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TOM TAT

Bai bao trinh bay quy trinh thiét ké va phat trién hé thong lap trinh kéo tha cho

Arduino dya trén ma nguén mé Google Blockly, duoc trién khai triec tuyén tai dia

chi https://robocon.husc.edu.vn/. Hé théng cho phép nguoi dung lap trinh va sinh
ma C/C++ tuong thich v6i Arduino ngay trén web, khong can cai dat phan mém.
Cac khoi 1énh duoc td chike thanh 11 nhém chite nang, c6 thé mo rong mot cach dé
dang va linh hoat béng cach dinh nghia méi qua JavaScript va XML, dap tng hiéu
qua cac bai toan diéu khién, giao tiép va x ly tin hiéu trong lap trinh nhiang. Thi
nghiém trén Arduino Uno va Nano cho thady ma sinh ra dam bao d¢ chinh xac ca
phap va on dinh khi thuec thi, chiing minh tinh ding dén va tin cay cta hé thdng. So
véi cac nén tang nhuw ArduBlockly, mBlock hay CloverBlock — v6n bi gidi han vé kha
nang tuy bién va yéu cau cai dat cuc bg — hé thong dé xudt thé hién tinh mo va kha
nang moé rong vuot trdi, thuén tién cho giang day, nghién cttu va trién khai STEM.
Hé thong ciing da duoc ing dung thanh cong tai cudc thi Robocon HUSC 2025,

khéng dinh hiéu qua va d6 on dinh cao trong moi treong thuc hanh va thi dau robot.

Tt khoa: Arduino, Google Blockly, Drag-and-drop programming.

1. MO PAU

Trong boi canh giao duc STEM ngay cang cht trong dén viéc phat trién tw duy
1ap trinh va ky ndng tinh toan, nhu cau hoc 1ap trinh diéu khién nhung, ddc biét véi nén
tang Arduino — mét vi diéu khién ma ngudén mé phd bién va chi phi thap — dang gia tang
manh mé. Tuy nhién, viéc 1ap trinh bang ngén ngit truyén théng C/C++ van la thach thikc
16n d6i véi nguoi méi bat dau do yéu cau cao vé cti phap va tw duy logic. D& giam rao
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can nay, cac mo hinh 1ap trinh triec quan dang khoi (block-based programming) da dwoc
nghién cttu va ting dung rong rai, gop phan don gian hda qua trinh hoc 1ap trinh va khoi
goi tu duy sang tao cho nguoi hoc.

Trong s6 d6, Google Blockly [1] - thu vién ma nguén mé do Google phat trién —
da chiing minh tinh linh hoat va hiéu qua trong viéc xay dung giao dién lap trinh truc
quan, la nén tang cho nhiéu cong cu pho bién nhu Scratch for Arduino (S4A) [2], mBlock
[3], va ArduBlockly [4]. Cac nghién cttu cua Fraser (2013), Sun & Looi (2024) va
Fagerlund & Hakkinen (2020) déu chi ra rang lap trinh kéo tha gitip nang cao tu duy
thuat toan, giam 16i cti phap va cai thién hiéu qua hoc tap so véi lap trinh vén ban.

Mic du vay, cac cong cu hién c6 van boc 1o nhiéu han ché vé kha nang trién khai
truc tuyén va mo rong khai 1énh.

- S4A hoat dong hoan toan offline, yéu cau cai dat phan mém va khong ho
tro chay trén nén web.

- mBlock c6 phién ban web tai ide.mblock.cc, nhung chu yéu phuc vu ngdn
nglt Scratch va Python, chua tich hop day du chiic ndng lap trinh
Arduino, nén chwa dap tng t6t cho cac bai toan diéu khién nhing phtic
tap.

- ArduBlockly cho phép trién khai truc tuyén thong qua may chu cuc b,
song viéc cau hinh va mo rong doi hoi ky thuat phc tap.

- CloverBlock, mot cong cu duoc phat trién doc lap, cd giao dién than thién
va ho tro 1ap trinh kéo tha trec quan; tuy nhién, hé thong chi chay cuc bo
va viéc tuy bién hodc mé rong thém cac khoi lénh mai twong d6i phiic
tap, doi hoi can thiép tryc ti€p vao ma ngudn. Diéu nay han ché kha nang
mo rong va thich ttng ctia cong cu trong moi treong giang day, nghién
ctu va phat trién tng dung thuc té.

Xuat phat tir thuee tién d6, nghién ctru nay tap trung thiét k& va phét trién hé
thong 1ap trinh kéo tha cho Arduino dua trén ma ngudn mé Blockly, véi muc tiéu khac
phuc cac han ché cua nhiing cong cu hién cd. Hé thong duoc trién khai hoan toan truc
tuyén tai dia chi https://robocon.husc.edu.vn, cho phép nguoi dung lap trinh, sinh ma

C/C++ twong thich v6i Arduino truc tiép trén nén web ma khong can cai dt phan mém,
déng thoi dé dang mo rong va tuy chinh cc khéi 1énh thong qua cau tric JavaScript va
XML cua Blockly.

Két qua trién khai thuce t€ cho thay hé thong hoat ddong 6n dinh trén cac bo mach
Arduino Uno va Nano, sinh ma C/C++ chinh xac, dam bao tinh teong thich va kha nang
thuee thi tin cay. Dac biét, hé thong da dugc ting dung thanh cong trong cudc thi Robocon
HUSC 2025, noi cac doi thi st dung truc ti€p nén tang nay dé lap trinh va hoan thién
chuong trinh diéu khién robot. Két qua cudc thi da chting minh tinh 6n dinh, d¢ tin cay
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va kha ndng mo rong linh hoat cta hé thdng, qua d6 khang dinh tinh kha thi va hiéu
qua tng dung cao ctia giai phap trong giang day, nghién cttu va thi ddu ky thuat trong
linh viee STEM.

2. THIET KE KHOI LENH LAP TRINH KEO THA DUA TREN MA NGUON MO
BLOCKLY

2.1. Lap trinh kéo tha va ma nguén mé Blockly

Lap trinh kéo tha (drag-and-drop programming) la mot phwong phap lap trinh
tric quan, trong d6 chuong trinh dwoc xay dung bang cach sap xép cac khdi 1énh d6 hoa
thay vi viét ma van ban. Moi khéi 1énh biéu dién mot don vi chitc ndng tuwong duong
véi ci phap trong ngdn ngit lap trinh truyén thong. Phuong phéap nay gitp nguoi hoc,
d3c biét 1a ngroi méi bat dau, dé dang tiép can véi cac khéi niém 1ap trinh co ban ma
khong can hiéu rd cti phap, von 1a rao can phd bién trong qua trinh hoc ngdn ngi nhu
C/CH+.

Google Blockly 1a mot thu vién ma nguon mé do Google phat trién, cung cap cac
cong cu dé xay dung moi truong 1ap trinh truc quan dwdi dang khoi kéo tha. Thu vién
nay cho phép nguoi dung, dic biét 1a ngudi méi bat dau, tao chuong trinh bang cach
sap x&p cac khdi 1énh d6 hoa ma khong can viét ma van ban, rat phit hop cho gido duc
STEM va lap trinh nhang trén vi diéu khién Arduino [1]. Blockly khéng cung cdp giao
dién cd dinh, ma bao gém cac thanh phén linh hoat d€ nha phat trién tuy chinh theo nhu
cau. Cac thanh phan c6t 16i caa Blockly bao gom:

Bang cong cu (Toolbox): Chita danh sach cdc nhom khéi 1énh, mbi nhém khai
1énh chita nhiéu khoi 1énh cung chite ndng. Nguoi dung kéo tha cac khai lénh tir Toolbox
vao khu vue lam viéc.

Khu vie 1am viée (Workspace): Khong gian noi nguoi dung ghép noi cac khai
1énh dé€ tao chuong trinh. Cac khdi duoc thiét ké véi cac dau néi (connectors) dam bao
tinh hop 1& vé cti phap, giam thiéu 16i lap trinh.

Trinh tao ma (Code Generator): Chuyén doi cac khéi 1énh thanh ma nguén cua

ngon ngit dich, thong qua cdc ham anh xa duoc dinh nghia sén [10].

Nhom tac gia phat trién moi treong 1ap trinh kéo tha véi giao dién don gian hda
cho hoc sinh, sinh vién. Hé thdng gom 3 phan chinh nhue Hinh 1: Bang cong cu (Toolbox)
- khu vigc mau vang, khu vuc lam viéc (Workspace) - khu viec mau do, trinh tao ma
(Code Generator) - khu viec mau xanh.
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Logic { } Arduino Source Code

int 1;
Loops

void setup() {
}

Math

Text
void loop() {
if (M_PI == M_PI) {
for (1 =1; 1 <= ;1) A
printf("%d", i):
}

Variables

Functions

Input/Qutput }
Time
Audio
Motors

Comms

Hinh 1. C4u tric giao dién 14p trinh kéo tha.

Ngoai ra con c6 thé bo sung mot s6 khoi theo yéu cau ctia nguoi dung dé thuan
tién nhat cho 1ap trinh.

2.2. Thiét ké cac khéi 1énh kéo tha
2.2.1. Xay dung cac nhom khoi lénh trong Toolbox

Nhém khéi 1énh trong Toolbox 1a tap hop cac khéi 1énh ciing chikc néng, nham
hd tro nguoi hoc tiép can lap trinh cho vi mach Arduino va diéu khién robot mot cach
hiéu qua va don gian nhat. Cach tiép can phan nhdém nay dwoc xay dung dya trén cac
nghién ctru trede day vé thiét ké giao dién 1ap trinh truc quan, chang han nhu cong trinh
cua Fraser, Moreno-Ledn va Robles [1], [4], cling nhu cac nén tang 1ap trinh kéo tha pho
bién nhw mBlock va ArduBlockly [3], [4]. Nhiing nén tang nay ciing ap dung phuong
phap phan loai khdi 1énh theo chitc ndng nham t8i wu héa trai nghiém hoc tap va nang
cao hiéu qua.

Ttr d6, nhom tac gia chia cdc khoi 1énh thanh 11 nhém khéi 1énh chinh nhu sau:
1. Logic: Phép so sanh, toan tt AND, OR, NOT...

Loops: Vong ldp for, while...

Math: Phép toan don gian

Text: Xt ly chudi, bién kiéu chudi...

Variables: Khai bao, gan gid tri bién...

Functions: Dinh nghia ham con

Input/Output: Doc/ghi tin hiéu digital va analog

® N S 9 ok WD

Time: Tao d6 tré, 1ay thoi gian thuc (delay(), millis())...
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9. Audio: Xtr ly tin hiéu am thanh (lién quan gian ti€p dén I/O hoac cam bién)
10. Motors: Diéu khién servo, dong co DC, stepper...
11. Comms: Giao tiép (nhu Serial, lién quan dén I/O)...

2.2.2. Xay dung khoi 1énh trong titng nhém khoi 1énh tuwong ting

bé xay dung khoi 1énh trong tirng nhém khoi 1énh, nhém tac gia dua ra 5 bude
chinh thé hién ¢ lvu d6 thuat toan trong Hinh 2.

Xac dinh chirc
nang, loai khdiva
thudc tinh

Pinh nghia céu
trac khi

-
v
v
L 2

Chén khdi lénh
vao Toolbox

Xay dung trinh tao ma

Kiém tra
kh&i lénh

Sai

Hinh 2. Quy trinh xay dung khoi 1énh kéo tha
Buwdc 1: Xac dinh chirc ning, loai khéi va thudc tinh:

- Chtrc nang: Xac dinh hanh vi cta khdi, vi du: thuwe hién phép toan, diéu khién
ludng chwong trinh...

- Loai khéi: Statement block (khdi 1énh hanh dong), value block (khéi 1énh gia
tri), hat block (khdi 1énh khéi dau).

- Quyét dinh céc thudc tinh nhw kiéu di liéu dau vao/dau ra (s6, Boolean), mau
séc va thong tin mo ta (tooltip).

Buwdc 2: Dinh nghia ciu trac khéi

Trong budc nay, nhom tac gia st dung ma ngudén moé Blockly d€ dinh nghia cac
khoi 1énh b?mg ma JavaScript. Cac khoi 1énh nay sé duoc tich hgp vao nhém khdi 1énh
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twong tng trong Toolbox, nham phuc vu cho 1ap trinh kéo-tha [1], [3]. Viéc dinh nghia
khoi 1énh gom cac thanh phéan sau:

- Khai bao khdi: Duoc dinh danh duy nhat trong Blockly.Blocks (Vi du:
io_digitalread).

- Khéi tao giao dién (init): Thiét 1ap thudc tinh hién thi nhu mau sdc (setColour)
d€ phan biét nhém khoi.
- C4u triic dau vao:
e appendDummyInput: dau vao tinh.
e appendValuelnput: nhan gid tri tir khoi khac.
e appendStatementInput: chita khoi 1énh con.
- Lién két khoi: setOutput, setPreviousStatement, setNextStatement: xac dinh
kha nang két ndi gitra cac khoi.
- Ho tro nguoi dung: setTooltip, setHelpUrl: cung cdp md ta va tai liéu tham
khao.
- Ki€u dir liéu dau ra: getBlockType().
- Thich &tng phian cting: updateFields() dung d€ cap nhat giao dién khi ¢4 thay
ddi vé phan cing.
Buwdc 3: Chén khdi 1énh vao Toolbox
Dé€ hién thi khoi lénh trong giao dién lap trinh kéo tha, nhom tac gia chen ma
XML twong tng vao phan Toolbox. Mbi khoi 1énh can duoc dit trong mot the <block>
va nhoém vao mot the <category> theo chttc nang [1], [10].

Budc 4: Xay dung trinh tao ma (Code Generator)

Mbi khéi 1énh sé dwoc anh xa véi mot doan ma Arduino C/CH++ twong ting, dwoc
thiec hién thong qua cdc ham Generator duoc viét bang JavaScript [1], [4].

1. Pinh nghia ham: Gan ham JavaScript cho khéi (vi du: Blockly.Arduino
['ten_khoi'l) d€ xac dinh logic tao ma cho khoi cu thé.

2. Ldy dau vao: Truy xudt gid tri t& truong hodc khdoi con (vi du:
block.getFieldValue('PIN')) d€ 1ay thong tin nguoi dung nhap, nhu sd chan hodc tham
s0.

3. Tao ma cai dit: Thém ma khéi tao (nhw pinMode) vao setup() bang addSetup
d€ cau hinh tai nguyén trude khi chuong trinh chay.

4. Tao ma thwc thi: Tra vé ma thuc thi (chuSi hoac [code, ORDER_
<MUC_UU_TII::N>]) dé thyc hién chirc nang khoi trong chwong trinh chinh.
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Budc 5: Kiém thit khéi 1énh trén ca phin mém va phin ctrng thuc t&

Muc dich: Kiém thtr va xac minh tinh chinh xac, d6 tin cay cua cac khoi lénh duoc
dinh nghia 6 budc 2 khi hoat dong trén phan cing thuc t€ (bo mach vi diéu khién
Arduino Uno).

D& kiém thit khdi 1énh vita tao ra, dau tién ta tao chwong trinh don gian bang
cach kéo tha cac khoi 1énh vao khu viec lam viéc, sau d6 kiém tra ma C/C++ dwoc sinh ra
va copy ma vao Arduino IDE, bién dich va nap vao thiét bi. Cudi cung theo doi hoat
dong, debug va chinh stta néu can [4].

3. KET QUA

D€ kiém tra tinh chinh xac cta cac khdi 1énh, nhém tac gia thuc thi thte nghiém
trén phan cting (Arduino UNO) véi quy trinh gom 4 budc nhu sau:

Buwdc 1: Kéo tha cac khéi 1énh dé€ tao chwong trinh hoan chinh (Hinh 3).

Nguoi dung truy cap bang cong cu (Toolbox — khung tim) d€ lya chon va kéo
cac khéi lénh can thiét, sau d6 dwa cac khdi nay vao khong gian 1am viéc (Workspace —
khung d6) dé ghép néi va hinh thanh chwong trinh diéu khién Arduino. Trong qué
trinh kéo tha, ma Arduino twong ting dwgc hé thong tu dong sinh ra dong thoi trong
khung xanh Arduino Source Code — khung xanh, thé hién su anh xa truc tiép gitra
tteng khoi lénh va doan ma C/C++ twong tng.

Trong vi du minh hoa, chwong trinh gdém hai khoi lénh diéu khién LED tich hop:
khdi thtt nhat bat LED trong 1 gidy, khdi thit hai tit LED trong 1 gidy. Khi nap chuong
trinh vao bo mach Arduino Uno, den LED tich hop nhdp nhay véi chu ky 1 gidy, ching
minh quy trinh sinh ma va hoat dong cta cac khoi 1énh hoan toan chinh x4c trén phan
cting thuc té.

HUE UNIVERSITY Sketch_Name

Arduino Uno v Dang tai danh sach port... ¥ SAVE > v LOGOUT
UNIVERSITY OF SCIENCES o i
{} Arduino Source Code
= Logic void setup() {
p1 de( . OUTPUT)
™2 Loops Arduino run first: }
Math oino Kon .
% BT o someting) Arduino loop forever: o
Text set built-in LED CIEINIES to -
o %
= Variables wait §[00) | milliseconds LOwW)
- m Q) do something | set built-in LED ENE{VEIED to
wait [  milliseconds
E Input/Output return
R -
@ Audio
Motors
Comms

Hinh 3. Giao dién Tooolbox (khung tim) — khong gian ghép n6i (khung do) — phéan sinh ma
(khung xanh)
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Budc 2: Ki€m tra cti phép tir phan sinh ma twong tng.
Xem ma C/C++ tlt phéan sinh ma ¢ Arduino Source Code — khung xanh, kiém tra
cti phap bang mét hodc Arduino IDE (chtic nang Verify - ddu v) [4] (Hinh 4).

8 sketch nov7a | Arduino IDE 2.35

File Edit Sketch Tools Help

Output
Sketch uses 924 bytes (2%) of program storage space. Maximum is 32256 bytes.
Global variables use 9 bytes (0%) of dynamic memory, leaving 2039 bytes for local variables. Maximum is 2048 bytes.

Ln11,Col2 ArduinoUnooncoma 33 B

ENG o o g LOBPM

& search b Egmoecem®? _ “?_g 9 A ONTL * 117772025

Hinh 4: Kiém tra code duoc sinh ra trong khoi Arduino Source Code
Budc 3: Copy ma C/C++ tix phén sinh ma va nap vao IDE Arduino.
Sao chép ma C/C++ tir khoi sinh ma, dan vao Arduino IDE, bién dich va nap 1én

vi diéu khién Arduino [1] Hinh 5.
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B sketch nov7a | Arduino IDE 235

File Edit Sketch Tools Help

° e ¥ Arduino Uno

sketch_nov7a.no

etup() {
de(13, OUTPUT);

Output

Sketch uses 924 bytes (2%) of program storage space. Maximum is 32256 bytes.
Global variables use 9 bytes (%) of dynamic memory, leaving 2839 bytes for local variables. Maximum is 2048 bytes.

In11,Col2  Arduino UnoonCOM4 (23 B

e p 5 _ 109PM
BB Q search i g=oecem® Do A hm TO® g

Hinh 5: Nap ma duoc sinh ra trong khéi Arduino Source Code
Buwdc 4: Quan sat két qua va hoan thién khdi 1énh.

Quan sat hoat dong phan cing (LED, ddng co, cam bién), debug qua Serial
Monitor, stta 16i néu can (Hinh 6)

Hinh 6: Quan sat hoat dong phan cting

79



Nghién civu phdt trién khoi énh Idp trinh kéo thd cho nén tang arduino diwa trén ma nguon mé Blockly

Nhom ciling da tht nghiém nhiéu chwong trinh nhw diéu khién servo, nit nhan
diéu khién LED va st dung vong 1dp for trén bo mach Arduino Uno, tat ca déu cho két
qua chinh xac. Do tin cay ctia hé thdng tiép tuc dwoc khang dinh qua viéc ap dung thanh
cong trong Cudc thi Robocon HUSC 2025 (thang 10/2025), noi cac doi thi sit dung triec
ti€p moi truong kéo tha dé€ lap trinh va diéu khién robot.

4. KET LUAN

Nhom tac gia da thiét ké va phat trién hé thong lap trinh kéo tha cho Arduino
tich hop triec tuyén trén nén web, gitip ngudi dung dé dang truy cap va thao tdc ma
khong can cai ddt phan mém. Hé thong gom 11 nhém khai 1énh do nhém tu xay dung,
c6 kha nang tuy bién cao, cho phép xdy dung va dinh nghia khéi 1énh méi linh hoat.

Céc khéi 1énh duwoc sinh ma C/C++ chinh xac, hoat dong 6n dinh trén phan cing
Arduino va da duoc ting dung thanh cong trong Cudc thi Robocon HUSC 2025, chiing
minh tinh kha thi, hiéu qua va d¢ tin cdy cta thiét ké. Giai phap nay goép phan don gian
hoa 1ap trinh nhting, hd tro hiéu qua cho dao tao va phat trién tu duy diéu khién trong
gido duc STEM.

Tuy nhién, hé thdng con han ché vé s6 luong khoi 1énh cho céac bai toan phtic tap
va chua tich hop trinh nap tu dong ma C/C++, gay bat tién trong qua trinh nap code.
Trong twong lai, nghién cttu sé mo rong thu vién khéi 1énh va phat trién tinh nang nap
tw dong d€ nang cao tinh ting dung va hiéu qua dao tao, gop phan thic day ky nang lap
trinh va tu duy sang tao trong gido duc STEM.
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Nghién civu phdt trién khoi énh Idp trinh kéo thd cho nén tang arduino diwa trén ma nguon mé Blockly

RESEARCH AND DEVELOPMENT OF DRAG-AND-DROP
PROGRAMMING BLOCKS FOR THE ARDUINO PLATFORM BASED ON
THE OPEN-SOURCE BLOCKLY FRAMEWORK
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ABSTRACT

This paper presents the design and development process of a drag-and-drop
programming system for Arduino, built upon the open-source Google Blockly
platform. The system is deployed online at https://robocon.husc.edu.vn, allowing
users to create and generate C/C++ code compatible with Arduino directly on the
web without requiring any software installation. The programming blocks are
organized into 11 functional groups, which can be flexibly extended and customized
by defining new blocks in JavaScript and XML, effectively supporting tasks related
to control, communication, and signal processing in embedded programming.
Experiments conducted on Arduino Uno and Nano demonstrate that the generated
code maintains syntactic correctness and stable execution, confirming the accuracy
and reliability of the proposed system. Compared to existing platforms such as
ArduBlockly, mBlock, and CloverBlock—which are limited in customization
capabilities and require local installation—the proposed system offers greater
openness, scalability, and accessibility, making it more suitable for teaching,
research, and STEM applications. Moreover, the system was successfully applied in
the Robocon HUSC 2025 competition, where it proved to be stable, efficient, and

highly effective in supporting robot programming and practical implementation.

Keywords: Arduino, Google Blockly, Drag-and-drop programming.
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