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Kapitola 1

MAVLink pro systém REXYGEN

1.1 Uvod

V tomto manualu je popsan MAVLinkDrv — ovlada¢ pro komunikaci protokolem MAVLink
v ramci systému REXYGEN. Ovladag¢ byl vyvinut spole¢nosti REX Controls.

Ovlada¢ umoznuje integrovat komunikaci po protokolu MAVLink do #{diciho algo-
rimtu v systému REXYGEN. Sou¢asné umoziiuje smérovani protokolu mavlink po proto-
kolu UDP, TCP nebo sériové lince, tedy funkci, kterou vykonava nap¥. mavlink-router
na Intel Aeru nebo MAVROS v systému ROS.

1.2 Zakladni koncepce

Zakladni koncepce ovladace je jednoducha. Zpracovavan{ piichozich paketd a jejich smé-
rovani probiha v kontextu vlakna ovladace v kazdém jeho tiku. Zpracovani odchozich
pakett je provadéno z kontextu vykonavani pifslusnych blokid. Pokud aplikace vyuziva
funkce smérovani, probiha veskerd komunikace v systému s granularitou tiku ovladace.
Pro korektni funkci aplikace jako ,,Companion computer” se pfedpokladd nastaveni pe-
riody exekutivy na 1-5ms.

Veskera funkcionalita ovladace je zpfistupnéna pomoci funkénich blokt typu RECV a
SEND. Pro kazdou zpravu je definovan jeden blok typu RECV (s nazvem MAV _RECV _
<command>) a jeden blok typu SEND (s nazvem MAV SEND <command>).

V aktudlni verzi nenf provadéna synchronizace mezi bloky a vykonnou ¢asti ovladace.
V&echny bloky pro pfijem je proto nutné umistit do tloh navazanych na pfislusny ovla-
da¢ (tj. pomoci bloku IOTASK). Veskerou vyssi logiku doporucujeme implementovat do
subsystémt.

Ovladac podporuje zpravy se skalarnimi typy. Pole znakt jsou pfevadéna na STRING
o pfisluné délce. Pole ostatnich typt jsou pFevadéna na skalarni o¢islované vstupy /vystupu
v ptislusném poctu. Bloky s polem typu jiného nez znak del§im nez 8 nejsou podpofeny.

Dokumentace pro jednotlivé zprévy je k dispozici na adrese
https://mavlink.io/en/messages/common.html



1.2.1 Konfigurace ovladace

Konfigurace ovladace je ulozena v souboru .rio ve forméatu JSON. V aktudlni verzi neni
k dispozici konfiguraéni dialog. Konfigurace slouzi pro definici ID systému a nastaveni
routeru. Veskerd dalsi funkcionalita je definovana pomoci funkénich bloki. Nasledujici
blok zobrazuje jednoduchou konfiguraci ovladace.

{
"SystemID" : 200,
"ComponentID" : 1,
"Endpoints" : [
{
"Type": "Serial",
"Device": "/dev/ttyS1",
"BaudRate": 921600
s
{
"Type'": "UDP",
"Mode": "listen",
"Address": "192.168.1.100",
"Port": 14550
"BindAddress": "0.0.0.0",
"BindPort": 14550
3,
{
"Type": "TCP",
"Mode": "connect",
"Address": "192.168.1.200",
"Port": 15550
}
]
}

Vyznam hlavnich atributa
e System ID — definuje System ID aplikace,
e Component ID — definuje Component ID aplikace,

e Endpoints — definuje seznam komunika¢nich kanélt. Ovladac provadi automaticky
smérovani paketd mezi témito kanaly. Podpofeny jsou kandly Serial, UDP a TCP.

Vyznam atributd pro endpoint Serial
e Device — cesta k sériovému zafizenf,

e BaudRate — nastaveni rychlosti sériového portu.



Vyznam atributd pro endpoint UDP

Mode — mozné varianty listen — naslouchani na lokélnim portu nebo connect —
pripojeni ke vzdélenému zafizen{. V médu listen jsou p¥ijaty zpravy od vSech za-
Fizeni s libovolnou IP a portem, v rezimu connect jsou prijimény pouze data od
zaf{zeni uréeném pomoci Address a Port.

Address — IP adresa vzdaleného zafizeni. Pokud nenf uvedeno nebo je nastaveno
na 0.0.0.0 v médu listen, bude ovladac posilat data prvnimu pfipojenému zafizeni.

Port — port vzdéileného zatizeni. Pokud neni uvedeno nebo je nastaveno na 0 v
moédu listen, bude ovladag posilat data prvnimu pfipojenému zafizeni

BindAddress — IP adresa lokalniho rozhrani, na kterém bude probihat komuni-
kace. Mtize byt vynechano nebo nastaveno na 0.0.0.0, v takovém piipadé budou
pouzita vS8echna lokalni rozhrani.

BindPort — Port lokilniho rozhrani. Mize byt vynechédno nebo nastaveno na 0, v
takovém piipadé pripadé je vybran vhodny lokilni port opera¢nim systémem.

Pro endpoint typu UDP doporucujeme pouzivat vyhradné rezim listen, protoze rezim

connect muze zplsobovat problémy v pfipadé, kdy nen{ protéjsi strana dostupné nebo
ukondi spojeni. V rezimu listen je také mozZné provozovat komunikaci pomoci vysilani
vSem — tzv. broadcast. V takovém pripadé musi byt vybrano lokalni rozhrani nastavenim
piislusné adresy IP pomoci parametri BindAddress a BindPort a parametrem Address
nastavena lokalni vSesmérova adresa (nap¥. 192.168.1.255).

Vyznam atributi pro endpoint TCP

e Mode — moZné varianty [listen — naslouchani na lokalnim portu nebo connect —

pripojeni ke vzdalenému zafizent,

e Address - IP adresa lokalniho rozhrani (0.0.0.0 pro v8echny) nebo IP adresa vzda-

leného zafizeni,

e Port — lokalni port v p¥ipadé naslouchani nebo port vzdaleného zaiizeni.

1.2.2 Pr¥ijem zprav

Zpravy jsou piijimany pomoci bloki MAV RECV <command>. Zakladni rozhrani
bloku je nasledujici

e INHIBIT - vstup BOOL. Urcuje, zda se ma pfijata zprava poslat dal (smérovat).

Toto musi byt nastaveno dopfedu tj. neni mozné rozhodnout o smérovani na zakladé
obashu zpravy.

e VALID - vystup BOOL. Udava validitu dat na vystupu. Nastaveny v piipadé

prichozich dat v definovaném ¢ase (viz. parametr TimoutMS).



e ACT — vystup BOOL. Nastaven pouze v prvnim tiku po pfijmu novych dat.

e Sequence — dislo Sequence z hlavicky posledniho pFijatého ramce dané zpravy —
viz dokumentace MAV Link.

e Timestamp — ¢asova znacka poslednich pfijatych dat v internim formatu REXY-
GENu tj. nanosekundy.

e SrcSystemID — parametr typu SHORT. Ur¢uje system 1D vysilaciho uzlu (1 pro
UAV).

e SrcComponentID — parametr typu SHORT. Urcuje component ID vysilaciho
uzlu (1 pro UAV).

e TgtSystemID - parametr typu SHORT. Urcuje system ID cilového uzlu (-1 pro
nenastaveno resp. neni soucasti dané zpravy, -2 pro ID algoritmu — viz SystemID
v konfiguraci ovladace).

e TgtComponentID — parametr typu SHORT. Urcuje component ID cilového uzlu
(-1 pro nenastaveno resp. neni soucasti dané zpravy, -2 pro ID algoritmu — viz
ComponentID v konfiguraci ovladace).

e TimeoutMS — maximélni doba mezi jednotlivymi zpravami. V p¥ipadé, ze nedojde
k pf{jmu novych dat v tomto intervalu, dojde k nastaveni VALID na false. Pokud
je nastaveno na (), timeout neni definovén.

Ostatni vystupy jsou definoviny pfislusnou zpravou a obsahuji data z posledni pfijaté
ZPTavy.
1.2.3 Vysilani zprav

Zpravy jsou piijimany pomoci bloki MAV SEND <command>. Zékladni interface
bloku je nasledujici

e RUN - wstup BOOL. Data jsou vyslana v daném tiku, pokud je tento vstup
nastaven.

e SENT - vystup BOOL. Nastaven v pfipadé nastaveni vstupu RUN a soucasné
byla data tspésné odeslana.

e TgtSystemID — parametr typu SHORT. Urcuje system ID cilového uzlu (miize
byt -1 tj. ,v8em* v p¥ipadé, Ze neni soucésti daného typu zpravy).

e TgtComponentD — parametr typu SHORT. Urcuje component ID cilového uzlu
(muZe byt -1 tj. ,vSem*“ v piipadé, Ze neni soucasti daného typu zpravy).

Ostatni vstupy jsou definovany p¥islus$nou zpravou a obsahuji data pro vyslani.



1.3 Instalace ovladace na cilovém zarizeni

1.3.1 Zatizeni s operac¢nim systémem Windows

Ovladag¢ pro vyvojové nastroje (host) je soucasti instalatoru. Ovladac¢ neni podporovan
na cilovém zafizeni (target) se systémem Windows.

1.3.2 Zatizeni s operac¢nim systémem Linux

Pokud na cilovém zafizeni nainstalovany RexCore runtime modul, pak je nutné ho nain-
stalovat podle krokt popsanych v navodu Zacdindme s fidicim systémem REXYGEN [1]
Instalace obsahuje v8echny dostupné ovladace véetné MAVLinkDrv.

Pro instalaci ovladate oddélené mutze byt z terminalu pouZit piikaz
sudo apt-get install rex-mavlinkdrvt



Kapitola 2

Zavedeni ovladace do projektu

Ovladag je zaveden do projektu v momenté, kdy je ovlada¢ pfidan do hlavniho souboru
a vstupy a vystupy jsou zapojeny do Fidiciho algoritmu.

2.1 Pridani MAVLinkDrv ovladace

Pro zavedeni ovladac¢e musi byt do hlavniho souboru bloku pfidany 2 bloky. Prvni z
blokt je typu MODULE a musi byt napojen na vystup Modules bloku EXEC. Blok musi byt
prejmenovan na MAVLinkDrv.

Druhym z blokd je typu IODRV a musi byt napojen na vystup Drivers bloku EXEC
v hlavnim souboru projektu. Jméno tohoto bloku (MAVLink) musi byt zaroven prefixem
vS8ech vstupnich a vystupnich signald, které ovlada¢ poskytuje.

Mezi nejvyznamnéjsi parametry bloku IODRV patii:

e module — jméno modulu, na ktery je ovladac¢ napojen, v tomto piipadé MAVLinkDrv
— je nutné dodrzovat velikosti pismen!

e classname — tfida ovladade, v tomto pripadé MAVLinkDrv
e cfgname — jméno konfiguracniho souboru, nap#. mavlink.rio
e factor — nasobek parametru tick bloku EXEC definujici periodu spousténi ovladace

Vyde zminéné parametry bloku IODRV jsou konfigurovany v REXYGEN Studio pro-
gramu.



Kapitola 3

Licence

Cast kodu ovladace vychézi z kédu mavlink-router, ktery je k dispozici na https:
//github.com/intel/mavlink-router. Kod je poskytovan pod licenci Apache License
verze 2.0.

Apache License

Version 2.0, January 2004

http://www.apache.org/licenses/

TERMS AND CONDITIONS FOR USE, REPRODUCTION, AND DISTRIBUTION
1. Definitions.

"License" shall mean the terms and conditions for use, reproduction, and distribution as defined by
Sections 1 through 9 of this document.

"Licensor" shall mean the copyright owner or entity authorized by the copyright owner that is
granting the License.

"Legal Entity" shall mean the union of the acting entity and all other entities that control, are
controlled by, or are under common control with that entity. For the purposes of this definition,
"control" means (i) the power, direct or indirect, to cause the direction or management of such
entity, whether by contract or otherwise, or (ii) ownership of fifty percent (50%) or more of the
outstanding shares, or (iii) beneficial ownership of such entity.

"You" (or "Your") shall mean an individual or Legal Entity exercising permissions granted by this
License.

"Source" form shall mean the preferred form for making modifications, including but not limited to
software source code, documentation source, and configuration files.

"Object" form shall mean any form resulting from mechanical transformation or translation of a
Source form, including but not limited to compiled object code, generated documentation, and
conversions to other media types.

"Work" shall mean the work of authorship, whether in Source or Object form, made available under
the License, as indicated by a copyright notice that is included in or attached to the work (an
example is provided in the Appendix below) .

"Derivative Works" shall mean any work, whether in Source or Object form, that is based on (or
derived from) the Work and for which the editorial revisions, annotations, elaborations, or other
modifications represent, as a whole, an original work of authorship. For the purposes of this


https://github.com/intel/mavlink-router
https://github.com/intel/mavlink-router

License, Derivative Works shall not include works that remain separable from, or merely link (or
bind by name) to the interfaces of, the Work and Derivative Works thereof.

"Contribution" shall mean any work of authorship, including the original version of the Work and
any modifications or additions to that Work or Derivative Works thereof, that is intentionally
submitted to Licensor for inclusion in the Work by the copyright owner or by an individual or Legal
Entity authorized to submit on behalf of the copyright owner. For the purposes of this definition,
"submitted" means any form of electronic, verbal, or written communication sent to the Licensor or
its representatives, including but not limited to communication on electronic mailing lists, source
code control systems, and issue tracking systems that are managed by, or on behalf of, the Licensor
for the purpose of discussing and improving the Work, but excluding communication that is
conspicuously marked or otherwise designated in writing by the copyright owner as "Not a
Contribution."

"Contributor" shall mean Licensor and any individual or Legal Entity on behalf of whom a
Contribution has been received by Licensor and subsequently incorporated within the Work.

2. Grant of Copyright License. Subject to the terms and conditions of this License, each
Contributor hereby grants to You a perpetual, worldwide, non-exclusive, no-charge, royalty-free,
irrevocable copyright license to reproduce, prepare Derivative Works of, publicly display, publicly
perform, sublicense, and distribute the Work and such Derivative Works in Source or Object form.

3. Grant of Patent License. Subject to the terms and conditions of this License, each Contributor
hereby grants to You a perpetual, worldwide, non-exclusive, no-charge, royalty-free, irrevocable
(except as stated in this section) patent license to make, have made, use, offer to sell, sell,
import, and otherwise transfer the Work, where such license applies only to those patent claims
licensable by such Contributor that are necessarily infringed by their Contribution(s) alone or by
combination of their Contribution(s) with the Work to which such Contribution(s) was submitted. If
You institute patent litigation against any entity (including a cross-claim or counterclaim in a
lawsuit) alleging that the Work or a Contribution incorporated within the Work constitutes direct
or contributory patent infringement, then any patent licenses granted to You under this License for
that Work shall terminate as of the date such litigation is filed.

4. Redistribution. You may reproduce and distribute copies of the Work or Derivative Works thereof
in any medium, with or without modifications, and in Source or Object form, provided that You meet
the following conditions:

You must give any other recipients of the Work or Derivative Works a copy of this License; and

You must cause any modified files to carry prominent notices stating that You changed the files; and
You must retain, in the Source form of any Derivative Works that You distribute, all copyright,
patent, trademark, and attribution notices from the Source form of the Work, excluding those
notices that do not pertain to any part of the Derivative Works; and

If the Work includes a "NOTICE" text file as part of its distribution, then any Derivative Works
that You distribute must include a readable copy of the attribution notices contained within such
NOTICE file, excluding those notices that do not pertain to any part of the Derivative Works, in at
least one of the following places: within a NOTICE text file distributed as part of the Derivative
Works; within the Source form or documentation, if provided along with the Derivative Works; or,
within a display generated by the Derivative Works, if and wherever such third-party notices
normally appear. The contents of the NOTICE file are for informational purposes only and do not
modify the License. You may add Your own attribution notices within Derivative Works that You
distribute, alongside or as an addendum to the NOTICE text from the Work, provided that such
additional attribution notices cannot be construed as modifying the License.

You may add Your own copyright statement to Your modifications and may provide additional or
different license terms and conditions for use, reproduction, or distribution of Your
modifications, or for any such Derivative Works as a whole, provided Your use, reproduction, and
distribution of the Work otherwise complies with the conditions stated in this License.

5. Submission of Contributions. Unless You explicitly state otherwise, any Contribution
intentionally submitted for inclusion in the Work by You to the Licensor shall be under the terms
and conditions of this License, without any additional terms or conditions. Notwithstanding the
above, nothing herein shall supersede or modify the terms of any separate license agreement you may



have executed with Licensor regarding such Contributions.

6. Trademarks. This License does not grant permission to use the trade names, trademarks, service
marks, or product names of the Licensor, except as required for reasonable and customary use in
describing the origin of the Work and reproducing the content of the NOTICE file.

7. Disclaimer of Warranty. Unless required by applicable law or agreed to in writing, Licensor
provides the Work (and each Contributor provides its Contributions) on an "AS IS" BASIS, WITHOUT
WARRANTIES OR CONDITIONS OF ANY KIND, either express or implied, including, without limitation, any
warranties or conditions of TITLE, NON-INFRINGEMENT, MERCHANTABILITY, or FITNESS FOR A PARTICULAR
PURPOSE. You are solely responsible for determining the appropriateness of using or redistributing
the Work and assume any risks associated with Your exercise of permissions under this License.

8. Limitation of Liability. In no event and under no legal theory, whether in tort (including
negligence), contract, or otherwise, unless required by applicable law (such as deliberate and
grossly negligent acts) or agreed to in writing, shall any Contributor be liable to You for
damages, including any direct, indirect, special, incidental, or consequential damages of any
character arising as a result of this License or out of the use or inability to use the Work
(including but not limited to damages for loss of goodwill, work stoppage, computer failure or
malfunction, or any and all other commercial damages or losses), even if such Contributor has been
advised of the possibility of such damages.

9. Accepting Warranty or Additional Liability. While redistributing the Work or Derivative Works
thereof, You may choose to offer, and charge a fee for, acceptance of support, warranty, indemnity,
or other liability obligations and/or rights consistent with this License. However, in accepting
such obligations, You may act only on Your own behalf and on Your sole responsibility, not on
behalf of any other Contributor, and only if You agree to indemnify, defend, and hold each
Contributor harmless for any liability incurred by, or claims asserted against, such Contributor by
reason of your accepting any such warranty or additional liability.

END OF TERMS AND CONDITIONS
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