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Lap trinh 101

Tai nguyén nay sé& bao gdbm nhirng kién thirc co ban vé Iap trinh trong Cudc thi Robot FIRST®. N6

bao gébm C++, Java/Kotlin va LabVIEW.

Cap dd mot: Chay Robot ctia ban
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1. Chon ngén ngir 1ap trinh: Java, C++ hoac LabVIEW

Java la mét ngén ng¥ van ban thuwdng dwoc day & cac trwdng trung hoc va
dwoc str dung cho cac ky thi AP CS. N6 la mét ngén nglr "an toan" chay trong
méi trwdng &o cla riéng né. Mac du né thwong khéng anh hwéng dén BDAU TIEN
Robotics Competition, méi trwdng do nay, con dwoc goi la JVM, cé nghia la cac
chwong trinh Java cham hon dang ké so véi cac ngdn ngir bién dich khi dwoc
st dung cho cac tac vu tinh toan chuyén sau. Java thwong dwoc chon vi tinh dé
st dung va kha néng twong thich chéo. Cac nhém st dung Java bao gom 254,
125, 503, 4911, va 1241.

C++ la mdt ngdn ngi 1ap trinh van ban nhanh. N6 dwoc stir dung trong cong
nghiép cho cac hé théng thoi gian thuc vi siec manh va hiéu qua cla né, nhung
dwéng cong hoc tap déc hon nhiéu so véi Java. C++ phat trién tir ngén ngi lap
trinh C va sw pha trén cla cac tinh ndng lich st va hién dai déi khi dan dén cu
phap kho hiéu va / hodc cac hanh vi khéng mong mudn. Cac ddi Cudc thi Robot
FIRST chi yéu st dung né do téc dd, tinh linh hoat va thw vién toan hoc phong
phu. Cac doi str dung C++ bao gdm 971 va 1678.

LabVIEW la mét ngdn ngir 1ap trinh lubng di¥ liéu & hoa dwoc phat trién bai

National

Dung cu (NI) dé sir dung b&i cac ky sw va ky thuat vien. LEGO WeDo va

Ng6n nglr Mindstorms dwoc stir dung cho FIRST LEGO League Jr va FIRST LEGO
League |a din xuét ctia LabVIEW; vi vay sinh vién dén tir cac chwong trinh dé
c6 thé thay quen thudc. Trong so db LabVIEW, rat dé dang dé tan dung cac tinh
nang tinh toan nang cao, chadng han nhw chay song song cac doan ma. Mac du
manh mé, nhwng cac tinh nang nhw vay thwdng dwa ra cac van dé méi can giai
quyét. Tuy nhién, NI cung cép cac coéng cu g& 16i mé rong. Madi trwérng va ngén
nglr LabVIEW di kém v&i dwdng cong hoc tap riéng va nhirng thach thire riéng.
Cac dodi Cudc thi Robot FIRST chil yéu st dung né do ct phap d6 hoa don gidn hoda va
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https://github.com/Team254
https://github.com/Team254
https://github.com/FRC125
https://github.com/FRC125
https://github.com/FF503/2017Robot
https://github.com/FF503/2017Robot
https://github.com/FF503/2017Robot
https://github.com/FF503/2017Robot
https://github.com/frc4911/2017SteamWorksRobot
https://github.com/frc4911/2017SteamWorksRobot
https://github.com/frc4911/2017SteamWorksRobot
https://github.com/RickHansenRobotics/FRC-2016-1241-SH
https://github.com/RickHansenRobotics/FRC-2016-1241-SH
http://frc971.org/content/getting-started-c-and-frc-programming
https://github.com/frc1678/robot-code-public
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4.

thw vién k¥ thuat phong phu. Cac nhém st dung LabVIEW bao 96m 33, 359, 624,
1986 va 2468.

Viéc chon ngén ngi¥ luén phu thudc vao ngdn ngir dé dang nhat cho nhém
cda ban. Vi duy, thwdng cé thé cé y nghia khi chon mét ngén ng vi mét ¢ van
lap trinh 1& mo6t chuyén gia vé ngdn nglr d6. Mat khac, cé thé ¢ y nghia khi lwa
chon dya trén s d& dang hoc mot ngdn ngi nhét dinh. B4t ké quyét dinh cla
ban la gi, hdy nhé rang viéc lwa chon ngén ngir 1ap trinh 1a cu thé cho méi
trwdng lam viéc va moi ngudi trong nhém ctia ban. Tat ca cac

ngdn ngir cé kha nang, duwoc hd tro tot va dd manh dé& sir dung Cudc thi Robot

FIRST.

2. Day ngén ngtr Iap trinh

Khi day lap trinh cho DAU TIEN Cudc thi Robot, c6 hai mén hoc riéng biét can
duwoc day. Dau tién la nglr nghia va cu phap cla chinh ngdn ngiy 1ap trinh, va thir
hai |a giao tiép v&i DAU TIEN Cac thanh phan Cudc thi Robot. Ban c6 thé tim thay
hwéng dan hoc ngdn ngir C++ O dayJava ba 4y e, va LabVIEW O day.

3. Chon ma bat dau cua ban

Déi v&i Java va C++, c6 bén "lép" khac nhau co thé dwoc siv dung khi giao tiép
v&i Robot. So sanh céac I&p nay va y nghia clia ching cé thé dwoc tim thay &
day.

Déi v&i LabVIEW, cac mau bat ddu bao gdm hdn hop cac co ché hen gio, &p di
l&p lai va sinh ra/hily bd. Cac ban mau dwgc md ta & day.

Khi nhém cia ban da chon mét ngén ngt Iap trinh va bat dau viét ma, trang web
Tai liéu Cudc thi Robot FIRST la mét nguén tai nguyén tét vé cach thiét Iap méi
trweong phaét trién va lay ma vao ré-bét cia ban. Nhiing hwéng dan nay la vé gia
doi véi chwong trinh Cuéc thi Robot FIRST.

Bat diu
C++\Java
LabVIEW

5. Nhan ma vao ré bét cua ban!
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- Javava C++

- Né&u st dung gradleRIO, chi can gé "./gradlew deploy" vao VS Code
Bang diéu khién va ma cla ban sé cd trén robot.
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http://www.killerbees33.com/resources/
https://github.com/Team624
https://github.com/jschnitz/2017_code
https://github.com/FRC2468
https://www.learncpp.com/
https://www.codecademy.com/learn/learn-java
https://www.codecademy.com/learn/learn-java
https://www.codecademy.com/learn/learn-java
http://www.ni.com/academic/students/learn-labview/
http://www.ni.com/academic/students/learn-labview/
https://frc-docs.readthedocs.io/en/latest/docs/software/wpilib-overview/creating-robot-program.html#choosing-a-base-class
https://frc-docs.readthedocs.io/en/latest/docs/software/wpilib-overview/creating-robot-program.html#choosing-a-base-class
https://forums.ni.com/t5/FIRST-Robotics-Competition/FRC-Robot-Framework-Tutorial/ta-p/3736943
https://frc-docs.readthedocs.io/en/latest/docs/getting-started/getting-started-frc-control-system/index.html
https://frc-docs.readthedocs.io/en/latest/docs/software/wpilib-overview/index.html
https://frc-docs.readthedocs.io/en/latest/docs/software/labview/index.html
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- Nhwng ch& da! Ma cta ban chwa lam gi ca. M6t sé vi du don gian cho ma
6 dia c6 thé dwoc tim thay tai day. Ma trong doan ma thudc vé Robot.java
ho&c Robot.cpp, ma nay sé dwoc tao tw ddng bang dw an gradle/Eclipse.

- LabVIEW

- Dé& phat trién, ban nén chay tir ngudn nhw dwoc hién thi & day.

- Sau khi hoan t4t, ban sé trién khai mét tép thwc thi da xay dwng nhw
dwoc hién thi & day.

6. Quy tic co' ché

Déi v&i Java va C++, ma 6 dia don gian c6 thé dwoc sao chép-dan tir day.

Déi v&i LabVIEW, ma 6 dia don gidn nam trong mau trong TeleOp VI.

Hau hét cac robot FIRST Robotics Competition déu cé cac co ché hoat dong khac
ngoai hé thdng truyén dong. Day co thé 1a bat civ thir gi tr banh da quay dén
may bén da khi nén. T4t ca cac co ché nay phai cé thé diéu khién duoc trong
ché d6 tw ddng hoac trong teleop. D& kiém soat cac co ché st dung bo diéu
khién téc d6 qua PWM, c6 huwéng dan cho C++ va Java tai day va cho LabVIEW,
tai day.

Néu st dung bo diéu khién tbc d6 qua CAN, ban phai lam theo hwéng dan tai
day dé coi ching la bd diéu khién tbc d& PWM hoac str dung API Phoenix, ¢ tai
liéu dwoc lién két tai day.

7. Tw tri

Hwéng dan vé cach thwc hién cac hanh ddng ty dong trong lap trinh Java va
C++ ¢6 thé duoc tim thay tai day.

Doi 1619 ciing da bién soan moét s ma don giadn dé vwot qua dong auto trong
Java, c6 thé tim thay & day.

Céac mau LabVIEW bao gdbm ma tw déng dé Iac ro-bét tai chd. Ban c6 thé siva
dbi cac gia tri cong suat dong co va thoi gian dé& hoan thanh nhiéu nhiém vu.
Dud&i day 1a mot vi du vé ma tw tri clia 2468 tir nam 2018.

Cap db hai: Kién trac tuy chinh va diéu khién déng co vong kin

1. Str dung kién truc tay chinh

I
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Nhiéu khi, cac I&p robot c6 sén la khéng du. Vi du: ban cé thé mudn chay teleop
dinh ky va tw dong tuan tw. Néu dung nhw vay, cé thé da dén luc chuyén sang
kién truc thy chinh.
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https://frc-docs.readthedocs.io/en/latest/docs/getting-started/running-a-benchtop/creating-benchtop-test-program-cpp-java.html#imports-includes
https://frc-docs.readthedocs.io/en/latest/docs/software/labview/creating-robot-programs/creating-building-and-loading-your-benchtop-test-program.html#running-the-program
https://frc-docs.readthedocs.io/en/latest/docs/software/labview/creating-robot-programs/creating-building-and-loading-your-benchtop-test-program.html#deploying-the-program
https://frc-docs.readthedocs.io/en/latest/docs/software/actuators/wpi-drive-classes.html#multi-motor-differentialdrive-with-speedcontrollergroups
https://frc-docs.readthedocs.io/en/latest/docs/software/actuators/using-speed-controllers.html#using-motor-controllers-in-code
https://frc-docs.readthedocs.io/en/latest/docs/software/actuators/using-speed-controllers.html#using-motor-controllers-in-code
https://frc-docs.readthedocs.io/en/latest/docs/software/labview/resources/add-an-independent-motor-to-a-project.html
https://github.com/CrossTheRoadElec/Phoenix-Documentation#wpilib-javac
https://github.com/CrossTheRoadElec/Phoenix-Documentation#wpilib-javac
https://github.com/CrossTheRoadElec/Phoenix-Documentation
https://frc-docs.readthedocs.io/en/latest/docs/software/old-commandbased/commands/running-commands-autonomous.html
https://github.com/Team1619/project-line-cross
https://github.com/FRC2468/Steamworks2017Public/blob/master/The%202468%202017%20Steamworks%20Robot%20Project/Autonomous.vi
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- Mét kién trac tuy chinh vé co ban la ciu truc tat ca cac ma theo céach tuy chinh.
- M6t sb vi du vé kién truc tuy chinh bao gdm ma ctia 1678 & day.

Ma ctia 1678 duwgc xay dwng dwa trén ma cta 971 & day.
- 254 ciing c6 mot kién trac tuy chinh. Ma 2019 ctia ho c6 thé dwoc tim thdy O

day. - 33,624, va 1986va 2468

2. Piéu khién PID

- Diéu khién PID cho phép ban diéu khién mét co ché dwa trén vi tri, thay vi
dién ap. St dung PID, ban cé thé yéu ciu canh tay quay sang 30 do, thay vi
yéu ciu no xuét dién ap truc tiép. Diéu nay dac biét hivu ich trong ché do tw
dong. C6 thé yéu cau ro-bdt 1ai xe 5 mét thay vi hét cong suét trong 0,5 gidy
cho phép tang cwdng dd Iap lai.

- Mot s6 tai liéu hiru ich cho PID 1a:

- Blog cua Wesley

- PID cta CSIM danh cho hinh ném

3. Ma thuét chuyén déng (Chi c6 CAN)
- Néu str dung b6 diéu khién téc d6 TalonSRX, ban nén str dung MotionMagic dé
diéu khién cac co ché, d&c biét Ia mét cai gi d6 nhw canh tay hodc thang may.
MotionMagic vé co ban Ia mét vong lap PID 1KHz theo cAu hinh chuyén déng hinh
thang dwoc tao tw ddng. Néu nhirng 1&i dé khéng cé y nghia, dirng lo l&ng! Xem &
trén dé biét thong tin vé PID va & day' s mot tai liéu giai thich hé so chuyén dong.
- Tai liéu cho Motion Magic dwoc datba dy  e.

Cap dd ba: Pwong dan truyén déng nang cao, diéu khién MP va kiém tra don vi

1. Pwong lai xe va di theo ching

- Déi khi PID thé khéng di dé diéu khién hé thdng truyén dong moét cach tw dong.
Vi du: ban c6 thé mudn robot di vong quanh céng tac va nhat mot khdi lap
phwong tir phia sau. Mot cach rd rang dé lam diéu nay la tao ra mot dwong lai
xe. Puwdng dan vé co ban 1a mot tap hop cac diém ma vong I&p PID cta hé
thdng truyén dong sé di theo va cac diém sé dan dén muc tiéu cudi cung.
PathWeaver Ia mt céng cu doé hoa st dung moét thw vién cé tén la PathFinder
tao ra cac dwdng dan nhw vay va lwu ching vao moét tép cé thé phan tich duoc.
Hwéng dan chi tiét vé cach st dung PathWeaver dwoc tim thdy ba &y e.

- Khi cac diém da duoc tao, cé nhiéu cach dé theo déi chung. Ching bao gém tw
viéc str dung PID dé theo ddi truc tiép cac diém, dén thém thuat toan theo dwdng
dan dé xt ly cac diém trwdc khi dwa chiing vao vong I&p PID. M6t vi du vé thuat

I (T:gNEPAss @ @

THECOMPASSALLIANCE.ORG ALLIANCE

CALL CENTER HEAR FOR YOU HELP HUBS RESOURCES

o —


https://github.com/frc1678/robot-code-public
http://frc971.org/content/2017-software
https://github.com/Team254/FRC-2019-Public
https://github.com/Team254/FRC-2019-Public
https://www.chiefdelphi.com/media/papers/3170
https://github.com/Team624/2017Robot
https://github.com/Team624/2017Robot
https://www.chiefdelphi.com/media/papers/3377
http://blog.wesleyac.com/posts/intro-to-control-part-one-pid
https://www.csimn.com/CSI_pages/PIDforDummies.html
https://www.machinedesign.com/motion-control/mastering-motion-profiles
https://www.machinedesign.com/motion-control/mastering-motion-profiles
https://github.com/CrossTheRoadElec/Phoenix-Documentation/blob/master/Talon%20SRX%20Victor%20SPX%20-%20Software%20Reference%20Manual.pdf
https://github.com/CrossTheRoadElec/Phoenix-Documentation/blob/master/Talon%20SRX%20Victor%20SPX%20-%20Software%20Reference%20Manual.pdf
https://frc-docs.readthedocs.io/en/latest/docs/software/wpilib-tools/path-planning/index.html
https://frc-docs.readthedocs.io/en/latest/docs/software/wpilib-tools/path-planning/index.html
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toan theo dwdng dan nhw vay cé thé dwoc tim thay ba dy_e (Eqn 5.12). Cac

céach tiép can phd bién khac dé theo dai dwdng dan bao gébm Nhuwoc diém theo

dudi thuan khiét thich ’ng___|. 254 c6 mét trién khai hivu ich cla viéc theo dudi

thuan tay thich &ng c6 thé dwoc tim thdy ba &y e.

2. Diéu khién dwa trén mé hinh
- Diéu khién dwa trén mé hinh Ia mét budc vot ra ngoai PID. N6 cho phép
gitr mot mé hinh toan hoc ctia hé théng trong ma va cap nhat mé hinh véi di
liéu cdm bién. St dung mdt md hinh nhw vay, ngudi ta cé thé kiém soat vi tri,
van téc, gia tbc, v.v. clia co ché chinh xac hon nhiéu. Mot sé nhém st dung
kiém soat dwa trén mé hinh bao gébm 1678 va 971.
- Caéc tai nguyén hiru ich dé hoc kiém soat dwa trén mé hinh Ia:

- Blog cuia Wesley
- Tailiéu phat tay MIT nay

3. Kiém tra don vij

- Théng thuwdng, ban mudn kiém tra ma cia minh trwéc khi trién khai né trén
robot. Diéu nay cé thé ngan chan tham hoa. Unit-testing 1a mét thuat ngl dé
kiém tra cac phan ctia ma duéi dang cac chwong trinh doc 1ap. Vi du: ban cé
th& muén kiém tra phan ma chay thang may, nhwng khéng phai phan lam cho
mot vai dén nhap nhay. Co ché thir nghiém cho PAU TIEN  Cudc thi
Robotics dwoc nang cao dang ké& véi diéu khién dwa trén mé hinh, vi mé
hinh c6 thé dwoc st dung nhu mdt md phdng clia co ché, cé nghia la toan
bd co ché co thé dwoc kiém tra véi d6 bén dang kinh ngac. M6t sé thw vién
kiém th&r don vi hivu ich bao gém:

- Kiém tra GoogleTest
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https://www.dis.uniroma1.it/~labrob/pub/papers/Ramsete01.pdf
https://www.dis.uniroma1.it/~labrob/pub/papers/Ramsete01.pdf
https://www.ri.cmu.edu/pub_files/pub3/coulter_r_craig_1992_1/coulter_r_craig_1992_1.pdf
https://www.ri.cmu.edu/pub_files/pub3/coulter_r_craig_1992_1/coulter_r_craig_1992_1.pdf
https://www.ri.cmu.edu/pub_files/pub3/coulter_r_craig_1992_1/coulter_r_craig_1992_1.pdf
https://github.com/Team254/FRC-2019-Public/blob/master/src/main/java/com/team254/lib/control/AdaptivePurePursuitController.java
https://github.com/Team254/FRC-2019-Public/blob/master/src/main/java/com/team254/lib/control/AdaptivePurePursuitController.java
http://blog.wesleyac.com/posts/intro-to-control-part-four-state-space
http://web.mit.edu/2.14/www/Handouts/StateSpace.pdf
https://github.com/google/googletest
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Gidi thiéu vé The Compass Alliance

Lién minh Compass dwoc thanh 1ap b&i 10 doi tir khap noi trén thé gi¢i véi si ménh gilp cac
ddi Cudc thi Robot FIRST duy tri va phat trién. Kho lwu triy tai nguyén dang phat trién va Trung
tam cudc goi 24/7 cung cap cho bat ky ai & bat ky trinh dd k§ nang nao cac céng cu dé hoc diéu
gi d6 m&i hodc hoc hdi nhiéu hon tlr moi noi trén thé gidi. Cac ddi tir xa thiéu cd van co thé
dang ky Tag Team dé tré thanh hwéng dan vién tr xa cGa ho trong sudt mua giai va Trung tam
tro giup xac dinh noi cé quyén truy cap vao cac dich vu dia phwong ma cac nhém FIRST khac
cung cap. Hear For You cung cép céc tai nguyén va céng cu dé gitp cac nhdm va tinh nguyén
vién phat trién strc khde tinh than trong nhédm cdia ho va tai cac sw kién. Ban c6 thé tim hiéu
thém vé The Compass Alliance, tim hé tro’ chat lwong va tham gia tai

www.thecompassalliance.org
Gi&i thiéu vé tai nguyén nay
Tai nguyén nay dwoc chuén bi bédi The Compass Alliance, véi sy hd tro' va tbng quan ctia FIRST.

Néu ban cé thac méc vé tai nguyén nay, vui ldng lién hé véi thecompassalliance @gmail.com hodc

firstroboticscompetition@firstinspires.org.
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