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1 MicroPython for the DXM Controllers

MicroPythan is a compact version of the Python 3.4 language standard.

The DXM Controller can be programmed using action rules, read'write maps, a ScriptBasic program, or a MicroPython
program.

This shart tutorial describes how to use the DXM Configuration Software to upload a MicroPython seript that uses the built-in
modules and the DXM Custom MicroPython Module, "pyb.

Use any text editor tool to create a file. A good text editor that numbers lines and color codes the language syntax makes
code easier to read and shows typing or copy/paste mistakes in the code. Examples include Visual Studio Code and
PyCharm, but any editor that support syntax highlighting for Python is sufficient.

After the MicroPython program is created, save it with the extension . py. The filename needs to be filename.py for the
DxM Controller to recognize the file as a MicroPython script.

For developers familiar with ScriptBasic scripts on the DXM Controller, the translation to MicroPython should be
straightfornard. The custom functions in ScriptBasic are: GETREG, SETREG, MULTISET, MULTIGET, FILEQUT, FILEIN,
MBREGOUT, MEREGIN. The use of lists in MicroPython eliminated the need for MEREGOUT and MBREGIN, but all other
custom functions listed are supported. The parameters for each function were kept in the same order in MicroPython to avoid
confusion. See the DXM ScriptBasic Instruction Manual (p/n 191745).

For mare information on MicroPythan, go to docs.micropython.org. Many of the code examples in this document are from
docs.micropython.org.

1.1 Upload the MicroPython Program to the DXM Controller

Use the DXM Configuration Software to upload the MicroPython file (*.py) to the DXM Controller before uploading the XML
configuration file. Define which MicroPythan program to run, save the XML file, then load the XML configuration file anto the
DXM Controller.

Mote that the DXM Contraller runs only one script (either MicroPython ar ScriptBasic) after it boots up.

Follow these steps to upload the MicraPythan program using the DXM Configuration Software. Uploading a MicroPython
program requires v4.1.11 or newer of the DXM Configuration Solftware and version 3.4.0 or newer of the DXM Contraller
firmware.
1. Launch the DXM Configuration Software.
2. Connectto the DXM.
+ Touse serial, select the COMM port.

«  Touse TCRAP, enter the IP address. The |P of the DxXM Controller can be found in the device's LCD menu
system under the System Info = Ethernet screen.

Click Connect.

To access a saved XML configuration file, go to File = Open and select that file.

On the Settings > Scripting screen, click Upload File to upload the MicroPython program (*.py).
Click on the file name and then click Add Selected to Startup.

This stores the startup script name in the XML configuration file.

Go o File = Save o save the XML configuration file.

8. Goto DXM = Send Configuration to DXM to upload the XML file to the device.

The DXM automatically reboots.

After the DXM reboots, the program outputs to the USB (default consale port). Use a serial terminal with the baud rate
115200. Any syntax errors are visible in the terminal. Any print statements also print in the terminal.

h N bW

-

1.2 MicroPython Modules

MicroPython modules allow programmatic access to the DXM's application programmer interface.

1.2.1 pyb.api

Access some features of the DXM API. See parameters table for numerical values.
CoeTemand i agefomd 1ar)
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Takke I Parameders for prb. agicma:ing

Sar Deult IF
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S AL P ana wavsian
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Garfodal Nomoes
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Command Value |Definition
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Aad 2gars Me ol ey Afrer S TS,

Example: Get RTC Value

itport pyhb
RTL = 102

current_time = pyh,api{RTC)

print{current_timed

Example: GET |IFP Address

import pyh
IP_addr = 16

IF_address = pybh.api{IP_addrd

print{IP_address)

1.2.2 File Operation Commands

Command

Description Example

pyh. filein(fileindesx,
maxien)

pyh. fileout(fileindex,

content2)

length, flags, content,

pyh. filepeek(fileindex)

Read bytes from UART, file, TCP socket, or UDP socket. Returns a content
read as a string.

Write & string to a serial port, email, TCP Socket, UDP socket, or file.
Returns an integer 0 on success or an integer code on failure.

Reads the number of bytes waiting in a network socket, the number of bytes
in the serial port read buffer, or the size of a file on disc. Returns the size of
file in bytes, unless otherwise noted.

content

The content to write (string)

content2

Optional string; anly used for email and SMS; SMS is not supported on the DXM700 models
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fileindex
Values include:

Tabke 2: Parameders for e Fbeinde fint] coammamg
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Tarmet W alue Description
UART {geaasally saaal 1 Mo ot i s w1 5203l cur other
coasola)
Emanl 2
SIS K
TZF Savar 4 tuqioar otioyes i TOF sarvar buter
TZF Shant =) Mumioas of Deia5 1 TOF Chaar o fha
UDF socker & Huomiaay of ayes i HOF oo fhar
Filz 1 w
Filg 2 11
Filg 3 12
Filz 4 13
Filg % 14
flags

Defines the file operation (integer)

« 0-append file

« 1-0Overwrite the file, if it exists

length

Length af content to write (integer), input O for auto-detect

maxlen

Returns the maximum number of characters read (integer); default value 200. If the number of desired characters is
greater than 200, use this command to specify.

Examples for pout

Task

Command

Result

Write data to the RS-232 UART
Send an email (the optional
filename is specified by the file's

file index)

Write data to Ethernet

Append data to ShFilel.dat

pyb.fileout(fileindex, length, flags,
content)

pyh fileout(fileindex, optionalFilename, O,

emalladrs, message)

pyb.fileout(fileindex, length, 0, content)

pyb.fileout(fileindex, length, flags,
content)

Result = pyb.fileout(1,0,0,"This is sent
through UART™)

Result =
pyh. fileout(2,10,0," myEmail@host. com™,"Sen
ding File™)

Result = pyb.fileout(4,0,0 "This is sent
through Ethernet™)

Result = pyb. fileout(10,0,0,"This is put into
the file™)

Example Code

itport pyh

#Let the contents of File 1 amd put in string file_content

Filel = 10

file_len_bytes = pyh. filepeek{Filel)
#If file_len_bytes not specified {0 is wsed), 200 bytes will be returned

file_content = pybh,.filein{Filel, file_len_bytes)
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1.2.3 Register Access Commands

Command Description

pyb.getreg(reg, sid, mbtype) | Returns a register value.

pyb.multiget{reg, count, sid, Returns a list of register values.

mbitype) The list will be of length courit.

%thﬁr;:;t'mtfr‘gg' vahies, sid, Returns O an success or an error code on failure.

pyb.setreg(reg, value, sid, Returns 0 on success or an error code on fallure. Even on invalid register set (for example,
mbtype) nor-writeable registers).

The data type of the register (integer or floating point) is determined by the register address and Modbus Slave 1D (sid). For
example, if reading from internal floating-point registers (register 1Ds 1001 through 5000, inclusive) from SID 199, the result is
a float. Otherwise the result is a 16-bit integer. Refer to the DXM instruction Manual for Modbus Register data types.

count
The number aof registers to get [1,100] (integer)
mbtype
The Modbus Register Type (integer). lgnored by function but reserved for future use.
+ 0 =haolding register (all DM local registers are holding registers
« 3=col
+ 4 =input
« b5 =input register
+ B =single coil
« T =single register
reg
The register address (integer)
sid
The Modbus Slave 1D (integer) of the device
+ 0-198 = External Modbus slave devices
+ 199 =|nternal Local Registers
+ 200 =1/O board registers
+ 201 = Display board registers
« 203 = On-board VO (refer to the device datasheet for available VO board, display board, and an-board 1/0)
values

multiset: The list of register values (integer)to set. Length of list must be 1 to 100 values. Values in the list must

match the register type: Uint16 for offboard Modbus registers, int32/uint32 for 510 199 internal registers, and SEM32
format for SI1D 199 floating paint registers.

setreg: Union[intfloat). Integer values can be written to any register; floating point values can only be written to
floating point registers

This call may take some time. The delay is from networking delays when external devices are polled.
Example: getreg
This example code gets the value of local register 1.

regl = pybh.getreq{l, 120, O3}

Example: multiget

This example gets the value of local registers 1 through 5. The value of "my_local_regs” will be a list of the results from the
register read.

my_Tlocal _reqs = pyb.muwl tigetdl, &5, 100, O
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Example: setre

J

This example code sets the value of local register 1 to 10.

prb.setreqfl, 10,

100, 03

MicraPythan for the DXM Cantrallar

This example code, specific to the DXM700 models, turns on the red LED 1 on the DXM700 display board.

prb.setreq{lld2, 1, X1 ,03

Example: multiset

This example code sets the value of local registers 1 through 5 with the values 1 through 5, respectively.

pyb.multiset{l, [1,2,3, 4,51,

Error Codes

100, 03

Return Value

Register Access Error

ToooL

a000L

a0

S000d

A00Crs

A000S

anocd

a0

aoo1o

a001L

a001s

aotil

anozl

AFlacr availaanle
Sl eTlacul
Zuaoa il
AFlparamenrisua
MmNl aurioaTrad
Saaacal falo e

Dot ot METIoey

LS oyndmad 1 Aacina
S 13 B

Bad comimand
SEaacal pencass g
Resull grocass 2o
Transpoet talura

TS0 T DT80l

Reading invalid registers or registers from an invalid range returns a0, -1, or an error code. If more than 100 registers are
requested, the contents of indices beyond 100 of the returned list will likely be 0.

1.2.4 gc (garbage collector)

This module exposes memory management functions and statistics. The garbage collector is enabled by default. Disabling
the garbage collector is highly discouraged.

Function Result

qoC Garnage oollacior

go.collao] Fua 3 gasbage oallacnon

go.en aide] Enaine aumoemanc qasoage coll oo o

go.maT_taaf] R the aumipas ot wras of avadainle hean RAR, o -1 d 1S Moo an S A0 Ao |

go.dsaniad] Cesaia aulcmant gasnage collecnoa. Hean me oy caa soll e allocaed, aad gadnage collemoa can sl be
imbarad Maaodlly uaag ge.collacn].

go s aad

QoL meT_allon]] R s e agqiper of by s ot hean RAM thar ace allocaad
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For ongoing scripts, itis recommended to periodically call ge.collect() to manage the memory contents in the DXM generated
by the script. Understand that ge.collect]) can be a time consuming function. More information is found at: hitps:J/
docs.micropython.org/en/latest/library/ge.html

1.2.5 math

This is a list of included python math functions and constants in this implementation.

E::::ltinn Commnea: Result

acos Mmam accsli] REfur g M2 iyaesa oosva of X

asm ma S E) Ratua s tha yarsa g8 of 3

aran Ma aranix] Riura § M2 yassa [Engear ot s

aran2 Mam aEaiyx] Refu 5 the genoadl valog of fe nvarse (a1 gear of Wi

cail ma cailfz] Refura g 34 meger, 1, rouddad 1owand 5 oS cahary

OOy N MAR L0 QA Refura s 3 Wi the Siga oty

tadaA mam ol Ratura 5 the cosme ot

dagraas mam dageaasi) Refura g radhaa s 3 ooavaTad 1o dagaaas

=) Mmam 2 COASIAAL B30 cates 3 e, the basa ofthe aanral Ioganim fua oo

230 Mmam o] Riafuaa 5 (Mg @xonaan pal of X

takrs Mam tansd) Rarusa s tha ainsalule walue of i

oo Mmam focefs] Refu s 34 e ger, 3, roudd2d [oand § aaganee iy

tmiod A mod (] Rafuan 5 tha vamamd e of 'y
Deccmaeses 4 Hoanag-ad L An T i3S Mannssa 3nd asponear, The rafuqad valud s the waa (@, 2] such

teaan Mmam teaans] Marx ==z M = 2% exacty, It =z 08184 the tuacnea semas 00D, O] |, ateamsa te alanca 0.5 5 abglm) < 1
nolds,

ishara Ma s shaE) Rafus s trud ot 30 fare

st AR 12 K] Raura 5 trug it 1g whoire

15131 ELL N ERTE Rafuea S trud ot 305 A0 3 AuTiges

I Ma Jdaos, e Ratea g 3 = 257

oy Mam Jogla] Ratura £ tha aancal log astha of 3

et J——— ::x:mg A wpe otoeo 1oars, bawg e teacnoa al aad oaregeal paas ot 3. Borh aaiued values hase the game g

Pl MM COASEAAL B30 catass 13 e cans of 4 awcla s arcumiareace oo ors diamaas, o

Paulth AR a0y Riaura § 1 [0 [ha ooy of 'y

radhans mam sadansis] Refura g degraas 3 coavasad wiig «adians

1 mam S E) Rafusa s tha e ot

=T Mam 5q i) Raura 5 tha square fool ot s

1an Ma 1ana] Riafuaa 5 [ha 1ang aar of X

(ST T ELL AT REfusa S 34 Magay 3 Aooaad toaasds zaa (i)

For more information, see https://docs.micropython.org/en/latest/library/math.html.
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1.2.6 micropython

Access and control for MicroPython internals.

Command Description

Lsa o daclara tha @iawassisd o3 3 OIS0 23 (M8 Ol 03 Galemhaa . Examala:

from micropython diMport const
COMST_X = comst{123)
TICAS B O, COn TR ] COMST_Y = const{? * CONST_R + 1)

Caasiaars daclased pns way ara gl accasoda as glonal vaagalas ¥oen corside ta madula thay 308 daclasad a1t a
COTELAAL B0 S Wilil 3n ud@rSo0ed il g mddan I:ﬂlll[ Avalaide a< a gloaal vanaa E-] Ad doag Aol (A o TITIC Sy dundg
2aaCulice,

Ao o e an ookl
T e A ual ookl ]

Faarwtoarman oa aocor cusanly vsad Mamoey. fFie w2Aiades 3440 et o3 givda P 250030 BaTanca 5 paaad, Tha
pearad (AT AncA 5 M@l TS LD oA depaa dean ol Cuvaatly i clpdag tha amouat of 3ok 3ad negpuead, |4 vediaose
ModS 0 @A rs ool [18 SDre 1230, ndi2anag Wit o alocis 02 used and wincih arg Fes,

T 20T v v
osall

It1ewel s gwan, s fuamioa 2205 the SonThZanca leval for sulrsequant complanca ot Scapis and fam s foae,
DS L AU S THE Qo3I QEDnThZANCA leyal, Tha CoeTh ZAn0a layal oo oS tha tol o] Coemalanca B atura s
= AriawalQasamoa SaETears are andilad aad camaled v e eracoda; ar lavals 1 and mghes 3ssamaas ane

T 00, gl L] [Ty al]] ACE CoMgnlad
- Built=a _ daiwog_ waaaibia: ar laval O rns vanapla s Trud; arlawals 1 and mghacinig Falsa,

- S 02 -Code Ll Ao miaee s arleyals O, 1 and 2 Sowro@-code g o minss A¢ 8 Foead o] Wil e ieracode S0
BACE TS T3 BT 12 g auTinds 8y aocudad Ar arlevals 2 and ngigs g Aue i S are ol Foead.

Tha dataull o mIanca lavel s ugudlly eyl 0,
MO O, Dy STACK_uge

Faars v 11emanca Aol Cu i@l iy iaaad Sraag s, Fre vaadad o TS S Qv [T 23103 w1 AT AN 15 aarinad . Tha
ATEETIANGA [ 30S o i2d o e alanaAranea da o daar, Dol oAty i clydas te Ao oy otiiaraad seaag s aad e
AMouar ot RAM ey uge, |4 yaviaose Mode o paars ool [he admes of 3l RAManeraed snnag s,

By (el wla MVl W R T b o L=
za]]

Raw s an wingg ey va@vidsaanag e Cud' &1t ZTICu AL oF S B2Aag vsad, The 3ioscluie valua of fiss Aok parncolady

TICA T 20 SEACN_usad]
wietul and should pe gsed o compo e ditteraaces i Siack use ar diffasear poans,

More documentation is found at: https: /docs. micropython. org/enflatest/library/micropython. html.
Avoid using heap lock and heap unlock. These functions can have unexpected effects on the MicroPython environment.

The most useful function in this library is const. The const function is used to declare optimized constants in a namespace.
This can be used with most MicroPython datatypes (bytes, bytearrays, strings, numbers, lists, etc.) and allows the creation of
read-only variables that are stored in the most efficient manner possible in their given namespace. This is a simple const
demao.

=== £lass consteno!

000 publ icMumber = wicropython, const{1)

500 _privateMumher = micropython,.constd -1}

publ icString = micropython const{"L am Constant')
_privateString = wicropython.const{"L am private'

000 def __+imit_{se1f, args):
self.arg = args
print{'"Made a const Hdemo wWwith args:

ir

+ str{argsid

==> a = constDewo{1)

Made a const detio with args: 1

==> b = constDeso{ )

Made a const detio with args: 2

=== a,_privateNomber

=== b._privateString

'T at private’

=== @, publicString is b, pubhlicstring
True
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1.2.7 string (str)

These functions generally match the behavior of their desktop Python counterparts. They can be called on from an instance

ar from a class method.

Command

Descrption

SrezuAansubEaa g)

srv gadsyarhf oo tha] | s,
aad]]|

st had{sui], Fac], 2ad]]]

SOt marn

sreaadead o], stan], aadT]]
srragalpnal

Sreasduginf]

S0 S o] |

SraEspaned]

S¢S0 o]

eyl inacaiala)

Sre o]

sl gapd]

strseplacadold, A, max]]

stesradizoa], saaf, aad]]]

sresadeaizol, sta],
aad]]|

s gahi]

S0 sl

Refuda § the numiay of cocuveaces of fe suliEriag e qivan Sinag.

Refud | faudof B1e S ag @ads weeh the spaohed suf Fix, oieowse retuss False opnoaally /s g ha qIasig i e
gvast radcas start and end.

=  suffix—~Coold i a srhag o A tegla ot suthies
= start—Shoe bagns hae
= ERH—EhTa aads haee

Refuim S the des of TSt cizou g o8 of THE Suiasn g I:IT T_'-I.Iﬂlj]. TG oo d, L adurns -1,

Fowmar syngs coard rapl acamaar hald £ suevoo aded vy curly races [} Aayrnag thans ol coaram ad » bvacas g
coasdanad higeal raar, winch g oopead uachanged o e Sulpor, Ze3 01 0aha e Feinga doouTea iEanca o 833l es and
Quidehags,

Fefum s thaadas of 3 Suidsinag nsde e gang {ITTIJ-I.I-""J] LATTe SuirEran g g Aok Touad, i caigas 30 sacephca
Raus s truaat all 2haraciess 1A e A 38 AlEnanar cnasaciascs,
Fefum s trgaat all 2haracees 1 e g0 308 Awmencal diqirs,

Chacks whathes gl te case-dpasad charaomes flamars] ot the sinag are lowescase. Rew s vo it all casad chasacees n e
S Aed lovesa se aad thava s ar lea g oae casad chasaomes. Relua s false omaamse,

Refusas tuaat 3l aharaciacs 1 fa gang 302 wiilggaace chasaciees, ahaamsa, #du 5 false. Uga tns funcnoa o aheck frhe
argqumant coard as all wiespane characiess such as:

- -Enace
= & - Hoazoaralran
= W-nrawae

= wo-erpcalran

= - Fead

= W-Zarnage et

Ratusa s tuaat all cazad chasacrass o e SEag A0 udpanaase 344 faa s anlaast one cazad chasacras, Blse e o,
Reua S 3 ang S aemag all f1e @amenrs of an avaidla (guch as hg, stang, and wple], separdied Dy 3 siang Sendrain:,
Raua S 3 Sang AL oovari2d 30y upneeCdse CHaraciess 0 | wevtase Characians

RatusA S 3 0ogy of 18 gang vt l23adng chasaoass amovad faased oa e ag rquaaar passead].

Reua S 3, Copy of B18 gang i winch e oocurraaces of 014 have bean replaced with newW, opioaally Fasricna g Me AuTioes
of raplacaTants o Hak.
Refus £ tha mghnaa ida s ot the sulbainn g §f fduad]. iAol Tund o o g -1,

= sub— s SulrErng 0o e sadachad e Sie Jaag
= s and aad{opnoaal | —solrsrag s saasachad waina Srefsaaaad |

Raiuim § tha mgnag mdas of (e SoirEind g inside (e Srang I:IT Tizuan lj]. f M2 S0irEnnag 8 Aol ound L FArses 31 SaCSAn o,

= Sub—suiEraag o e searched A e T Sy
= S and aad (o0 All—SulrErna g g saacchad weria s s and]

Eahr 3 S6aag o A hg, uSing comma, tollowad oy 3 pace (] a5 the sapdrany

txt = "apple, bamana, cherry"
o= tut.replitd", "
printdad

Rasult; [(appe’, hanaaa, cheany’]

Reua S 3, 0opy of B18 gang wirh g o aracars aamoved fnased o0 M Srang Argueear passed].
= ohass {opnoaal]—a stang §aemhe g he gar ot chacacmars o e ramovead,
It 2hass aqumeat s A peatadad | 3l Wi goacas & ta Aaghr 302 samosad Fom me JTaay.

string. retripd [chars])

WAL DA AN ST QIR B BT - Tel: + 1 333 ATASTET




MicraPythan for the DXM Cantrallar

Command Descrption

Sght 3, S0a] i 10 3 L winaea 23ch wioed o5 3, hsn mam

tit = "welcome to the jungle'
sresahi]) N o= tftjglﬂ itdd
prinmtdx

Rasult: [wealcoma’, ', e, juaglal]

S0eSLATSWICH
{ widwes start aad £nd.

AT |
string. stripl[chars]}

Sl |'J|‘IE|"I:| Refuim S 3 S0 AL Conyri2d 3y Iowercase oardoss [0 ot ase Characisss

Fyriga srang merod EE-E'.-"'ZE'.I'JIU"H:] CHECh s whathey SIaag SLaTs vl S Tr, oooadlly r2gacnig e MASnag Wi e gryaa

= 0Aasg (oanoaal]—a slang goamta g e gar ot ohasannass o he AaTovad o re 1aft 3ad aghr 23T of e Srag,

Rauas 3 0opy of B8 gang Sy Mo g o tha lzadag and the rwaihag chaeaomers foased on e Staag drgueTear passed],

# +instance

x> a="'1,2,%,4,5,6, 7, &'

- a.5|:l'|'it{'r.'r}

[I1I| I2I| I3I| I4I| I5II I.EII I?II IEI]
# class call

=== str.splitla,','}

[I1I| I2I| I3I| I4I| I5II I.EII I?II IEI]

1.2.8 uarray

The varray function provides fast, memory efficient access to typed data. This is useful for data corversion (ie: converting

Modbus registers values to SEM32 values) and data transmission (sending data over a socket).
Array slice assignment is not supported in this build.
Tabke 3 Svppoerked darrgy specifiers

Type Specifier C Type Python type Standard size in bytes
] Eigaed char lrag e 1
B Uasigaed char Inrag e 1
h B Irega- 2
H Uasigaed shoet Irag e 2
1 [fyld [l= =y g
| Uasigaad c lrag e |
. Loy lrag e 4
L Uasigaad Ioeag Inrag e q
q Lo lang lrag e a
] Uasigaad laag loag Inrag e a
z Chadd] e
F Wid lrag e
T Floar Floar dq
d Wla Thaf- Flzar 3

uarray.array(typecode, [iterable])— Returns a new array object. Type code must be from a given type specifier.

« typecode is the type of data to store in the array.
« jterable optional, if specified add these elements to the array.

uarray. extend(iterable)— Attempts to add the elements from iterable to the end of the instance calling uarray.

=>= a = wmarray.array{"H", [O«<FFFF, 0O, 1, 213
=== b = marray.array{"h'", [-1, O, 1,21}
*>> £ = warray.array{"H", [3,4, 5]}
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== a.extemd{c)
x> A

array{'H', [65535, 0, 1,
x> a,extend{b)

x>
array{'H', [65535, 0, 1,

uarray. append(val)— Add
the array. If that is not pos

x> @
=== b

x> A
array{'L', [0, 1, 2

=== b

nitraller

2, 304, 51>
2, 3,04, 5, 65535, 0, 1, 21}

val to & uarray, growing the array. Upython will attempt to convert val to the appropriate value for
sible, append will throw an exception.

marray.array{"L'", [0,1,2]3
narray.arvay{'f' , [0, 1.0, 2.0])

arrayl'f', [0.0, 1.0, 2.0])

=== a,append{3)
=== h.append{3.0)

x> a@

array{'L', [0, 1, 2, 31}
=== h
array('f', [0.0, 1.0, 2.0, 3.0])

=== h.appemnd{3)

E

array{'f', 0.0, 1.0, 2.0, 3.0, 3.0])

e a.apﬁendﬂ.ﬂ}
Tracebac

{most recent call Tasth:

File "=stdin=", in -todul e )
TypeError: can't convert float to int

1.2.9 upinasci

This module implements conversions between binary data and various encodings of itin ASCI form (in both directions).

Command

Descnpbion

wimadson magihe daral s 0]

uinAa 50n o el beld ara)

uinaason 320 hasesdidana)

uinaasoe b2 a_hasesdidana)

Oy i ady JaLa 1o Ne g3 0eceTal Capra Searancn . Refuras iyes Sinag,
Coyaa exadanmal dard [0 8add saea SEaranca . RElusag es Sag. 0.a ayaega of naxhity]

Decode hasasd-eacodad dara, wgacang weahd Characiess i (e apul, SonoaTis 10 RFC 2045 5.6.8. R8s 3 tviag
iy |,

EAoode b any dara vl hasesd tonmar, 45 v RFC 3348, Retui 5 e eacoded dard tollowed iy 3 newhag characes, a5 3
res olye,

1.2.10 ucollect

ons

This module implements advanced collection and container types to hold'accumulate various objects.

Command

Description

uocllecnoas dequainesaale,
mazlaa [, 1ags]]

ucollecnoas Admadivgladn am
2, 1aids)

Dequas {dcoibleaadaed quauas] are a hsHke coatanays tan suppoen O 1] apoeads and pops taoen edae side ot tha dagque.,
rlaw daquas aaa craaed ooy the followag A0guTents;
=  Gterable mustbe e amary wae, and the aaw daqua s orearad aqaly,
= maxlen muestise spaodtad and fa dagua yall e bogadad (o ing QAT e g, Afer tha dagua s tull, any
Ay s dded vall discand ams FOm e oooosiie and
= Theoononadl 1305 03 03 Lo chach or ovaion witaa addiag mams,

Aswell as suppoenng boo] and Ten, deque ciyacis have te lloweng metiod 5
= deque.dggead{i]— Adds 1ot aght side ofthe deque . Rarses [ndex Eaor f ovarloy chackng s analded aad
THEra g 0 TIoeE ¢ 0Tl 1T,
= degque.oople|— ReToves and f2uas 30 T T fe et sde otthe deque. Rases [ndeaEqoetan mems ane
Qraseal,

Craares 4 asw Aamediugle feos Ve 3 specic Adme and s ot helds. A aamedge s 3 suiclass ot tugle A acoesses
1S ¥2lds A oSt i AwTiens wd &3, ol 3180 Wit 3 A Boie A00ess Senla s Sy miaohe held names. Fieldss a
SEQUEACE of SInAag S specitpa g 1210 A3mes. Fov companiahly vam S FWNoa L 23a 3150 52 3 Sinag wilh 3 spdce-sendy arad
tiald aamed ot g lass afioaar).

from noollections inport namedtupl e

MyTuple = namedtupl e{"MyTuple", {"id", '"mame"})
tl = MyTuplefl, "foo'™)

tZ = MyTupled2, "bar'"»

print{tl. named

assert t2.mame == t2[1]

WAL DA AN ST QIR B BT - Tel: + 1 333 ATASTET




MicraPythan tor the DXM Cantraller

Command

Description

uccllecncas Drdased Dncry, ]

Remamiaass 3ad gragavas Ma orday of kays addad | ‘Whaa ordavad dazt e n2eanad ofas, e shia s 302 faucaad A e
oedes rialy wang 3ddad:

from noollections inport Orderedbict

# To wmake benefit of ordered keys, OrderedDict showld be initial ized
£ from sequence of Chey, wvalwed pairs,

d = Orderedbict{[L"2", 13, {"a", 2313

£ More itetis can Be added as unsnal

d[lrlﬂlr] = 5

d[lrhlr] = 3

for kb, v in d.items{d:
print{k, 3

1.2.77 ujson

This modules corverts between Python objects and the JSOM data format.

Commands

De scription

up 50 duaci), SErea|

w20 dumoso |

v 20 loadi{srraam]

w20 loadsisr]

Eanahzes ohj wa 500 Fang, wonag o e greaasrea.
Rews obj raprazeaned as a IS0 Tang.

Fasses e quaa Seaam, vdawanag a5 a JE0M sinag and deseaahzag the dara i 4 Fyhoa cigect The saguinag
SR E ruad, Fassin g aoeiag 2s oanl ead -of-hle o5 @acooaranad. A W alue Exvoe s carsed of t12 dara a S0eaam g Ao
cowacily formed.

Fassas the J50M st and aaueas an oy ect. Rases waluvaEsaae f 12 S ag 8 Aol covactly foemead,

1.2.12 urandom

Use this module to generate random numbers.

Commands

Description

w300 3TLgaeaadinesia

ue3ad ceml . saadla]

ur 3d oA dta ]
w3 oamLeaa dean gad o)

w30 OuTLeaA dean gad s ac,
|

w30 oeTlLe3A dedan gadaar,
0o, TEd]

ue30d ceml . ch ecay 52
w30 OeTlLe 3 D]

w 3Ad ST oo miia, )

ReEruss 34 10agas Wt A v3ada s whasa A May ba bamwaaa 1 and 32 fadusiva].

lmnahzas (e cf3Andoem Aumiss s &2 Calss Wil A Kacin i i2gey a ;) (ecvid2s caead ooty dei@amesne @ 3nd Taess oo a4
Qvaa T3 nAg Targ I:ﬂ] Tyacal v T0ns LACOC 15 10 S88d M2 Qa1 &3 00 Wil SoTErA] AL w3aas ova [T, Suti 35
e LEB of 3 temas, Sudi a3l Ma f3ndoeTiness saas o 4 diifegar glace avasy o,

Reui 3 ¢3nd om winages i Such thal 4 = M £ b, Ahds B randrangeda, b+ 1.

Raua 3 r3nd oMy s2laciad wirager paryeea Tan dad ud 1o fout asiadudig] stop,

Retuda 3 candomly s2lacrad inregar taam «an gadsact, soo).

Ratus 3 randomly s2laciad alemant ¥ «3nga{sat, siog, Se0).

Refud 3 ¢3nd om &amear teoel The Aon-2Maly Sequaace 32q. [T S8q 15 &moly, va5es MdexEoor,
Raus g Agan «3adoe ] Hoanag poeal A wliogsn me qaage (00, 1LO)

Ratura 3 ¢ 3ad om 1030 oAl AT M oI Mard o saoRr s and oM S 3 oo« a.

1.2.13 ure

This module implements regular expression operations. Regular expression syntax supported is a subset of CPythan re
module (and actually is a subset of POSIX extended regular expressions).

Commands

Description

e oo maladsages s,
fagz])

Camalas saqulay Brarasitd , ralueas PEQEN O0act.
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Commands Description

ueamanch e gas sy, .
Comgnles peges_ 5t and march agawsr strang. Marh aways nagneas o SIamag goEinc 1 A S0y,

atnag |
wrd saaschisagas_sr, Comgnla PeRER_Str aad s2asch 0 3 stang . Uaklea manch, sus saaathas strdng foe tha test gosinon thal marchas reges
=raag | fainch soll may e 0ot regex s anchoead ]
Comnla ragas_str aad $23.00 100 Stang, aaplamag all marchas v caglaca, aad a2t mag e aaw aag.
wea sulragqas_gv replace can e 3 Stadg o0 3 Ao, s A Snag et 830302 sequences of fe 1oen Y<numbers a1d \g=nmibers caa

e uged 12 expand o e Corres Al g geoud (00 A &TEly Siaa g B uAmached goougs], It repl a0 S A fuaooa thaa o
MUt Lake 3 single Aaguient e qach] aad shoold refuca 3 /aplaceqaat siaag,

Ifcomnt s gpachad 30d A0A-T8a0 M an SulTiunon SIS ANer BLs Maay SuiEiuooas ae made, The flags amquimentig
1y ored,

raplace, srng, couar=o,
fags=0, ]

1.214 ustruct

Functions for packing and unpacking data into wel-formatted c-style structures.
Tabke 4 Suwppaned momber farmat specifiers

Fomiat Specifier C Type Python type Standard size in bytes
a] Sigaad dar I er 1
B Unsigaad char I e 1
By B lraqgas 2
H Unsigred shoet I e 2
' lar Ireg e 4
| Unsigaad g RIENT-N 4
. Loy I er 4
L Unsigaed Iong IENTEY 4
q Loy Ioeg RIENT-N a
) Unsigred Iang loag I er a
= Chad] e
F Wiowd " I e
t Floar Floar 4
d Dioonla Flzar a

Tabke 5 Swppersed byte ardecing profives

P ine fig De seri ption

i PLAD W e Oeidaiig

- Lid2-andhan

= Big-2adian

! rleryor drdeang fag-2ndian)

Example for ustruct.calcsize (fmft)

Returns the byte size of a given format specifier where fmt is a string of the form: “bf1f2{3..”
b is optional. If specified, it must be in the supported byte ardering prefixes.

f1 ... fn format specifier. Must be in the table of supported format specifiers.

calceized "<LL" ) == &
"<LL" format string generates I ansigned longs -> 24 bhytes = &,
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Example for ustruct.pack(fmt, w1, vZ, w3 ...)

Returns a bytes object composed of arguments v1 .. vn formatted by fmt, where fmtis a string of the form: “bf1f213..”
bis optional. If specified, it must be in the supported byte ordering prefixes.

f1 ... fn format specifier to apply to argument vn. Must be in the table of supported format specifiers.

vl ... wn arguments to format

pachi"=Lh'" Ox10A0E0CD, -13

b 'y w0 Al w b w o0 F Py o F F

"> owtput iF in hig—endian format.

"I" format the first argument as an wnsigned 32-bit int.
"h" format the second argmient as a signed 16-bit inmt.

pachi"<LL[" , 0x1000EDD, OxFFFFX

By w0y B0y A w 100 5 F 7y oo F Py w0, w00

"< owtput is im 1ittle-emdian format,

"I'" format the first argument as an wnsigned 32-bit int,

"I format the second arguient as an unsigned 32-bit dint,

pachk{"H", 655363 Eguivalently, pack{"H", 0x10000%

b' w00 w00

Use platform defanlt endian-ness,

"H" format the first argument as an unsigned 16-bit valwe

Example for ustruct. pack_into(fmt, buffer, offset, vivZv3 ..)

Packs bytes into buffer, starting at offset. Bytes are composed of vl .. vn, formatted by fmt, where fmt is a string of the form:
“bilf2f3.”

b is optional. If specified, it must be in the supported byte ordering prefixes.
1 ... In format specifier to apply to argument vin. Must be in the table of supported format specifiers.

Buffer is any object that implements the buffer protocol, typically array or bytearray. Itis up to the user to ensure that buffer is
large enough to handle the output from pack_into.

offset is the offset, in bytes, to begin writing the pack values. May be negative to start writing from the end of the buffer.
vl ... wn arguments to format

x> a = hytearray {10}

=== pack_intol"<Hh'", a, 4, Ox0102, -2

x> d

by tearray{h'?h x02Y :-:1]1\. nfeh af f‘-. a0, 00, w00, w0, 00y 00" %
=== pack_into{"<Hh'", a, -4, 00102, -2)

x> A

by tearray{h'y w02 w01 xfeh of £ w00, w00 w02 w0 Dy FeY 2 FF' )

»»> a = array{'L', [0, 1]3

#xx pack_intol"=HH",a,0, 00002, 003043
Fax Eh:{a[ﬂ]}

"Ox4030201"

x> A

array{'L', [6T305085, 113

=== pack_into{"=HH", a,-4 00102, Ox03043
x> @A

array('L', [6TF5035, 6TI050E5] %

=== nex{alll)

"Ox4030201"

==> al[l] =1

=== pack_intol"=H" a, -2, 0x0102

x> @

array{'L', [6T305085, 336100603
=== hexfalll)
"Ox 2010001

Example for ustruct.unpack({fmt, arg)

Returns a tuple where each elementis formatted according to fmt with bytes found in arg, where fmt is a string of the form:
“bilfafs..”

bis optional. If specified, it must be in the supported byte ordering prefixes.
f1 ... fn format specifier to apply to argument vn. Must be in the table of supported format specifiers.

arg is ary object that implements the buffer protocol, typically array or bytearray. It is up to the user to ensure that the buffer
5 large enough to handle the format string.

#=> 8 = bhytes{[01,02,03,04])
Frx a

b'h a0y w02y v 3y w04 !

=== mnpach{"Hh", a)

{513, 10273
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Example for struct.unpack_from(fmt, buffer, offset)

Returns a tuple where each element is formatted according to fmt with bytes found in buffer, starting at index offset, where

fmtis a string of the form:

“hfif2f3..”

b is optional. If specified, it must be in the supported byte ardering prefixes.

{1 ... fn format specifier to apply to argument vi. Must be in the table of supported format specifiers.

buffer is any object that implements the buffer protocal, typically array or byte-array. It is up to the user to ensure that buffer
is large enough to handle the output from pack into.

offset is the offset, in bytes, to begin writing the pack values. May be negative to start writing from the end of the buffer.

Fax @ = h}'tEE{[ﬂ. 1, 2,
x> @
b 00 w0 o0 2 w0 3 4

=== Unpack_from{'hH', a,
(513, 1027}

1.2.15 utime

Use this module to add a

3, 413

1)

sleep function or for timing events or funclions.

Commands

Description

unme slaeafsacnads]

unime slaan melms)

ubnT2 Doks msl]

unime neks_usl]

ubemE DS ooud]

ubnTi2 Doks_addineks, deia)

Elaap for the qreaa avmiber of s2c0ads, saould e posnye o 0.
Dalay tor Qv Auminay of milbseccads, should e posiee o O,

Refur 5 3 23 5] Tl S200ad COouAarsy Wil 3 annledry BTereace gl ar wedns arcond ame s some walue,

Dy Aoa-aeganve values ane used, For Me oSt part, eal value s rawmad Dy the e Lacnoas as opaque, The only
CPECAN0As dvalainle tor tham ase noks_dth] and noks_addi] funcnoa 5 dasoniad elow,

Fatonmng Tandasd Marhamancal oparancas {+, -] o v2lanna 3l o caloes (&, <=, =, ==] dvadly o0 thaga valua l2ads o
yahd ey lts, Patoeqing qarhemancal operanca § aad thaa passg e rasulls 35 drqumears 1o nos_dih] o
noks_add(] also leads rooavahd a2 sulis o e 1aey Acnoas,

Just hle noks msd], bula miorosecoads,

Simulas rancks_msl] and pos_uEl], B vach the g hasr AosSiia fasolulina A HE SIS,

Tis 15 usudlly w1 SFU clochs, The asad namag ol (resdunaa] of fs fuacnea 1§ o speohed o ulime qodule el bur
oo TIRALANGCA 1 3 Soacrhe (ot Ty orovide Mo S0 1atosTanca, T funcnea o5 wiiaaded for vy hng
Peachmack g o vy DgAn aal-inme looyrs. Avoed usiag e ponaiie code,

Otse nokis value By 3 Qivan auTitey (e QoS O Aag alve].,

Greaa anchs value, tug fuacnoa calculaes noks value gel ta noks baioee of afas o, tolloweng mod ulac-aaimeans dehainca
of nok waluas fsaa noks_msel] anowa]. The nois Qasamaray Jost B a dvacr vasole of call i noks s, nolis_usd], o
noks_cpof] tuachoa S o Foeml peavocos call oo noks_add]]. Deia can b2 30 Ad4airay rIB0e AwTIoes O AnTI@nc Bawasnio,
noks_add(] s usanl for caloulanag deadhaes for avaargiiashs, (USe nolos_diitf] funcnoa (oo woel warh daadings ]

# Find out what ticks walwe there was 100ms ago
primtlticks_add{time. tichs_ms{d, -1003)

# Calculate deadline for operation and test for Hit

dead] ine = ticks_adddltime. ticks_ms{d, H03

while ticks_diffidead]lime, time.ticks_ms{3d > O
do_a_little_of_somethingld

# Fimd ont TICKES_MAX wsed by this port
pramtlticks_add{d, -13)
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Commands Description

fl2a u e noks diffasaaca barwaan valuas e mad oM noks_msd, noks_usl], o noks_cpud] fuacnoas, 3z a gaad value
W TIAY WO A0 ad.

Th2 arquiment ordes g (N2 SaMe 45 1o Uil M oo Ao, pels_diifioks L, noks2] has the saqe meamag as nosl -
noks? , Howeyes, waluas veturad iy pos_ms]], 8, tacnoas may wra@d arooad, 50 dwvedily u9ag Sulbiradmoa 00 HaT il
Py 02 1 2R syl THan s why nos_dih] s aeaded b wmplemanrs modulas foe mova gaechcally, fag] aatimencs o
produ 02 Covract rasull ayvea toe weap-anduad valuas (as long s thay o oo degannin paowaaa | gaa balow] . The funcnoa
raes agaed valug e vange [-TICKS_FERIZODZ . TICKS_FERIDDIZ-1] fars a tpancal «3age d ahailidn 0 [ s-
COTIE & TIRA L S0 2d i Ay 1 iegaes], [Tie ragull 15 neganye, i Means Mar neksl oooured 2adas i (e M an noksl,

g s, means tarl ok sl ootuaad ares nokEd, Ting holds oaly tookisl aad nokis2 ace 30a o each ore o Ao
moea naa TIEKE FERIDDIZ-L noks, [fohar doas Aot hold, wicoevact rasult will be saturmed, Soaocally, of o nok values
Ara 3paator TICRE_FERICDN-1 nolis, tharn valua wall o2 o ad iy tha fuacnza, Howavar (f TICKS _FER2DIL ot raa)-
LM 0 Oods Mas passed beiwean ham, the tuacnoa eu s -TICKS_FERIDDNI2 waead, Foreiamae, e rasall value weaos
around 1o he aeganve raage of possibla values,

noks_ ]S deggaed 10 A0CoM MO waA0us U8 AANSA S, 1Cludiag
= Folhag wirh nmacur. The ordas o avaars 1 Kaowa and tha fuacnoa daals caly wih goainve egults ofocks_ difl]:

# Wait for GPI0 pin to be asserted, but at most 500ns
ubnTi2 noks ditnoisl, start = time. ticks_us{d
noks2 | while pinvalwel} == 0: ]
if time. ticks_diffltime. ticks_ws{), startd > 500:
raise TimeoutError

= Echaduling evaarg, Tices_di] /agull My 0e Aaganed 1130 2w2an g ovardud

# This code snippet i5 mot optimized

noa = time. ticks_msd)

schedul ed_time = tash. schedwl ed_timed

if ticks_diffischeduled_time, nowd = O
print{"Too early, Tet's nap'"d
sleep mel{tichks_diff{schedw] ed_time, nowdd
task.rund

elif ticks_diff{schedu]led_time, nowd == 0
print{"Right at time!')
task.run

el1if ticks_diffi{schedu]led_time, nowld < 0O:
print{"0ops, running late, tell task to run Faster!'
task.run{run_faster=truel

Mote that s1eep_us is not implemented. The sleep feature accepts a floating point number for realizing sleep time of less
than one second. For example, s1eep(0.345) translates to sleep for 345 ms. The finest sleep granularityresolution
possible is approximately 3 ms.
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