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Received: 31/01/2024 In recent years, the fields of computer engineering, electronics and
telecommunications, artificial intelligence and information processing have

Revised:  29/02/2024 developed strongly and have made great contributions to the advanced scientific and
Published: 29/02/2024 technical revolution. In particular, the birth and rapid development of artificial
intelligence makes the electronics industry richer and more diverse. In particular, the

exchange of information between systems is extremely important. Previous

KEYWORDS communication technology was the keyboard or via touch screen. All devices

Robot car involved in this communication require some type of contact with hardware to

. operate. As a result, information processing technology is increasingly advanced.
Raspberry pi 4 One type of input information that is currently being studied by scientists is speech
Control the robot car processing. This article presents the results of research on designing a voice robot

Raspberry App car control model using the Raspberry pi 4 kit combined with Windows 10 lot core
. . software and visual studio 2019. The model brings many benefits to humans in the
Voice processing matter of moving and controlling things according to human requirements. It allows
Raspberry Kit users to find directions through short commands and the voice control system will
find directions without having to enter an address on the map. The system is
designed for high stability and reliable accuracy. Experimental and survey results in
many environments are relatively accurate and consistent. It can be improved to

create useful products for practical applications today.

NGHIEN CUU THIET KE MO HINH PIEU KHIEN XE ROBOT
BANG GIQNG NOI VOI RASPBERRY PI 4

Hoang Vin Thuc
Trwong Pai hoc Cong nghé théng tin va Truyén théng - DH Thai Neuyén

THONG TIN BAIBAO TOM TAT

Ngay nhan bai:  31/01/2024 Nhlrng nam gn day, cac nganh ky thuat mdy tinh, dién tur vien thong, tri tué nhén tao

a xur 1y thong tin phat tnen manh me va c6 nhimg dong gép 16n vao cude cach mang

Ngay hoan thi¢n: 29/02/2024 khoa hoc k¥ thuat tién tién. Dac biét su ra doi va phat trién nhanh chong ciia tri tué
Ngay ding: 29/02/2024 nhan tao lam cho nganh dién t tré nén phong phtl va da dang hon. Trong do, viéc

trao ddi thong tin giita cac hé thong 1a vo cing quan trong. Cong ngh¢ truyén tin

. . trudc day 1a ban phim hodc théng qua man hinh cam wng. Tat ca cac thiét bi tham gia
TU KHOA vio viéc truyén tin nay yéu ciu mot sé loai tiép xiic véi phin cimg dé van hanh. Vi

Xe robot thé cho nén cong nghé xt ly thong tin ngay cang duoc ning cao. Mot loai thong tin
dau vao hién nay dang dugc cac nha khoa hoc nghién ctru d6 1a xir ly giong néi. Bai

Raspberry pi 4 bio nay trinh bay két qua nghién ctu thiét ké mo hinh diéu khién xe robot bing

iéu khién xe robo giong noi sir dung kit Raspberry pi 4 két hop v6i cac phan mém Windows 10 lot core

biéu khié bot 01 sir dung kit Raspb i 4 ket hop voi cac phan mém Windows 10 lot core

Ung dung Raspberry va Visua}l studio 2019.Md hinh mang lai rat nhiéu loi ich cho con ngu6i trong van dé

Xt I o .. di chuyen va dieu khién moi vat theo yéu cau cua con nguoi. Cho phép ngudi st
U 1y giong noi

dung tim dudng qua cau 1énh ngan gon va hé théng didu khién bang giong noi s& tim
Kit Raspberry dwong, chi din ma khong can nhap dia chi trén ban db. Hé thong duoc thiét ké do on
dinh cao, do chinh xac tin cay. Két qua thyc nghiém va khao sat trén nhiéu moi
truong twong di chinh xac va phi hop. N6 c6 thé duoc cai tién dé tao ra cac san
pham hiru ich g dung trong thuc té hién nay.
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1. Giéi thiéu

Trong nhiing ndm gin day cac cong nghé moi din thay doi cac cong ngh¢ ci. Thiét bi khong
day bat dau ra doi lam cho moi thir trd nén don gian hon. Khi phan mém va phan cing dugc nang
cao thi mot loai dau vao mdi duoc ra doi: tin hiéu bang giong néi [1]. Piéu khién bang giong noi
s& 1a mot xu hudng phat trién trong twong lai cing véi cong nghiép san xuit va tw dong hod. Diéu
khién bang giong noi hién nay dang dugc tmg dung rong rai nhu xe 6 t6, nha thong minh, dién
thoai, ti vi... [2], [3]. Bai bao nay tép trung nghién ctru thiét ké hé thong diéu khién xe robot biang
giong noi sur dung kit Raspberry pl 4. Hé théng m6 hinh nho gon, gia thanh ré va hop 1y, d6 chinh
xdc tin cdy, giao dién tryc quan d& quan sat va co6 thé ing dung rong rai trong thuc té.

Hé thdng xe diéu khién bing giong néi duoc xay dung véi kit Raspberry pi 4 s& téi uvu duoc
co s6 ha tang két ndi sin c6 véi viéc ung dung va tich hop thém cac cam bién, truyén dit lidu trén
cac thiét bi. Trong do, su hoi tu cac cong nghé cho thu thap dir liéu, phan tich va van dung, diéu
khién ty dong hod, cac hé thong nhung, truyén thong, su 6n dinh, d6 tin cdy va bao mat di tao
thanh cong ngh¢ Raspberry pi 4 [4], [5]. Két qua thuc nghiém va khao sat hé thdng trén nhiéu doi
tuong tuong dbi phu hop. Sai sb vé d6 tré c6 thé tir nhiéu nguyén nhan khac nhau. Néu duogc diéu
chinh tét, ¥ tuong nay két hop véi mé hinh tw dong héa trong thyc té véi quy mé 16n s& tro thanh
mét hé théng 16n dap tng nhu cau didu khién, quan 1y didu khién cac thiét bi mot cach hién dai s&
ning cao doi séng tién ich trong giao thong van tai va cong nghiép. Vi vay, Raspberry pi 4 duoc
tin tudng va ky vong s& mang lai loi ich 16n trong céng nghiép va cac nganh san xuat khac, dic
biét 1a & cac nudc dang phat trién nhu Viét Nam [6], [7].

2. Phwong phap nghién ctru va so dd khéi thiét ké hé thong

Raspberry pi 4 duoc mé ta trén Hinh 1 c6 thé xem nhu mot mdy tinh truyén thong. Céu trac
cua Raspberry pi 4 xdy dung vdi bo xir 1i BCM2835 SoC 1a chip xir li mobile manh mé c¢6 kich
thudc nhd hay dugce dung trong cac thiét bi di dong bao gém CPU, GPU, bd xur li 4m thanh,
video va nhiéu tinh ning khac... tit ca déu & bén trong chip ¢ dién ning thip nay. Véi su gin
két ciia Raspberry pi 4 véi cac hé thong diéu khién cam bién, thiét bi trong thuce té voi md hinh
16n s€ tré thanh mot hé thong 16n dap tmg nhu cau didu khién, quan 1y tit ca cac thiét bi mot cach
t6i wu nhat, ndng cao doi séng voi tién ich hién dai trong cong nghiép tu dong hoa. Hé thong sé&
thu thap va xu ly dir liéu véi Raspberry pi 4 [1], [2].
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Hinh 1. Raspberry pi 4 Hinh 2. So d6 khai thiét ké hé théng
2.1. Thiét ké hé théng

Vi Muc tiéu xay dung mot mo hinh hé théng theQ ciu trac tham chiéq nhu trén duoc thé hié’n
qua so do khoi ¢ Hinh 2 bao gom 6 khoi chinh: Khoi phat, khoi thu, khoi xtr 1y trung tam, khoi
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cong suat, khdi nguon va khoi cam bién. Trong do, khdi xir Iy trung tim véi Module Raspberry pi 4
truyén nhan cho nhau dé két noi gitra cac khoi va hé thong dic€u khién.

2.2. H¢ diéu hanh va phan mém cia cia hé thong

Giao dién cua phﬁn mém Raspbian dugc thé hién ¢ Hinh 3 13 ban build Linux dua trén nén
ban phat hanh Debian gin giéng hé didu hanh ubuntu véi giao dién ciia méi truong may tinh dé
ban. C6 diy di web browser, media player, tools,... Tém lai, hé diéu hanh nay danh cho nhirng
?guc‘ri mudn dung module Raspberry Pi nhu mot cai may tinh truyén thong.

Jema0 24
a = =4

Hinh 3. Giao di¢n cua phan mém Raspbian Hinh 4. Giao di¢én hé diéu hanh Windows 10 IoT core

Giao dién h¢ diéu hanh Windows 10 IoT core dugc thé hién trén Hinh 4 c6 nhan cua
Windown. Windows 10 loT dugc st dung cho muc dich phat trién cac tng dung
Internet van vat. Microsoft cho biét IOT Core dugc thiét ké dé co thé sir dung v6i mét loat cac
ngdn ngit mi ngudn mé, gitip ngudi dung d& dang cai dit trén cac thiét bj va phat trién img dung
riéng cho minh.

Hinh 5. Mach céng sudt cau H - L298B Hinh 6. Hinh anh cam bién siéu am

Module mach cong suit ciu H — L298B

Module mach cong suat cau H — L298B dugc md ta trén Hinh 5 c6 thé diéu khién cac loai
dong co: DC, budc, servo. Sir dung hai IC cau H dé diéu khién su van hanh caa cac dong co. N6
¢6 thé diéu khién nhiéu loai motor khac nhau nhu step motor, servo motor, motor DC, véi mirc
dién ap 1én dén 36V, dong dién t6i da 2000 mA ddi voi mdi tin hiéu didu khién [4].

Cam bién khoang cach siéu am HC-SR04 duoc sir dung rat pho bién voi gia thanh ré. Cam
bién sir dung séng siéu 4m va c6 thé do khoang cach trong khoang tir 2 ¢én 300 cm, véi do chinh
xéc cao va chi phu thudc vao cach ngudi dung 1ap trinh khi code. Hinh anh that ctia cam bién siéu
am dugc mo ta trén Hinh 6.
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Hinh 7. Module Arduino Mega 2560 Hinh 8. Micro khéng ddy Daile V-10

Arduino Mega 2560 trén Hinh 7 1a mét vi didu khién Atmega 2560. Arduino Mega 2560
khéng str dung FTDI chip diéu khién chuyén tin hiéu tir USB dé xu Iy. Thay vao d6, né st dung
ATmegal6U2 lap trinh nhu la mét céng cu Chuyén ddi tin hiéu tr USB. Ngoai ra, Arduino
Mega2560 co ban van giéng Arduino Uno R3, chi khac sb luong chan va nhiéu tinh ning manh
meé hon.

Micro khong day Daile V-10

Trén Hinh 8 13 hinh anh micro khong day Daile V-10, véi kha ning hat am tdt két hop kha
ning chéng nhidu cao cing tim hoat dong rong dem lai nhitng 4m thanh sic nét. B6 dau thu tin
hiéu micro khong diy Daile V10 dugc thiét k& nho gon chi bing mét chiéc USB Bluetooth di
kém véi 1 day két ndi 2 dau 3,5 ly va 1 jack chuyén déi 3,5->6,5 ly dé co thé két ndi vao cong
mic cac thiét bi déu co. Ngudn dién khi sir dung cho micro Daile V10 1a pin AA nén dé dang tiét
kiém pin. Bo dau thu micro khong day Daile V10 dwoc thiét ké nho gon véi gia thanh ré [5], [6].

2.3. So' do nguyén Iy va luu do thudt todn ciia hé thong

Move forward

cimbién<=> K04
600 <> 1etm <> icho
oneTy

Hinh 9. So' @6 nguyén Iy toan mach cia hé thong Hinh 10. Luu do thudt todn ciia hé thong
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Tu nhitng phan tich va thiét ké trén, tic gia da hoan thién S0 dd nguyén ly toan mach dugc mod
ta & Hinh 9. Hé théng duogc xiy dung hoan chinh dya trén nén tang ciu trac va chirc nang cua vi
diéu khién Raspberry pi 4. Tu tang Raspberry devices dén I6p Raspberry gateway dén 16p
Raspberry network va cubi cung la 16p Raspberry application [7].

Luu d0 thuat toan cua hé thong duoc thé hién trén Hinh 10: Tin hiéu vao dwoc gan bang bién
tin hiéu, tin hiéu vao bao gom move forward, move reward, turn left turn right, stop. Tin hiéu
dau vao duoc so sanh véi diéu kién dau tién 1a tin hiéu = Move forward diéu kién dung thi xe
chay thang nhung ta phai so sanh tiép voi diéu kién thir 2. Néu sr04<30cm ding thi xe s& khong
chay. Néu sai thi xe s& chay tiép va chung ta qua diéu kién 3: tin hiéu = stop thi xe ding lai khong
thi xe s& chay thing.

3. Két qua mé phéng va thuc nghi¢m hé théng

Hinh 11 14 két qua md phong va Hinh 12 1a mé hinh hoan chinh cua hé thdng mé hinh diéu
khién xe robot bang giong noi véi Raspberry pi 4. Hé théng xe robot c¢6 thé chay tién, lui, xoay
trai ,xoay phai va dang chay c6 thé noi dirng thi xe dirng nhung khi phat hién vat can trong vong
30 cm xe s& ding dira vao cam bién khoang cach siéu am SR04. Pong co chay tét va bo vi xir 1y
diéu khién xtr 1y tin hiéu kha 6n dinh.

Forwards

Turn Left Stop Turn Right

Backwards

L Rotate R Rotate

(] SyncLand R Speed J¥ dexter industries

Hinh 11. Két qud mé phong Hinh 12. M6 hinh hé thong hoan chinh

Mo hinh thuc nghiém duya trén ciu trac cua vi xu ly Raspberry pi 4 c6 thé ung dung trong
cong nghiép va tu dong hoa, vdi uu diém 1a diéu khién d& dang, d6 6n dinh cao. Mach cong sudt
diéu khién dong co, motor da duoc ung dung khi thiét ké xdy dung mo hinh hé thong lién quan
xe robot diéu khién bang giong noi.

Nguyén 1y hoat dong cua hé thdng co6 thé duoc hiéu tom lwoc nhu sau: Khi hé thdng khoi
dong, ngudi sir dung mo hinh xe robot phai thuc hién mot sé cac cau 1énh thoai cu thé da duoc
code san. Hé thdng s& thu thap ngudén am thanh cua ngudi dung bang cach sir dung mot micro
khong day Daile V-10 gin trén mé hinh hé thong. Ngudn 4m nay s& dugc truyén dén mot bo xir 1y
am thanh dé loai bo nhiéu. Bo xu 1y tin hiéu 4m thanh sé& sir dung cong nghé nhan dang giong noi
dé phan tich tin hiéu 4m thanh va chuyén d6i n6 thanh dang vin ban. Vin ban nay s& dugc so
sanh véi mot co so dit lidu cac 1énh diéu khién bang giong noéi dé xac dinh lénh nao duoc thuc
thi. Sau khi x4c dinh dugc Iénh, hé thong s& giri Iénh dén cac bo phan twong g trén xe robot dé
thuc hién. Vi du nhu, néu chung ta mudn tim mot truong hoc, thi hé thdng s& guri 1énh dén dia chi
ma ngudi ding mong mudn. Khi d6 hé thong sé phan hoi tai mdi lan nguoi ding noi dé xac nhan
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n6 da hiéu dung. Dya vao qua trinh md phong va thuc nghiém diéu khlen hé thong Tac gia co
thé dwa ra nhan dinh vé tinh 6n dinh cua hé thong phu thudc vao cac yeu t6 nhu: vin dé phat 4m
khac biét giita cac ngudi dung khac nhau vi vay can mét giong chuan dé didu khién xe, cham tré
trong khau xtr Iy giong néi nén diéu khién s& bj tr& trong mét thoi gian nho, micro nhan dang
trong khoang 1 m dén 3 m. Chi tiét vé hoat dong cia mo hinh hé thong dugc thé hién tryc quan
qua video trén youtube (https:/youtu.be/n9ER701 jjLA). Nhin chung m6 hinh hoat dong c¢6 do on
dinh tét. Hé thong mo hinh sir dung nguon cap nho nén an toan cho ngudi s dung trude nguy co
dién giat. Hé thong diéu khién hoat dong 6n dinh, toc do truyén nhan thong tin dit liéu 6n dinh va
chinh xac trong diéu kién khong co6 vat can hodc it vat can. Muc ti€u thu dién nang thap, thich
hop tng dung trong san xuat nong nghiép, cong nghiép va tw déng hoa.

4. Két luan

Bai bao nghién ciru thiét ké mo hinh diéu khién xe robot bang giong noi vdi Raspberry pi 4
nhitng ky thudt va cong ngh¢ tién tién da duoc ap dung giai quyét duoc nhidu han ché, khuyet
diém cua cac phuong phap thiét ké xe tu hanh, xe robot trudc day di lam. Giao tiép giita
Raspberry pi 4 va cam bién siéu 4&m SR04 giup cho xe robot phat hién duoc vat can, giao tiép
gitra Raspberry pi 4 v&i L298 gitp xe diéu khién dugce dong co chay thuan hoac chay nghich. Xu
ly tin hiéu giong ndi giup ching ta diéu khién md hinh hé thdng thong qua giong nodi ctia ngudi
diéu khién. Két qua mo ra nhiéu huéng phat trién va rng dung méi me trong nganh cong nghiép,
tu dong hoa & Viét Nam hién nay. Hé théng duoc thiét ké vai do 6n dinh cao, do chinh xéc tin
cdy, giao dién truc quan. Két qua thuc nghiém va khao sat mé hinh hé théng trén nhiéu moi
truong tuong d6i chinh xac va phit hop. Céc sai sé V& d6 tré trong khau xtr 1y giong néi xay ra co
thé tir nhidu nguyén nhin khac nhau nhung nguyén nhan chinh van 1a do cach phat Am cua mdi
ngu:oi s& khac nhau khi diéu khién hé théng.

Ung dung xtr Iy 4m thanh dya trén ma nguon mo¢ da gitp ching ta didu khién hé thong thong
qua giong noi cua ngudi didu khién hé théng xe robot bang giong n6éi. Mé hinh hé thdng c6 tinh
Ung dung cao trong cudc cach mang cong nghé khoa hoc ky thuat hién dai ngay nay. Vi viy,
nghién ciru c6 thé duoc phat trién, mo rong cai tién thém nhu: Hé thong xe lan cua bénh nhan,
ngudi robot, may hiit bui diéu khién bang giong néi... va nhiéu san pham hitu ich khac.
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