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Ïðîãðàììèðîâàíèå ðîáîòà Lego Mindstorms íà îïðåäåëåíèå ïðåãðàäû

Â äàííîé ñòàòüå äàíû ðåçóëüòàòû èññëåäîâàíèÿ ñ ðîáîòîì Lego Mindstorms. Ïîäðîáíî îïè-
ñàíî ñòðîåíèå è ïðèíöèï ðàáîòû ðîáîòà. Ïðèâîäèòñÿ îáçîð ñóùåñòâóþùåãî àïïàðàòíîãî è
ïðîãðàììíîãî îáåñïå÷åíèÿ ðîáîòîòåõíèêè íà îñíîâå òåõíîëîãèé Lego, òàêæå ïðåäëàãàåòñÿ ðå-
êîìåíäàöèè ïî îðãàíèçàöèè ðàáîòû ñ ïðîãðàììíûì îáåñïå÷åíèåì. Lego Mindstorms ÿâëÿåòñÿ
ïðîãðàììèðóåìûì èíòåëëåêòóàëüíûì ðîáîòîì. Äëÿ ñâîåé ðàáîòû ìû âûáðàëè Lego NXT ïî
ñëåäóþùèì êðèòåðèÿì: 1) îí îáëàäàåò øèðîêèìè âîçìîæíîñòÿìè; 2) ñîáèðàåòñÿ èç äåòàëåé
ïîäîáíî êîíñòðóêòîðó; 3) ìàëîãàáàðèòíûé è äîñòóïíûé ïî öåíå. Ðîáîò Lego Mindstorms ñî-
áðàí è çàïðîãðàììèðîâàí â íàó÷íî-òåõíè÷åñêîé ëàáîðàòîðèè ìåõàíèêî-ìàòåìàòè÷åñêîãî ôà-
êóëüòåòà ÊàçÍÓ. Ðîáîò Lego ìîæåò ðàáîòàòü â ðàçëè÷íûõ ñðåäàõ ïðîãðàììèðîâàíèÿ. Â ðàáî-
òå ìû èñïîëüçîâàëè ãðàôè÷åñêóþ ñðåäó ïðîãðàììèðîâàíèÿ NXT- G, ðàçðàáîòàííàÿ National
Instruments äëÿ Lego è ÿçûê RobotC. Íàìè ïðîèçâåäåíî ïðîãðàììèðîâàíèå ðàáîòû ðîáîòà
Lego Mindstorms íà îïðåäåëåíèå ïðåãðàäû. Â ñòàòüå äàíû ðàñ÷åòû ñêîðîñòè ñåðâîìîòîðîâ,
ñêîðîñòè âðàùåíèÿ ìîòîðîâ. Îïèñàíû ïðèíöèï ðàáîòû ðîáîòà îá îïðåäåëåíèè ïðåãðàäû,
ñèíõðîíèçàöèÿ ðàáîò ìîòîðîâ. Îáúÿñíåíî ñîçäàíèå ïàðàìåòðîâ î ìàêñèìàëüíîé äèñòàíöèè
íà îïðåäåëåíèå ïðåãðàäû. Â çàêëþ÷èòåëüíîé ÷àñòè ñòàòüè äàåòñÿ ðåêîìåíäàöèÿ î ââåäåíèè
îñíîâû ðîáîòîòåõíèêè â ñèñòåìó îáðàçîâàíèÿ ñî ññûëêîé î âîçìîæíîñòè è äîñòóïíîñòè ïðî-
ãðàììèðîâàíèÿ ðîáîòà Lego Mindstorms ëþäüìè ðàçíîãî óðîâíÿ òåõíè÷åñêîé îáðàçîâàííîñòè.
Êëþ÷åâûå ñëîâà: Lego Mindstorms, ïðîãðàììèðîâàíèå ðîáîòà, ðîáîòîòåõíèêà, NXT-G,
RobotC, óëüòðàçâóêîâîé äàò÷èê.

Makashev E.P. Gaibullauly S.
Programming Lego Mindstorms robot to identify barriers

This article gives the results of the study with the robot Lego Mindstorms. Detailed structure
and operation of the robot. Provides an overview of existing hard-copy software and robotics
technology based Lego, also o�ered recommendations on the organization of work with the
software. LegoMindstorms is programmable intelligent robots. For their work we chose the Lego
NXT using the following criteria: 1) it has broad capabilities; 2) is assembled from parts like the
constructor; 3) The compact and a�ordable. Lego Mindstorms robot assembled and programmed
in scienti�c and technical laboratrii Mechanics and Mathematics Faculty of execution. Lego robot
can work in ralichnyh programming environments. In this paper, we used a graphical programming
environment NXT- G, developed by National Instruments and language for Lego Robot C. We have
made the programming of the robot Lego Mindstorms at identifying obstacles. The article presents
the calculations speed servomotors, motor speed. Describes the principle of operation of the robot
on the de�nition barriers synchronization of the motor. Explained the creation parameters for
the determination of the maximum distance barriers. In the �nal part of the paper provides
recommendations on the introduction of the basics of robotics in education, citing the possibility
and availability of programming the robot Lego Mindstorms people of di�erent levels of technical
education.
Key words: Lego Mindstorms, robot programming, robotics, NXT-G, RobotC, ultrasonic sensor.
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Ìàêàøåâ Å.Ï. �àéáóëëà´ëû Ñ.
Lego Mindstorms ðîáîòûí êåäåðãiíi àíû©òàó¡à áà¡äàðëàìàëàó

Á´ë ìà©àëàäà Lego Mindstorms ðîáîòûí çåðòòåó íºòèæåëåði ê°ðñåòiëãåí. Ðîáîòòû æ´ìûñ
iñòåó ïðèíöèïòåði æåòå ñèïàòòàë¡àí. Lego òåõíîëîãèÿëàðû íåãiçiíäåãi ðîáîòîòåõíèêàíû ©îë-
äàíûñòà¡û àïïàðàòû© æºíå áà¡äàðëàìàëû© ©àìòàìàñûíà øîëó æ³ðãiçiëåäi, ñîíäàé-à©, áà¡-
äàðëàìàëûê ©àìòàìàìåí æ´ìûñ æ³ðãiçóäåãi ´éûìäàñòûðó áîéûíøà êååñòåð ´ñûíûëàäû.
Lego Mindstorms áà¡äàðëàìàëàíàòûí èíòåëåêòóàë ðîáîò áîëûï òàáûëàäû. Æ´ìûñ æàñà-
ó¡û Lego NXT ðîáîòûí êåëåñi êðèòåðèëåð áîéûíøà òàäàäû©: 1) êå ì³ìêiíäiêåðãå èå 2)
êîíñòðóêòîð òºðiçäi äåòàëüäàðäàí ©´ðàë¡àí 3) àçê°ëåìäi. Lego Mindstorms ðîáîòû �àç´ó
ìåõàíèêà-ìàòåìàòèêà ôàêóëüòåòiíi ¡ûëûìè-òåõíèêàëû© çåðòõàíàñûíäà ©´ðûë¡àí æºíå áà¡-
äàðëàìàëàí¡àí.Æ´ìûñ áàðûñûíäà National Instruments ©´ð¡àí NXT- G áà¡äàðëàìàëàó îðòà-
ñû æºíå RobotC áà¡äàðëàìàëàó òiëi ©îëäàíûëàäû. Lego Mindstorms ðîáîòû êåäåðãiíi àíû©òàó
áà¡äàðëàìàñû ©´ðûëäû. Æ´ìûñòà ñåðâîìîòîðëàðäû æûëäàìäû¡û, ìîòîðëàðäû àéíàëó
æûëäàìäû¡û åñåïòåìåëåði áåðiëãåí. Ðîáîòòû êåäåðãiíi àíû©òàóäà æ³ðãiçiëåòií æ´ìûñòû
ïðèíöèïòåði, ìîòîðëàð æ´ìûñòàðûíû ñèíõðîíèçàöèÿñû ñèïàòòàë¡àí. Êåäåðãiíi àíû©òàóäà
ìàêñèìàë ©àøû©òû© ïàðàìåòðëåðií ©´ðó ò³ñiíäiðiëãåí. Ìà©àëàíû ©îðòûíäû á°ëiìiíäå ò³ð-
ëi äåãåéäåãi àäàìäàðäû Lego Mindstorms ðîáîòûí áà¡äàðëàìàëàó¡à ©îë æåòiìäiãiíå ñiëòåìå
åòiï, ðîáîòîòåõíèêà íåãiçäåðiíi áiëiì áåðó æ³éåñiíå åíãiçiëóiíå êååñòåð áåðiëãåí.
Ò³éií ñ°çäåð: ðåàêòîð, æûëæûìàéòûí ò³éiðøiêòi ©àáàò, ðàäèàëäû à¡ûñ, òóðáóëåíòòiê
RANS ìîäåëi.

Ââåäåíèå

Â ìèðå ãäå òåõíîëîãèÿ ñïîñîáñòâóåò ýêîíîìè÷åñêîìó ðàçâèòèþ ñòðàí, òåõíè÷åñêîå
îáó÷åíèå ò.å. ïîäãîòîâêà èíæåíåðíûõ êàäðîâ, äîëæíî ïðîâîäèòüñÿ íå òîëüêî òåîðå-
òè÷åñêè. Òàêæå íåîáõîäèìî ïðàêòè÷åñêîå ïðèìåíåíèå çíàíèé [1]. Âî ìíîãèõ èíæåíåð-
íûõ îòðàñëÿõ, òàêèõ êàê: èíôîðìàòèêà, ìîäåëèðîâàíèå, ðîáîòîòåõíèêà, ìåõàòðîíèêà è
ò.ä., íåðåäêî âîçíèêàþò ñëîæíûå êîíöåïöèè. Ðåøåíèå âîçíèêøèõ çàäà÷ íàèáîëåå ïðè-
åìëèìî ïîñðåäñòâîì âûïîëíåíèÿ ëàáîðàòîðíûõ ðàáîò. Âûïîëíåíèå ëàáîðàòîðíûõ ðà-
áîò òðåáóåò ñïåöèôè÷åñêèõ òåõíè÷åñêèõ óñòðîéñòâ. Ê òàêèì óñòðîéñòâàì îòíîñÿòñÿ è
ðîáîòû Lego [2]. Lego Mindstorms èìååòñÿ â íàó÷íî-òåõíè÷åñêîé ëàáîðàòîðèè ìåõàíèêî-
ìàòåìàòè÷åñêîãî ôàêóëüòåòà ÊàçÍÓ. Ìû ïðîâîäèëè ñâîè èññëåäîâàòåëüñêèå îïûòû ñ
ðîáîòîì Lego Mindstorms NXT. Lego Mindstorms NXT - ýòî èíòåëëåêòóàëüíûé ïðî-
ãðàììèðóåìûé ðîáîò, êîòîðûé ñîáèðàåòñÿ èç äåòàëåé, ïîäîáíî êîíñòðóêòîðó, è îáëà-
äàåò îãðîìíûìè âîçìîæíîñòÿìè! Íàø âûáîð îáúÿñíÿåòñÿ òåì, ÷òî ýòî ðîáîò ëåãîê â
íàñòðîéêå è èñïîëüçîâàíèè, ìàëîãàáàðèòíûé, ìíîãîôóíêöèîíàëüíûé, à òàêæå åãî íèç-
êîé ñòîèìîñòüþ.

Îí ñîñòîèò èç íåñêîëüêèõ ýëåìåíòîâ [3]:

• Òðè ñåðâîìîòîðà (1,2,3);

• ×åòûðå äàò÷èêà: óëüòðàçâóêîâîé äàò÷èê (4) äëÿ îïðåäåëåíèÿ äèñòàíöèè, 2 äàò÷èêà
ïðèêîñíîâåíèÿ (5,6) è äàò÷èê îïðåäåëåíèÿ öâåòà (7). Äàò÷èê îïðåäåëåíèÿ öâåòà
ìîæåò ðàáîòàòü êàê ôîíàðèê, ïëþñ óìååò ñîáñòâåííî îïðåäåëÿòü öâåòà è óðîâåíü
îñâåùåííîñòè îêðóæàþùåé ñðåäû;

• Áîëüøîé ìàòðè÷íûé äèñïëåé (8);

• 32-áèòíûé ïðîöåññîð;
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Ðèñóíîê 1� Ñòðóêòóðà ðîáîòà Lego Mindstorms

• Êàíàëû ñâÿçè ïî USB è Bluetooth (4 âõîäíûõ è 3 âûõîäíûõ ïîðòà);

• Ïðîãðàììíîå îáåñïå÷åíèå (äëÿ PC è MAC).

Îñíîâíàÿ ÷àñòü

Êîíñòðóêòîð ìîæíî çàïðîãðàììèðîâàòü ñ ïîìîùüþ îñíîâíûõ êîìàíä, âëîæåííûõ
â ñàìîãî ðîáîòà, êîòîðûå äàþò âîçìîæíîñòü ïîñòðîèòü ïðîñòûå àëãîðèòìû. Äëÿ áîëåå
ñåðüåçíîé ðàáîòû ìîæíî èñïîëüçîâàòü ñðåäû ïðîãðàììèðîâàíèÿ RobotC (Ñ-ïîäîáíûé
ÿçûê), NXJ (Java-ïðîðàììèðîâàíèå), Robolab, NXT-G è êîä RCX. Ìû âûáðàëè NXT-G,
òàê êàê äàííûé ñïîñîá ñîçäàíèÿ ïðîãðàìì ÿâëÿåòñÿ íàãëÿäíûì è ïîäõîäèò äëÿ ëþäåé ñ
ðàçíûìè óðîâíÿìè ïîäãîòîâêè. NXT-G - ãðàôè÷åñêàÿ ñðåäà ïðîãðàììèðîâàíèÿ, ðàçðà-
áîòàííàÿ National Instruments äëÿ Lego. Íàïèñàíèå ïðîãðàìì ñ ïîìîùüþ NXT-G ïîõîæå
íà ñîçäàíèå áëîê-ñõåìû. Ïðîãðàììèñò çàäàåò ñõåìó óïðàâëåíèÿ ðîáîòîì, èñïîëüçóÿ ñó-
ùåñòâóþùèå áëîêè, îïèñûâàþùèå õàðàêòåðèñòèêè åãî ïîâåäåíèÿ. Ïîòîì áóäåò ïîêàçàíî
ðåàëèçàöèÿ ïðîãðàììû â ñðåäå RobotC. Íàìè ïðîâåäåíà ñëåäóþùàÿ ðàáîòà: Ìû ñîáðàëè
è çàïðîãðàììèðîâàëè ðîáîòà êîòîðûé áóäåò îáõîäèòü ïðåãðàäó ïåðåä íèì. Èç îñíîâíûõ
äåòàëåé èñïîëüçîâàëè - äâà ìîòîðà, óëüòðàçâóêîâîé äàò÷èê è äàò÷èê çâóêà.

Ðèñóíîê 2� Èíòåëëåêòóàëüíî-ïðîãðàììèðîâàííûé ðîáîò

Ïðèìåð ïðîãðàììû â NXT-G âûãëÿäèò ñëåäóþùèì îáðàçîì.
Áëîê ìîòîðà îòâå÷àåò çà äâèæåíèå âïåðåä-íàçàä è çà îáîðîòû êîëåñ ðîáîòà. Ìû

çàäàëè îáîèì ñåðâîìîòîðàì îäèíàêîâóþ ñêîðîñòü. Ðîáîò íà÷èíàåò äâèæåíèå ñ çàäàííîé
íàìè ñêîðîñòüþ.
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Ðèñóíîê 3� Ïðîãðàììèðîâàíèå â NXT-G

task main ()

{

motor [motor A]=50

motor [motor B]=50

}

Ýòà êîìàíäà çàñòàâëÿåò ðîáîòà íà÷àòü äâèæåíèå. À è Ñ - ïîðòû íà êîòîðûõ ñîåäè-
íåíû ìîòîðû. Ñêîðîñòü âðàùåíèÿ ìîòîðîâ çàâèñèò îò óñëîâíîé ìîùíîñòè, ïàäàþùåé
íà íèõ. Ìîùíîñòü âàðüèðóåòñÿ îò -100 Ãö äî +100 Ãö. Ïîä "ìîùíîñòüþ"ïîíèìàåòñÿ
ØÈÌ (Øèðîòíî-èìïóëüñíàÿ ìîäóëÿöèÿ) ñèãíàëû, êîòîðûå ôîðìèðóþòñÿ ñ ïîìîùüþ
NXT. Çäåñü "ìîùíîñòü"çàâèñèò îò ñêâàæíîñòè ØÈÌ [4].

task main ()

{

SensorType[S4]=sensorSONAR;

forward()

motor [motor A]=50;

motor [motor B]=50;

while (true)

if (SensorValue [S4]<20);

motor [motor A]=0;

motor [motor B]=0;

wait1Msec (3000);

else forward ()

motor [motor A]=50;

motor [motor B]=50;

}

ØÈÌ - ýòî ñïîñîá êîäèðîâàíèÿ àíàëîãîâîãî ñèãíàëa ïóò¼ì èçìåíåíèÿ øèðèíû (äëè-
òåëüíîñòè) ïðÿìîóãîëüíûõ èìïóëüñîâ íåñóùåé ÷àñòîòû. Â ýêñïåðèìåíòàõ c ìîòîðàìè,
ïðè âêëþ÷åíèè è âûêëþ÷åíèè ñåðâîìîòîðà ÷àñòîòà âðàùåíèÿ åãî ðîòîðà èçìåíÿåòñÿ.
Òî åñòü ïðîèñõîäèòü ðåãóëèðîâêà ñêîðîñòè âðàùåíèÿ ïóò¼ì ïåðèîäè÷íîãî âêëþ÷åíèÿ è
îòêëþ÷åíèÿ òîêà ÷åðåç ìîòîð. Åñëè èçìåíÿòü ïðè ýòîì âðåìÿ â ïîäêëþ÷¼ííîì ñîñòî-
ÿíèè è äëèíó ïàóçû ìåæäó ïîäêëþ÷åíèÿìè, ìîæíî ðåãóëèðîâàòü ñêîðîñòü âðàùåíèÿ
ìîòîðà. Èìåííî ýòîò ýôôåêò ïîëîæåí â îñíîâó ïðèíöèïà ØÈÌ Ðîáîò äâèæåòñÿ äî òåõ
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ïîð, ïîêà íå âñòðåòèò ïðåãðàäó. Ñ ïîìîùüþ óëüòðàçâóêîâîãî äàò÷èêà ðîáîò ðàñïîçíàåò
ïðåãðàäó ïåðåä ñîáîé. Íàìè çàäàíû ïàðàìåòðû ðàñïîçíàâàíèÿ ïðåãðàäû íà äàëüíîñòè
äî 20 ñì, ò.å. óëüòðàçâóê èìååò ñèëó âûáðîñà äî 20 ñì. Îí èçìåðÿåò ðàññòîÿíèå (ñ òî÷-
íîñòüþ +/- 3 ñì) äî ïðåãðàäû ïóòåì ðàñ÷åòà âðåìåíè, êîòîðîå ïîòðåáîâàëîñü çâóêîâîé
âîëíå äëÿ âîçâðàùåíèÿ, ïîñëå îòðàæåíèÿ îò îáúåêòà, ïîäîáíî ýõó.

Ðèñóíîê 4� Ðàáî÷åå ñîñòîÿíèå óëüòðàçâóêîâîãî äàò÷èêà

Ïåðåä ïðåãðàäîé ðîáîò îñòàíàâëèâàåòñÿ. Ïðîèñõîäèò îæèäàíèå 3 ñåêóíäû. Â ñåðâî-
ìîòîðå èìååòñÿ äàò÷èê âðàùåíèÿ. Îí èçìåðÿåò îáîðîòû ìîòîðà â ãðàäóñàõ (ñ òî÷íîñòüþ
+/- 1).

task main ()

{

nSyncedMotors=synchAC;

nSyncedTurnRatio=+60;

motor [right]=25;

wait1Msec (10000);

}

Ëåâûé ìîòîð ñèíõðîíèçèðîâàí ñ ïðàâûì ìîòîðîì ñ êîìàíäîé nSyncedMotors. Îò-
íîñèòåëüíàÿ ñêîðîñòü ëåâîãî ìîòîðà ê ïðàâîìó ìîòîðó óñòàíàâëèâàåòñÿ ñ ïîìîùüþ
nSyncedTurnRatio. Â ðåçóëüòàòå, êîãäà ìîòîð À àêòèâèðóåòñÿ ñ ÷àñòîòîé 50Ãö, ìîòîð Ñ
àâòîìàòè÷åñêèé àêòèâèðóåòñÿ ñ ÷àñòîòîé 30Ãö, ÷òî ñîñòàâëÿåò 60%.

Ðèñóíîê 5�Äâà êîëåñà êðóãîâîé òðàåêòîðèé ðàäèóñà r.

Â íàøåì ñëó÷àå, ðàäèóñ (ðàññòîÿíèå äî ïðåãðàäû) r=20 ñì è øèðèíà êîëåé w=10
cì. Óãëîâàÿ ñêîðîñòü ëåâîãî êîëåñà SL:
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SL =
2π(r − w/2)

t

Óãëîâàÿ ñêîðîñòü ïðàâîãî êîëåñà SR:

SR =
2π(r − w/2)

t

Ïåðåäàòî÷íûå îòíîøåíèÿ (SL, SR) äâóõ êîëåñ:

SL

SR

=
15

25

Ó÷èòûâàÿ, ÷òî ðîáîò Lego Mindstorms NXT ëåãîê â íàñòðîéêå, îí ïîäõîäèò äëÿ ëþäåé ñ
ðàçíûìè óðîâíÿìè ïîäãîòîâêè ïðåäëàãàåì ñëåäóþùåå: âíåäðèòü êîíñòðóêòîð Lego NXT
äëÿ îáó÷åíèÿ øêîëüíèêîâ, ó÷àùèõñÿ ñðåäíèõ ó÷åáíûõ çàâåäåíèé è ÂÓÇîâ ñ òåõíè÷å-
ñêèìè ñïåöèàëüíîñòÿìè.

Âûâîä

1. Lego Mindstorms NXT - ýòî èíòåëëåêòóàëüíûé ïðîãðàììèðóåìûé ðîáîò, îáëàäàþ-
ùèé îãðîìíûìè âîçìîæíîñòÿìè!

2. Ðîáîò Lego Mindstorms NXT ëåãîê â íàñòðîéêå, ïîäõîäèò äëÿ ëþäåé ñ ðàçíûìè
óðîâíÿìè ïîäãîòîâêè.

3. Ðåêîìåíäóåì ââåñòè îñíîâû ðîáîòîòåõíèêè â îòå÷åñòâåííóþ îáðàçîâàòåëüíóþ ñè-
ñòåìó, äëÿ óëó÷øåíèÿ òåõíè÷åñêîé ïîäãîòîâêè îáó÷àþùèõ
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