLCKC. Counter of channel 2 can be set up additionally with
frequency: /1024 and can use TCLKB and TCLKC. And at the end, Icha@me have
additionally frequency for its counter clock7256 and can use TCLKC and TCLKD. Above written
facts were the only differences between channel2,4 and 5. All next property like number of
general registers is the sanfier all channelsand is equal to 2. All thesehannels have only two

I/0 pins and counter clear can be done by TGR compare match or by input capture. In opposite
to channels 0 and 3, these can be set up to work in phase counting mode. The same as before,
they can have outp@with values: 0 or 1 or toggled. We can also use PWM output in one of two
modes. In addition it is possible to configure them to work in synchronous operation mode.
What is important, they can not provide buffer operations. Interrupts can be generated by
compare match or input capture on TGI1A and TGI1B for channel 1, TGI2A and TGI2B for
channel 2 and so one. Additionally it is possible to detect overflow and/or underflow and due to
its occurrencegenerate interrupt.
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In the following lines, I'm not goint® go into details about several registers which are need to

be set up properly, but I'll try to shortly explain mentioned above buffer operation mode,
synchronous operation mode, phase counting mode and cascaded operation. Itis important to
understand # of them in proper way if we want to fully use this microcontroller. | don't
describe PWM because in general it uses standard PWM approach and two available modes
differ only in details.

[ S §tatawith buffer operation mode. As pointed above, this read possibly only in channel 0

or 3. Switching on this optioprovidesto situation in which TGRC and TGRD work as buffer
registers. The way how these two registers can be used depends on whether TGR works as
compare match or input capture. In the firstusation, when a compare match occurs the value

in buffer register is transferred to the time general register. In the second situation, the value in
TGR is transferred to buffer register and at the same time the value in TGNT is transferred to
TGR.

Synchonous operation means that the values in a several TCNT counters can be cleared or
rewritten at the same time. This first operation we call synchronous clearing and second
synchronous presettingf course, in this mode, &egin we choose clearing opei@t for one

of the channels and then we set up other channels for synchronous clearing. The same we can
do for synchronous presetting.

Phase counting mode. This mode is litle bit specific. Counter is incremented or decremented
according to differences ithe phase of two external cdocks connected to clock inputs pins for
channel 12, 4 or 5. There are four different phase counting modes and they differ mostly on
how voltage levels should look like with regards to edges or eventually whether edges dould
rising or falling. Good graph examples for all methods are presented in documentation for
H8S/2638.

Cascaded operation is very easy to understand. In this mode we just virtually connect two
channels: 1 with 2 or 4 with 5. Thanks that, we get nevbi8Zounterwhich consists from two
parts: lower and upper. Lower part is just counter from channel 2 or 5 and upper part is counter
from channel 1 or 4. In such configuration, upper part can be always incremented by overflow of
the lower part, and decrementeby underflow of the lower part.
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5. PXMC library.

5.1. Introduction.

PXMC igortable library to control various types of motordts main task or aim is to allow
user/developer to control different motors installed on different boards which can haise
different microcontrollers.

In more general we can say itis a multi platftorm code, initially written by Pavel Pisa for stepper
and brushless motors. Nowadays it can work for DC motors with IRC feedback, controlled by
H8S/2638 microcontroller. The basancept of PXMC is shown on the following picture:

developer

I

pr% ng

microcontroller

microcontroller

maotors microcontroller

Fig. 51-1. The main concept of PXMC library.

A developer, who is represented here by a laptop icon, can use PXMC library to write programs
for different platforms and microcontrollers. At the some tirhe can choose interested motor

and then using proper functions and procedures he should be able to control different motors,
represented by car icons.

Of course in a real life, the above situation is not so easy. There are several conditions, which
must be fulfilled. First of them is, that &re must exist a C/C++ compilen the desired
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platform. Seconly, developer must have at least some basic experience with motors and
microcontrollers. This is due to the fact, that there exist so many different nsptbiat it is
impossible to writesupportfor all of them. Additionally, there will be alwaygededto make
some minor changes in the library's code, becawselifferent hardwarethe connectionwill be

less or mordlifferent, because they depend mostiy the functionality of the board.

Next thing worth to understand is that the main purpose of the library was andsstil create

two layers. Firsshould bea user friendly interfaceor APl Using this layer, user without deep
knowledge ofhardware should be able to write pretty good and full functional application to
control all motors installed on the board. In this case, developer can have access only to small
number of functions and his only ormncernis to set up properly all parameters in PXMC
structure. More about this structure | will write in next subsections. In general this layer will be
used in situation for example when we want to control our robot directly from the normal
computer using some programith graphical interface The secondayer is for more advanced

and experienced users. Here we can call all of the functions which are defined in PXMC library
and additionally create our own versions of them. Thigtapostly will be used to write code to
support a new boards, microcontrofieand motors Graphical representation of this descrigst

was presented on the picture nr 521

= user friendly

del\:\;l.oper&-\-: :_T)’ interface

il
o
developer \Q:__ I Io:ﬂ":“'
— e

_{M‘-”\f‘t

motor(s} microcontroller

Fig. 51-2. Layers in PXMC library.

At the end | need to write onevery important thing. PXMC library is still under development and
it is important to keep in mind, that some of the information included in this document can be
out of date it the moment when the reader reads it.
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5.2. Preparation of the programming environmen .

In this subsection Il shortly present how to prepare programming environraer®® XMQunder
Linuxoperating systemFirsty, we need to download three packages:

e binutils2.16
e (gcec34.3
e newlib-1.14.0

Lft 2F | 02@S & LINRligeNseand éan beNiSe uded BVErNtbr Bammercial
purposes The question which can arise at this moment is, why above packages are so old? For
examplecurrent (31.03.07) stable version of gcc is 4.1.2. &hswer isvery easy. It ipossibleto
compile all these ackages without any problems. Personally | tried to do it also with bixutils
2.17, gced.0.3 and/or gcet.1.1. Unfortunately | (and not only I) got errors, which concerned
capability Namely thesupport for h8306coff was emoved in newer versions of GNdot

chain. Itis worth to note that h830&If is still supported and with small modification of below
stepsit should be possible to create

When we already have dhree above mentionedpackageswe need tocompile them. The
procedurein most steps is standard one. It means we usenfigure makeand make install

Only one essential thing is that we need to set up proper switches when weccatfigure

Because of that the right commanttonfigurefor binutils looks like:

Jconfigure -- with -gnu-1Id -- target=h8300 - coff \
-- enable - shared
-- enable - commonbfdlib \
-- with - mmap\

enable - 64- bit - bfd

To proper configure gcc, first we need to unpack gcc and newlib, and after that we need to
create symboalic link from gcc to newlib:

In -snewlib -1.14.0/newlib gcc - 3.4.3/newlib

Then we write:

Jconfigure -- target=h8300 - coff -- with -gnu-Id \
-- with -gnu-as \
-- without -nls -- with - newlib \
-- enable - languages=c,c++ \
-- enable - target - optspace \
-- enable - version -specific -runtime -libs
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5.3.

Whenthe configuration will be finished, we write in standard wayakeand thenmake install
As the result we will get binary file called: h83fiff-gcc, which in this case is our desired
compiler for H8S/2638 microcontroller.

Next step is to get a copy dfie PXMC library and to do it we need to have account on the
server. If itis like that, then wgist need to type:

darcs get <login>@rtime.felk.cvut.cz:/var/repos/pxmc

Of course instead of <login>we should put our login name. Later we need tougiy@assword
and we can download the library to our computéts a small reminder, darcs is distributed
revision control system, which can be freely downloaded from: http://darcs.net.

Overview.
5.3.1. General overview of files.

When this document was createtthe PXMC library consisted from 11 files:

pxmc.h
pxmc_base.c
pxmc_con_pid.c
pxmc_deb.c
pxmc_gen_info.h
pxmc_gen_spdtrp.c
pxmc_hh.c
pxmc_hh_basic.c
pxmc_inp_common.h
pxmc_internal.h
pxmc_ptable.c

Additionally it had one subdirectory:board. In this subdirectory were three
subdirectoriesh8eurobot h8mirosotand hi_cpu2 The whole structure of the library and
its subdiectories is shown on the picture 5.311 It should be noted that in these
subdirectories are located hardware dependafesi

The whole structure with dependencies of PXMC files is shown on the prot&d.1-2.

Now we will look at each of these files separately and we will try to get at least some basic
concept about them.

33



files

pxmc.h

pxmc_base.c
pxmc_con_pid.c

pxmc_deb.c
pxmc_gen_info.h

pxmc_gen_spdtrp.c
pxmc_hh.c
pxmc_hh_basic.c
pxmc_inp_commaon.h
pxmc_internal.h
pxmc_ptable.c

files

files

Fig. 53.1-1. The structure of PXMC library.

pxmc.h |

pxmc_inp_co
mmon.h

_af

Fig. 53.1-2. Files with dependencies in PXMC library.

34




5.3.2. General work of PXMC.

Before we go into descriptions of several files, which belong to PXMC library, we need to
getsome information how PXMC is workimggeneral On thefigure 5.3.21 we cansee
the intemal structure of PXMC and tmeost important variables and flags.

ENI ENR IRC
AP
do_inp ["as 5 do_out - /
- MD MD2E  do_con - [t
m ERC PWM - ":5§ gzﬁi MDC
ENG ME and 43_% otor
RP - L E't @_@__ ENE| com— =
do_gen RS = * 3 mutation <
R S | N
g ;135:121 S1, 82 PIRC, PTPER
GEN_INFO DBG PTOFS, PTSHIFT

PTVANG, PTINDX
do_deb PTPTRI/2

Fig.5.3.21. Internal structure of PXMC.

{ 2% f S { QRC Thidicbmplinens rhakek the measurements of the DC motor, which
later could beused bydo_inp Now, if the flag ENI(enable input) is enabledjo_inp
calculate the actual positiolA@ and actual speedAq. These two values are later used
by the controller do_con. At the same time, if the flagENG(enable generator) is
enabled, functionsdo_gencalculates regest position RB and request speedRS. As
before, also these two variables are used thg controller. Now, if flagENR(enable
regulator) is enabledthe O2 y (i NB f f APNAS &Riahd] RSanéd usingP, D and |
constans calculates power ENBE Fromlast sentence we see that in this caie
controller is a PIDtype controller. When we have calculated power, we use function
do_outto combine it with proper values taken formphase table(s) andend it to the
motor in a PWM form Thanks that, the motor rotates litle bit, IRC makes the
measuremert andthe whole situation repeat

5.3.3. PXMC.H

LetQ &tart with the heart of PXMC library, namely pxmc.h. The most important thing
about this file is that we need to include it in all projects/programs in which we want to
use PXMC library. The importance of pxmc.h is that it defines pxmc_state t structure,
which stores all needed information about motor(s) connected to our board. We also find
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here definitions of all flags and definitions thie most functions which can be accessed
from PXMC. Now, lets try to look little bit more into details.

We start fromflags. All of themwhich areavailable ilPXMCare presented on the figure
nr 5.3.31, and n the following lines I'll try to introduce them.

The first, PXMS_ENI_KEnable Input)enables input IRC
PXMS_ENI b updates. It means that if this flag is set up, functions which
pointer iskeptin pxms_do_inwill be executed.

PXUS_ENR b PXMS_ENR_{Enable Regulatogecides whether controller
and output will be switched on or not. If the flag is enabled
then functions are called whictaddresses arekept by
pxms_do_comandpxms_do_out

PXMS_ENG_b

PXMS_ERR_b PXMS_ENG_{Enable Generatoiy responsible for enabling
requested position generator. This flag and also two previous
are enabled according operation modef the axis. This
PXMS_BSY b .

- mode can bdike: feed forwad, feedback and so one
WheneverPXMS_ERR |5 set, it means that some error
occurred. If everything is working well this flag is disabled.
We can read error code fropxms_errno

PXMS_DBG_b

PXMS_CMV_b
PXMS_BSY_sigralizes that axis/motor is busy. Because of
that calling somdunctionswill result as error. For example it
is impossible to set new position with help of pxmc_go()
this function will be described later in this subsection.

PXMS_CQF b

PXMS_PHA b _
PXMS_DBG_benables debugging. Unfortunately the

debugging functions are not full implementetbr our

PXMS_PTI b (brushless) motoand it is much better to use serial line to

debug and check the code than use this fldgfortunately,

dzaAy3a aSNALf ftAySa R2SaywRiG NBI

Gedddddiii

PXMS_ENO_b is due to relatively low speed of seral line, whereas
brushless motor can rotate several hundreds times per
second.

Fig. 53.3-1. Flags in PXMC.

EnabledPXMS_CMV_Iflag means that motor is working in group, so its movement
should be coordinated wh other motors. This flag is used by standalone library which
uses PXMC as backend.
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PXMS_CQF_states whether the command queue is full or not. If it is full we can't give

any new command. This flagstill not implemented angtou can find only its defition in

pxmc.h file.Maybe it is used by somether standalonelibrary, but at the time when |

GNREGS (KAA R20dzZYSyd L RARYQG KIF @S AyTF2NXEGA

PXMS_PHA_bignalizes whether the phases in phase tables are ali¢ffeglisenabled)
or not (flag isdisabled). In brushless motors this flag should be enabled after PXMS_PTI_b,
G GKS Y2YSyid 6KSYy 6S ONR&& GAYRSE YIN)Y ¢ LR

PXMS_PTI _Is responsible for switching on or off automatic update ploase tablendex
(ptindx). The ptindxpoints in phase table(s) to the state of the PWA the motor. This

flag should be enabled before PXMC_PHA_b and in the brushless motors we do it when
S ONR&AA AGO02NRBNEsOIDSI6SSY Go2 KI

PXMS_ENO.bThis last flags only used with brushlessotors. It statesthat we are
interested only in output updatewithout calling controller.

Start PTI Direction
position 0 of rotation

of rotation
270 / TN Do

Index
marking
PHA

240 a0

180

Fig. 53.3-2. Meaning of PHA and PTI flags.

We can use all of above flags with given nanm&ag generallywo functions:

¢ pxmc_clear flagclear/disable givenég
e pxmc_set flag - set/enable given flag

It is important to mention, that if during compilatiomn a header filewe define

PXMC_WITH_FLAGS_BYBITS_@blistant thenthe above two functions will work as
atomic.
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[ SGQa 3RweTvdaNd éh&ckidthether some flag is set or not, we need to check
pxms_flg This is it field where the flagsare stored in pxmc structure. Of course, in this
OrasSz ¢S OFyuild dzaS |062@0S ylYySa 2F ¥Ftl3J&ax od
GYésS F2NJ SEFYLXESY t-a{y9bLyYZ t-a{wp9bwyy I
fact, that one flag uses only one bit and if we want to spare memory, we candeep

them only in one byte or integer. Using this approach we need some way to
detect/establish whichpositionsare occupied by different flags. Solution lodiiee this:
PXMS_ENI_b use¥ Hit, PXMS_ENR_b usé¥ it and so one. Now if we want to check if
PXMS_ENR_b is switch on, we need to shift it once to the left and then compare te stat

of this bit with desired one. To avoid all shift operations and to make the program and

library more clear, in pxmc.h we have already defined alirddshifts correlated with

proper flag. They aralsoY N] SR o6& f SGUSNJ aYédnohegfwordOly oS
6S Oly &alé GKIG LRAGFAE dawoé YSIya oAl ydzyo

It is also good to note, that using this approach, we can enable or disable flag, without a
need to call pxmc_clear_flag or pxmset flag. We can do it directhFor example, to
enable PXMS_ENI_b wan do this

mcs >pxms_flg|= PXMS_ENI_m
Andif we want to disable PXMS_ENI_b wethis:
mcs >pxms_flg&= ~PXMS_ENI_m
Finallyto check if some flag is enabled we cantkis:
(mcs >pxms_flg&PXMS_ENI_m)

The mcs in above examplesailsbreviation of motor control structure and &pointer to
pxmc state structure, which describes our motor. We will keep the name of this pointer
in this wayalso in later sections of this document.

After describing flagst's the highest time to go into detalabout pxmc_state structure.
Before we do it, we needtbe familiar with couple of things. Filgtas we will see some
of the values are shifted by PXMC_SUBDONs can be represented by the following
formula:

IRC * 2 PXMC_SUEDIV

Where IRC is some value given in IRC gretsplanationof IRC units is givan following
lines
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The advantage of theabove equations that it gives possibility tamperate with help of
fixed point arithmetic, which increases controller precisiand speed of calculations
Secondl, as was already mentioneahd shown in above formu@ome values are given
in so called IRC unitSmall example, we have phase table with length of 2048neles
what is equal to 360 To get 90we need to divide 2048 by 4, and as the result we will get
512. This is 90n IRC units.

In the following table, there are showaend described all elements which can be found in
pxmc_state structure.

Name of pole Short cescription

It was already mentioned in ¢hpart concerned with flags. Its only®

pxms_fig function is to hold flags which have influence on control of the mot

This is a pointer to a function which should read actual position

AR B9 g speed of the motor and then update pxms_ap and pxms_as.

This one keeps pointer to function whiamplementscontroller and
pxms_do_con | computes pxms_ene according to the actual and required positig
the motor.

This is also pointer to munction which puts proper output values |

pxms_do_out the PWM with regards to pxms_ene.

This is a pointer to a debugging function which should store §
pxms_do_deb | vdues and other important things. It is vengeful when we testing
and checking the code.

Here iskept pointer to function which generates trajectory. TI
trajectory describes how the motor should reach desired position

given speed and acceleration. We have several different trajeq
generators for exanple: trapezoid, consint speedandalso different
versions of them: nomal and firgrained. More information will bq
given when I'll describe pxmc_gen_spdtrp.c file.

pxms_do_gen

This is a pointer to function which presets a new actual position

pxms_do_ap2hw HW.

PXMC keeplsere the actuapositionof the motor. The value which w
pxms_ap can read or set must to be shifted using PXMC_SUBDIg.valug
should be givenin IRC units.

PXMC keeps here the actual speed of the motor. The value whig
pxms_as can read or set must to behifted using PXMC_SUBDIMis valug
should be givenin IRC units.

PXMC keeps here the requirpdsitionof the motor. The value whic
pxXms_rp we can read or set must to be shifted using PXMC_SUBDIV. In d
this value is set by generator.

pxms_rpfg This is a position extension for Fine Grained generator.

PXMC keeps here the required speed of the motor. The value |
pxXms_rs we can read or set must to be shifted using PXMC_SUBDIV. In ¢
this value is set by generator

pxms_rsfg | This is a spakextension for Fine Grained generator.
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Thisfield stores the maximal difference between actual and requi
position. If the difference will be greater than this value, then er

pxms_md will be generated: the flag PXMS_ERR will be enabled in pxmadfl
the flag PXMS_E_MAXPD will be stored in pxms_effihs valug

should be givenin IRC units.
pXMs_ms Thisfield stores the maximal speed of the motor. It has to be 3
- shifted using PXMC_SUBDT¥is value should be givenin IRC units
pxms_ma Thisfield stores the maximal acceleration of the motorhis valug

should be givenin IRC units.

pxms_inp_info

This is additionafield is used byfunction showed bypxms_do_ing
pointerto select whicHRC position meter, etcshould be used.

pxms_out_info

This is also a specidleld which decides where function frof
pxms_do_out should send energy stored under pxms_ene.

Under this variable is stored the value of enefgyfact it is power
computed by the controllerThe output function usekater this value

pxms_ene to combined/multiplied it with an output. As a result pxms_ef
decides howand in which directiono rotate the motor.
Here is stored the number of errors which occurred during the run
pxms_erc :
of the library.
pXMS_p Cont_roller_ propnrﬁ_onal constant, mainly u_sed by PID controller wh
- functionality was incorporated in pxmc_pid_con.h file.
pxms_i Ala, but with one exception, itis controller integration constant.
pxms_d Ala, but with one exception, itis controller derivative ccanst
pxms_s1 This variable is a special constant for controller.
pxms_s2 Ala.
Under this variable is stored a maximalue of pxms_endn Eurobot
pXMs_me project it is depended onCPU_SYS HZ amiWM HZ which are
- constans correlated respectively with the frequency of the
microcontrollerand the frequency of PWM
pxms_foi This pole is used by microcontroller for temporary computation of |
pxms_fod Alabutitis for D.
pxms_tmp Temporary variable for debugging
pxms_ptirc | Value present here describes how |laaghase table is
This variable describes how matignes we need to send all valug
pxms_ptper | from the phase table(s) to get one mechaniasiation of the roor. It
is used for motors with more electrical than mecinzal rotations
This is a offset between IRC and the beging of the phase table(s
pxms ptofs [¢ KA & AYyOlFNAIY( -LIE¥& $BIGKPE RXKY L

irc is an actual position returned by IRC. (See the pictufe3.33).

pxms_ptshift

This variable can be used to make correctiwhen the motor is
rotating very fast. In other wordghere canbe problens with aligning
the magneticfield lines with 90 to the rotor. This is due to the fa
that controllelQ &omputations take some time anif the motor
rotates very fast, then calculatedirection of magnetic filed lines ca
be not optimal (different from 9 and out of time
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pxms_ptvang

This value israangle between rotor andlirection of magnetic field,
The optimal value for steeper motors iSdnd for brushless motors
is 90. It should be given using IRC units.

pxms_ptindx

This is aindex to phase table arrayswhich shows which elemer
from the phasetable should be send to PWM output. If the fl;
PXMS_PTI_b is set, then this value is automatically updated by
library according to measured input from IRIEit's not, we can pu
here our own values, estimated for example fréwall sensors.

pxms_ptptrl

This is a pointer to the*Iphase table The number of phases depen
on the motor.For example tushless motorsisedin Eurobot project
had3 phase table

pxms_ptptr2

Alabout this pointer is for the ? phase table.

pxms_ptptr3

A/about this pointer ifor the 3° phase table.

pxms_ptamp

Thisisther I EA Y I t @I t dzSele@dédnts taied amplitudel

pxms_pwmlcor

Itis a correction field for PWML1 generator

pXxms_pwm2cor

It is a correction field for PWM2 generator

pxms_pwm3cor

Itis a correctio field for PWM3 generator

Thisfield keeps the number of last error which occurred when px

pXms_errno .
was working.
pxms_cfg This_ fielc! has functionality to hold fla_gs which describe
- configuration of a motor. See below description of possilags.
Thisfield is used by generator andkeeps the information about thg
pxms_ep end position of movement and like pxmap or pxms_as is shiftg

usingPXMC_SUBDIVhis value should be given in IRC units.

pxms_gen_st

This field describes the statofa generator.

pxms_gen_info

This is a table of 8 elements, which are used by/for trajec|
generators and computations.

pxms_hal

This field keeps last value read from hall sensor. Please see subs
4.3.2 for more details.

— Phase Tahle

500 1000 1500 2000

piofs £5535

2000

Fig. 53.3-3. Meaning of ptofs.
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In the following lines | will describe shortly configuration flags for a mdesrcribed by
pxms_state structureAll these flagsre available in PXMC library and theae presented
on the picture nr 5.3.3l. Unfortunately | didn't haveopportunity to test themmyself,
because inmost caseshey wetre just set by people with biggexperiencehan me

PXMS_CFG_HDIR b

PXMS_CFG_HRI_b

PXMS_CFG_HMC b

PXMS_CFG_HLS b

PXMS_CFG_HPS b

PXMS_CFG_SMTH_b

(0

PXMS_CFG_MD2E_b

.

PXMS_CFG_CYCL b

|

Fig. 53.3-4. Configuration
flags in PXMC.

PXMS_CFG_HDIR_Hecides about the initial rotation
direction of the motor.

PXMS_CFG_HRI &tates whether we are going to use
revolution index from HP HEDS or not.

PXMS_CFG_HMCnieans that we findabsolute position of
a mark center of a home direction axis with end switches.

PXMS_ CFG_HLSdécides if we want to use limit switch or
not.

PXMS_CFG_HPS iy enabling or disabling this flag we can
choose the polarity of switch.

PXMS_CFG_SMTH Ibthis flag is enables it means we want
to have a smooth speed changes.

PXMS_CFG_MD2E_lIf this flag is enabled, then every time
when the absolute dierence between actual and required
position will be greater than maximal difference (pxms_md),
there will be generated error.

PXMS_CFG_CYCLThis flag seleswwhether our axis/motor is cyclic or not. If it is, then
PXMC knows thaiverflow isintended andl (i @éngr&dierror.

At this point it is good to note, that PXMC library has some small and basic group of debug

functions. Unfortunately, as it was mentioned earlier, the debug section is still strong
limited in functionality for brushless motorsNevertheless, it should be known, that
pxmc.h defines pxmc_dbg_hist_t structure, which has three pointers:

long *ptr;
long *buff;
long *end;
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First one, *ptr is used to store fiormation about speed and powesent to the output.
Thetbuff is used mainly to store a profile of speed generator. The *end pointer shows the
end of the buffer. Please see PXMCBIQEsubsection to get litle bit more information
about debugging

Other very important thinksare error flags. We know from théable in point 5.3.3that
pxms_statestructure has field called pxms_errno, whikeeps last error code llAerror
flagsare presented on thegicture nr 5.3.35 and below is short description dfiem (the
value given after the name of a flag represents tiexadecimal code of the error):

PXMS_E_COMM 0x105 ¢ signalizesthat the new index
position for phase table(s) is greater than the length of the
phase table(s)

PXMS_E_MAXPDB 0x106 ¢ signalizes that the difference of
position is over limit. It meanthat absolute value oflifferenc
between pxms_ap angpxms_rp is greater than pxms_md.

PXMS_E_OVERL 0x107 ¢ signalizes that overoadof
energy/power occurred. In other words, if the controller
function calculates new pxms_ene and it turns out to be
greater than pxms_me then this error occurs.

PXMS_E HAIc 0x108 ¢ signalizes that there was some
problem withreading of hdlsensos

Fig. 53.3-5. Error flags.

PXMS_E_POWER_STA®E109¢ signalizes a power stage fault signal

At the end ofthe description of pxmc.h file, | want to give one very importantenot
Namely,in every application which uses PXM@e need to define one global variable
called:pxmc_main_list with a pxmc_state_list_t type. This structure consists from a list of
pxms_statestructures (which describe motors) and the number of elements in this list.
The pxmc_main_list is in other words a total list ofnaditors which we want to usand
control in our program. It is mainly called from functions which provide some special
services and tasks for all mog The small example how to create such isgpresent
here:
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pxmc_state_t *pxmc_main_arr[] = {&mcsLeft %
pxmc_state_list_t pxmc_main_list = {
pxml_arr:pxmc_main_arr,

pxml_cnt: (sizeof(pxmc_main_arr)/sizeof(pxmc_main_arr[0]))

|3

¢ KS a& Ywasdeffhddias pxme_state_t.

5.3.4. PXMC_BASE.H

Ly GKA& FA{S GKSNB A& RSTFAYSR a2 Obasid SR aO:
functionality of the PXMC library. According to this, we have here such functions like:

Name of pole Short description
It sets gpowerto given value and keeps it constatitis used for
feed forward control.

pxmc_set_const_out

pxmc_connect_controller |
prep*
pxmc_connect_controller| It connects a motor and a controller.
pxmc_set_gen_prep | It prepares the motor to a new generator.
pxmc_set_gen_smth | It smoothly changes thgenerator to a new one.
It moves the motor to a new given position. The movement
trapezoidal profile.
It moves the motor to a new given position with selected spe
As above, the movement has trapezoidal profile.

It preparesaxis (notor) to a connection of a controller.

pxmc_go

pxmc_go_spdfg

pxmc_stop It stops the motor and this stoig done by a smooth slow down|
pxmc_spd It starts a constant speed motion.
pxmc_spdfg Ala but in this case it has firgrained characteristic.

pxmc_axis_set pos | It allowssetting new value for actual position for the motor.
* -function is not accessible from outside of the library

5.3.5. PXMC_CON_PID.C

This file defines only one function: pxmc_pid_con. Thisnsnglementation of PID
controller which should calculaggower (pxms_ene). This last value should be later taken
into account when we set the PWM output.
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Fig. 53.5-1. General sructure of PID contraller.
PID used by PXMC can be seerfigare5.3.2-1.

The efficiency and performance of PID controller dependhoeet constants: proportional

(pxms_p), integration (pxms_i) and derivative (pxms_d). Because of that it is very
important to set these variables properly. To do this without usddeintification and
advancedmathematics, we canse so called Ziegkdlichds Method of PID tunirfg This
YSGK2R aGlG8a GKFG G GKS 683ayyiy3d 68 asi
AYONBIaS GKS até¢ (G2 GKS LRAYy(G 6KSNBF 6S NBI
ALAYED b2g G | AYahd theksillatdmNgeriod Qi t 6 S Qlyy oSG GF
constantequalto: 0.6 (KS a5¢ 02y ajihyyRi (XKjSdzlafL ¢G4 208 yrafitl K
P*Q,/8.

5.3.6. PXMC_DEB.C

This file implements some basic functions for debuggingcontroller. The use of below
functionsallows making a tuning/identification of the controllefo have access to all
functions listed below, during compilation we need to define PXMC_WITH_DBG_HIST.
One important thing we need to keep in mind. These functions are not for debugging of
the PXMGQibrary!

Name of pole Short cescription

It frees memory previously allocated for pxmc_dbg_hig

pxmc_dbg_histiree | .\ e

In opposite to above, this function allocatememory for

R pxmc dbg_hist_t structure, which stores debuggintprmation.

This function store in pxmc_dbg_hist_t structure thgpeed and

P Bl Gha e the powersent to the output.

It is responsible for storing the speed generator profile
pxmc dbg_hist_t structure.

pxmc_dbg_gnr_gi*

‘wSFT Y YO MudylundPiDCbnifoll&s: Thedry, Design, and Tuai@gd Edition
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Thisfunction is seen from outside of the PXMC library and in
pxmc_dbg_gnr it prepares all necessary elements for storing the sp|
generator profile.

This function sets debugging options for a given mg
Nowadays it is possible only to switch on or défbugging It is
pxmc_dbgset also possible to give as parameter a pointer to a function fq
debugging. This function sets PXMS_DBG_b flag automaticg
we don't need to worry about it.

*-function is not accessible from outside of the library.

5.3.7. PXMC_GEN_INFO.H

This is just header file, which defines several constants and fields for others functions.
These functions are later responsible for initialization generator(s).

5.3.8. PXMC_GEN_SPDTRP.C

This file contains mainly implementation of all generators which ardaibla fora motor
control. Now, becausea generator works as finite state machineg it is possible to
represent it by a pointer to a functi@whichdescribe it. In other words &can imagine it

as a tapezoid, where fathe beginning our pointeshows b a function which increases
speed. When the maximal speed will be reachbdn we automatically change the
pointer to function which will keep the speed as a constant. Then before we reach desired
position we change the pointer to another function whicillwlow down and finallywill

stop our motor.

Name of pole Short description
pxmc_add_cspdfg Adds finegrained speed to requested position.
pxmc_add_vspd Adds variable speed to requested position.
pxmc_set_spd Sets new value of requested speed.
pxmc_set_spdfg Sets new value of fingrained speed.
pxmc_spdfg_gnr Constant speed fingrained generator.
pxmc_spd_gacc Smooth transition to new requested speed.
pxmc_nop_gd No-operation generator state.
Initializes continuation generator. This type of generatot
pxmc_cont_gi temporarily used when new generator parameters
computed.
pXMC_trp_gi Initializes trapezoid generator. This complex generator real
— = motion to requested end position with trapezoid spegubfile.
pxmc_trp_spdfg_gi Initializes finegrained trapezoid generator.
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pxmc_trp_gend

Changes request position to new factor, what should finalize
use of trapezoid generator. This function is temporarily
working due to pxms_gen_tep call.

pxmc trp_gend1*

Sets request speed to zero and than changes generatd
pxmc_nop_gd.

pxmc_trp_gdulO*

Increases request speed to maximal value and then it chg
generator to pxmc_trp_gdu20. This function is used when
motor is rotating in upwardlirection

pxmc_trp_gdu20*

Keeps request speed as a constant and after some tin
switches generator to pxmc_trp_gdu30. Thanks that for exar
trapezoidal shape can be achieved. This function is used
the motor is rotating in upward directioh.

pxmc_trp_gdu30*

Decreases request speed to zero and then it switches
generator to pxmc_trp_gend. This function is used when
motor is rotating in upward directioh.

pxmc_trp_gdd10*

It works as pxmc_trp_gdulO, but we use it when the moto
rotatingin downward directior.

pxmc_trp_gdd20*

It works as pxmc_trp_gdu20, but we use it when the moto
rotating in downward directiort.

pxmc_trp_gdd30*

It works as pxmc_trp_gdu30, but we use it when the moto
rotating in downward directiort.

pxmc_spd_gi

Initializes constant speed generator.

pxmc_spd_gd10*

Increases request speed and request position according
acceleration and then it changes to pxmc_spd_gd20.

pxmc_spd_gd20*

It adds the constant speed generator to a given motor.

pxmc_spdext_gi

Initializes transition to zero and then generator change.

pxmc_stop_gi

Initializes transition to zero speed and then stop.

pxmc_spdnext_gd*

Changes the generator to new one.

pxmc_spdnext_gend*

Finalize changing of the generator.

* - function isnot accessible from outside of the library.
! Wecan thing aboutit also inraannerof clockwise and counterclockwise rotation.

5.3.9. PXMC_HH.C

This file defines only one function: pxmc_hh. At this point | can't give to much information
about it. During my short period of learning PXMC, | didn't enough time to get some

experience about this function.

Anyway, according to the source file, it debes Hard Home findingnd movementto
home position of the axisn other words, firsthe motor goes to a first switch othe first
end then it goes to second switch at the second eftier that the home positionis
calculatedandthe motorgoes there.
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5.3.10. PXMC_HH_BASIC.C

At begin of the description of this file, it should be clearly mentioned that this file has
couple of mistakes and probably it will not work properly. Moreover, because here are

calls to fields inside pxmc_stagtructure which don't exsts, it seems that it should be
impossibleto compilethis file.

Name of pole Short cescription
pxme_hh_gi* ¢K7\ a Tdzy OuA 2y Aa NBaLkl2zyaa
initialization.
pxmc_hh_gd10* ¢CKAA Aa | 2yS 2F UKS g8henfiad.
pxmc_hh_gd20* Ala.

pxmc_get hh_gi_4axis*

This function returns a pointer to the pxmc_hh_gi. This poi
later can be wused inside pxmc_state t structure
pxms_do_gen field.

* - function is not accessible from outside of the library.

The differences between pxmc_hh_gd10 and pxmc_hh_gd20 are mainly concerned with

changes in speed of the motor.

5.3.11. PXMC_INP_COMMON.H

This file implements two very important functions: pxmc_irc_16bit_update and

pxmc_irc_16bit_commindx.

Name of pole

Short cescription

pxmc_irc_16bit_update

This function updates PXMC fields: actual positiond actual
speed, according tovalue read from 16bitsIRC sensor It
is/should be always called from function which pointer is stg
in pxms_do_inp.

pxmc_irc_16bit_commind

This function is also called from function which pointer is stg
in pxms_do_inp, but only when the flag: PXMS_PTI_b is eng
We can say it is aimost the heart of PXMS because it calcl
the new position of index in the phasable(s).

5.3.12. PXMC_INTERNAL.H

As we can see from the pure nr 5.3.12, it is one of the most important file in the whole

library. The importance of it is due to the fact, that it predefines several functions and
constants, later used by generators and/or by functions which operate on phase table(s).
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In this subsection | Wipresentonly constantdor run ime phase table generatiowhich
are defined in pxmc_internal.h. All functions which predefinitions can be found here will
be or already were described in above or below subsections.

PXMC_PTPROF_DEFAWtates that we are going to use
standard or default phase table. The phase table has in this
case triangular shape.

PXMC_PTPROF_
DEFAULT

PXMC_PTPROF_
SIN PXMC_PTPROF_St#icides that our phase table will have

sinusoidal shape.

PXMC_PTPROF_
TRIANG

PXMC_PTPROF_TRIANKBis flag informs that the shape of
ByMC PTPROF phasetable should be triangular. This shape is used also when
R - we use PXMC_PTPROF_DEFAULT flag.

SIN3FUP

TRAPEZ
PXMC_PTPROF_TRAREZes that the shape of the phase
3PH . .
table is trapezoidal.
PXMC_PTPROF_ . , _
PXMC_PTPROF_3PFhis flag informs that we are going to
use three phase tables withreisoidal shape. In current state
this flag is the same as PXMC_PTPROF_SIN3PH.

PXMC_PTPROF_SINZRif.

Fig. 53.12-1. Flags for
phase tables.

PXMC_PTPROF_SIN3FB#R setting this flag we decide to use three phase tables with
sinusoidal shape. The only one difference between this and above, is that here we use
differences between the currermmhinimal value from one ofthree phases and the other
phases. Thanks thatyhen we send some output to the PWM, one of the transistor is
always switch off. This allowmeducingthe lossesof a currentcaused by transistor
switching

5.3.13. PXMC_PTABLE.C

This file is highly correlated with described above pxmc_intemal.h. Mostly it implements
all functions necessary to get proper phase tables which we can later use for a motor
rotation. Unfortunately, some microcontrollers don't have FPU. Due to thisnibisiery
good idea to use these functions directly, otherwise it can take some time to generate all
data. Great solution to this problem is to use below functions in some external program,
where we justgenerate the tableoff-line. When we will have themthen we can add
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them during compilation or linking. Exactly the same situation was with H8S/2638 which |
used.

Name of pole Short description

This function converts phase shift from degset® IRC units
pxmc_ptvang_deg2irc | Mainly it is used to calculate properly pxms_ptvang
pxmc_state structure.

pxmc_init_ptable_sin It generates sinusoidal phase table for a given motor.

pxmc_init_ptable_sin3ph | It generates sinusoidalBhase tables for a given motor.

It generates sinusoidal-phase tables for a given motor. In th
case we generate differences between minimal valueooé
phase and nominal from other phase Please se
PXMC_PTPROF_SIN3FUP in previous subsection.

pxmc_init_ptable_sin3phup

pxmc_init_ptéle_triang | It generates triangular phase table for a given motor.

pxmc_init_ptable_trapez | It generates trapezoidal phase table for a given motor.

This function is responsible for initialization of phase tab
Depending on profile giveas a parameter it allocates memo
for phases and then it calls one of above described functior
generate proper tables.

pxmc_init_ptable

SIN SINZPH
300 T T T T T T T T T 300 T T T T T T

200 \

100 -

200

100 -

OF 0r

=100

=100

200 200

-300 =300

I L I L L L L L L I I L I L L L L L
[} 2000 400 B0OO 800 4000 1200 1400 100 1800 2000 0 w0 400 B0 800 1000 1200 1400 1600 1800 2000

Fig.5.3.13-1. Phase tables generated with Fig. 53.13-2. Phase tables generated with
pxmc_init_ptable_sin. pxmc_init_ptable_sin3ph.
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SINZFUP trapez
T T T T T T 300 T T T T T

200

250 /\

200

150

100

50

I L I L L L L L L E I I L I L L L L L
[} 2000 400 B0OO 800 1000 12000 1400 1B00 1800 2000 3000 200 400 B0 800 1000 1200 1400 1600 1800 2000

[}

Fig. 53.13-3. Phase tables generated with Fig. 53.13-4. Phase tables generated with
pxmc_init_ptable_sin3fup. pxmc_init_ptable_trapez.

triang
300 T

-300
1

L L L L L L L L L
200 400 BOD 800 1000 1200 1400 1600 1800 2000

Fig. 53.134. Phase tables generated with
pxmc_init_ptable_triang.

5.4. How to start work with the PXMC .

Nowadays, the way of starting to work z PXMC is quit simple and Easyy, we need to
include to our project or applicatiopxmc.h file and additionally pxmcbsp Frst file gives us
access to all general PXMC fuons. The second file can contain functions and/or other
elements or structures which argpecific only for board which we are using to control some
motor.

After that, we need to createx pxmc_state list_t pxmc_main_lifist, as it was described in
subsection 5.3.3.This list contains the whole list of motors which we want to control with our

application.

The next basic step is to make initialization of the PXMC and the microcontroller. In general we
can do it very easily just by calling the functiprmc_initialize). In the case when we are using
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bldctest forhi_cpu2 boardve can also call functiopxmc_set_default_functions(pxmc_state_t

*mcs, pxmc_motor_kind_e motgr The first parameter is a pointer to a pxmc_state structure

which contains all nexssary information about the motor. Second parameter is a value
RSAONXOAY3I GgKAOK (AYR 2F GKS Y2G2NJ ¢S NBE 3A2A
be a problem to have two kinds of motors connected to the boarfdr example one can be

brushless motor and second a stepper motdleverthelessit should be kept in mind thain

normal case the recommendedasvaysto use pxmc_initializg(

Fig. 5.41. Example of ®Cmotor which
can be also connected to the board.

Now, the last step is just to call some functions which are responsible for movement of the
motor. These functions can be for examgemc_gog which moves the motor to new position.
Another function igpxmc_spdwhich is useful when we want to keep theotion with constant
speed. If the want to keep the power at the output at some constardlue we can use:
pxmc_set_const_outVhenever we want to stop the motor we can galmc_stopfunction. If

from some reason we want to set new actual and request pmsitwe can use the
pxmc_axis_set_pos function.

Additionally, for advanced usagere canconnect some controller to the motor using function:
pxmc_connect_controller. To change generator we can use the following two functions:
pxmc_set_gen_prep and pxmc_set_gen_smth. First of them is used to prepare the motor to the
change of generator and seid changes it in smooth walit.is important to note, that these

last two functions have to be called in the presented order.check the sampling frequenasg

can call pxmc_get_sfi_hand to make some changes in sampling frequency of PXMC subsystem

we should use: pxmc_sfi_sel. Additionallifea defining the PXMC_WITH_DBG_HIST there are

also available some debug function for the motor. pxmc_dbgset, pxmc_dbg gnr,
pxmc_dbg ene_as, pxmc_dbg_histalloc, pxmc_dbg_histfree and  pxmc_dbg_hist _t.
UnfortunatelyttS &S  Tdzy OUA 2y RARY QU ¢2N)] Fddfte& FT2NJ KySo

At the end it should be clearly point out that all of above functicauge described in subsection
from 5.3.310 5.3.13.
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6. Adding Board Support Pack age (BSP) for BLDC on H8S/2638.

6.1. Introduct ion.

As was mentioned in section15 the basic aim of PXMC librasyjwasto create easy to use and
extendable hardware independerbde for motion control. Abegin of my work with PXMC, the
situation looked quite different from above wishes. There wasseparation of the code, no
modularity,and no external debug toolThe code was hard to understand amtlat is the worst
it was veryhard to use. There was and still is a huge lack of a good documentation.

In the following subsections I'll try to presemost of my work concemed with PXMC and all
changes which made myself or with Michabgka's help/cooperation.

6.2. Subdirectories structure changes.

This subsection is strongly correlated with pdit8.1 and thefigure nr 5.3.11. As we can see on
this picture,that nowadays structure of subdirectoridwrdly depends on the target board. At
the early begin, it was totally different. All fileseve put together into one pxmc directory and
when we created some new application/driveve had to create our new file and thencludeit
to our project.

Now the situation changed. Whenever we want to creafXMGupportto anew board(BSR;
Board Support Packapewe just create new folder with thename of the boardand then we
create he Makefile.omk with compilation rules for oBSPIn the Makefile.omk we also need
to set two variables at the begimg

defau It CONFIG = CONFIG_PXMC_VARIANT =default_variant
lib_LIBRARIES = pxmcbsp

Where thedefault_variantdefines target board and motor configuratidNow, because BSP can
be compiled for different motors on different variant of board, we can use
CONFIG_PXMC_VARIAbThoose in which variant we are interested. If we want to compile
different than the defaul version, we can override this default value for example in config.omk
file.

Second linestatesin above that wegust want to compile PXMC board support libralymeans

that after we create our new .h and .c filewe only want to get a library as @sult In the case
when we just want to extend the already existed driver for a given board, we only need to add
new functionality in existing files.
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6.3.

Another improvement is that we decided to create one standard for all compilations. In other
words, now avays when we compile PXMC we get two libraries:

e pxmc
e pxmchbsp

CANBRGO 2F GKSY KlFa Fftf aadidl yRICNuRéions deRribédani I Kl
point 53. Second library (PXMC Board Support) has our functions, which can be hardware
dependent awl/or others functions which shouldn't be a part of standard PXMC library. Of

course to get right board support library, during compilation we need to set up mentioned

above CONFIG_PXMC_VARIANT variable properly.

After doing all above steps, we can vensidink both these librariesvith any applicationust
by typing in Makefile.omk the following line:

program_name_LIBS = pxmcbsp pxmc ...

Where the program_nameshould be changed to the real name of the program which we
O2YLIAES YR AYaldSIR 2F adddé ¢S OFy Lizi 2iGKS N

Changes in PXMC original code.

Working with Michal Sojka, we provided two small changes to original code of FXMC.
change concerngxms_structNamelywe added here one field:

short pxms_hal; /* last value read from HALL sensors */
This fielchas two basic aims. Firstly, it is very useful during O G AR KSR FYIAM)] ¢ T 6 KS

need first to set PXMS_PTI_b and later PXMS_PHA b flags. Secondly, it can have some useful
meaning to keep the actual value ahall sensor

Second change concerns error flagerewe added two error flags:

e PXMS_E_HAL
e PXMS_E_POWER_S$WGE

Because these two flags werbkeady described in subsection3s2 I'll not describe them here.
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6.4. Work with hi_cpu2 board.

During getting experience with PXMC library | got one of the tasks to make hi_cpu2 board
working with brushless motors. Thi®ard has H8S/2638 microcontler, which was described

in 3° section. Thanks that it should be very easy to port most of the code to the robot, which
later wasdesigned for Eurobot 2007 competition.

Fig. 6.41. Hi_cpu2 board.

The whole source code dfiver which | wrote consists from two files:

bldctest.h
bldctest.c

The bldctest.h is just a header file in which are predefinitions for all functions accessible from
outside of the library. Additionally we can find here definition of CPU frequenkyjiahertz
PXMC_CYCLEKHZ and the maximyaveér (pxms_eng PXMC_PWM_PER.

The second file, bldctest.c, contains implementatiorsefreralfunctions listed in below table
and additionally ilsoinitializesthe pxms_statestructure and array which keeftise hall sensor
table.

The implementation ohall sensor arrayis presented belowThe tableconsists from 8 fields
from O to 7. The numbers in the brackets represent the values which can be reachfibm
sensor. The numberafter the equality sigatate in which 60 degree part is the motor. All values
presented here are taken frofiigure nr3.5-4, except of Oxff. These represent the states which
are unachievable by the motor and if such value occurdhahsensor, then there should be
generated eror state.

55



