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Nghién cieu va xdy dung hé diéu hanh Linux nhing trén Beaglebone Black

‘ TOM TAT
Tén dé tai: Nghién ctru va xay dung hé diéu hanh Linux nhiing trén Beaglebone
Black.

Lé Thanh Thwéng | MSSV: 105200516 | 20TDHCLC4
Sinh vién thuc hién

Ding Nhat Huy | MSSV: 105200451 | 20TDHCLC3

Trong bdi canh cong nghiép 4.0, cic hé thong nhing déng vai trd quan trong
trong viéc trién khai cac giai phap tu dong hoa va IoT. Dy an nay tap trung vao viéc
xdy dyng mot hé théng nhing Linux tuy bién dwa trén nén ting Beaglebone
Black, st dung Yocto Project dé cau hinh, bién dich va t6i wu hé diéu hanh phu hop
v6i yéu cau phan cing va ung dung thuc té. Thong qua viéc thiét 1ap moi trudng phat
trién, cdu hinh pin-muxing, tich hop driver thiét bi, va thém céc goi phan mém can
thiét, hé théng s& trd thanh nén tang ving chic dé trién khai cac tng dung IoT tién
tién.

Sau khi hoan thién hé diéu hanh nhing, hé théng dugc tmg dung vao mo hinh
vuon théng minh (Smart Garden), hd trg giam sat va diéu khién méi truong trong trot
mot cach truc quan va hiéu qua. Hé thong c6 kha ning thu thap cac tham s6 méi
truong nhu nhiét d6, d6 4m, cudng d6 anh sang thong qua cic cam bién twong (mg, sau
d6 hién thi 1én ThingsBoard (giao dién web) ciing nhu man hinh LCD cam tng gin
tryc tiép tai vuon. Ngoai ra, nguodi dung c6 thé theo ddi trang thai thiét bi (dén, may
bom...) va diéu khién chiing tir xa qua internet hodc truc tiép tir man hinh LCD.

Hé théng con hd trg cac ché do diéu khién tu dong theo kich ban, nhu hen gio
bat/tat thiét bi dwa vao thoi gian hodc gia tri cam bién, giap tiét kiém cong suc van
hanh. Giao dién khoi dong co6 logo hién thi trén man hinh LCD khi thiét bi duoc bat
nguon, ting tinh than thién va chuyén nghiép.

Dy an khong chi 1a mot ing dung IoT néng nghiép don thuan ma con 1a mot vi
du dién hinh vé viéc trién khai va t6i wu hé diéu hanh nhing Linux cho mét nén tang
phan ctng cu thé. Qua dé, né gop phan md rong kha nang ap dung hé théng nhung vao
cac md hinh ty dong hoa thyc té trong nong nghiép thong minh va cac linh vyc lién

quan.

Sinh vién thye hi¢n: Lé Thanh Thuong Giang vién huéng dan: TS. Gidp Quang Huy
bang Nhat Huy KS. Luu An Phu
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DAITHOC DA NANG CONG HOA XA HOI CHU NGHIA VIET NAM
TRUONG DATHOC BACH KHOA Doc 1ap - Tu do - Hanh phtic
KHOA PIEN

NHIEM VU PO AN TOT NGHIEP

TT | Ho ténsinhvién | S6 thé SV Lép Nganh

1 | Lé Thanh Thuéng | 105200516 |20TDHCLC4 | K§ thuat Diéu khién va Tu
dong hoa

2 | Bang Nhat Huy 105200451 | 20TDHCLC3 | K¥ thuat Diéu khién & Ty
dong hoa

1. Tén dé tai dé dn:
Nghién ctru va xay dung hé diéu hanh Linux nhung trén Beaglebone Black.
2. Bé tai thugce dién: TIC6 ky két théa thudn sé hiku tri tué doi véi két qua thuwce hién
3. Cic sé liéu va di ligu ban ddu:
e Phén cung: St dung Beaglebone Black, man hinh LCD, cac cam bién nhiét do —
d6 am, anh sang va cac thiét bi diéu khién nhu dén, may bom.
e Phin mém: Xay dung chuong trinh nhung hién thi thong s6 1én LCD va diéu
khién thiét bi. Phat trién giao dién giam sat, diéu khién tir xa qua ThingsBoard.
e (Co s¢ dir licu: D liéu dugc luu trir va déng b theo thoi gian thuc trén nén
tang ThingsBoard.
4. Néi dung cdc phan thuyét minh va tinh todn:
a. Phan chung:

TT | Ho tén sinh vién Noi dung

1 | Lé&Thanh Thuéng | Timhiéu valén y tuong cho dé tai:

5 Piing Nhat Huy - Nghién ctru vé hé di%:u h’a‘mh Linux.

- Nghién ctru céch thiét ké va xay dung mot dy an
nhung Linux.

- Nghién ctru vé Yocto va cac mdi truong bién
dich.

- Nghién ctru vé cac dy 4n ndng trai xanh.

b. Phan riéng:

TT | Ho tén sinh vién Noi dung
Lé Thanh Thudng - Xay dung image cho BeagleBone Black bang
Yocto, bao gdm cai dat moéi truong, tai Poky, khoi
tao va cAu hinh hé thong build
1 )
Sinh vién thye hi¢n: Lé Thanh Thuong Giang vién huong dan: TS. Giap Quang Huy

bang Nhat Huy KS. Luu An Phu
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- Xay dung SDK cho beagleboneblack va cai dat
cac bd SDK

- Viét device tree cho cac thiét bi phan cing va

ciu hinh SSH d¢é két ndi tir xa t6i may tinh phat

trién.

- Phat trién chuong trinh hé théng Smart Garden

thu thap dit liéu tir cam bién, gtri va nhan dit liéu

qua socket va ThingsBoard, diéu khién thiét bi dua

trén dit liéu cam bién va tin hiéu diéu khién tir nén

tang ThingsBoard.

Dang Nhat Huy

- Dua dir li€u 1én dashboard ThingsBoard, thuc
hién hién thi cac gia tri 1én Web, diéu khién thiét bi.
- Thiét ké giao dién UI cho man hinh sir dung QT
Creator trén hé diéu hanh Linux.

- Phat trién chuong trinh hé thong Smart Garden
thu thap dir liéu tir cam bién, giri va nhan di liéu
qua socket va ThingsBoard, diéu khién thiét bj dua

trén dir liéu cam bién va tin hiéu di€u khién tir nén

tang ThingsBoard

5. Cac ban ve,

a. Phan chung:

TT | Ho tén sinh vién Noi dung

Lé Thanh Thudng - Lén y tudng thiét ké mach layout va thi cong
2 Dang Nhat Huy mach cho hé thong giam sat.
- V& mach in nguyén ly va layout PCB cho h¢
théng.
6. Hp tén ngwoi hwong din: Phin/ Nji dung:
TS. Gidp Quang Huy
KS. Luu An Phu
7. Ngay giao nhiém vu dé an:  30/1/2025
8. Ngay hoan thanh dé dn: 17/6/2025

Sinh vién thye hi¢n: Lé Thanh Thuong
bang Nhat Huy

111
Giang vién huéng dan: TS. Giap Quang Huy
KS. Luu An Phu
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Pa Ning, ngay  thang 6 ndm 2025
Trwong Bo mon Ty dong hoa Nguoi hwéng dian

TS. Gidp Quang Huy

v
Sinh vién thye hi¢n: Lé Thanh Thuong Giang vién huéng dan: TS. Gidp Quang Huy
bang Nhat Huy KS. Luu An Phu
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_DATHOC DA NANG CONG HOA XA HOI CHU NGHIA VIET NAM
TRUONG PAIHOC BACH KHOA Déc 1ap - Tu do - Hanh phic
KHOA DIEN

PHIEU KIEM SOAT TIEN PO LAM PO AN TOT NGHIEP

(Phiéu danh cho nguoi huéng dan/sinh vién)

TT | Ho tén sinh vién Sb the SV Lop Nganh

1 Lé Thanh Thuéng | 105200516 | 20TDHCLC4 | K§ thuat Diéu khién va Tu
dong hoa

2 Ding Nhat Huy | 105200451 | 20TDHCLC3 | K§ thuat DBiéu khién & Tu
dong hoa

Tén dé tai PATN:

Nghién ctru va xay dung hé diéu hanh Linux nhung trén Beaglebone Black.

TT Ho tén nguoi HD Don vi
TS. Gidp Quang Huy Trudng Pai hoc Bach Khoa & Dai hoc Pa Nang
2 KS. Luu An Phu Cong ty TNHH Nghién ctru va phat trién cong
ngh¢ 161 Linux Vi¢t Nam

\ . Khéi lwong GVHD
Tuan|Ngay ~ o "X o A
da thuc hién (%) tiép tuc thuce hién (%) ky tén
1
2
3
Duyét lan 1: Danh gia khoi lugng hoan thanh % :
4 Pugc tiép tuc lam DATN (1 Khong tiép tuc thyc hién DATN (]
5
6
7
Duyét 1an 2: Panh gia khoi lugng hoan thanh % :
8 Puoc tiép tuc 1am DATN [ Khéng tiép tuc thuc hién DPATN [
\'%
Sinh vién thyc hién: Lé Thanh Thudng Giang vién huéng dan: TS. Giap Quang Huy

bang Nhat Huy KS. Luu An Phu
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10

11

12

Duyét 1an 3: Panh gia khoi luong hoan thanh %
Puoc tiép tuc lam DATN O Khong tiép tuc thuc hién DPATN [

13

14

15

Sinh vién thye hi¢n: Lé Thanh Thuong

vi

bang Nhat Huy

Giang vién huéng dan: TS. Giap Quang Huy

KS. Luu An Phu
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LOINOI DPAU VA CAM ON

L&i n6i ddu nhom xin trin trong cam on quy Thay C6 trong Khoa Dién, Truong
Pai hoc Bach khoa — Pai hoc Pa Nang di tan tinh giang day, truyén dat nhiing kién
thirc quy bau trong sudt bdn nim hoc, nhitng kién thirc ma nhém nhén duoc va tich luy
trén giang duong dai hoc 13 nén tang dé co thé thuc hién dé tai tét nghiép “Nghién ctru
va xdy dung hé diéu hanh Linux nhung trén Beaglebone Black”, va ciing 14 hanh trang
dé vitng budc trong twong lai. D& tai nghién ctru duoc thyc hién dua trén cac kién thirc
duge hoc & trong trudng. Do kha ning ctia nhom con han ché nén khéng tranh khoi
nhirng thiéu st trong qua trinh thuc hién va nghién ctru, kinh mong nhén sy gop ¥
kién quy bau ciia Thay Co dé dé tai dugc hoan thién hon.

Nhom xin chan thanh giri 16i cam on sdu sic nhat toi Thay Giap Quang Huy va
Anh Luu An Pha d3 gitip d& va chi dan tan tinh dé nhom chung t6i ¢6 thé hoan thanh
dé tai mot cach tot nhat va dung tién do. Trong thoi gian dugc thdy huéng din, nhom
khong chi tiép thu thém nhiéu kién thirc b6 ich ma con hoc duge tinh than lam viéc
cling nhu thai do nghién ctiru dé tai nghiém tuc, hiéu qua, day 1a nhitng diéu can thiét
cho ching t61 trong qua trinh hoc tap va cong tac sau nay.

Nhom ciing xin chan thanh cdm on dén gia dinh, ban be da luén bén canh hd tro
va dong vién dé chiing t6i c6 thé nd luc hoc tap, nghién ciru va thuc hién dé tai.

Cubi cung, nhom xin kinh chuc quy thay c6 doi dao strc khoe dé tiép tuc truyén

dat nhitng kién thtrc quy bau cho céac thé hé sinh vién.

Nhom xin chan thanh cam on!
Pa nang, ngay thang 6 nam 2025

Sinh vién thuc hién

L& Thanh Thudng bang Nhat Huy

vil
Sinh vién thye hi¢n: Lé Thanh Thuong Giang vién huéng dan: TS. Gidp Quang Huy
bang Nhat Huy KS. Luu An Phu
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LOI CAM POAN LIEM CHiNH HQC THUAT
Kinh gui: Hoi déng bao vé d6 an tot nghi¢p Khoa Di¢n, Truong Pai hoc Bach
khoa - Pai hoc Pa Nang.

Nhom sinh vién: Lé Thanh Thudng, Pang Nhat Huy, sinh vién Khoa Dién,
Trudng Pai hoc Bach khoa - Pai hoc Pa Nang.

Nhém xin cam doan trong qua trinh 1am dd 4n tét nghiép thuc hién nghiém tic

cac quy dinh vé liém chinh hoc thuat:
e Khong gian 1an, bia dat, dao van, giip nguoi hoc khac vi pham.

e Trung thyc trong viéc trinh bay, thé hién cac hoat dong hoc thuat va két qua tir

hoat dong hoc thuat cua ban than.
e Khong gia mao ho so hoc thuat.

e Khong ding cic bién phap bat hop phap hodc trai quy dinh dé tao nén uu thé
cho ban than.
e Chu dong tim hiéu, tranh cac hanh vi vi pham liém chinh hoc thuat, chi dong
tim hiéu va nghiém tuc thuc hién cac quy dinh vé luat s& hiru trf tué.
e St dung san pham hoc thuat ciia ngudi khac phéi c6 trich ddn ngudn goc rd
rang.
Nhom xin cam doan s6 liéu va két qua thuc hién trong dd an nay 1a trung thuc va
chua hé dugce st dung dé bao vé mot hoc vi nao. Moi su giup do cho viéc thuc hién do
an nay da duogc cam on va cac thong tin trich dan trong dd 4n da duoc ghi ngudn gdc

r0 rang va dugc phép cong bo.

Pa Nang, ngay  thang 6 nam 2025

Sinh vién thuc hién

L& Thanh Thudéng bang Nhat Huy

viii
Sinh vién thye hi¢n: Lé Thanh Thuong Giang vién huéng dan: TS. Gidp Quang Huy
bang Nhat Huy KS. Luu An Phu
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MO DAU

Ngay nay, chiing ta dang séng trong ky nguyén ciia cudc cach mang céng nghiép
4.0 v6i sy phat trién manh mé ciia cong nghé thong tin va két ndi khong day. Trong
d6, mang WiFi dong vai trd quan trong, gitp cac thiét bi c6 thé két ndi va truyén dir
liéu ma khong can day dan, tao diéu kién thuan loi dé trién khai cac hé thong giam sat
va diéu khién thong minh tir xa.

Smart Garden 14 mdt du 4n ung dung cong nghé IoT nhim xay dung hé théng
giam sat va diéu khién moi trudong cho khu vuon thong minh. Hé thdng cho phép theo
doi cac thong s6 nhu nhiét do, d6 am, anh sang... theo thoi gian thuc, déng thoi diéu
khién céc thiét bi nhu dén chiéu sang, may bom thong qua két ndi internet.

Muc tiéu dé tai:

Muc ti€u cta dy an la phat trién mot hé théng giam sat — diéu khién thong minh,
hd trg ngudi dung theo ddi va tac dong 1én diéu kién mai trudng trong trot mot cach
tién loi va chinh xéc, tir d6 t6i wu hoa hiéu qua cham soéc cay tréng. Hé¢ théng hoat
dong theo hai ché do: tu dong va thu cong. O ché d6 tu dong, h¢ théng diéu chinh thiét
bi dua trén dir liéu cam bién thu thap duoc. O ché db thu cong, ngudi dung cod thé diéu
khién thiét bi truc tiép thong qua giao dién Web. Pong thoi, cic thong s moi trudng
va trang thai thiét bi cling duoc hién thi trén man hinh LCD tai khu vuc vuon.

Ngoai ra, hé théng st dung nén tang ThingsBoard dé luu trit va hién thi dit liéu

theo thoi gian thuc, hd trg ngudi dung quan 1y, theo ddi thong tin dé dang va hiéu qua
Bao c4o do an tot nghiép gom 5 chwong chinh nhu sau:

CHUONG 1: HE THONG NHUNG LINUX TREN BEAGLEBONE BLACK
UNG DUNG TRONG SMART GARDEN

CHUONG 2: TONG QUAN LINUX TREN HE THONG NHUNG

CHUONG 3: TONG QUAN LY THUYET THIET KE MOT HE THONG
LINUX NHUNG TREN BEAGLEBONE BLACK

CHUONG 4: THIET KE PHAN CUNG HE THONG
CHUONG 5: THIET KE PHAN MEM HE THONG
CHUONG 6: KET QUA VA DANH GIA HE THONG

Sinh vién thyc hién: Lé Thanh Thudng Giang vién huéng dan: TS. Giap Quang Huy
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CHUONG 1: TONG QUAN PE TAI

1.1 Gidi thi¢u chwong

Linux nhing la mgt phién ban tinh gon cua hé diéu hanh Linux, dugc thiét ké dé
hoat dong trén céc thiét bi co tai nguyén han ché nhung doi héi hiéu nang va do on
dinh cao. Nho méd ngudn mo, kha ning tiy bién cao va cong ddng phat trién manh,
Linux nhing tré thanh Iya chon uu tién cho cac hé théng diéu khién va giam sat tu

dong.

BeagleBone Black 1a mot nén tang phan cimg manh mé&, hd trg nhiéu chuan giao
tiép va c6 kha ning chay hé diéu hanh Linux ddy di. Khi két hop véi Linux nhung,
BeagleBone Black cho phép vira khai thac sitc manh xir 1y ctia hé thong, vira giit duoc

kha ning diéu khién phan cting chi tiét — rat phi hop véi cac tng dung thoi gian thuc.

Trong xu thé phét trién cia néng nghiép thong minh va ty dong héa, viéc str dung
Linux nhung trén BeagleBone Black mang lai giai phap linh hoat, tiét kiém chi phi va
dé mo rong. Pong thoi, hé sinh thai phan mém phong pha trén Linux giup viéc phat

trién va trién khai ing dung tré nén nhanh chong va hi¢u qua hon.

1.2 Tinh trang nghién ciru ciia dé tai

Trong nhitng nim gan day, viéc tng dung cong nghé nhing vao ndng nghiép
thong minh ngay cang phd bién, tdn dung sttc manh cta IoT, cam bién va nén tang
nhing dé giam sat va diéu khién moi truong canh tac. Ban dau, cac hé théng thuong
dung vi diéu khién nhu Arduino hay ESP32 vi chi phi thap va dé trién khai, nhung

nhitng nén tadng ndy con han ché vé xir 1y va kha nang mdé rong.

Dé dap tng yéu cau cao hon nhu giao dién web, xir Iy cuc bd va két nbéi dam
may, xu huéng di chuyén sang st dung cic bo mach nhu Raspberry Pi hoic
BeagleBone Black. Trong d6, BeagleBone Black néi bat nho kha niang chay Linux
nhing on dinh, bd xu 1y ARM Cortex-A8 manh mé, tich hgp PRU va truy cap GPIO
v6i d6 tré thap — rat phu hop véi cac tmg dung diéu khién ngoai vi thoi gian thuc.

Tai Viét Nam, nghién ctru hé thong nhiing Linux vaAn con han ché, chu yéu & quy
mo hoc thuat. Vi vay, viéc xay dung hé théng nhung trén BeagleBone Black trong dé
tai nay khong chi mang y nghia thyc tién ma con gop phan cung cap kinh nghiém trién
khai va tai liéu tham khao cho cong dong k¥ thuat diéu khién va ty dong hoa.

1.3 Sw cén thiét cia dé tai

Sinh vién thyc hién: Lé Thanh Thudng Giang vién huéng dan: TS. Giap Quang Huy
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Trong bbi canh chuyén doi sb dang lan rong dén moi linh vue, viéc dua cong
nghé vao nong nghiép 1a xu hudng tat yéu dé ting niang sudt, t6i vu ngudn luc va nang
cao chat lugng quan 1y. Cac hé thdng giam sat va diéu khién moi trudong canh tac ngdy
cang doi hoi su 6n dinh, kha ning mo rong va tinh linh hoat trong két ndi — nhing yéu

t6 ma cac nén tang nhung truyén théng khé dap tng.

Linux nhung 13 giai phap phu hop, mang lai kha ning tuy bién cao, hd trg da
nhiém, giao tiép mang va xu ly dir liéu cuc b0 manh mé. BeagleBone Black, voi ciu
hinh phan ctimg manh va hd tro tot cho hé diéu hanh Linux, 13 lya chon phu hop dé
hién thuc hoa cac hé thdng diéu khién théng minh trong ndng nghiép.

1.4  Muc dich nghién ctru ciia dé tai

Pé tai nham nghién ctru va trién khai hé thong nhung st dung Linux trén bo
mach BeagleBone Black. Thong qua viéc cau hinh kernel, bootloader, tao hé théng tép
va phat trién phan mém diéu khién, nguoi thuc hién s& nam dugc kién thirc nén tang vé

hé diéu hanh nhung va trién khai thyc té.

Linux nhing dugc chon nhd kha ning tuy bién, hd tro da nhiém, bao mat tot va
dé tich hop véi cac chuan phan ctmg, phan mém ma ngudn mé — phu hop cho cac hé

thong di€u khién c6 yéu cau mé rong.

Trén co sé do6, dé tai xay dung hé théng giam sat va diéu khién vuon théng minh
v&1 cac muc tiéu:

e Thiét ké hé théng c6 kha ning hoat dong & hai ché do: tw déng (diéu khién
theo cam bién) va thii cdng (diéu khién tir xa qua giao dién ThingsBoard).

e Thu thap va xu ly dir liéu tir cac cam bién moi truong nhu nhiét dg, do am, anh
sang,...

e Diéu khién cac thiét bi nhu hé thong bom, dén chiéu sang thong qua Linux.

e (Giam sat tir xa qua mang va hién thi dit liéu cuc b trén LCD.

e Luu trit dit liéu vao co so& dit liéu dé phuc vu phan tich, théng ké va hd tro

nguoi dung trong viée ra quyét dinh.

Qua do, dé tai khong chi gop phﬁn hién thyc hoéa cac ing dung cong nghé cao
trong ndng nghiép, ma con gitip sinh vién tiép can sau hon véi quy trinh phat trién mot
hé théng nhing hoan chinh trén nén Linux.

1.5  Doi twong nghién ctru va pham vi nghién ciru

1.5.1 Déi twong nghién ciru
3
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Dbi tuong nghién ctru cua dé tai 13 hé thdng nhing Linux trén nén tang
BeagleBone Black, tip trung vao viéc xdy dung, tuy bién va tdi wu hé diéu hanh

nhang.

Céac budc cau hinh kernel, bootloader, cross compiler va xay dung root

filesystem thu cong hodc tu dong hoa.

Ung dung cua hé thdng nhung nay trong viéc giam sat va diéu khién méi truong

cho hé théng Smart Garden.

1.5.2 Pham vi nghién ciru

Nghién ciru quy trinh build hé diéu hanh Linux nhing phi hop véi tai nguyén
cua BeagleBone Black. Cai dat moi truong build trén Ubuntu 20.04, cu hinh va tao
image Linux tdi wu, bao gém kernel, root filesystem va cic goi can thiét nhu SSH,

giao dién dong 1énh, driver cam bién va di€u khién.

Trién khai image 1én BeagleBone Black qua thé SD hoic eMMC. Phat trién hé
thng thu thap dir liéu moi truong (nhiét do, d6 am, anh sang) va diéu khién thiét bi

trong vuon thong minh trén nén Linux nhing.

Pham vi d¢é tai khong bao gom cac thuat toan diéu khién nang cao hay Al ma tap
trung vao nén tang phin mém va tich hop hé thong.
1.5.3 Cich tiép cin va phwong phdp nghién ciru:

Dy an duoc thyc hién theo hudng tiép can thuc nghiém va phat trién hé thong
nhung. Trong tAm 1 nghién ctru, cdu hinh va t6i wu hé diéu hanh Linux nhing trén
BeagleBone Black, sau d6 trién khai tng dung giam sat va diéu khién méi truong

vuon thong minh dya trén nén tang do.

<> Phuong phéap nghién ctru s& bao gom:

e Nghién ctru tai liéu: Tim hiéu vé hé thong nhung, Linux nhung, Yocto Project,
BeagleBone Black va cac cam bién lién quan.

e Phan tich yéu cau: Xac dinh yéu cdu phan ctng va phan mém cua hé thong.

e Thiét ké va trién khai: Xay dung hé diéu hanh Linux tuy chinh, phat trién phan
mém diéu khién va giao dién ngudi dung.

o Két nbi phan cimg: Tich hop cam bién va thiét bi diéu khién v6i BeagleBone
Black.

e Kiém thir va danh gia: DPanh gia hiéu nang va d6 o6n dinh ciia hé théng trong

moi truong thuc té.
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e T4i wu va hoan thién: Tinh chinh cAu hinh dé nang cao hiéu qua hoat dong cua
hé théng.
1.6  Phwong phap danh gia dé xuit

1.6.1 Hiéu qua

Phuong phap danh gia hiéu qua ctiia hé thng s& tap trung vao céc tiéu chi sau:

e Tbi uwu tai nguyén: Sir dung Yocto gitip giam dung lugng hé didu hanh, rut
ngan thoi gian khoi dong va tiét kiém RAM, CPU, bd nhé — phu hop véi gi6i

han cua BeagleBone Black.

e Hiéu qua diéu khién: Hé théng hoat dong on dinh & hai ché do: tu dong theo

cam bién va tha cong qua ThingsBoard.

e Giam sat & twong tac: Dit lidu hién thi rd rang qua LCD va web, dong thoi

dugc luu trir phuc vu phan tich.

e Tinh m¢ rdng: Dé dang tich hop thém thiét bj hoic mo rong ung dung ma

khong anh hudng dén hé théng hién tai.

1.6.2 Ké hoach nghién ciru

D¢ tai nay dé xuat mot ké hoach nghién ctiru gdom céc budc sau:

Buée 1: Khao sat va phén tich yéu cau:

- Xac dinh yéu cau hé thong giam sat va diéu khién moi truong néng nghiép.

- DPanh gia phan cing phu hop (BeagleBone Black, cam bién, thiét bi chap
hanh...).

Bu6e 2: Thiét ké hé thong tong thé:
- Xay dung so do kién tric phan cing va phan mém.
- Lua chon hé diéu hanh Linux pht hop dé tuy chinh cho thiét bi.

Buée 3: Cau hinh va xay dung hé diéu hanh:

- Thiét 1ap mdi truong build.

- CAu hinh kernel, hé théng file va cac goi can thiét.
- Build va flash hé diéu hanh Ién thiét bi.

BurGe 4: Phat trién tmg dung giam sat va diéu khién:
- Lap trinh giao tiép v6i cac cam bién, man hinh LCD.
- Xay dung giao dién diéu khién tir xa qua ThingsBoard.
- Thiét 1ap ché do hoat dong tu dong va thi cong.
5
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Bu6e 5: Tich hop hé théng va kiém thir

- Tich hop phin ctng va phan mém.

- Kiém thtr chirc ning tirng phan va toan hé thong trong diéu kién thuc té.

Buoc 6: Danh gid va hoan thién.

- Danh gia hiéu qua hoat dong theo cac tiéu chi: tai nguyén, tinh 6n dinh, kha

nang gidm sat, mo rong. Ghi nhan han ché va dé xuat hudng cai tién

1.7 Két luan chwong 1

Trong Chuong 1, dé tai di duoc gi6i thiéu tong quan, 1am rd 1y do lua chon
nghién ciru, myc tiéu, pham vi va phuong phap tiép can trong qua trinh phat trién hé
thong diéu khién va giam sat moi trudng sir dung thiét bi nhiing. Bén canh dé, chuong
cling trinh bay ké hoach thuc hién cu thé nham dam béo tinh kha thi va hiéu qua cua dé
tai.

Chuong tiép theo sé& tap trung trinh bay tong quan vé hé diéu hanh Linux trong
linh vuc hé théng nhing. Noi dung bao g@)m cac dic diém ndi bat cua Linux, 1y do lua
chon Linux cho hé nhung, ciing nhu cc thanh phan chinh ciia hé diéu hanh nay trong
moi trudng nhing. Pay 13 co s¢ 1y thuyét quan trong dé xay dung va trién khai hé
thong diéu khién thong minh trén nén tang phan cing nhu BeagleBone Black trong

cac chuong tiép theo.
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CHUONG 2: TONG QUAN LINUX TREN HE THONG NHUNG

2.1  Khai niém co ban

Linux 1a tén goi thay thé cho nhan Linux, hé thng Linux hodc ban phan phdi
Linux. Chinh xac, Linux chi phﬁn hat nhan do Linus Torvalds phat trién, ¢6 nhiém vu
quan 1y phan cing va diéu phdi hoat dong cua toan hé thdng. Du khong phai 1a phan
dau tién dugc thyc thi (bootloader chay trude), nhung khi di khoi dong, nhan Linux sé
duy tri diéu khién hé théng cho dén khi tat may.

Trong thuc té, khi noi "su dung Linux", nguoi ta thuong am chi ca hé théng
Linux ddy du, gdm nhan Linux va cac thanh phan bd tro nhu phdn mém GNU, thu

vién C, cac ing dung, tham chi ca giao dién d6 hoa va tinh nang real-time.

Linux c6 thé dugc xay dyng tuy chinh hodc dua trén cac ban phan phdi nhu Red
Hat, Debian, Fedora,... Mdi ban phan phdi phuc vu muc dich khic nhau nhung déu co
diém chung 13 cung cip bd cong cu dé xdy dung hé thong phu hop voi phan cimg va
nhu cdu cu thé ctia ngudi dung hodc nha phat trién.

2.2 Hg¢ diéu hanh Linux nhing (Embbeded Linux)

Trong hé thong nhing, str dung mot hé diéu hanh Linux tiy chinh 13 giai phap
phd bién nham dam bao tinh linh hoat, hiéu suit cao va tiét kiém tai nguyén. Khac véi
cac ban phan phdi day da danh cho PC, Linux nhung dugc thiét ké toi gian, chi bao
gdm cac thanh phan can thiét dé phuc vu cac chirc ning nhu diéu khién thiét bi, thu

thap dir liéu hay giao tiép ngoai vi.

Linux nhang van dua trén nhan (kernel) Linux nhung duoc cdu hinh lai dé phu
hop véi phan cimg cu thé, chang han nhu BeagleBone Black. Ngoai kernel, hé thdng
con bao gSm thu vién hé théng, driver, tap tin cAu hinh, tap tin thyc thi va root
filesystem. Cac thanh phan nay c6 thé duoc ty xay dung hodc sir dung tir cac cong cu
nhu Yocto Project hoac Buildroot.

Mot diém quan trong 13 mo hinh phét trién tach biét gitra may chii phat trién
(host) va thiét bi muc tiéu (target). May host dung dé cai dit cong cu bién dich chéo,
tao bootloader, dong goi hé théng. May target 1a thiét bi nhing thuc t& — vi du

BeagleBone Black — noi hé diéu hanh duogc trién khai va chay thir nghiém.
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= Host = Target
c \atf Bootloader
d rossl pa orrr; kernel
evelopmen Device Tree

environment Root filesystem

Hinh 2. 1 M6 hinh tdch biét gita mdy chii (host) va thiét bi muc tiéu (target)

Khac v6i cac ban phan phdi Linux phd thong, hé diéu hanh nhung thudng duoc
bién dich thu cong tir ma ngudn va cdu hinh lai dé phu hop véi phan cimg cu thé,
nhim giam kich thuéc kernel, rat ngin thoi gian khéi dong va dam bao hiéu suét én
dinh.

Ngoai kernel, hé théng con tich hop céc phﬁn mém nhe va thu vién tdi wu, phuc
vu diéu khién, giam sat. Nhu vay, mot hé diéu hanh Linux nhung khong chi 1a ban rut
gon ma la mot nén tang duoc thiét ké chuyén bi¢t cho ing dung cu thé. Trong du an
nay, viéc xay dung hé diéu hanh nhing cho BeagleBone Black giup dap mg cac yéu
cau diéu khién — giam sat trong méi trudng nhiing mot cach hiéu qua.

2.3 Phén loai h¢ diéu hanh Linux nhiing:

2.3.1 Kich thwoc
Hé diéu hanh Linux nhung co thé duoc phan loai dya trén muc do tbi gian hoac

day du cia hé thong:

e Linux tdi gian (Minimal Linux) chi bao gdm cac thanh phan co ban nhu
kernel, thu vién C, shell va tién ich hé thong nho gon (nhu BusyBox), phit hop
cho thiét bi co tai nguyén han ché. Vi dy, trén BeagleBone Black (ARM
Cortex-A8 1GHz, 512MB RAM, 4GB eMMC), hé diéu hanh duoc build bﬁng
Yocto Project véi cau hinh t6i gian, loai bo GUI va dich vu khong can thiét.
Image sau bién dich chi vai tram MB, thich hgop cho eMMC hodc thé
microSD.

e Linux tiéu chuan: Bao gom thém cac ti¢n ich quan ly goi, dich vu mang, va
mot s6 daemon co ban.

e Linux diy di (Full Linux): Hé diéu hanh twong duong nhu trén PC, c6 thé

gdm ca giao dién ngudi ding dd hoa (GUI), trinh duyét, méi truong desktop...

2.3.2 Dap wng theo thoi gian (real-time)
Tuy theo yéu cau thoi gian thuc cua hé théng, Linux nhung duoc phan loai:
8
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e Khéng thoi gian thwe (Non-RT): Dung kernel mic dinh, khong cam két thoi

gian phan hoi chinh xac.

e Thoi gian thuc mém (Soft Real-Time): Dung kernel PREEMPT, phan hoi
nhanh, phi hop diéu khién nong nghiép nhu bat/tat bom theo cam bién.

e Thoi gian thuwc cing (Hard Real-Time): Dung kernel va RT-PREEMPT
hodc hé diéu hanh chuyén dung (nhu Xenomai), ddm bao phan hdi chinh xac
trong thot gian nghiém ngat.

2.3.3  Khd nding két noi
Mot loi thé 10n ciia Linux nhiing 14 kha ning két ndi linh hoat v&i nhidu chuan
nhu UART, SPI, 12C, CAN, Ethernet, Wi-Fi, Bluetooth.

Trén BeagleBone Black, hé thong giao tiép v6i cam bién qua 12C/UART/GPIO,
dong thoi co thé két ndi Ethernet hodc Wi-Fi USB dé truyén dit liéu vé trung tim. Nho
hd tro tét tir Linux, cac giao thirc nhu HTTP, MQTT dé dang tich hop dé phuc vu giam
sat tur xa.

2.3.4 Khd nang twong tac voi nguoi dung
Tuy muyc dich, hé théng nhing c¢6 thé c6 hoidc khong cé giao tiép nguoi dung.
Mot s6 ding man hinh cam Gmg (nhu PDA), s6 khac chi ¢c6 LED va nit nhéan, hodc

hoan toan ty dong, khong can giao di¢n.

Hé thong diéu khién vuon théng minh khong yéu cau tuong tac truc tiép, st dung
giao dién dong 1énh (CLI) qua UART hodc SSH dé cau hinh, kiém tra. Dit lidu duoc
guri 1én dashboard tir xa dé giam sat, giup tiét kiém tai nguyén va phu hop trién khai &
moi trudng ngoai troi.

2.4  Kién triic tong quat ciia hé¢ thong Linux nhiing

Mot hé théng Linux nhing tiéu biéu c6 thé dugc chia thanh bdn thanh phan
chinh: DAQ (Data Acquisition) — thu thap dit liéu tir cam bién; Control — xt Iy va diéu
khién thiét bi; System Management (SYSM) — quan 1y hé théng va két ndi mang; va

User Interface (UI) — giao tiép voi nguoi dung.
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Data acquisition Control
I A I System — Qutside network
management
B |
Userinterface® User interface *n
Embedded system

Hinh 2. 2 Kién triic cia hé thong Linux Nhing

Céac thanh phan nay duoc két ndi thong qua mang nodi bo sir dung giao thirc
TCP/IP. Trong d6, khdi DAQ va Control thudng chay trén mot duong truyén riéng dé
dam bao tc do va do tin cay. Khoéi SYSM nam ¢ trung tam, quan 1y dir lidu, giao tiép
v6i bén ngoai va két ndi cac thanh phan con lai. Giao dién nguoi dung (UI) gitip quan
sat, tuong tac va diéu khién cac tién trinh theo nhu cau.

Kién trac ndy phu hop cho cac tmg dung nhing nhu giam sat cong nghiép, nha
thong minh hosc hé thong nong nghiép tu dong.

2.4.1 Khéi Data Acquisition
Khéi DAQ 1 thanh phan dau tién trong chudi do luong, thu thip tin hiéu dién tir
cic cam bién sau khi duoc khuéch dai, loc va cach ly. Dt li¢u sau d6 dugc s6 hoa va

lIuu trir tam thoi.

DAQ c6 thé phan tich dir liéu tai chd hodc gui dén khdi quan 1y hé thong
(SYSM) dé luu trit, hién thi va xr 1Iy. Néu phat hién bat thuong, DAQ sé& thong béo
cho SYSM va nhan 1énh diéu chinh.

DAQ khoi dong tir bo nhé flash, dung RAM, dé& cap nhat, khong giao tiép truc

tiép voi ngudi ding ma két ndi véi SYSM qua IP ¢6 dinh dé dam bao giam sat lién tuc.

2.4.2 Khoi Control
Khdi Control 1a may tinh cong nghiép dang nhing, két ndi truc tiép voi phan
cimg diéu khién. N6 phat tin hiéu diéu khién dwa trén dir liéu tir DAQ va 1énh tur

SYSM. Hé thong hoat dong khong can giao tiép ngudi dung, chay Linux thoi gian
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thuc dé dam bao dap ung nhanh, két ndi mang qua IP tinh. Sau khi thyc hién tac vy,
khéi Control gui trang thai vé SYSM dé cap nhat.

2.4.3 Khéi System Management (SYSM)

Khéi SYSM 1a trung tdm diéu phdi va xir Iy trong hé théng nhing, déng vai trd
két ndéi DAQ, Control va giao tiép véi bén ngoai. N6 nhén dir liéu tir DAQ, phan tich
va giri 1énh diéu khién dén Control, dong thoi truyén thong tin dén giao dién ngudi
dung. SYSM chay da nhiém, c6 IP tinh, h tro giao tiép qua HTTP va SSH, cap phat
IP dong cho UlI, va hoat dong nhu mdt server nhing dé dam bao hé théng van hanh 6n

dinh, hi€u qua.

2.4.4 Khéi User interface

UI 1a khéi giao tiép véi nguoi dung, gitp quan 1y tién trinh hé théng. Pay thuong
1a hé thong nhung nho, dap Gmg thoi gian thong thudng, co kha ning két ndi mang va
nhan [P tr DHCP. UI boot tir flash hodc qua mang, chay trén nén ARM/MIPS vdéi
kernel tiéu chuan, khong can giao dién dd hoa hay thu vién phtc tap.
2.5 Tong quan vé kernel ciia Linux/Unix

Kernel 13 thanh phan c6t 16i ctia hé diéu hanh, chiu trach nhiém quan ly tai
nguyén hé théng nhu CPU, bd nhé va thiét bi ngoai vi. N6 cung cap méi truong cho
cac tmg dung hoat dong, dam bao su On dinh va bao mat khi nhiéu tién trinh chay song

song.

2.5.1 Mo hinh Process/Kernel
Hé diéu hanh Linux hoat dong theo md hinh hai ché d¢:
e User Mode: noi cic chuong trinh tng dung hoat dong.

e Kernel Mode: noi kernel c6 quyén truy cip diy du toi phan cing.

Mot tién trinh (process) thudng chay trong User Mode va chi chuyén sang
Kernel Mode khi can goi cac dich vy h¢ théng (system call), vi du nhu truy cap file,
cAp phat bo nhd, hoic giao tiép v6i thiét bi ngoai vi. Viéc chuyén doi nay dugc CPU

hd tro bﬁng cac 1énh dic biét dé dam bao an toan.

Kernel khong phai 1a mot tién trinh, ma 13 trinh quan 1y tién trinh, diéu phdi
cac tién trinh nguoi dung ciing nhu cac kernel thread — 13 cac tién trinh dic quyén

chay ngam dé xir Iy cac tac vu hé thong.

Trén mot hé thong don nhan, tai mot thoi diém chi c6 mot tién trinh duogc thuce thi
va ¢ thé chuyén d6i qua lai giita User Mode va Kernel Mode.
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2.5.2 Swdong by héa va nhitng ving then chot

Trong hé thng nhung Linux nhu trén BeagleBone Black, dic biét trong dy 4n
néng nghiép, nhiéu tién trinh cing hoat dong dong thoi cé thé truy cdp chung tai
nguyén, dan dén tranh chip dit liéu (race condition). Dé tranh tinh trang ndy, can sir
dung co ché dong by héa nhim bao vé cac ving tai nguyén quan trong goi 13 ving
then chét (critical section).

Linux kernel cung cép hai co ché dong bo hoa phd bién 1a mutex va semaphore.

e Mutex cho phép chi mot tién trinh truy cép ving then chdt tai mot thoi diém,

ngan chan ghi de dir li¢u.

e Semaphore diéu phdi truy cap tai nguyén khi c6 nhiéu tién trinh cing tranh

chap véi s6 lugng gidi han.

Trong Smart Garden, céc tién trinh doc dir liéu cam bién va diéu khién thiét bi
can duoc déng b dé dam bao dit liéu chinh xac va hoat dong on dinh. Viéc st dung
mutex hodc semaphore gitip tranh xung dot truy cap, giit cho hé thong tin cdy va hoat
dong lién tuc.

2.6  Quain ly by nhé trong Linux
2.6.1 Bj nho do

B¢ nhé ao 1a mot co ché quan trong cua cac h¢ diéu hanh hién dai, dic biét 1a
Linux. N6 tao ra mot 16p triru tuong giita yéu cau bd nhé ciia chuwong trinh va bd nhé
vat 1y thuc té. Nho d6, hé théng c6 thé:

e Cho phép nhiéu tién trinh thyc thi dong thdi ma khong can thiép 13n nhau.
e HO tro thuc thi chuong trinh c6 dung lugng 16n hon bo nhé RAM vat 1y.
e Tai ting phan ctia chuong trinh vao RAM theo nhu cau (on-demand).

e Tai dinh vi chuong trinh tai bat ky vi tri ndo trong bd nhé vt 1y.

e HO tro 1ap trinh doc lap voi kién trac bd nhd vat ly.

Khong gian bo nhé a0 dugc CPU va MMU hd trg thong qua co ché phan trang
(paging), thuong chia thanh cac page 4KB hoic 8KB. H¢ thong sir dung bang trang
(page table) dé anh xa dija chi 4o sang dia chi vat 1y. Viéc anh xa nay dién ra tu dong
va nhanh chong nho mach ciing MMU tich hgp trong CPU.

2.6.2 Sirdung b nho RAM
RAM trong hé thong Linux dugc chia 1am hai phén:
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Mot phan nhoé dung cho kernel (ma ngudn va cdu tric dit liéu tinh).

e Phén con lai dugc hé thng quan 1y linh hoat qua bd nhd a0 dé: Cép phat bd
nhé dong cho kernel (b§ dém, cau trac dir liéu...). Hd tro anh xa tap tin va
ving bd nhé dung chung va Caching dit liéu dé ting hiéu suat truy xuat thiét

bi luu trir.

Trong diéu kién RAM gidi han, hé thdng s dung thuit todn page frame
reclaiming dé giai phong cac trang khong dung dén.
2.7  Két luin chwong 2

Chuong 2 di trinh bay tong quan vé hé diéu hanh Linux trong méi truong hé
théng nhing, bao gém cac khai niém co ban, dic diém cua Linux nhung ciing nhu
phan loai va kién trac tong thé ctia nd. Qua dé, ngudi doc c6 thé hiéu rd vai tro cia cac
khdi chirc nang trong hé théng nhu Data Acquisition, Control, System Management va
User Interface. Pong thoi, chuong ciing cung cip kién thirc nén tang vé nhan (kernel)
ctia Linux, mé hinh quan 1y tién trinh, déng bo hoa, va cach thirc quan 1y bo nhd trong
moi trudng nhing. Nhitng kién thtrc nay 13 co sé quan trong dé budc sang chuong tiép
theo — noi s€ di sdu vao qua trinh thiét ké va trién khai mot hé théng Linux nhing thuc

té trén nén tang phan cing BeagleBone Black.
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Nghién ciru va xdy dung hé diéu hanh Linux nhing trén Beaglebone Black

CHUONG 3: TONG QUAN LY THUYET THIET KE MOT HE THONG
LINUX NHUNG TREN BEAGLEBONE BLACK

3.1  Phan cieng hd tro

3.1.1 Kién tric CPU

Trong hé théng duoc xay dung, BeagleBone Black sir dung vi xir 1y Sitara
AM3358BZCZ100 cua Texas Instruments. Pay 1a mot vi xir 1y dua trén kién trac
ARM Cortex-A8 32-bit RISC, hoat dong & tan s6 /GHz, mang lai hiéu nang x1r Iy manh
m&, phut hop véi cac tng dung nhung phirc tap va ¢ yéu cau tinh toan cao, nhu trong
cac hé théng IoT va giam sat moi truong.

Sitara AM3358BZCZ100

z (RARANERORERCRERERERRR R NER R
‘lllllllllllllllllllll)lll 1N
."1\ :.

e i,

Hinh 3. 1 Kién triic CPU ciia Beaglebon Black
3.1.1.1  Théng sé va dic diém noi bit
e Vixu ly: Sitara AM3358BZCZ100 — ARM Cortex-A8
e Tbc do xir1y: 1GHz

e RAM: Tich hop b nhé 512MB DDR3, dii dap tng cho hé diéu hanh va céc
tién trinh xtr 1y dit liéu song song.
e Luu trit: HO tro eMMC 4GB hoic thé nhd microSD, mé rong dung luong luu

trir linh hoat.

e B0 nhd cache: L1 (Iénh + dir liéu) va L2 cache tich hop gitp giam do tré truy

xuat va tang toc xu ly.
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Nghién ciru va xdy dung hé diéu hanh Linux nhing trén Beaglebone Black

3.1.1.2  Khd ning hé tro hé diéu hanh va irng dung
AM3358 hd trg hé diéu hanh Linux cling nhu cac hé diéu hanh thoi gian thuc
(RTOS). Nho tich hop MMU (Memory Management Unit), hé thong c6 thé thyc thi
cac chirc nang nhu:
e Quan 1y bd nhd 4o, cach ly tién trinh,
e Chay cac h¢ diéu hanh chuin nhu Debian, Ubuntu, Yocto, v.v.
Viéc sir dung Linux trén vi xir Iy ndy mang lai kha ning tuy bién linh hoat, hd tro
da ludng, da tac vu va c6 kho phan mém mi ngudn mé phong phu.
3.1.1.3  Uudiém
e Hiéu nang cao, tiéu thu dién thép — dac trung cua kién trac ARM.
e Tich hop nhiéu tinh ning trén mot chip (SoC), giam thiéu phan ctng b sung.
e Cong dong phat trién manh, dé dang tiép can tai liéu, driver va hd tro k¥ thuat.
e Kha ndng hoat dong nhu mot may tinh nhung, thuc hién xtr Iy dir liéu phuc tap

ngay tai bién (edge computing).

3.1.2 Bus va cdc chudn giao tiép

Trong hé théng Linux nhing dugc trién khai trén nén ting BeagleBone Black,
cac chuan giao tiép ngoai vi déng vai trd quan trong trong viéc két ndi bo xur 1y trung
tam véi cac cam bién, thiét bi hién thi va diéu khién. Cac bus giao tiép chinh duoc sir
dung bao gom:

3.1.2.1  Chudn giao tiép 12C

12C (Inter-Integrated Circuit) 14 giao thtc truyén thong ndi tiép phd bién, cho
phép két ndi nhiéu thiét bi Slave véi mot hodc nhidu Master chi qua hai dwong day:

e SDA (Serial Data): truyén dir liéu

e SCL (Serial Clock): cung cip xung nhip dong bd

Master Slave

«—
—

Hinh 3. 2 Chudn giao tiép I2C
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Nghién ciru va xdy dung hé diéu hanh Linux nhing trén Beaglebone Black

12C hoat dong theo co ché khoi dong — truyén khung dia chi — khung dit liéu —
xac nhan (ACK/NACK) — va két thic. Mdi Slave c6 mot dia chi riéng, giup Master
xac dinh dang thiét bi dé giao tiép. Giao thirc nay st dung bit doc/ghi dé phan biét dit
liéu dang giri hay yéu cau nhén lai.
3.1.2.2  Chudn giao tiép SPI
> Téng quan vé giao tiép SPI
SPI (Serial Peripheral Interface) 1a giao thirc giao tiép ndi tiép déng bo, cho phép
vi diéu khién (master) trao ddi dit liéu tdc d6 cao véi cac thiét bi ngoai vi (slave) nhur
cam bién, thé nhé, hodc module thu phat khong diy va dic biét 1a man hinh.
Master Slave

_
—
_
e

Hinh 3. 3 Chudn giao tiép SPI

e MOSI (Master Out — Slave In): Master (BeagleBone Black) giri dir liéu dén
thiét bi ngoai vi.

e MISO (Master In — Slave Out): Thiét bi giri dir liéu vé cho BeagleBone.

e SCLK: Xung nhip do master tao ra dé déng bo truyén dit liéu.

e CS/SS (Chip Select/Slave Select): Chon thiét bi slave dé giao tiép.

3.1.2.3  Chudn giao tiép GPIO
GPIO (General Purpose Input/Output) 1a cac chan dau vao/ra sd, dugc cdu hinh
linh hoat dé giao tiép véi thiét bi ngoai vi. Trén BeagleBone Black, GPIO dong vai trd
quan trong trong viéc doc tin hiéu tir cam bién (nhu cong tic muc nude, cam bién

mua) hodc diéu khién thiét bi (nhu relay, bom nudc, van dién).
GPIO hoat dong & hai ché do:
e Input: Doc tin hi¢u logic tir mdi trudong (0 hodc 1).
e Output: Xuét tin hiéu dé diéu khién thiét bj theo mirc logic (0V hodc 3.3V).

Trong dy 4n, GPIO dugc sir dung dé diéu khién hé thong tudi tidu va giam sat
trang thai moi truong, 13 cau ndi chinh giita BeagleBone Black va phan ctmg vuon
thong minh.
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Nghién cieu va xdy dung hé diéu hanh Linux nhing trén Beaglebone Black
3.1.2.4  Chudn giao tiécp UART
< Tong quan Iy thuyét

UART la mét giao thirc truyén thong nbi tiép khong dong bd, phd bién trong cac
hé théng nhing. Khac v6i SPI hoic 12C, UART khéng cén tin hiéu xung nhip
(clock) dé d(‘”)ng bd, vi cac thiét bi giao tiép UART thoa thuan trude mot tde do truyén
dir liéu goi 1a baud rate (vi du: 9600, 115200 bps).

UART 1 UART 2

<

Hinh 3. 4 Chudn giao tiép UART

Giao tiép UART chi can hai day chinh:
e TX (Transmit) — Day truyén dit liéu tir thiét bi giri.
e RX (Receive) — Day nhan dit liéu tir thiét bi khac.
+ Nguyén ly hoat dong:
UART truyén dir liéu ndi tiép timg bit, bat dau bang bit Start (0), 8 bit dir liéu,
tiy chon bit parity va két thuc bang bit Stop (1).
e Téc dj truyén (baud rate): Hai thiét bi phai cing baud rate (vi du: 9600 bps)
dé tranh 18i dit liéu.
e Khong can clock chung: Chi cin TX va RX nhd co ché 1dy mau ndi bo.
e Full-duplex: C6 thé giri va nhan dong thdi néu phan ctmg hd tro.

3.1.3 Thiét bi lwu triv
BeagleBone Black (BBB) hd trg hai loai thiét bi luu trit chinh: bd nhé eMMC

tich hop sén va thé microSD roi. Ca hai phuong 4n ndy dong vai trd quan trong trong
viéc luu trir hé diéu hanh, ung dung nguoi dung, dir liéu cam bién cling nhu céc file

cAu hinh hé théng.
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Nghién ciru va xdy dung hé diéu hanh Linux nhing trén Beaglebone Black

eMMC

Hinh 3. 5 Thiét bi luu trit trén Beaglebone Black

3.1.3.1 eMMC
BeagleBone Black st dung eMMC 4GB han ¢d dinh trén bo mach, két ndi véi
cong MMC1 cua vi xir Iy AM335x. Thiét bi nay hd tro bus 8-bit va 1a b nhé luu trix

mic dinh dé khai dong hé didu hanh khi cip ngudn.

e Tdc d6 doc/ghi nhanh hon so v6i thé microSD thong thuong.

e Do 6n dinh va tudi tho cao trong mdi truong cong nghiép.

e Cho phép bo mach khai dong nhanh chong ma khong can thiét bi roi.

eMMC 1a bo nhé 6 dinh nén khong thé thay thé dé dang khi hu hong

3.1.3.2 Thé nho microSD

BeagleBone Black ciing hd trg mot khe cam thé microSD, két ndi qua cong
MMCO. Pay 1a lya chon pho bién dé:

e Khoi dong hé diéu hanh thay thé (boot tir the).

e (Cap nhat phf:in mém hé théng hodc ghi d¢ lai n¢i dung eMMC.

e Luu trit dir li€u nguoi dung, nhat ky cam bién, hinh anh, v.v.

Khi chén thé microSD chira hé diéu hanh hop 1& va giir nit S2 (Boot Select)
trong khi cap ngudn, bo mach s& khoi dong tir microSD thay vi eMMC.

3.1.4 Két noi mang
BeagleBone Black hd tro két ndi mang thong qua hai hinh thirc chinh: Ethernet
tich hop va WiFi qua USB, gitp thiét bi dé dang giao tiép va truyén dir liéu dén cac

hé théng diéu khién tir xa hodc nén tang IoT.
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Nghién ciru va xdy dung hé diéu hanh Linux nhing trén Beaglebone Black

3.1.4.1Ethernet (RJ45 — 10/100 Mbps)

Bo mach BeagleBone Black dugc tich hop cong Ethernet 10/100 Mbps st dung
giao tiép MAC bén trong SoC AM335x va PHY ngoai. Ethernet dong vai tro 1a kénh
truyén thong 6n dinh, c6 do tré thip, phu hop cho cac tmg dung diéu khién giam sat

thot gian thue.

Ethemet PHY

Port
Ethemet RJ45

Hinh 3. 6 Két néi mang trén Board Beaglebone Black

Ethernet dwoc sir dung dé:

Két ndi thiét bi vdi may chu giam sat trung tdim (PC hodc gateway), truyén dir
liéu cam bién (nhiét d6, d6 am, anh sang) vé may chu theo chu ky va nhan lénh diéu
khién tir nguoi dung thong qua mang LAN.

St dung Ethernet gitip dam bao tinh 6n dinh va bang thong truyén tai trong moi
truong c¢6 dinh nhu hé théng nong nghiép thong minh, nha kinh, hodc khu cong
nghiép.

3.1.4.2  Két noi WiFi qua USB

Ngoai Ethernet, BeagleBone Black c6 thé md rong két ndi khong day WiFi thong
qua USB WiFi Adapter. Giao dién USB hd tro cim thiét bi WiFi chuan 802.11b/g/n
phd bién, gitip bo mach c6 thé két nbi vao mang WiFi nhu mét thiét bi IoT.

Uu diém ciia két ndi WiFi trong du 4n:

e Tinh linh hoat cao, khong phu thudc vao hé thong day mang cb dinh.

e Tich hop véi cac dich vu cloud, MQTT broker, hoic Node-RED dashboard dé

theo doi dir li€u tir xa qua trinh duy¢t.

3.1.5 Cdc nguon ra/vao trén Board
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Nghién ciru va xdy dung hé diéu hanh Linux nhing trén Beaglebone Black

5V External Power

5V Micro USB
(Barrel jack) e

1 Connector

LDO Voltage Regulator:

f f LDO1: 1.5V (cho DDR3L)
Output of Regulator Output of Regulator LDO3: 1.8V (cho CPU)

P9.3 va P9.4: 3.3V P9.5 va P9.6. 5V LDO4: 3.3V (cho cic thanh phin khac).

Hinh 3. 7 Cdc nguén ra/vio trén Boad Beaglebone Black

Do da sb phan 16n cic module cam bién s dung ngudn 3.3V nén board
BeagleBone Black ciing cho ra ngudn 3.3V dé dé dang két ndi. Bé c6 duoc dién ap
3.3V thi ¢4 bo chinh dién 4p LDO (Low DropOut) dé giit dién ap 6n dinh ¢ 3.3V.

Viéc cip ngudn cho bo mach BeagleBone Black (BBB) duoc thuc hién thong
qua dau ndi ngudn DC (jack barrel) v&i ngudn adapter 5V — 2A dé dam bao dong dién
6n dinh cho toan hé thong, ngoai ra c6 thé cip ngudn truc tiép qua cong micro USB

khi sir dung trong cac tng dung phat trién hoic thir nghiém.

3.1.6 Nit nhin va dén Led trén Board BeagleBone Black

Reset Button

S2 Boot Button

Hinh 3. 8 Niit nhan va dén Led trén Board BeagleBone Black
C6 mot cong tic S2 cho phép chuyén d6i giita cac ché do khai dong (boot):
C6 4 ché do khai dong:
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Nghién ciru va xdy dung hé diéu hanh Linux nhing trén Beaglebone Black

e Khéi ddng eMMC: La ché d6 mic dinh, cho phép bo mach khoi dong nhanh
nho stir dung anh hé diéu hanh da duoc flash sin, khong can thé nhé microSD.

e SD Boot: Khoi dong tir khe microSD. C6 thé dung dé ghi dé eMMC, lap trinh
trong san xuat hodc cap nhat tai hién truong.

e Serial Boot: Khoi dong qua cong ndi tiép dé tai phan mém truc tiép. Can cap
USB-Serial riéng dé str dung.

e USB Boot: HG tro khéi dong qua cong USB.

Khi khong nhan niit S2, BeagleBone Black s& khai dong theo thir ty: eMMC —
microSD — cong nbi tiép — USB.

Néu gilt nut S2 khi théo va cam lai nguén, bo mach s€ budc khdi dong tr USB,
va néu khong tim thay hé diéu hanh, s& chuyén sang cong nbi tiép.

Néu gilt nat S2 va cam thé microSD c¢6 chtra hé diéu hanh, bo mach s& khai dong
tr microSD thay vi eMMC.

POWER LED

gl 1513BBBK 0001

Hinh 3. 9 Niit nhén va dén Led trén Board BeagleBone Black.

Ngay khi cdp ngudn, bo mach bit dau qua trinh khoi dong. Cac dén LED s& sang
theo trinh ty trong vai gidy, bao hi€u trang thai kho1 dong. Trong qué trinh khoi dong
hat nhan Linux, dén LED c6 thé nhap nhay khong 6n dinh.

Maic du 4 dén LED nguoi dung co thé duge 1ap trinh lai, nhung theo méc dinh,
chung hién thi cac trang thai sau:

USERO: Nhap nhay nhu nhip tim — chi bao hoat dong cta hat nhan Linux

USERI1: Sang khi dang truy cap thé nhé microSD

USER2: Chi bao hé thong hoat dong (kernel khong & trang thai nhan rdi)

USER3: Sang khi truy cap bd nhd eMMC tich hop.

Bdang 3. 1 Théng sé ky thudt ciia Board BeagleBone Black.

Tinh niang Théng sb
B9 xtt ly chinh (CPU) Texas Instruments Sitara AM3358BZCZ100,
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Nghién ciru va xdy dung hé diéu hanh Linux nhing trén Beaglebone Black

xung nhip 1GHz, hiéu nang 2000 MIPS

Bo xtr ly dd hoa (GPU) PowerVR SGX530, hd tro 3D, 20 tricu da
giac/gidy
B6 nhé RAM 512MB DDR3L, toc d6 bus 800MHz
B6 nh¢ luu triv 4GB eMMC, giao tiép 8-bit
B6 quéan 1y ngudn PMIC TPS65217C kém LDO b sung
Ngudn cip microUSB hoic dau cim DC 5V
Kich thuoc PCB 3.4 x 2.1 inch (86mm x 53mm)
Giao dién mang Ethernet 10/100 Mbps, cong RJ45
Giao dién USB 1 cong USB Client miniUSB, 1 cong USB
Host Type-A
UART UARTO truy cap qua header 6 chan TTL
3.3V
Khe cim thé nhd Khe microSD, hd tro thé dung luong 16n

Xuat video

.....

1920x1080 @24Hz

Am thanh

Am thanh stereo thong qua HDMI

I/O mé& rong

Téi da 69 GPIO, hd trg 12C, SPI, PWM,
UART, CAN, ADC (1.8V), LCD, v.v

LED chi thi 1 LED nguén, 2 LED Ethernet, 4 LED
nguoi dung.
Trong luong ~40g

Beaglebone Black Pinout Diagram

DGND
VDD 33V
VDO 5V
SYS SV
SYS_RESET Yourh == : E Y
EHRIMAMILA y o : ENRPWM2S
IHRPWMIS =)
ot

;o
Moz

EHRPWM2
b '3 O

;‘W.V uulpu,:
100N, Anclog Bty

Hinh 3. 10 So do chdn Board BeagleBone Black
Bang 3. 2 Churc nang cdc chan cua module NODE MCU ESP8266.
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Nghién cieu va xdy dung hé diéu hanh Linux nhing trén Beaglebone Black

Tén chirc ning Vi tri chan (P8/P9) Chirc nang
Power P9 3,P9 4(3.3V), Cung cap ngudn cho
P9 5,P9 6 (VDD 5V), Board BBB
P9 7,P9 8 (SYS_5V),
P9 32 (VDD ADC)
GND P8 1,P8 2,P9 1,P9 2,P9 43,. Néi dat
Control P9 9 (PWR_BUT), Nut ngu}?flt\}? chan reset
P9 10 (SYS RESETn) ¢ thong
ADC P9 33-P9 40 (AINO dén AIN6) | Dau vao analog 1.8V, do
phan giai 12-bit
12C 12C1: P9_17 (SCL), P9_18 (SDA) | Giao ti€p cam bién hodc
[2C2: P9 19 (SCL), P9 20 (SDA) | module theo chuan 12C
GPIO P8 3 -P8 46 Cac chén vao/ra s6 (GPIO),
P9 11-P9 31,.. hd trg nhiéu chirc ning phy
SPI SPI0: P9 17 (CS0), P9_18 (MOSI),| Giao tiép SPI vdi thiet bi
P9 21 (MISO), P9 22 (SCLK); ngoai vi
SPI1: P9 28-P9 31
UART UARTO: P9 24 (TX), P9 26 (RX); |TX: Chan truyén dit liéu RX:
UARTI1: P9 24-P9 26; UART2: Chan nhén dit liéu
P9 21-P9 22.. Giao ti€p ndi tiép (serial)
SD Card (eMMC) SD3 (SDD3), SD2 (SDD2) Bo nhé trong, chira hé diéu
hanh
SD Card MMC1 (SD card): st dung khi boot| Giao tiép v&i thé nhé ngoai
(microSD) tur thé
PWM P9 14,P9 16, P8 13, P8 19, Tin hiéu PWM diéu khién
P8 34, P8 36, P8 45, P8 46,.. motor, LED.
Ethernet P9 23-P9 46 (chiém cac chan Giao tiép mang Ethernet
MIIT0/MII1)
Clock / Timer |P9 41A (CLKOUT2), P8 7-P8 10| Xung hé thong, diéu khién
(Timer) ngoai vi

Mdi chan trén header P9 & P8 clia BeagleBone Black c6 thé dam nhan nhiéu
chtrc ning khic nhau, dugc dinh nghia théng qua cic ché d6 (mode0 dén mode7).

Trong do, luén cdé mot ché d6 mic dinh s& duogc kich hoat khi hé th6ng khéi dong.
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Nghién ciru va xdy dung hé diéu hanh Linux nhing trén Beaglebone Black

Chung ta hoan toan cé thé thay d6i ché d6 nay bang cach cu hinh lai pinmux trong
device tree hoac thong qua script & ngudi dung.
3.2 Cic thiét bi ngoai vi
3.2.1 Thiét bi khoi cam bién

3.2.1.1  Cam bién nhiét @, dp dm SHT30

Cam bién SHT30 dugc sir dung dé do nhiét do va d6 4m méi trudng. Cam bién

nay giao tiép qua giao thirc 12C, cho phép truyén dit liéu nhanh va 6n dinh. Véi do
chinh x4c cao, SHT30 gitp hé thong kiém soat moi truong chinh xac hon. Kich thudc
nho gon va tiéu thu dién ning thip phu hop cho cic Gng dung IoT ndng nghiép. Dit

lidu tir cam bién duoc dung dé diéu khién thiét bj nhu quat, may bom.

Hinh 3. 11 Cam bién nhiét 36, do am SHT30
Badng 3. 3 Théng sé ky thudt thiét bi cam bién SHT30.

Théng so ky thuit Gia tri
Dai do nhiét do -40°C dén +125°C
Sai s nhiét d +0.3°C (6 25°C)
Dai do d6 4m 0% RH dén 100% RH
Sai s6 46 4m + 3% RH (6 25°C, 20-80% RH)
Giao tiép 12C
Dong tiéu thu trung binh ~2 pA (ché do do dinh ky)

3.3.1.2  Cdm bién anh sdng BH1750
Cam bién BH1750 duoc sir dung dé do cuong do anh sang theo don vi lux, cam
bién c6 ADC ndi va bo tién xir Iy nén gia tri duoc vé ra la gia tri truc tiép cuong do
anh sang lux ma khong can phai qua bat ky xir 1y hay tinh todn nao. Cam bién BH1750
giao tiép voi MCU théng qua giao thirc 12C.
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Nghién ciru va xdy dung hé diéu hanh Linux nhing trén Beaglebone Black

Hinh 3. 12 Cam bién anh sing BH1750
Bang 3. 4 Théng sé ky thudt thiét bi cam bién dnh sang BH1750.

Théng s6 Ky thuit Gia tri
Nguédn 3~5VDC
Dién ap giao tiép: TTL 3.3~5VDC
Chuan giao tiép 12C
Khoang do 1 -> 65535 lux
Kich co 21*16*3.3mm
3.2.2

Thiét bi chuyén déi
3.2.2.1  Mach chuyén doi USB to TTL CP2102
CP2102 USB to TTL 1a mot mach chuyén d6i tin hiéu tir cong USB cia may tinh
sang tin hiéu UART (TTL level) dé giao tiép véi cac vi diéu khién.
Mach st dung chip CP2102 cta hang Silicon Labs, c6 do on dinh cao, hd tro tdc
d6 truyén dit liéu 1én t6i 1 Mbps. N6 duge dung phd bién dé nap chuwong trinh, giao
tiép Serial, hodc g& 15i (debug) thiét bi nhung qua UART.

Hinh 3. 13 Mach chuyén dé6i USB to TTL CP2102
Bang 3. 5 Théng s6 kj thudt module thu phdt nRF24L01.

Théng s6 k§ thuat Gia tri
Chip chinh CP2102 — Silicon Labs
Giao tiép USB 2.0 < TTL UART (TX/RX)
Téc d6 baud rate 300 bps — 1 Mbps (thuong dung 9600,
115200 bps)
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Nghién ciru va xdy dung hé diéu hanh Linux nhing trén Beaglebone Black

bién &p logic

3.3V hoac 5V

Driver ho tro

Windows, Linux, macOS

3.2.3 Thiét bi khéi diéu khién
3.2.3.1 My bom

Nham muyc dich bom nudc vao dé cung cap hoi am khi diéu di¢u méi truong kho

khan, thi€u hoi am.

Hinh 3. 14 Bom nwoc mini.

Bang 3. 6. Théng s6 ky thudt mdy bom nwéc mini.

Théng s6 ky thuit Gia tri
Dién dp hoat dong 3V -6V DC
Dong dién 100mA - 200mA

Luu lugng bom

80 - 120 L/gio

Do cao hut toi da

0.5 -1 mét

3.2.3.2  Bongden

%

Hinh 3. 15 Bong den 220VAC.

3.2.4 Thiét bi khéi hién thi

Sinh vién thye hi¢n: Lé Thanh Thuong
bang Nhat Huy

Bang 3. 7 Théng s6 ky thudt béng den soi dot

Théng s6 ky thuit
bién ap hoat dong 220VAC
Duong kinh bong 50mm
Dong dién 4.5A
Cong suat 60W
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Nghién ciru va xdy dung hé diéu hanh Linux nhing trén Beaglebone Black

3.24.1 LCDILI9341
Man hinh cam tng LCD TFT Touch Screen 2.8 inch IL19341 SPI Interface duoc
stt dung trong cac tmg dung diéu khién cam tng va hién thi, man hinh st dung giao

tiép SPI nén rat d& giao tiép, gitip ban x4y dung giao dién diéu kién cam tmng.

Hinh 3. 16 Man hinh LCD ILI9341.
Bdng 3. 8 Théng sé ky thudt LCD ILI9341.

Théong s6 k¥ thuat Gia tri
Dién ap st dung 3.3~5VDC
Pién ap giao tiép 1L19341 giao tiép SPI.
C& man hinh 2.8 inch
D0 phan giai 240 x 320 pixels
IC Driver cam ting XPT2046 giao tiép SPI
Kich thudc hién thi 46(W) X 65(H)mm
Kich thudc toan man hinh 50 mm

3.2.5 Thiét bi khéi nguon
3.2.5.1  Adapter 5V-24
BeagleBone Black can nguén 6n dinh dé hoat dong lién tyc. Dy an su dung

adapter SV—2A cap nguoén qua cong DC jack 5.5mm x 2.1mm.

Hinh 3. 17 Adapter 5V-24

Bang 3. 9 Théng s6 ky thudt bién dp.
Thong s k¥ thuat | Gia tri |
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Nghién cieu va xdy dung hé diéu hanh Linux nhing trén Beaglebone Black

Dién 4p dau ra 5V DC +5%
Dong dién cuc dai 2A
C& man hinh 2.8 inch
Cong suit toi da 10W
Pau vao 100240V AC, 50/60Hz

Pau cam ra Jack tron 5.5mm x 2.1mm

Loai adapter Adapter ngudn roi ddy, cach ly
an toan

3.3  Cong cu phat trién hé théng
3.3.1 Yocto

Yocto Project 1a mdt framework ma nguén md& hod tro xay dung hé diéu hanh
Linux tiy chinh cho céc thiét bi nhing c6 tai nguyén han ché nhu Raspberry Pi,
BeagleBone Black, NXP i.MX... Viéc tao hé diéu hanh nhiang thu cong rat phirc tap va
d& sai sot: tir cu hinh kernel, bootloader, thiét 1ap cross-compiler, thu thap va bién

dich mé ngudn, dén tao root filesystem va image dé flash.
Yocto gitp tu dong hoa toan bd qua trinh nay, cho phép tuy chinh kernel, goi
phén mém, script khdi dong; hd tro tai sir dung thong qua h¢ théng layer; dé cap nhat,

bao tri va tich hop CI/CD néu can.

3.3.2 Tong quan vé Bootloader ciia Linux/Yocto:

Bootloader la phén mém dau tién duoc khai chay khi thiét bi nhing dugc cép
nguén hoac reset. N6 chiu trach nhiém khoi tao phén cung co ban va chuan bi moi
truong dé hé diéu hanh (kernel) duoc tai va chay.

3.3.2.1 M6 hinh hoat dong cua Bootloader

Bootloader hoat dong & ché do dac quyén (tuong ty Kernel Mode trong h¢ diéu
hanh), c6 kha ning truy cp truc tiép va diéu khién phan ctng. Khi thiét bi bat ngudn,
bootloader thuc thi cac budc sau:

e Khéitao RAM, luu trit va ngoai vi co ban

e Tai kernel tir bd nhé luu trit (flash, SD card, eMMC...) vao RAM.

e Thiét 1ap cac tham sé khdi dong va truyén quyén diéu khién cho kernel.

e Cung cip giao dién twong tac (thudng qua cong serial) cho phép cau hinh va

bao tri hé thong.
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Nghién cieu va xdy dung hé diéu hanh Linux nhing trén Beaglebone Black

3.3.2.2  Quan If qud trinh khéi dpng va céu hinh

Bootloader quan 1y chudi cac budc khoi dong (boot sequence) bang cach:
e Doc ciu hinh va bién méi trudng luu trong bd nhé khong thay doi.
e Xac dinh thiét bi luu trit chtra kernel.
e Thuec hién cic kiém tra phan cimg co ban dé dam bao hé théng sin sang.

e HO tro cac ché d6 boot linh hoat: boot tir bd nhé trong, boot qua mang, boot tir

thiét bi ngoai vi...

Trong cac du an Yocto, bootloader ¢ thé dugc tiy bién cdu hinh théng qua céac
file ciu hinh va recipe, gitip ngudi phat trién dé dang diéu chinh cac tham sé khoi

dong pht hop vé6i phan cirmg muc tiéu.

3.3.2.3 Xir Iy 16i va ning cdp phin mém
Bootloader ciing chiu trach nhiém xu 1y cac tinh hudng 18i trong qua trinh khoi

dong, vi du nhu kernel khong hop 18, bo nhé 16i hoic thiéu kernel.

Ngoai ra, bootloader thuong tich hop cac co ché cap nhat firmware an toan
(firmware upgrade) qua mang hodc qua thiét bj luu trit ngoai, giup duy tri va nang cip

phan mém hé thdng hiéu qua.

3.3.3 Tong quan vé Kernel ciia Linux/Yocto:

Kernel 13 thanh phan trung tdm ctia hé diéu hanh nhing Linux ma Yocto s& build
cho thiét bi BeagleBone Black. Kernel dam nhan vai tro quan 1y tai nguyén phan cing,
cung cip méi trudng cho cac tién trinh hoat dong, va 1a cau ndi giita phan cing véi
phan mém tng dung.

3.3.3.1  Kernel va qudn Iy phin cieng

Kernel chay ¢ ché d6 dic quyén (Kernel Mode), co quyén truy cap truc tiép toi
CPU, bo nhd, va céc thiét bi ngoai vi cia BeagleBone Black.

Kernel chiu trach nhiém diéu khién cac thiét bi thong qua driver, quan 1y thiét bj
ngoai vi va xir Iy cac tin hiéu ngét (interrupts) dé dap tmg kip thoi cac su kién tir phan
cung.

3.3.3.2  Qudn Iy tién trinh va da nhiém
Kernel cho phép BeagleBone Black chay da nhiém, nghia 1a nhiéu tién trinh c6

thé hoat dong cung lic nhd co ché 1ap lich CPU (scheduling).
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Nghién cieu va xdy dung hé diéu hanh Linux nhing trén Beaglebone Black

Kernel luu trit trang thai tién trinh va chuyén ddi ngit canh, gitp hé thdng van
hanh mugt ma, dam bao tién trinh dung co thé tiép tuc chinh xac khi duogc chay lai.

Hé thong da nhiém nay rit quan trong v6i cac Gmg dung nhang phirc tap can xir
1y nhiéu tac vu song song nhu cam bién, giao tiép mang va xur 1y dir liéu.

3.3.3.3  Xiur Iy ngit va dong bg héa

Kernel xtr Iy cac tin hiéu ngit phan cing, vi du nhu tin hiéu tir cam bién hoic
thiét bi ngoai vi trén BeagleBone Black, dam bao phan hdi nhanh va chinh x4c.

Dé tranh xung dot dir liéu khi nhiéu tién trinh hodc driver truy cip chung tai
nguyén, kernel str dung co ché dong b héa nhu mutex, spinlock, ddm bao tinh nguyén
tr cho cac vung quan trong.

3.3.3.4  Tuy bién kernel

Trong Linux, kernel c6 thé dugc tity bién bang cach:

e Chon phién ban phu hop véi kién trac phan cting (nhu khi build bang Yocto
cho BeagleBone Black).

e Cau hinh qua file .config hoic menuconfig dé bat/tt tinh ning, driver thiét bi,

t6i wu hiéu nang va dung luong.
e Cross-compile tu dong cho thiét bi muc tiéu.

e Két hop v6i Device Tree dé mo ta va nhan dién dang phan cimg trén board.

3.3.4 Device Tree cua Linux/Yocto:
3.3.4.1  Khdi qudt Iy thuyét vé Device Tree
Trong Linux, Device Tree 1a cu truc dit liéu mo ta phan cting dé kernel nhan
dién va khai tao thiét bi. Thay vi ma hoa cb dinh trong kernel, thong tin phan cing
duogc luu trong file Device Tree Blob (.dtb) va nap khi khéi dong.

Mbi hé théng nhung c6 file Device Tree riéng, mé ta CPU, RAM, cac céng
UART, I2C, SPI, GPIO... gitp kernel anh xa dia chi va kich hoat driver phu hop.

3.3.4.2 Vai tro cua Device Tree trong duw dn
Trong du an nay, hé diéu hanh duoc build tir Yocto dé chay trén BeagleBone
Black (BBB) — mot bo mach ARM véi cau hinh phan cimg c6 dinh. Device Tree dong
vai trd quan trong trong viéc mod ta phan cimg (CPU TI AM335x, RAM 512MB,
GPIO, 12C, SPI, ADC.,...), gitp kernel anh xa va khéi tao thiét bi chinh xac.
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Nghién ciru va xdy dung hé diéu hanh Linux nhing trén Beaglebone Black

Khi can mé rong phan ctmg (thém cam bién, module...), chi can chinh sira Device Tree
ma khong phai thay doi ma ngudn kernel. Yocto s& ty dong bién dich cac file .dts thanh
.dtb, dong goi cung kernel va rootfs dé bootloader nap khi khéi dong. Viéc nay gitp chuan

hoa, tang tinh 6n dinh va rat ngan thoi gian phat trién.

3.3.5 So dé tong qudt quy trinh khéi dong hé théng Linux/Yocto

Build Machne Bootioader Linux Kernet

Hardware detection

Device Tree d

Text Files Select th Pk
Select the correct Read devie tree
device tree to load and load drivers

:

Device Tree Load kernel image A
Compiler {dtc) nto memaory
Creato devke
mstances
,_.l ’ A

Dovice Troe 1 Lood correct dth
Binaries mitn mem Run and do
0 Memor
i i |.dth) Y oy

Hinh 3. 18 So do tong qudt quy trinh khéi dong hé thong Linux/Yocto

3.3.5.1  Build Machine
Pay 1a may phat trién noi build hé diéu hanh bang Yocto.
e Device Tree Files (.dts, .dtsi): M6 ta phan cing nhu CPU, RAM, GPIO, 12C,
SPI, cam bién,...
e Device Tree Compiler (dtc): Bién dich .dts thanh .dtb dé kernel str dung.

e OQutput: File .dtb cung kernel va rootfs dugc dong goi trong image (.wic,
.ext4,...).

3.3.5.2  Bootloader (U-Boot)
e Phat hién phan cimg va chon dang file .dtb (VD: am335x-boneblack.dtb).

e Nap kernel (zImage/ulmage) va .dtb vao RAM.

e Chuan bj sin sang cho kernel khoi dong (bootz/bootm).

3.3.5.3 Linux Kernel

Sau khi kernel va Device Tree dugc nap vao RAM, bootloader thuc hién 1énh
khéi dong (nhu bootz hodc bootm), gén dia chi .dtb, truyén cic tham sb khai dong
(bootargs) va chuyén quyén diéu khién cho kernel. Tir ddy, bootloader két thuc vai tro.
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Nghién cieu va xdy dung hé diéu hanh Linux nhing trén Beaglebone Black

Kernel doc file .dtb dé nhan dién phin ctng va nap cac driver twong tng (nhu
12C, UART,...), sau do6 tao cac thiét bj tai /dev/. Cudi cung, kernel khoi tao tién trinh

init, mount rootfs va chuyén sang user space dé chay ung dung.

3.3.6 MGéi trwong phdt trién tich hop

MOoi truong phat trién tich hop (IDE) dong vai trd quan trong trong viéc xay dung
va debug hé thdng nhung trén BeagleBone Black. Hai cong cu chinh dwgc dé xuit 1a
Visual Studio Code (VSCode) va MobaXterm, hd tro tdi wu cho quy trinh phat trién tir
xa va quan 1y thiét bi.

3.3.6.1 Visual Studio Code

Visual Studio Code (VS Code) 1a trinh soan thao ma ngudén md, nhe va da nén
tang, hd tro nhiéu ngdn ngit nhu C/C++, Python,... cing hé sinh thai extension phong
phi. VS Code cho phép két ndi SSH dén BeagleBone Black qua plugin Remote-SSH,

hd trg chinh sira va debug tir xa bang GDB két hop véi cross-compiler tir Yocto.

3.3.6.2  MobaXterm

MobaXterm 1a cong cu gia 13p terminal da ndng cho Windows, tich hop SSH,
SFTP, X11,... gitp két nbi tir xa dén moi truong build Yocto trén Linux. Ngoai ra,
MobaXterm hd trg truyén file qua SFTP va quan 1y thiét bi BeagleBone Black tir xa
sau khi flash image, nhu chay script, kiém tra trang thai hé théng, hoac gui dir li¢u Ién
ThingsBoard.

3.3.7 Giao thirc truyén thong & qudn Iy div liéu
3.3.7.1 SFTP (Secure File Transfer Protocol)

SFTP la giao thirc truyén tép an toan dya trén nén tang SSH, dam bdo bdo mat,
toan ven dit liu va xac thuc nguodi dung. SFTP cho phép upload/download tép, tao,
d6i tén, x6a thu muc va cap quyén truy cép tir xa.

Nguyén ly hoat dong:

Client két ndi t6i server qua SSH. Sau khi x4c thuc (mat khau hoic SSH key),
kénh SFTP duoc thiét 1ap, moi thao tac truyén file déu duoc ma hoa. Két ndi duy tri dé
thuc hién nhiéu Iénh lién tyc.

Ung dung trong dw an:

e Chuyén mi ngudn, script, file cdu hinh tir Windows sang BeagleBone Black.

o Lay log, dir liéu cam bién tir thiét bi vé mdy tinh.

32

Sinh vién thyc hién: Lé Thanh Thudng Giang vién huéng dan: TS. Giap Quang Huy
bang Nhat Huy KS. Luu An Phu



Nghién ciru va xdy dung hé diéu hanh Linux nhing trén Beaglebone Black

e S dung qua MobaXterm, hd trg giao dién kéo/tha hodc dong lénh.

/—* SFTP (SSH) \

[Yocto Linux)

[MobaXterm]
Transfer source code, script, config file
retrieve log, sensor data, response program
Windows Client Beaglebone Black

Hinh 3. 19 Giao thiuc SFTP
3.3.7.2  ThingsBoard

ThingsBoard 1a nén tang ma nguén mo& cho hé théng 0T, hd trg thu thap, xur ly,
hién thi va diéu khién dit liéu thiét bi thong minh. Vi giao thirc phd bién nhu MQTT,
HTTP, CoAP, ThingsBoard cho phép truyén dit liéu thoi gian thycva diéu khién tir xa

qua giao di¢n Dashboard tryc quan.

MQTT RPC/ y 2
HTTP callback. [ sss] o0 diéu khién
—— r——

l||h| ..
MQTT/HHTP m " o -
. -3 ————
—xm :=l o
ThingBoard ' .
Beaglebone Black Server Dashboard

Hinh 3. 20 Qua trinh gui dir lieu lén ThingsBoard

3.4 Kétlugn chuong 3

Chuong 3 di di siu vao viéc thiét ké mot hé théng Linux nhiing trén nén tang
BeagleBone Black, bat dau tir phan tich phan cting hd tro nhu kién tric CPU, cac
chuan giao tiép (I2C, SPI, UART, GPIO), thiét bi luu trix, két ndi mang, va cac céng
1/0. Tiép theo 1a tich hop céc thiét bi ngoai vi nhu cam bién, bd dicu khién, thiét bi
hién thi va nguén cap. Phan cudi chuong trinh bay cac cong cu phat trién h¢ thong bao
gdém Yocto, Bootloader, Kernel, Device Tree va moi trudng phat trién tich hop. Toan
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Nghién ciru va xdy dung hé diéu hanh Linux nhing trén Beaglebone Black

bd chuong da cung cap mot cai nhin toan di€n va thuc tién dé trién khai mot hé thong
Linux nhing hoan chinh, la budc dém quan trong cho viéc xay dung, cau hinh va van

hanh hé thdng trén BeagleBone Black trong cac tmg dung thyc té.
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Nghién cieu va xdy dung hé diéu hanh Linux nhing trén Beaglebone Black

CHUONG 4: THIET KE PHAN CUNG HE THONG

4.1 Gié6i thiéu chwong

Chuong nay trinh bay qua trinh thiét ké va cdu hinh phan cing hé théng nhung
st dung BeagleBone Black. Cac thiét bi ngoai vi nhu cam bién, man hinh, bd diéu
khién s& duoc két ndi va cdu hinh twong thich théng qua Device Tree va kernel driver.
Muc ti€u la dam bao phﬁn cung hoat dong on dinh dé phuc vu cho phﬁn mém diéu
khién & cac chuong sau.
4.2  Thiét ké phin cing

4.2.1 Yéu ciu diit ra

Pé dam bao hé thong nhung Linux trén BeagleBone Black hoat dong 6n dinh va

tuong thich véi cac thiét bi ngoai vi trong moé hinh Smart Garden, phan ctng can dap

ung cac yéu cau sau:

o Két ndi dﬁy du voi cam bién SHT30, BH1750, 36 am dét va diéu khién quat,
dén, bom qua relay; LCD ILI9341 dung giao tiép SPI.

e Tuong thich dién ap 3.3V, cap ngudn 5V 6n dinh.

e Tbi wu st dung GPIO/I2C/SPIL, tranh xung d6t pinmux, cdu hinh duoc trong

kernel.
e D& mo rong va debug, hd trg UART (CP2102), so do két ndi rd rang.

e Phu hop véi Linux, thiét bi ¢6 driver hodc c6 thé port trong Yocto, khai béo

duang trong Device Tree.

4.3.2 Thiét ké mach cho hp diéu khién
Khi cap nguén 5V-2A, BeagleBone Black khoi dong hé diéu hanh Linux (build
bang Yocto) va hién thi splash screen trén LCD ILI9341. Sau d6, BBB thu thap dit liéu
cam bién (SHT30, BH1750, do am dat) qua I2C, hién thi 1én LCD va gui Ién
ThingsBoard qua MQTT/HTTP. Dya vao dit liéu hodc 1énh diéu khién, hé thong kich
ro-le qua GPIO dé bat/tit bom, dén LED tir xa.

So d6 nguyén 1y hé théng dugc trinh bay trong hinh 4.1, thiét ké bang Altium

Designer.
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Hinh 4. 1 So do nguyén Iy mach ciia hé thong

4.3.2.1  Porting SHT30 cho BeagleBone Black(BBB)
Cam bién GY-SHT30-D st dung giao thtrc 12C dé giri nhan dit liéu nén viéc dau

tién trong qua trinh porting la xac dinh bus [2C va chan pins ciia BBB s€ str dung

4.3.2.1.1 Xadc dinh bus I2C va chdn (pins) ciia BBB sé sur dung
Muc tiéu ctia budc nay 1a kiém tra cac bus I12C va cac chan con tréng cé thé sir
dung. Dé 1am duoc diéu ndy, ta cin xem bang pin-muxing va so dd mach (schematic)
cua BBB.

Dua vao tai liéu pin-muxing table ta thdy rang hai chan P9 24 va P9 26 c6 thé

dung cho bus 12C1 néu dugc cau hinh & mode 3
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Nghién ciru va xdy dung hé diéu hanh Linux nhing trén Beaglebone Black

P 1 GND
P92 GND
PS_3 13y
P9 4 3.3V
Pes vDD_5v
P9 & VDD_5V
PSS 7 SYS_SV
Fe 2 SYS_SV
(<) PWR_BUT
P9_10 Reset_Out
Po_11 870 gpmc_waitd gmii2_crs gome_cind rmiid_crs_dv mmel_sded
P 12 OxB78 gome_beln gmii2_col _Eome_cenb mmec2_dat3 gpme_dir
P9 13 0xB74 gome_wpn gmii2_raerr ome_cans TiiZ_ramrr mmed_sded
914 CxB48 gome ol gmii2_ted3 enmid_td3 mmed catl gome w18
P9 15 0x840 gome_s0 gmii2 tuen gmi2_tetl rmii2_ten gome _alb
P9_16 Ow8aC gome_33 EMii2_tad2 EMi2_td2 mmc2_dat2 gome_ald
P17 On85C 2pi0_cs0 mmc2_sdwp 12C1_SCL ehrpwm_syrel prl_uartd ted
P9 18 On358 spi0_dl mencl_sdwp 12CL_SDA ehrpwmO_tripzone_input prl_uartd rd
Pe_19 0x97C unrtl_rtsn tomers deand_rx 12€2_sCL spil_cal
e 20 CocB70 usrtl ctsn tenars deard)_tx 1202 _50A spil_csl
P9 21 Dx354 apid_do uart2 ted 12C2_SCu shrpwmos prl cartd s
P9 22 Ox250 api0 scik usrt? rad 12€2 SDA whrpwmOA pri uertd et n
Pe_23 OxB844 eme_sl EMii2_ragy gmi2_setd mme2_card gome_al?
Fo_24 Ox384 vartl_txd mmc2_sdwp dcanl_rx 12C1_Sct

I Pa_2s Ox3AC mcaspd_ahcikx oQERO_strobe mcasp0_awrd | mcaspl_awi EMUS
Pa 2% Ox380 vartl_rxd mmcl_sdwp deanl tx 12C2_S0A

| pe 27 | oxpra mcaspd_far «QEPON_in measp0_mrd | measpl_fsx EMU2

I__D'_O_p j Cxf9C measpd_sheclkr shrpwm0_synel measpld_anrd apil_ced #CAP2_in_PWM2_out |

Hinh 4. 2 Cdu hinh bus 12C cho cdc chén ciia Beaglebone Black véi SHT30

Tiép tuc, dua vao tai liéu schematic ta thdy rang chan P9 24 va P9 26 khong
duoc két ndi vao bat ky thiét bi nao. Vi véy ta co thé sir dung chan P9 24 va P9 26 dé
két néi véi SHT30.

% So dd két ndi SHT30 v6i Beaglebone Black
Bang 4. 1 Bang so do két néi GY-SHT30-D véi BBB

Beaglebone Black BH1750
3.3V VCC
GND GND
P9 24 SCL
P9 26 SDA

4.3.2.2  Porting BHI1750 cho Beaglebone Black (BBB)
Cam bién BH1750 st dung giao thuc 12C dé guri nhan dir liéu nén vige dau tién
trong qua trinh porting 1a xac dinh bus I2C va chan pins cia BBB s¢€ st dung
4.3.2.2.1 Xac dinh bus I12C va chdn cia BBB sé sur dung
Muc tiéu ctia budc nay 1a kiém tra cac bus I12C va cac chan con tréng c6 thé sir

dung. Pé 1am duoc diéu ndy, ta can xem bang pin-muxing va so d6 mach (schematic)
cua BBB.

Duya vao tai liéu pin-muxing table ta thdy rang hai chan P9 19 va P9 20 c6 thé

dung cho bus I12C1 néu dugc cau hinh & mode 3.
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Hinh 4. 3 Cau hinh bus I2C cho cdc chdn ciia Beaglebone Black véi BHI750

Dua vao tai liéu schematic ta thiy rang chan P9 19 va P9 20 khong dugc két ndi
vao bat ky thiét bi nao. Vi vay ta c6 thé sir dung chan P9 19 va P9 20 dé két ndi véi
BH1750.

% So do két ndi BH1750 véi Beaglebone Black
Bdng 4. 1 Bang so dé két noi BHI1750 véi Beaglebone Black

Beaglebone Black BH1750
3.3V VCC
GND GND
P9 19 SCL
P9 20 SDA

4.3.2.3  Porting LCD IL19341 cho BeagleBone Black(BBB)
Phéan giao dién nguoi dung (UI) cua du an s& dugc phét trién bang framework
QT. Pé man hinh LCD ILI9341 hoat dong dugc voi QT, chung ta can porting cho
LCD hd tro FrameBuffer ctia Linux. Ngoai ra, LCD ILI9341 st dung giao thirc SPI dé
gri nhan dir liéu nén viéc dau tién trong qua trinh porting va xac dinh bus SPI va céc

chan cua BBB sé st dung.

4.3.2.3.1 Xac dinh bus SPI va cdc chdn ciia BBB sé swr dung
Muc ti€u ctia budc nay 1a chon ra bus SPI va chan c6 thé st dung. Pé lam dugc
diéu nay, ching ta can sir dung tai liéu so d6 chan cua LCD ILI9431, pinmuxing table

va schematic cua BBB.

Dua vao tai lidu so d6 chan ciia LCD ILI9341, dé diéu khién duoc LCD, ngoai 4
chan SPI (SCK, MISO, MOSI, CS), chiing ta con can thém 2 chan GPIO: Reset va DC
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Nghién ciru va xdy dung hé diéu hanh Linux nhing trén Beaglebone Black

ILI9341 SPI
TFT LCD

LCD Control Pins

ch Control Pins

Hinh 4. 4 So do chén ciia LCD ILI9341

Dua vio pinmuxing table, chung ta thdy rang 4 chan P9 28, P9 29, P9 30, va
P9 31 ¢6 thé sit dung cho bus SPI1 néu cau hinh & mode 3, va 2 chan P9 25, va
P9 27 ¢6 thé sir dung cho GPIO néu cau hinh & mode 7. Tham chiéu dén schematic,

ta ciing thay rang nhitng chan nay khong dugc két ndi vao bat ky thiét bi nao.
% So do két ndi chan LCD ILI9341 va Beaglebone Black
Bdng 4. 2 Bang so do két néi chan LCD ILI9341 va Beaglebone Black

BBB LCD ILI9341
VCC 3.3v VCC

GND GND

P9 28 CS

P9 25 Reset

P9 27 DC

P9 30 MOSI

P9 31 SCK
VCC 3.3v LED

P9 29 MISO

4.3.2.3.2 Xdc dinh bus SPI va cdc chéin ciia BBB sé sit dung dé Touchscreen
Giao dién ngudi dung (UI) can hd tro ca hién thi va tuong tc cam tng. Dé LCD
IL19341 hd trg cam tng, can port driver touch sir dung giao tiép SPI. Ngoai 4 chan
SPI, can thém 1 chan GPIO cho tin hiéu ngit (T_IRQ).

Cac chan P9 17, P9 18, P9 21, P9 22 c6 thé dung cho SPIO (mode 0), va P9 23
cAu hinh & mode 7 dé lam chan ngit T IRQ..
% So d6 két ndi chan giira touch va Beaglebone Black
Bdng 4. 3 Bdang so do két néi chin giita touch va Beaglebone Black
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Nghién cieu va xdy dung hé diéu hanh Linux nhing trén Beaglebone Black

Beaglebone Black Touch ILI9341
P9 17 T CS
P9 18 T DIN
P9 21 T DO
P9 22 T CLK
P9 23 T IRQ

4.3.2.4  Porting Relay cho Beaglebone Black

Relay diéu khién thiét bi st dung giao tiép GPIO dé nhan tin hiéu diéu khién tir

BeagleBone Black
4.3.2.4.1 Xdc dinh chan GPIO diéu khién Relay

Xac dinh va cu hinh hai chan GPIO trén BBB dé diéu khién relay 1 (bong dén)
va relay 2 (may bom).

Theo schematic cuia BeagleBone Black: P8 11 (GPIO1 13) va P8 12
(GPIO1 _12) khong duoc két ndi toi bat ky thiét bi nao khac, vi vy hoan toan ¢ thé
sir dung dé diéu khién relay.

% So do két ndi relay voi BeagleBone Black

Bang 4. 4 Bang so do két néi relay véi BeagleBone Black

Relay Module Beaglebone Black
IN1 P8 11
IN2 P8 12
GND GND
VCC 33V

4.3.2.5  Layout PCB ciia hé théng dwoc thiét ké bang phin mém Altium
Designer.

% Cac thanh phan trén PCB
Vi xtt Iy BeagleBone Black duogc dit & vi tri trung tdm trén PCB nham thuén tién
cho viéc két ndi véi cac thiét bi ngoai vi xung quanh nhu man hinh hién thi, cam bién

va mach diéu khién.
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Nghién cieu va xdy dung hé diéu hanh Linux nhing trén Beaglebone Black

Man hinh LCD st dung giao tiép SPI duogc két ndi thong qua header tiéu chudn,
duoc bd tri ¢ vi tri bén ngoai dé dé dang quan sat thong tin nhu do am dat, nhiét do,
anh sang,...

Mach diéu khién relay duoc dit ¢ ria PCB dé dé dang két ndi véi thiét bi nhu dén
sudi, may bom,...

Ngudn cdp duge bd tri & géc mach, cung cap dién cho BeagleBone Black, man
hinh LCD va céc khéi diéu khién.

Duéi day 1a so ¢6 mach nguyén 1y PCB cua hé thong, duoc thiét ké trén phan
mém Altium Designer, thé hién 18 cac két ndi va bd tri linh kién hop 1y cho tng dung
Smart Garden.

©)

000000CO0OO0OOOOOODOOODODOOODOONS
09000000 O0OCOCOODOODOOCOOCOODOODO

O

Hinh 4. 5 Thiét ké layout mach o

4.4  Kétluan chuwong 4

Chuong 4 di hoan thanh viéc thiét ké phan ctimg cho hé théng Smart Garden dua
trén BeagleBone Black (BBB). Cu thé gom: (1) Xay dung so d6 khdi tong quan cho
toan hé thdng; (2) Tich hop cac module chirc ning nhu cam bién SHT30 (do nhiét
d6/d6 am), BH1750 (do anh sang), man hinh ILI9341 (giao tiép SPI) va relay diéu
khién qua GPIO; (3) Cau hinh chinh x4c cac bus giao tiép 12C/SPI va xéac dinh rd cac
chan két ndi vat 1y trén BBB.
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Nghién ciru va xdy dung hé diéu hanh Linux nhing trén Beaglebone Black

Ngoai ra, so dd nguyén 1y va layout PCB ciing d3 dugc thiét ké hoan chinh bang
phan mém Altium Designer, dam bao tinh khoa hoc trong bd tri linh kién, dudng mach
hop 1y va sdn sang cho ché tao. Két qua dat dugc 1a mot hé thdng phan cing hoan

chinh, 6n dinh, san sang cho budc trién khai phan mém di€u khién va kiém thir thuc té.
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5.1

Nghién cieu va xdy dung hé diéu hanh Linux nhing trén Beaglebone Black

CHUONG 5: THIET KE PHAN MEM HE THONG

Gidi thiéu chwong

Trong chuwong ndy, ndi dung trinh bay tap trung vao qué trinh thiét ké phan mém

hé théng cho nén tang Linux nhung trén BeagleBone Black, phuc vu viéc giam sat va

diéu khién moi truong trong trot thong minh (Smart Garden). Cac ndi dung bao gom:

xay dung firmware h¢ diéu hanh b::ing Yocto, cdu hinh kernel, Device Tree, 1ap trinh

didu khién thiét bi va truyén dir liéu 1én nén tang giam sat tir xa ThingsBoard. Phan

mém dugc thiét ké dé dam bao tinh tu dong hoda, linh hoat va kha nang mo rong.

5.2

Thiét ké phin mém

5.2.1 Muc tiéu

Phan mém duoc xay duyng nham hién thyc hoa kha ning:

5.2.2

Giam sat thoi gian thuc cac thong s6 moi truong nhu nhiét do, do am khong

khi, 4nh sang, d6 am dat.

Diéu khién théng minh céac thiét bj trong hé thdng nhu dén chiéu sang, may

bom nudc, quat lam mat.
Két ndi va truyén dir liéu 1én cloud thong qua nén tang IoT ThingsBoard.
Hién thi giao dién nguodi dung cuc bd thong qua man hinh LCD SPI.

Yéu cau dat ra

Hién thi gia tri cam bién va trang thai thiét bi 1én man hinh LCD. Phan mém h¢

thong can dam bao cac yéu cau sau:

Két ndi mang: Két ndi Internet qua Ethernet/WiFi USB, giao tiép ThingsBoard
béng HTTP REST API, tu dong reconnect khi mat mang.

Xt Iy cam bién: Poc dit liéu dinh ky tir cam bién SHT30, BH1750 qua I2C,

luu tam va giri 1én ThingsBoard.

Diéu khién thiét bi: Piéu khién bom, dén qua GPIO/relay, tu dong theo
ngudng hodc theo Iénh tir dashboard.
Hién thi LCD: Hién thi théng sb moi trudng, trang thai thiét bi trén ILI9341,
c6 splash screen va chuyén giao dién.
Phan mém viét bang C, chay nhu service khdi dong cung hé thong, t6i uu cho
Yocto trén BeagleBone Black.
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Nghién ciru va xdy dung hé diéu hanh Linux nhing trén Beaglebone Black

5.3  Chuin bi va ciu hinh méi trwong Yocto
5.3.1 Yéu cau hé thong toi thiéu
Dé tién hanh bién dich hé diéu hanh nhung cho BeagleBone Black (BBB) bang

Yocto, hé théng may tinh ding dé build can dam bao cac yéu cau sau:

e O ctng: Téi thiéu 100 GB dung luong tréng (nén st dung 6 SSD dé ting tdc
do build).

- Thuyc hién cidc commands sau dé tao swap 16GB:

sudo dd if=/dev/zero of=/swapfile bs=IM count=16384
sudo chmod 600 /swapfile

sudo mkswap /swapfile

sudo swapon /swapfile

sudo swapon ——show

5.3.2  Cai dit cong cu cdn thiét va tdi source Poky
- Hé diéu hanh: Ubuntu 20.04 LTS dé chay Yocto

- Cai dat cac goi phan mém cén thiét dé chudn bi cho méi trudng build:

sudo apt update

sudo apt install gawk wget git—core diffstat unzip texinfo gcc—multilib \
build-essential chrpath socat cpio python3 python3-pip python3-pexpect \
xz-utils debianutils iputils-ping python3-git python3-jinja2 libegll-mesa \

1libsdll. 2-dev pylint xterm

- Tao thu muc chira Yocto va tai source Poky:

mkdir -p yocto
cd yocto
git clone git://git. yoctoproject. org/poky

git checkout —t origin/kirkstone —b my-kirkstone

» Chung ta su dung branch kirkstone vi day la phién ban LTS (Long Term

Support) on dinh, dugc cap nhat lau dai, co nhiéu tai liéu va hd tro tt.

5.3.3 Khéi tao méi trwong build va ciu hinh

Chay 1énh sau dé tao moi trudong build:

$ source oe-init-build-env

Sau khi chay 1énh ¢ trén Yocto s€ in ra man hinh véi céc sy lua chon phé bién dé
build image.
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Nghién ciru va xdy dung hé diéu hanh Linux nhing trén Beaglebone Black

### Shell environment set up for builds. ###

You can now run 'bitbake <target>'

Common targets are:
core-image-minimal
core-image-full-cmdline
core-image-sato
core-image-weston
meta-toolchain
meta-ide-support

You can also run generated gemu images with a command like 'rungemu gemux86'

Other commonly useful commands are:
'devtool' and 'recipetool' handle common recipe tasks
- 'bitbake-layers' handles common layer tasks
'oe-pkgdata-util' handles common target package tasks

Hinh 5. 1 Sau khi khoi tao moi truong build

< Pong thoi thiét 1ap va tao ra thu muc build cing véi cac file cau hinh can thiét

- Chinh stra file conf/local.conf:

MACHINE ?= “beaglebone-yocto”

BB NUMBER THREADS = "12”

PARALLEL MAKE = "-j12”

IMAGE INSTALL:append = ” openssh”

» Chung ta s€ build image core-image-full-cmdline, mot ban image c6 giao di¢n

dong 1énh day du, khong c6 GUI, phu hop v6i hé théng nhung:

bitbake core-image-full-cmdline

5.3.4 Kiém tra két qud build va flash image vio thé nhé
Sau khi build xong output file s€ ¢ trong folder tmp/deploy/images/beaglebone-

yocto, gdm co:
e .extd, .wic: Hé thong file
e _dtb: Device Tree
e _.ulmage, .zImage: Kernel

e .tar.bz2, hddimg,...
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Nghién ciru va xdy dung hé diéu hanh Linux nhing trén Beaglebone Black

& batenaticher

core-imag....ootls.wic Mass Stor...S8 Device

Hinh 5. 2 Flash image vao thé nho

St dung file core-image-full-cmdline-beaglebone-yocto.wic voi balenaEtcher dé

flash image vao SD card.

5.4  Tich hop cam bién nhiét d — dd Am SHT30

5.4.1 Ciu hinh pinctrl trong device tree
Muc tiéu ctia bude ndy 1a cdu hinh pinctr] cho chan P9 24 va P9 26 trong device

tree hoat dong & mode 3.

Kiém tra xem 2 chan nay da dugc cau hinh chua bang cach doc ndi dung cua file

‘pinctrl-handles’ bang command:

cat /sys/kernel/debug/pinctrl/pinctrl-handles

Trong céu hinh pinctr]l, mdi thiét 1ap duoc lién két véi mot chirc ning cu thé va
thé hién trong file pinctrl-handles. Dua vao ndi dung file nay, co thé kiém tra trang thai
cAu hinh cua cc chan. Hién tai, hai chan P9 24 va P9 26 trén BeagleBone Black van

chua duoc cau hinh.

Dé thyuc hién cau hinh pinctrl cho chdn P9 24 va P9 26 chung ta truy cdp vao
‘build/tmp/work-shared/beaglebone-yocto/kernelsource/arch/arm/boot/dts/am335x-
boneblack.dts’va khai bao cac thiét 1ap cho pinctrl va kich hoat i2c1, dong thoi dinh
nghia node cho cam bién SHT30 véi dia chi 0x44.

Tiép tuc, thém i2¢c-tools package dé co thé sir dung command line ‘2cdetect 'cho
viéc debug. Va rebuild lai image dé update thay doi.

- Thuyec hién rebuild lai kernel bang command sau:
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Nghién ciru va xdy dung hé diéu hanh Linux nhing trén Beaglebone Black

$ bitbake -f -c compile linux-yocto
$ bitbake -c deploy linux-yocto
$ bitbake core-image-full-cmdline

Cuoi cung, chung ta s can flash image vao SDcard va kiém tra cau hinh.

5.4.2 Kiém tra cdu hinh
Muc tiéu cia budc nay la kiém tra xem bus 12C1 d3 duoc enable va ciu hinh
pinctrl cho chan P9 24 va P9 26 da chinh xac chua.
Thuc hién command “Is /sys/class/i2c-adapter’ dé kiém tra bus 12C1 da

duoc enable chua. Néu xuat hién ‘i2c-1°, nghia la bus [2C1 da dugc enable

root@eaglebone-yocto: ~#
root@eaglebone-yocto:~#

root@eaglebgne-yocto:~# 1s /sys/class/12c-adapter
12¢c-0 12c-2

root@eaglebone-yocto:~# [

Hinh 5. 3 Bus 12C da dwoc enable

Thuc hién command ‘cat /sys/kernel/debug/pinctrl/pinctrl-handles’ dé kiém tra
pinctrl ctia cac chan da cau hinh chua. Néu xuét hién pinmux_i2cl_pins, nghia 13 duoc

cau hinh thanh cong.

5.4.3 Kiém tra address ciia SHT30 va viét chwong trinh demo
Muc tiéu cua budc nay kiém tra duoc address cia SHT30 va lay address do dé

viét chwong trinh demo doc duoc dir liéu lux tir SHT30 va in ra man hinh console.

Chung ta c6 thé kiém tra address cia SHT30 bing command ‘i2cdetect -y -r 1’

0x44 duoc tra vé sau command chinh la address ctia cam bién.

root@eaglebone-yocto:~# 12cdetect -y -r 1
@ 4 2::3 4 &5 6§ 7 8 9 a'b e & e Ff

Sims g s st A it i St me et s S e el e S

70: -- -= == == -= = - --
root@eaglebone-yocto:~# [j

Hinh 5. 4 Kiém tra Address ciia SHT30

5.5  Tich hop cim bién anh saing BH1750

5.5.1 Cdu hinh pinctrl trong device tree
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Nghién cieu va xdy dung hé diéu hanh Linux nhing trén Beaglebone Black
Tuong tu nhu cdm bién d6 am nhiét do:

Muc tiéu ctia budc nay la ciu hinh pinctrl cho chan P9 19 va P9 20 trong device

tree hoat dong & mode 3.

Kiém tra xem 2 chan nay da dugc cau hinh chua bang cach doc ndi dung cua file

pinctrl-handles bing command: ‘cat /sys/kernel/debug/pinctrl/pinctrl-handles’

Néu chua c6, thém doan cdu hinh sau vao: build/tmp/work-shared/beaglebone-
yocto/kernel-source/arch/arm/boot/dts/am335x-boneblack.dts va khai bao céac thiét 1ap
cho pinctrl va kich hoat 12¢2, déng tho1 dinh nghia node cho cam bién BH1750 véi dia
chi 0x23

- Thuc hién rebuild lai kernel béng command sau:

$ bitbake -f -c compile linux-yocto
$ bitbake -c deploy linux-yocto
$ bitbake core-image-full-cmdline

5.5.2 Kiém tra ciau hinh

Tuong ty nhu cam bién SHT30:

Muc tiéu cta budc nay 1a kiém tra xem bus [2C2 d3 duoc enable va cau hinh
pinctrl cho chan P9 19 va P9 20 da chinh xac chua.

5.5.3 Kiém tra address ciia BH1750 va viét chwong trinh demo
Muc tiéu cta budc nay kiém tra dugc address cia BH1750 va iy address d6 dé

viét chuong trinh demo doc dugc dit liéu lux tr BH1750 va in ra man hinh console.

Chung ta c6 thé kiém tra address cuia BH1750 bang command ‘i2cdetect -y -r .

0x23 duoc tra vé sau command chinh la address ctia cam bién.

root@eaglebone-yocto:~# i2cdetect -y -r 1

O 1 2 3 4 5 6 7 8 9 a b c d e
00: e
10: - o -- - -- - - —- --
20:
30:

40:

50:

60: - -
70T - - o o
root@eaglebone-yocto:~# |J

Hinh 5. 5 Kiém tra Address ciia BH1750

Khi cam bién BH1750 duoc cép nguén, nod s€ mac dinh chuyén sang ché d6

Power Down. Trong ché do nay, cam bién khong hoat dong va s€ cho 1énh diéu khién
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ti€p theo. D& doc duogc gid tri lux, chung ta can dua cam bién vao ché do do

(measurement mode) bang cach guri 1énh do thich hop.

5.6  Tich hgp man hinh LCD ILI9341 v4i BeagleBone Black

5.6.1 Céu hinh pinctrl cho man hinh LCD ILI9341 trong device tree
Muc tiéu ctia budce nay 1a cau hinh 4 chan SPI1: P9 28, P9 29, P9 30, va P9 31
hoat dong & mode 3, va 2 chan GPIO: P9 25, va P9 27 hoat dong & mode 7

Kiém tra xem 6 chan nay da dugc cau hinh chua bang cach doc ndi dung cua file

pinctrl-handles bang command: ‘cat /sys/kernel/debug/pinctrl/pinctrl-handles’

Duya vao file pinctrl-handles, c6 thé xac dinh cac node cAu hinh dang duogc ap
dung trén BeagleBone Black. Hién tai, cac chan SPI1 (P9 28, P9 29, P9 30, P9 31)
va GPIO (P9 25, P9 27) dang dugc ciu hinh bdi node mcasp0 pins trong file
am335x-boneblack-hdmi.dtsi boi node mcasp0 pins nim trong am335x-boneblack-
hdmi.dtsi.

Vi vy chiing ta s& can disable node mcasp0 1a node chtic ning dang sir dung

node mcasp0_pins nam trong am335x-boneblack-hdmi.dtsi.

#sound-dai-cells =

pinctrl-names =

pinctrl-0 =

status =
op-mode =
tdm-slots =

serial-dir

]
tx=-num-evt

rx=num-ewvt

Hinh 5. 6 Disable node mcasp(

Tiép tuc, dé thyuc hién c4u hinh pinctrl ching ta truy cip vao file:
‘build/tmp/work-shared/beaglebone-yocto/kernel-source/arch/arm/boot/dts/am335x-
boneblack.dts’ va khai bdo cdu hinhh cho cdc bus SPI ciia man hinh LCD ILI9341.

5.6.2 Porting LCD ILI9341 dé hé tro' FrameBuffer
Muc tiéu cua budc nay la enable tinydrm 1119341 driver va thém node twong ing
véo device tree dé LCD ILI9341 c6 thé hoat dong véi FrameBuffer.

49
Sinh vién thye hi¢n: Lé Thanh Thuong Giang vién huéng dan: TS. Gidp Quang Huy
bang Nhat Huy KS. Luu An Phu



Nghién ciru va xdy dung hé diéu hanh Linux nhing trén Beaglebone Black

Trudce tién, chung ta thém node vao device tree bang cach truy cdp vao file
‘build/tmp/work-shared/beaglebone-yocto/kernel -
source/arch/arm/boot/dts/am335x-boneblack.dts .

Va thém doan code sau vao node &spil:

&spil {
ttaddress—cells = <1>;
ftsize—cells = <0>;

status = “okay”;
pinctrl-names = “default”;
pinctrl-0 = <&bb spil pins>;
1cd@o {
compatible = “adafruit, yx240qv29”;
reg = <0>;
pinctrl-names = “default”;
pinctrl-0 = <&bb_lcd pins>;
spi—max—frequency = <24000000>;
rotation = <0>;
dc—gpios = <&gpio3d 19 0>; // lecd dc P9. 27 gpio3[19]
reset-gpios = <&gpio3 21 0>; // led reset P9.25 gpio3[21]

status = “okay”;

Trong do:

e spi-max-frequency = <24000000> : Téc do truyén dir liéu SPL ¢ day la
24MHz. Tdc do cao gitp hién thi nhanh hon

e rotatation = <90> : Xoay man hinh theo goc 90 d6 dé hién thi diing huéng.
e reset-gpios va de-gpios :Khai bao cac chan GPIO dung dé diéu khién

Tiép theo, str dung kernel menuconfig dé enable tinydrm_ili9341 driver:

$ bitbake —c menuconfig —f virtual/kernel

- Luc nay trén man hinh console s€ md ra giao di¢n tuong tac:
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Hinh 5. 7 Giao dién tiwong tdc dé enable tinydrm_ili9341 drive

¢ Thuc hién rebuild lai kernel va image bang command sau:

$ bitbake —f —c compile linux-yocto
$ bitbake —c deploy linux-yocto

$ bitbake core—image—-full-cmdline

> Tiép theo, can flash image vao sdcard va kiém tra hoat dong ctia LCD
5.6.3 Kiém tra hoat dong ciia LCD
- Muc ti€u cua budc nay la kiém tra hoat dong cuia LCD ILI9341

Trong qua trinh boot, néu node led@0 trong device tree tuong thich véi
tinydrm_i1i9341driver thi trén LCD ILI9341 ciing s& hién thi console

Hinh 5. 8 Hién thi trén man hinh LCD ILI9341
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5.6.4 Ciu hinh Pinctrl trong Device Tree cho Porting Touchscreen trén BBB
Can kiém tra cac chan P9 17, P9 18, P9 21, P9 22, P9 23 xem di duogc céu
hinh trong device tree chua. Néu chua, c6 thé st dung truc tiép ma khong can disable

node nao.

Dé ciu hinh cac chian nay théng qua pinctrl, truy cép file: build/tmp/work-

shared/beaglebone-yocto/kernel-source/arch/arm/boot/dts/am33 5x-boneblack.dts
Sau d6, viét code khai bdo cdu hinh pin twong Gng vao phan phu hop trong
device tree. Cac chan s& dugc anh xa ché do (mode) va thiét 1ap dau vao/ra phu hop dé

phuc vu giao tiép SPI, GPIO hodc muc dich cu thé cua dyu 4n

5.6.5 Porting Touch ILI9341 dé hé tro Input TouchScreen
Muyc ti€u cua budc nay la enable TOUCHSCREEN ADS7846 driver va thém

node tuong tng vao device tree dé touch co thé hoat dong véi Input TouchScreen.

Trudc tién, chung ta thém node vao device tree bang cach truy cap vao file
‘build/tmp/work-shared/beaglebone-yocto/kernel-source/arch/arm/boot/dts/am335x-

boneblack.dts’ va thém cdc khai bdo cdu hinh bus Spi0 ciia board cho man hinh.

Tiép theo, sir dung kernel menuconfig dé enable touchscreen ads7846 driver

bang command sau:

$ bitbake -c menuconfig -f virtual/kernel

Dung phim miii tén d€ di chuyén va nhan Enter dé chon. Lam theo cac budc sau

dé enable touchscreen ads7846 driver

—> Device Drivers
—> Input device support
-> Generic input layer (needed for keyboard, mouse, ...) (INPUT [=y])
-> Touchscreens (INPUT TOUCHSCREEN [=y])
—> ADS7846/TSC2046/AD7873 and AD(S) 7843 based
touchscreens (TOUCHSCREEN_ADS7846 = [y])

Tiép theo, thém ‘evtest’ package dé co thé sir dung command line ‘evtest’cho

viéc debug. Sau d, rebuild lai image dé update thay dbi.

$ bitbake -f -c compile linux-yocto
$ bitbake -c deploy linux-yocto

$ bitbake core-image-full-cmdline

Tiép theo, flash image vao SDcard va kiém tra hoat dong cua touch
5.7  Thiét ké va phat trién ing dung véi Qt trén BeagleBone Black

5.7.1 Gidi thiéu
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Trong hé thdng giam sat moi truong tng dung BeagleBone Black, Qt dugc lya
chon lam framework phat trién giao di¢n dd hoa. Qt hod tro phat trién ung dung tryuc
quan, d& sir dung, dong thoi twong thich t6t v6i hé théng Linux nhing duoc build boi
Yocto.

5.7.2 Muc tiéu swr dung Qt
e Tao giao dién hién thi céc thong s6 moi truong nhu nhiét dg, do am, anh sang.
e Cho phép nguoi dung twong tac truc tiép trén man hinh cam tng.

e Phat trién ung dung trén PC bang QtCreator, cross-compile va trién khai truc
tiép 1én BeagleBone Black qua SSH.

5.7.3 Xdy dung Qt SDK voi Yocto
Dé tao SDK day du hd trg Qt, ta dung mot recipe duoc cung cap boéi Yocto 1a
‘meta-toolchain-qt5’. Recipe nay s¢:

e GoOm day du Qt libraries, Qt tools (qmake, moc, uic...)

e Gom cross-compiler twong thich

e Gom file cau hinh toolchain (sin sang ding cho Qt Creator)
e Tu dong thuc hién populate sdk

+ Lénh build Qt SDK nhu sau:
‘bitbake meta—toolchain—qth

> Sau khi build xong, chung ta s& tim thdy Qt SDK trong thu muc
‘tmp/deploy/sdk’.
5.7.4 Caidat Qt SDK (Installing Qt SDK)
Sau khi da build thanh cong SDK Qt véi Iénh “bitbake meta-toolchain-qt5°, mot
trinh cai dat SDK (.sh) s& duogc tao ra tai:

tmp/deploy/sdk/poky—glibc—x86 64-meta—toolchain—qt5—cortexa8hf-neon—
beaglebone—yocto—toolchain—4. 0. 26. sh

Trinh cai dat s€ hoi noi ban muon cai SDK. Néu thu muc mac dinh

Jopt/poky/4.0.26 phu hop, chi can nhin Enter hai 1an dé tiép tuc.

Néu khong, ban co thé nhap mot duong dan tuy chon, vi du:

$ <home>/workspace/bbb/qt-sdk

Sau d6 nhan Enter hai 1an dé hoan tat.
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Trude khi bién dich bt ky tmg dung nao biang SDK, ban can thiét lap moi truong
bang cach chay:

$ source /opt/poky/4.0.26/environment—setup—cortexa8hf-neon—poky—1linux—gnueabi

5.7.5 Using Qt SDK with Qt Creator

Dau tién, ching ta can cai dat Qt Creator bang command sau:

sudo apt update -y
sudo apt install -y gtcreator gtbaseb5—-dev gtb—gmake cmake -y

Sau dé export Qt SDK va chay Qt Creator bang command sau, muc tiéu viéc ndy

1a dé Qt Creator ¢ thé st dung cac bién mdi truong sau khi export Qt SDK

$ source /opt/poky/4.0.26/environment-setup—cortexa8hf-neon—poky—1linux-gnueabi

$ qt-creator

Bay gio, ching ta s& c4u hinh Qt Creator cé thé truy cap duoc vao BBB bang
SSH. Trong QtCreator, chiing ta m& hop thoai Tools | Devices | Devices va nhan nut
Add. Chung ta chon tuy chon Generic Linux Device tir hdp thoai Device
Configuration Selection va nhan nit Start Wizard. O budc dau tién cia trinh hudng
dan (wizard) 12 Connection, ching ta nhap BBB 1am tén cu hinh, 192.168.2.9 1am dia

chi IP cua thiét bi dich va root 1am tén nguoi dung dé diang nhap vao thiét bi.

5.7.6 Thiét lgp Ot Creator
5.7.6.1 Truy cdp thiét bi muc tiéu qua SSH trong QtCreator
DPé QtCreator ¢ thé trién khai va chay tng dung trén BeagleBone Black, can
thiét 1ap két ndi SSH giita PC phit trién va thiét bi.
QtCreator st dung giao thirc SSH (sftp hodc rsync) dé sao chép file va thuc thi
tmg dung tir xa. Cach don gian nhét 13 dam béo thiét bi va PC phat trién nam trong

cung mot mang con (subnet). Trong QtCreator:
e Vao Tools — Devices — Nhan Add

e Tén thiét bi — Dia chi IP cta thiét bi (192.168.2.9) —» Tén ding nhap (thuong
1a root)

Sau khi hoan tat, QtCreator co thé tu dong sao chép, bién dich va chay ung dung
trén thiét bi tir xa thong qua SSH.
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Devices
B Devices  Andmid  QNX 53
2 Emdronment Device: bbbeest (defauk for Ceneri Unux . Aad_.
B Text Edror General Bemove
M. Fakevim Saame: bbb-test
0 Hew Type Canetic Linex Teut
(} Cos Mrto-detectet No Show Running Processes.
o 2
Current state:  Usknows
4 X Quck Desd ~
phoy Public Key...
2 Bulld & Fun Type - Open Remcte Shell
@ Debugger Machine type: Prysical Device
78 Authentication type * Delault Spectic key
eRgnet
e . Lot name: 15216825 M portt 22 T ¥ Check host ey
Python
¥ Free pocts 10000-10100 Timeoul: 104
Arabgrer
Usemame: o

® Verson Control

oo [E ==

GO verver wnecutable
\1 Code Pasting

& Langusge Client

3 Testing

Gappty  Ocancel | G0k

Hinh 5. 9 Truy cdp thiét bi muc tiéu qua SSH trong QtCreator

Chung ta nhan niit Next dé chuyén sang budc thir hai ciia trinh hudng dan 1a Key
Deployment. Boi vi f/w cuia chiing ta khong str dung password nén ching ta tiép tuc
nhén Next

New Generle Liwux Device Configuration Setup — Qt Cregtor ¥

Key Deployment

We recommend that you log into your device using public key authentication.

If your device is already set up for this, you do not have to do anything here.

7 Xey Deployment Otherwise, please deploy the public key for the private key with which to connect in the future.
if you do not have a private key yet, you can also create one here.

Connection

Private key file; >urkhard/.ssh/qtc_id = Browse... Er;;télcw Key Pai;;

Deploy Public Key

< Back Next > Cancel
Hinh 5. 10 Thiét ldp Key Deployment
bong hop thoai bat 1€n va nhén nut Next theo trén hop thoai bén dudi. QtCreator

hién thi budc huéng dan cudi cung.

Hoan tat thiét 1ap SSH bang cach nhan nut Finish . Néu thiét 1ap SSH dung,
chung ta s& thay hop thoai sau.

55
Sinh vién thye hi¢n: Lé Thanh Thuong Giang vién huéng dan: TS. Gidp Quang Huy
bang Nhat Huy KS. Luu An Phu



Nghién ciru va xdy dung hé diéu hanh Linux nhing trén Beaglebone Black

Device Test — Qt Creator x

Connecting to host...
Checking kernel version...
Linux 4.14.112 armv7l

Checking if specified ports are available...
All specified ports are available.

Checking whether an SFTP connection can be set up...
SFTP service available.

Checking whether rsync works...
rsync is functional.

Device test fFinished successfully.

| %close |

‘Hinh 5. 11 SSH thanh cong

Néu c6 gi sai sot trong qua trinh thiét 1ap, chiing ta s& thdy hop thoai bao 15i.

Device Test — Qt Creator 3

Connecting to host...
Checking kernel version...
Linux 4.14.112 armv7l

Checking if specified ports are available...
All specified ports are available.

Checking whether an SFTP connection can be set up...

Error setting up SFTP connection: File transfer failed: sh: /usr/libexec/sftp-server: No
such file or directory

Connection closed

Checking whether rsync works...

rsync failled with exit code 127: sh: rsync: command not found

rsync: connection unexpectedly closed (0 bytes received so far) [Receiver]

rsync error: remote command not found (code 127) at io.c(235) [Receiver=3.1.2]

Deployment to this device will not work out of the box

Device test falled. I

| X Close |

Hinh 5. 12 SSH thdt bai

5.7.6.2 Ciu hinh CMake trong QtCreator tir mdy chii PC
QtCreator mac dinh st dung CMake tich hop tor Qt SDK. Tuy nhién, néu ban da
cai dat mot phién ban CMake khéc trén h¢ théng (nhu /usr/local/bin/cmake), ban cé
thé tuy chinh lai dwong dan st dung:
e Mo¢ Tools — Options — Kits — CMake

e Nhin Add, sau d6 chon dung duong dan dén file thuc thi cia CMake ban
mudn dung.
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Options — Qt Creator »

Kits

‘ Kits QtVersions Compilers Debuggérs Qbs  CMake

J Ervironment Name Locatior Add

* Auto-detected
B Text Editor System CMake ot fusr/bin/make {Defoult) Just/,
System CMake at fopt/poky/4.0.27 /sysroots/xB6_64-pokysdk-limux usr/bin/cmake fopt/

X FakeVim Manuat

@ Help

{) C++

4 QtQuick

2 Bulld 3 Run

# Debugger

©Orpply | Ocancel | Qo

Hinh 5. 13 Cau hinh Cmake trong QT Creator

5.7.6.3  Cdu hinh mét bp KIT
Chung ta chuyén sang trang tab Tools | Options | Kits | Kits dé dinh nghia mot bo

tr Qt Version, Compilers va CMake. Biéu mau da dién trong nhu sau.
Kits
Kits  QtVersions Compilers Debuggers Qbs CMake

Nama Add
Auto-detected
= Manual Clone
T
goa Remove
& Desktop (defoult)
@ tmported Kit Make Default
B QU S.12.8in PATH {System) Settings Filtes...
Default Settings Filtes
Name BBB_TEST_KITS =

File system name:

Device type: Generic Linux Device -

Device bbb-test (defavit for Generic Linux) * Manage..

Sysroot: Browse..
c <No compiler> -

Compiler Manage.
Coa: <No compiber> .

Environment No changes to apply. Change

Debugger: Nane *  Manage..,

Qt version: Nane * | Manage...

Qt mispec

Additional Qbs Profile Settings Change

CMake Tool System CMake at jusy/bin/omake = Manage..,

ChMake generator: CodeBlocks - Ninja, Platform: «none, Toolswet: <none> Change

CMake Configuration: CMAKE_CXX_COMPILER:STRING~%{CompilerExecstable-Cxx); CMAKE C C...  Change_

Osoply  Ocancel | Oox |
Hinh 5. 14 Cédu hinh mét b KIT

e Nhép tén cho bd cong cu: BBB. TEST KITS.
e Device type = Generic Linux Device
e Device = bbb-test

e (CMake Tool: System Cmake at /usr/bin/cmake

57
Sinh vién thye hi¢n: Lé Thanh Thuong Giang vién hudng dan: TS. Giap Quang Huy
bang Nhat Huy KS. Luu An Phu



Nghién ciru va xdy dung hé diéu hanh Linux nhing trén Beaglebone Black
e Debugger = None

o Khong thiét 1ap Sysroot , Compiler , Qt version va Qt mkspec , vi chiing duoc
xu ly boi tép toolchain CMake.

5.7.6.4  Chay urng dung
Chung ta chuyén sang bd cong cu Beaglebone Black bang cich md trinh chuyén
d6i cau hinh ¢ phia duéi thanh cong cu bén trai va chon BBB_ TEST KITS lam bo
cong cu .Debuglam ciu hinh dung va Custom Executable (trén Beaglebone
Black) 1am c4u hinh chay.

Deploy: Deploy to Remote Linux Host
Run: QT5_SmartFarm (on bbb-test)

Project

bbb2

=

ase QTS5_SmartFarm Desktop

Imported Kit Release

QL 5.12.8 in PATH (System) Release with Debug Information

L. Type to locate (Ctrl... 1 Issues 2 Search... 3 Applic... 4 Compil...
Hinh 5. 15 Chay Debug urng dung
QtCreator sir dung giao thirc SFTP dé ty dong sao chép file thyc thi tir may phat
trién sang thu muc dich trén thiét bi. Qua trinh chay cho phép chi dinh tham sé dong
1énh nhu -platform linuxfb dé cau hinh giao dién hién thi. Thu muc 1am viéc mic dinh
trén thiét bi 1a /iome/root. Cau hinh nay hd tro trién khai, thir nghiém va debug tmg
dung Qt nhung mot cach tién loi.
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Manage Kits... P Run Settings

Deployment
g Method Deploy to Hemote Linue st « Add Hename..
QTS _Smentfeem
Files 1o degrioy:
fmpart Existig Basl. Local Fiie fath Iemote Oirectary
Nt Creaton Wik oot /TS _Smanfarm/bnjOTS Smartfarm fapt/QT3_Smatfarmbin
Bulld & Run
o
T 9en_TEST_KL.,
3 n;M -~ nstall into temporary host directory Dutaits ~
Check for frue disk space Oetalls «
@ Desktop
2 duld Kill current spplication instance
» Run Upload filas vis SFTP Detalis
@ mported Kt
/ Buid Add Deploy Step
» Fun
< o.c S12.00INPA Q
# Buld
» fun #un configuration: QTS _SmartFarm (on bbb-test) * Add. Aename. Clone.,
Project Settings
Edeoe Executable on device: Jopt/QTs_SmatFerm/bin/QTS_SmartFarm
Code Style ARerrote executable on devion Use this command instead
Dependencies Executable on host fhomelyocta/buld-smect-BUB_TEST_KITS-Debug/\QTs_SmartFarm
Cleng Code | Command line srguments -platform lnuxft fontdr fow/shate fontyiruetype
Clang Tooky
Testing Werking directary Momefroot Beowse..
Run in terminal

Hinh 5. 16 Thiét lap Run

Setting truoc khi Debug

5.7.6.5  Thiét ké Ui cho man hinh ILI19341
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Hinh 5. 17 Thiét ké Ui cho man hinh ILI9341

Hinh anh thé hién b cuc giao dién nguoi dung (UI) cia tmg dung Smart Farm
v6i cac thanh phan nhu nhin hién thi nhiét do, do am, 4nh sang va hai nat diéu khién
"Light" va "Pump".
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5.8 Thiét ké ThingsBoard
5.8.1 Thiét ldp va cdu hinh ThingsBoard

Cac budc tao mot project ThingsBoard

Trudc tién truy cdp vao dia chi https://thingsboard.io/ giao dién hién thi nhu
hinh 4.10 phia dudi.

&= BThingsaoard

ThingsBoard

Open-source |oT Platform

Device management, data collection, processing and visualization for your loT solution

Learn More

Hinh 5. 18 Trang chu ThingsBoard
Tiép theo ta tao thiét bi trén ThingsBoard:

- Chon Entities — Devices va Add thiét bi

@Thmqtegmt_) @oewes *» RAN g = n e R TR ol - e B

LR

&

Hinh 5. 19 Thiét ldp Devices trén ThingsBoard

Dién céac thong tin cta thiét bi: Tén thiét bi, M6 ta va cau hinh Access Token
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Dé thiét bi [oT c6 thé truyén dit liéu 1én nén tang ThingsBoard, can thuc hién xac
thuc thiét bi. ThingsBoard st dung Access Token dé nhan dién va xac thuc tirng thiét
bi

- Nhén nit "Copy access token" trong muc Device details dé sao chép ma token

data

Device detalls

Detalis Attributes Latest telemetry Caloudated fields Alarms Events >

Open details page Manage credentials Manage owner and groups

B Copy device id B Copy access token

default

Hinh 5. 20 Céu hinh Detail Device data

Gia tri giri 1én c6 thé dugc tim kiém tai Lastest Telemetry (Entities — Devices —

data — Lastest Telemetry)

data

Device details

Details Attributes Latest telemetry Calculated felds Alarms Events >
Telemetry + Q
[7]  Lastupdate time Key Value
[[] zo02506-1509:2019 Pramiity 859 El
[(] 2025061809:20:20 I 0 a
[ 20e5063509:20119 tempesature 34 68 ]

Hinh 5. 21 Cdu hinh Lastest Telemetry Device data
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Tuong tu cho Devices “led” va “pump” s€ gui gia tri 1én tai Lastest Telemetry

(Entities — Devices — led/pump — Lastest Telemetry) dé bat tit led va pump

Details Attridutes Lutest tefemetry Calculated Heldu Alarms Events >
Telemetry + Q
Last update time Koy T Value
025061509200 " 1 i

Datall Attributes Latest telematry Calculated leld Als Evant >

Telemetry +
7] Lastupdate time Ney Value
[]  esuers0020 pamp ' a

Hinh 5. 22 Cau hinh Lastest Telemetry Device led/pumb

5.8.2 Thiét Igp Dashboard
- Chon Dashboards ”— Add “green farm”

L T Thm st Dhnd Wobe &
‘0_4 ThingsBoard 23 Doshboorsy > AN = I - )
L [T o
= Pl el Liling
A Mo Dashboards O txicde castrre rtim

Daatmard,
1. 2 | Cwstet e 4 Titw Cusrras rases Grzazs

B Salsron templyies

Hinh 5. 23 Thiét ldp Dashboard

Khi tao widget trong Dashboard, ThingsBoard yéu cau xac dinh thiét bi dir liéu

dau vao thong qua co ché goi 1a Entity alias

e Trong ché do chinh sira dashboard, nhan nit "Entity Aliases".

62
Sinh vién thye hi¢n: Lé Thanh Thuong Giang vién hudng dan: TS. Giap Quang Huy
bang Nhat Huy KS. Luu An Phu



Nghién ciru va xdy dung hé diéu hanh Linux nhing trén Beaglebone Black

e Nhin Add alias

data - e Resolve as multiple entities

émglc entity N
Oé\;'lce -
agta' X

Hinh 5. 24 Thém Alias trong dashboard
5.8.2.1  Hién thi va gidm sdt
Chtrc ning hién thi thong s6 méi truong cho phép ngudi ding c6 thé xem thong

tin thong s6 mdi tudng trong hé thong, bao gdm nhiét d9, d6 am khong khi.

a Temperature a humidity a lux
33 °C 81 % 25 Ix

Hinh 5. 25 Chirc nang hién thi va gidm sdt trén ThingsBoard
5.8.2.2  Chirc ning diéu khién
Ngudi ding cé thé kiém soat va diéu chinh cac thiét bi theo ¥ mudn dé dap ung
yéu cau cy thé.
Thong qua giao dién truc quan ngudi dung co thé danh gia nhanh chong céac

thong s moi trudng.

led Status Light pumb Status Pumb

Hinh 5. 26 Chirc ndng diéu khién trén ThingsBoard
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5.8.2.3 Chirc nang canh bao
Churc nang canh bao trén ThingsBoard giup gidm sat cac gia tr1t moi truong nhu
nhiét do, dd 4m, anh sang theo thoi gian thyec.

Alarms Q = m B

Q Realtime - last day

- Craian o e 3 Cieared
2025-06-16 23:46:13 data humidity Critical
i Unacknowledged

XX Cleared
| 2025-06-1623:46.13 data lemperature Critical
Unacknowledged
il - . e Cleared P~
| 2025-06-1623:33:03 data humidity Critical o |
Unacknowledged
Cleared
- >

Hinh 5. 27 Chirc nang canh bao trén ThingsBoard
5.9 Két luan chwong 5

Trong chuong ndy, hé thong phan mém di duoc thiét ké va trién khai toan dién
dé dap tng cac yéu cau cia mo hinh Smart Garden. Cu thé, qua trinh tich hop cic cam
bién (SHT30, BH1750), cdu hinh hién thi LCD ILI9341, va phat trién giao dién vé&i Qt
trén nén BeagleBone Black da duoc thuc hién chi tiét. Déng thoi, viée thiét lap hé
thong ThingsBoard dé giam sat, diéu khién va canh bao di gitp hé thong co kha ning
quan 1y tir xa hiéu qua. Két qua dat duoc tir chwong nay 13 nén tang quan trong cho
viéc van hanh 6n dinh, mé rong va ung dung thuc tién cua hé théng trong cac mo hinh

nong nghi¢p thong minh.
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CHUONG 6: KET QUA VA PANH GIA HE THONG

6.1 Gidi thi¢u chwong

Chuong nay sé& trinh bay chi tiét vé cac két qua dat duoc sau khi thiét ké va trién
khai hé théng. Tiép dén s& di sdu vao cac két qua cua phan cimg va phan mém, bao
gdm qua trinh lip rap, kiém tra, trién khai va thuc nghiém. Cubi cung, chuong s& danh
gia tong thé hé théng dua trén hiéu suét, tinh 6n dinh. Phin nay s& cung cap cai nhin

toan dién vé hiéu qua va tiém ning cta hé thong.
6.2 Két qua hé théng

6.2.1 Két qud phin curng
6.2.1.1  Mach sau khi thi cong

Hinh 6. 1 Mdt sau ciia mach diéu khién

Str dung dong ho van nidng dé€ kiém tra cac duong mach trén board mach dam bao
khong c6 duat gay hodc ngan mach. Sau khi han cac linh kién, ti€p tuc kiém tra két noi
gitra cac diém han. Gan cac cdm bién nhi¢t do, d§0 am va anh sang vao vi tri thich hop

va ndi1 day cam bién dén cac chan twong ung trén hop di€u khién.

Qua trinh ldp rap va kiém tra hinh 6.2 cho thay cac linh kién dugc két ndi chinh
xac, mach chinh duoc lép rap hoan chinh véi cac linh kién, cadc cam bién hoat dong tbt
va dit liéu dugc thu thdp chinh xac. HE théng phén cirng da san sang cho viéc trién
khai thyc té.

66
Sinh vién thye hi¢n: Lé Thanh Thuong Giang vién hudng dan: TS. Giap Quang Huy
bang Nhat Huy KS. Luu An Phu



Nghién ciru va xdy dung hé diéu hanh Linux nhiing trén Beaglebone Black

=,‘-" iy "";i

p u >

511~. 

Hinh 6. 2 Mdt truéc cia mach diéu khién

6.1.1.2  Déng gdi mach thuc té
Sau khi thi cong hoan thanh nhém tién hanh déng géi bo diéu khién, mach dugc
dat trong mgt hdp nhya hinh hdp chir nhat chéng nuodc kich thudce 130cm x 100cm x
120cm

Board mach chinh duoc ¢b dinh, d& thao tac thao lép. Mach chinh duogc dat trong

hop bao vé vd1 muc dich chong bui va chong nude, dam bdo hoat dong 6n dinh.

Smart Farm

33°C 69% 5Ix

|
‘\

Hinh 6. 3 Mach sau khi dong goi

6.2.2 Két qudi phin mém
6.2.2.1 Két qud ThingsBoard Realtime Database
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Hinh anh 6.4 cho thiy duogc dit liéu thu thap duoc tir hop diéu khién chinh va

trang thai diéu khién duoc guri 1én ThingsBoard Realtime Databse chinh x4c.

Timeseries table ampB ¢ Timeseries table Q m B .
@ Realtime - last T minute @ Realtime - last 1 minute

Timestamp ¢ Temperature humidity Timestamp ¢

2025-06-16 23:47.00 34°C 70 % 2025-06-16 23.46:55 5

2025-06-16 23:46:55 34°C 70 % 2025-06-16 23:46:50 6

2025-06-16 23:46:50 34 0% 2025-06-16 23:46:45 6

Hinh 6. 4 Thu thap dir liéu tir database trén ThingsBoard
6.2.2.2 Két qud giao dién Dashboard

Giao dién dashboard hinh 6.5 noi c6 thé theo ddi cac thong sé moi trudng va

diéu khién cac thiét bi tir xa

Wwen farn ~ (O Matory - hom IUSS05 72 0000 00 0 20828 2230 [T | 7/ etvmeds

- 4 gl

O ~ O | i aQ m

i oot 3 vavacry a .

33°C 81 % 25 Ix

Time sevies chant B Time senes B Time series chan B Alyrry a e B

Hinh 6. 5 Giao dién Dashboard cua hé théng
Giao dién website duoc thiét ké dé nguoi ding co cac chiic ning sau:
+ Gidm sat thong s6 moi truong nhu nhi¢t do, do am va anh sang theo thoi gian
+ Piéu khién tir xa cac thiét bi Bat/tat quat, dén sudi va quat hoi nudc.
+ Xem biéu do dit liéu hién thi bién dong cua cac thong s6 moi truong theo thoi
gian. Két qua thuc nghiém.

6.2.2 M3 hinh hé thong hoan chinh
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AL L LN RN

Hinh 6. 6 M6 hinh hé thong hodn chinh

Két qua cua mod hinh hé théng thuc té hinh 6.6 duoc thiét ké béng bia mo6 hinh

v6i cac thiét bi dién nhu dén, bom dugc lap dit bén trong mo hinh gitp viée thir

nghiém céc thiét bj dién nham mo phong chirc ning kiém soat nhiét do va do6 am trong

moi truong.

6.3 Panh gia tong thé

Sau qu4 trinh nghién ctru va thi cong do an v6i dé tai “Thiét ké va xay dung

hé thong nhung Linux mg dung trong Smart Garden ” nhom da dat dugc két qua

nhu sau:

- Phén ctng ctia hé théng da duoc 1ap rap va dong goi hoan chinh. Qua trinh lap
rap dam bao céac linh kién duoc gan chic chan va két nbi dung theo so dod

mach.

- Phan mém ciia hé thong da phat trién va trién khai thanh cong, dap tng day du
cac yéu cau dé ra. Dir liéu tir cic cam bién va thiét bi diéu khién duoc thu thap
va xir 1y chinh x4c. Giao dién ThingsBoard va QT Creator dé dang sir dung,
cung cap day du thong tin va c6 chirc ning diéu khién tir xa gitip nguoi ding

quéan 1y hé théng higu qua.

Qua qué trinh thyc hién dé tai, dé tai c6 kha ning ung dung thuc tién cao, co thé
giam st tryc tiép trén ThingsBoard va man hinh LCD. Pdng thoi diéu khién va giam
69
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sat duoc cac yéu td moi trudng dua ra nhiing chi s6 phuc vu cho nguoi dung. C6 thé
diéu khién, khdng ché cac yéu t6 cua méi trudng tic dong 1én doi séng cia ciy trong
nhu nhiét 46, 46 4m, anh sang.

- Hoan thanh thiét ké phan ctng

- Hoan thanh thiét ké phin mém

- Hoan thanh thu thap dir liéu khong day

- Hoan thanh két ndi dir liéu gitta thiét bi va ThingsBoard

- Hoan thanh thiét ké giao dién Ul trén man hinh LCD

- €6 thé giam st cac chi sb thay d6i, diéu khién dén, may bom va xem truc tiép

qua ThingsBoard va man hinh theo thoi gian thyec.
6.4 Két luan chwong 6
Chuong nay da trinh bay chi tiét cac két qua dat duoc sau qué trinh thiét ké va

trién khai hé théng Smart Garden. Céc két qua bao gom ca phan ciing va phan mém, tir
khau lap rap, kiém thu, trién khai dén thuc nghiém thuc té. Hé thong da dugc danh gia
toan dién vé hiéu suit, do 6n dinh va kha nang mo rong. Két qua cho théy hé théng
g6p phan nang cao hiéu qua giam sat va diéu khién mai trudng trong trot, giup téi wu
hoa diéu kién phat trién cua cdy trong va mang lai loi ich thiét thuc cho nguoi 1am

nong nghié¢p.
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KET LUAN

Sau khoang thoi gian thyc hién d6 an, du khong phai 1a thoi gian dai nhung
chung t6i da tich lily duoc mot lwong kién thirc ddng ké. Trong qua trinh thyc hién,
chung t6i nhan da dugc sy hudng dan va hd tro tir Thay Giap Quang Huy va anh Luu
An Phii, gitp chung toi hiéu rd hudng di va quy trinh hoan thién d6 an. Chung toi da
nghién ctru vé cac dic diém va tinh chét cta ting linh kién bao gém cam bién va vi
diéu khién, va két hop chung thanh mot hé théng hoan chinh. Pong thoi, ching toi da
mo rong kién thic bang viéc hoc ngdn ngit C/C++ dé phat trién phan mém cho hé
théng.

Trong dé tai 1an ndy, nhom da thuc hién duge nhitng thanh tyu quan trong nhu:

- Nam viing kién thirc 1ap trinh cho vi diéu khién va cach truyén nhéan di liéu
voi ThingsBoard

- Thiét ké thanh cong giao dién Dashboard str dung ngén ngit C va ngén ngit 1ap
trinh C++ dé thiét ké giao dién Ul trén QT Creator.

- Xay dung thanh cong co s¢ dir 1iéu Realtime.

- Phat trién k¥ nang v& mach va thi cong mach.

Trong qua trinh thuc hién B An Tét Nghiép, chung t6i da hoc cach lam viée doc
1ap va phan chia cong viéc cho dy 4n 16n thanh nhitng phan nhé hon, tuan thu tién do
da dé ra. Chung toi di c6 cac cudc thao ludn véi gido vién hudng dan va xay dung ké
hoach chi tiét cho tirng nhiém vu.

Huwéng phat trién

Sau khi hoan thanh dé tai va dat dugc nhiing két qua nhat dinh, nhom chung toi
dit ra hudng phat trién cho hé thong dé co duoc két qua tot hon, ting hiéu suit va co
thé 4p dung vao thuc té:

- Tiép tuc nghién ctru va phat trién phan ctimg dé hé thong dat duoc hiéu suat
cao nhat, tiét kiém chi phi san XUAt.

- Mo rong thém s luong thiét bi diéu khién, kha ning tich hop nhiéu hé thong
khéc.

- Phat trién thém vé tng dung trén app dién thoai, thém chirc ning canh bao dén

ngudi trong trot.
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PHU LUC

<> Chuong trinh cim bién

#include <stdio.h>
#include <stdlib.h>
#include <fcntl.h>
#include <linux/i2c-dev.h>
#include <sys/ioctl.h>
#include <unistd.h>
#include <string.h>
#include <sys/socket.h>
#include <netinet/in.h>
#include <arpa/inet.h>
#include <curl/curl.h>
#include <pthread.h>

ox23
"/dev/i2c-2"
20
"https://eu.thingsboard.cloud"
"6ajheVfXVI5L90xRB8P3"
"OPIVNYnXhPVWN3knlLti"

lock = PTHREAD_MUTEX_INITIALIZER;
lux = 0;
anh_sang = 0;
led status;

*read_lux( *arg) {
fd = open(I2C_DEVICE, O_RDWR);

if(fd < 9) {
perror("Failed to open I2C device");
return K

if (ioctl(fd, I2C_SLAVE, BH1750_ADDR) < 0) {
perror("Failed to set I2C slave address");
close(fd);
return

while(1) {
sum = 0;
for( i =0; i < LUX_AVG_SAMPLES; ++i) {
cmd = 0x20;
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if(write(fd, &cmd, 1) != 1) {
perror("I2C write failed");
continue;

usleep(180000);

buf[2];

if(read(fd, buf, 2) !I= 2) {
perror("I2C read failed");
continue;

pthread mutex lock(&lock);
lux = (buf[@] << 8) | buf[1];
sum += lux;
pthread_mutex_unlock(&lock);
usleep(200000) ;

pthread mutex lock(&lock);
anh_sang = sum / LUX_AVG_SAMPLES;
pthread_mutex_unlock(&lock);

printf("Average illuminance: %d lux\n", anh_sang);
sleep(10);

close(fd);
return

write_callback( *contents,
*userp) {
total size = size * nmemb;
strncat(( *)userp, contents, total size);

return total size;

*rpc_listener( *arg) {
CURL *curl = curl easy init();
if (lcurl) return 5

url[256];
74
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snprintf(url, (url), "%s/api/vi1/%s/rpc", THINGSBOARD URL,
THINGSBOARD_TOKEN1);

curl _slist *headers = 5
headers = curl slist append(headers, "Content-Type: application/json");

while (1) {
response[512] = {@};

curl easy setopt(curl, CURLOPT_URL, url);

curl easy setopt(curl, CURLOPT HTTPHEADER, headers);

curl easy setopt(curl, CURLOPT_TIMEOUT, 60L);

curl easy setopt(curl, CURLOPT WRITEFUNCTION, write callback);
curl_easy_setopt(curl, CURLOPT_WRITEDATA, response);
curl_easy_setopt(curl, CURLOPT_CUSTOMREQUEST, "GET");
curl_easy_setopt(curl, CURLOPT_SSL_VERIFYPEER, ©OL);
curl_easy_setopt(curl, CURLOPT_SSL_VERIFYHOST, ©OL);

CURLcode res = curl_easy_perform(curl);
if (res == CURLE_OK) {
if (strstr(response, "\"method\":\"setState\"")) {
pthread mutex lock(&lock);
if (strstr(response, "true")) {
led status = 1;
printf("LED ON (RPC)\n");
} else if (strstr(response, "false")) {
led status = 0;
printf("LED OFF (RPC)\n");
}
pthread_mutex_unlock(&lock);
¥
} else {
fprintf(stderr, "CURL RPC error: %s\n",
curl_easy_strerror(res));

}

sleep(10);

curl_slist free_all(headers);
curl easy cleanup(curl);
return R

dummy_callback(
*userp) {
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return size * nmemb;

*gui_data_thingsboard( *arg) {
CURL *curl = curl easy init();
if(lcurl) {
fprintf(stderr, "Failed to initialize CURL\n");
return K

url[256];
snprintf(url, (url), "%s/api/vl/%s/telemetry",
THINGSBOARD URL, THINGSBOARD TOKEN);

curl slist *headers = 5
headers = curl_slist_append(headers, "Content-Type: application/json");

while(1) {
payload[64];
current_lux;

pthread_mutex_lock(&lock);
current_lux = anh_sang;
pthread_mutex_unlock(&lock);

snprintf(payload, (payload), "{\"lux\":%d}", current_lux);

curl_easy_setopt(curl, CURLOPT_URL, url);
curl_easy_setopt(curl, CURLOPT_HTTPHEADER, headers);
curl_easy_setopt(curl, CURLOPT_POSTFIELDS, payload);
curl_easy_setopt(curl, CURLOPT_WRITEFUNCTION, dummy_callback);
curl_easy setopt(curl, CURLOPT_SSL_VERIFYPEER, OL);

curl_easy setopt(curl, CURLOPT_SSL_VERIFYHOST, OL);

CURLcode res = curl_easy_perform(curl);
if(res != CURLE_OK) {

fprintf(stderr, "CURL error: %s\n", curl_easy strerror(res));
} else {

printf("Sent to ThingsBoard: %s\n", payload);

sleep(5);

curl_slist free_all(headers);
curl easy cleanup(curl);
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return

*gui_data( *arg) {

sockfd = socket(AF_INET, SOCK STREAM, 0);
if(sockfd < @) {

perror("Socket creation failed");

return K

opt = 1;
setsockopt(sockfd, SOL SOCKET, SO REUSEADDR, &opt, (opt));

sockaddr_in addr = {
.sin_family = AF_INET,
.sin_port = htons(5000),
.sin_addr.s_addr = INADDR_ANY

}s

if(bind(sockfd, ( sockaddr*)&addr, (addr)) < 0) {
perror("Bind failed");
close(sockfd);
return g

listen(sockfd, 5);

while(1) {
client fd = accept(sockfd,
if(client_fd < 9) {
perror("Accept failed");
continue;

buffer[128];
pthread_mutex_lock(&lock);
snprintf(buffer, (buffer), "%d,%d\n", anh_sang, led_status);
pthread mutex unlock(&lock);

write(client fd, buffer, strlen(buffer));
close(client fd);

sleep(10);

close(sockfd);
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return

main() {
threads[4];

if(pthread create(&threads[9], , read_lux, )) {
perror("Failed to create sensor thread");
return 1;

}

if(pthread_create(&threads[1], , rpc_listener, A
perror("Failed to create ThingsBoard RPC thread");
return 1;

if(pthread_create(&threads[2], , gui_data_thingsboard, )) {
perror("Failed to create ThingsBoard telemetry thread");
return 1;

if(pthread create(&threads[3], , gui_data, )) {
perror(“Failed to create socket thread");
return 1;

for( i=0;1<4; i++) {
pthread_join(threads[i],

pthread_mutex_destroy(&lock);
return 0;

Chuwong trinh cho thiét bi

#include <sys/socket.h>
#include <netinet/in.h>
#include <arpa/inet.h>
#include <stdio.h>
#include <stdlib.h>
#include <unistd.h>
#include <errno.h>
#include <string.h>
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#include <gpiod.h>
#include <pthread.h>
#include <curl/curl.h>
#include <time.h>

#tdefine "Consumer"

#define 100

#tdefine "https://eu.thingsboard.cloud"
#tdefine "@PIVNYnXhPVWN3knlLti"

*chipname = "gpiochip@";
line _num = 13;
ret,retl;
lux,led_status;
current_lux = 0;
current_led = 0;
gpio_state;
gpiod chip *chip;
gpiod_line *1line;
lock = PTHREAD_MUTEX_ INITIALIZER;
is_night;

*is night_time_thread( *arg) {
printf("Thread is night time thread started\n");
fflush(stdout);

while (1) {
rawtime;
tm *timeinfo;

if (time(&rawtime) == -1) {
perror(" time() failed");
sleep(60);
continue;

timeinfo = localtime(&rawtime);
if (!'timeinfo) {
perror(“localtime() failed");
sleep(609);
continue;

hour = timeinfo->tm_hour;
minute = timeinfo->tm_min;

printf("Current time: %02d:%02d\n", hour, minute);
79
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fflush(stdout);

is _night = (hour >= 18 || hour < 6) ? 1 : ©;

sleep(60);

return

*export_gpio() {
chip = gpiod_chip_open_by name(chipname);
if (!chip) {

perror("Open chip failed");

return -1;

line = gpiod_chip_get line(chip, line_num);
if (!line) {
perror("Get line failed");
gpiod_chip_close(chip);
return -1;

ret = gpiod_line_request_output(line, CONSUMER, 0);
if (ret < 9) {

perror("Request line as output failed");

gpiod chip close(chip);

return -1;

}

return

*recive_data( *arg){

while(1){
sockfd = -1;
sockaddr_in server_addr;
recv_buffer[1024];

memset(recv_buffer, 0, (recv_buffer));
memset (&server_addr, 0, (server_addr));

sockfd = socket(AF_INET, SOCK STREAM, 0);
server_addr.sin_family = AF_INET;
server_addr.sin_addr.s_addr = inet_addr("127.0.0.1");
server_addr.sin port = htons(5000);

80
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if (connect(sockfd, ( sockaddr *)&server_addr,
(server_addr)) == 0) {
read(sockfd, recv_buffer, (recv_buffer) - 1);
printf("Received lux: %s\n", recv_buffer);
if (sscanf(recv_buffer, "%d,%d", &lux, &led status) == 2)
printf("Lux: %d, LED Status: %d\n", lux, led status);
¥
close(sockfd);
¥
else{
perror("Connection failed");
close(sockfd);
sleep(1);

dummy_callback( *buffer,
*userp)
return size * nmemb;

*gui_data( *arg) {
CURL *curl = curl_easy_init();
if(lcurl) {
fprintf(stderr, "Failed to initialize CURL\n");
return 2

url[256];
snprintf(url, (url), "%s/api/vi1/%s/telemetry"”,
THINGSBOARD_URL, THINGSBOARD_TOKEN1);

curl slist *headers = 5
headers = curl_slist_append(headers, "Content-Type: application/json");

while(1) {

payload[64];
led state;

pthread mutex lock(&lock);
led state = gpio state;
pthread_mutex_unlock(&lock);

snprintf(payload, (payload), "{\"led\":%d}", gpio_state);

curl easy setopt(curl, CURLOPT URL, url);
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curl easy setopt(curl, CURLOPT_HTTPHEADER, headers);
curl easy setopt(curl, CURLOPT_POSTFIELDS, payload);
curl easy setopt(curl, CURLOPT WRITEFUNCTION, dummy callback);
curl easy setopt(curl, CURLOPT_SSL_ VERIFYPEER, OL);
curl easy setopt(curl, CURLOPT SSL VERIFYHOST, OL);

CURLcode res = curl_easy_perform(curl);
if(res != CURLE_OK) {

fprintf(stderr, "CURL error: %s\n", curl easy strerror(res));
} else {

printf("Sent to ThingsBoard: %s\n", payload);

sleep(5);

curl_slist_free_all(headers);
curl_easy_cleanup(curl);
return g

*control led( *arg) {
while (1) {
pthread mutex lock(&lock);
current_lux = lux;
current_led = led status;
pthread_mutex_unlock(&lock);

target_status = (current_led == 1 || current_lux <
LUX_THRESHOLD) ? 1 : ©;

ret = gpiod_line_set_value(line, target_status);
if (ret < 9) {
perror(“Set line output failed");
} else {
printf("Light %s\n", target_status ? "ON" : "OFF");

sleep(1l);

gpiod_line release(line);
gpiod _chip close(chip);
return R
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*read_data_gpio( *arg) {
last_state = -1;

while (1) {
gpio state = gpiod_line_get value(line);
if (gpio_state < 09) {
perror("GPIO read error");
sleep(1);
continue;

if (gpio_state != last_state) {
printf("LED state changed: %d\n", gpio state);
last_state = gpio_state;

usleep(200000) ;

main() {

if (export_gpio() != 0){
perror("GPIO export failed");
return 0;

threads[5];

if(pthread create(&threads[9], , recive data,
perror("Failed to create sensor thread");
return 1;

}

if(pthread_create(&threads[1], , control_led, A
perror("Failed to create LED control thread");
return 1;

¥

if(pthread create(&threads[2], , read_data gpio, A
perror("Failed to create GPIO read thread");
return 1;

¥

if(pthread_create(&threads[3], , gui_data, {
perror("Failed to create ThingsBoard send thread");
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return 1;

¥
if(pthread create(&threads[4], , is_night time_ thread,

perror("Failed to create night time check thread");
return 1;

for( i=0; 1< 5; i++) {
pthread_join(threads[i],

pthread_mutex_destroy(&lock);
gpiod_line_release(line);
gpiod_chip_close(chip);
return 0;

Dé tai tap trung nghién ctru, thiét ké va xdy dung hé théng nhiing Linux tily chinh dya trén
nén tang BeagleBone Black dé trién khai trong m6 hinh vuon thong minh (Smart Garden). Hé
thdng sir dung Yocto Project dé cau hinh va bién dich h¢ diéu hanh phu hop véi phan clng,
tich hop cac cam bién moi truong va giao tiép voi nén tang ThlngsBoard nham giam sat, diéu
khién thiét bi tir xa hodc truc tiép. Muc tiéu 13 tao ra mot hé théng giam sat — diéu khién méi
truong tréng trot linh hoat, hi€u qua, tiét kiém chi phi, d@)ng thoi giup sinh vién nim viing quy
trinh phat trién mot hé diéu hanh nhung hoan chinh.

Noi dung nghién ctru bao gdm:
- Xay dung h¢ diéu hanh Linux nhing tiy bién cho BeagleBone Black.
- Str dung Yocto Project dé tao image hé diéu hanh tdi vu.
- Tich hop cam bién nhiét do, 46 4m, anh sang.
- Hién thi va diéu khién qua ThingsBoard (Web) va LCD cam tng.
- HO tro hai ché do diéu khién: tu dong (dya vao cam bién) va thu cong (qua giao dién).
- Luu trit di¥ li¢u theo thoi gian thuc phuc vu phan tich.
-Ung dung trong mo hinh Smart Garden — giam sat va chdm soc cay trong thong minh.
- Gop phan nghién ciru, trién khai hé thong nhiing Linux trong thyc té.

The project focuses on researching, designing, and developing a customized embedded
Linux system based on the BeagleBone Black platform, to be implemented in a Smart
Garden model. The system utilizes the Yocto Project to configure and compile the
operating system tailored to the hardware, integrates environmental sensors, and
communicates with the ThingsBoard platform to monitor and control devices either
remotely or locally. The goal is to create a flexible, efficient, and cost-effective
environmental monitoring and control system for crop cultivation, while enabling
students to gain hands-on experience in developing a complete embedded Linux
operating system.

84
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Research contents include:

- Building a customized embedded Linux operating system for BeagleBone Black.

- Using the Yocto Project to generate an optimized Linux image.

- Integrating temperature, humidity, and light sensors.

- Displaying and controlling through ThingsBoard (Web) and touchscreen LCD.

- Supporting two control modes: automatic (sensor-based) and manual (via interface).
- Storing real-time data for analysis and monitoring.

- Applying the system to a Smart Garden model for intelligent crop management.

- Contributing to research and practical deployment of embedded Linux systems
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