Tap chi Khoa hoc Truong Dai hoc Cén Tho

S6 chuyén dé: Cong nghé Thong tin (2015): 39-46

Tap chi Khoa hoc Trudng Dai hoc Can Tho

website: sj.ctu.edu.vn

THUAT TOAN THOI GIAN THU'C, CHI PHi THAP CHO HE THONG NHUNG
DUA TREN NHAN FREERTOS

Nguyén Vin Khanh' va Tran Trong Hiéu'

! Khoa Cong nghé, Trieong Pai hoc Can Tho

Thong tin chung:
Ngay nhan: 19/09/2015
Ngay chap nhan: 10/10/2015

Title:

A Low-cost, Real-time
methodology for embedded
devices based on open source
FreeRTOS kernel

T khoa:

Ma nguon me, hé diéu hanh
thoi gian thue, hé thong
nhung, ARM Cortex, bo diéu
khién PID mo

Keywords:

Open source, RTOS,
embedded system, ARM
Cortex, fuzzy PID controller

ABSTRACT

A low-cost, real-time methodology for embedded devices based on well-
known open source kernel - freeRTOS is presented in this study. The real-
time algorithm designed consists of three main steps. Firstly, algorithm is
designed and evaluated by utilizing Matlab/Simulink toolboxes. Secondly,
the generic embedded C code is generated by Matlab program. Finally,
freeRTOS Tasks code is utilized based on the generated C code to build
and run on an embedded target. This real-time algorithm is demonstrated
on a two-wheeled self-balancing robot which is employed a fuzzy PID self-
tuning controller. The designed controller is executed on famous ARM
Cortex M4 core microcontroller STM32F407VTG. The experimental
results show that algorithm designed operated well on embedded system.
The tracking position and rotation angle response in maximum delay 1.5
seconds which is fast enough while stabilizing the two-wheeled at upright.
The real-time system designed is a low cost methodology and suitable for
[fresh embedded system designers.

TOM TAT

Bai bdo trinh bay mét phicong phdp thiee hién thudt toan diéu khién nhing
Vvoi chi phi thap sit dung nhdn hé diéu hanh thoi gian thwe nhing
freeRTOS. Phiong phdp dé nghi gom ba buée chinh. Budc thir nhat, thudt
todn sé dwoc thiét ké va kiém chitng sir dung Matlab/Simulink toolboxes.
Buee thir hai, thudt todn nay sé dwoc phdt sinh ma nguon ngén ngix C cho
hé thong nhiing bang céng cu Matlab Realtime Embedded Coder. Budc
cudi ciing, cdc tac vu freeRTOS dige ldp trinh diea trén ma lénh sinh ra dé
bién dich va thuc thi thudt todan trén hé thong nhung. Thudt toan PID mo
tw dong hiéu chinh thong s6 diéu khién mét robot hai banh tw cdn bdng
dwoc chon dé minh chimg phwong phap duoc dé nghi. Thudt toan nay
dwoc chay trén vi diéu khién nhin ARM Cortex M4 noi tzeng
STM32F407VTG. Két qua thue nghiém cho thay thudt todn diéu khién
nhiing di hoat dgng chinh xdc, robot vita cin bang vira cho ddp irmg bam
goc va vi tri nhanh véi do ré 16i da 1.5 gidy. Giai phap dé nghi gitp cé
thé phat trién thudt todn diéu khién nhung phirc tap voi chi phi thap phi
hop cho hau hét cac nha phdt trién hé thong nhing.
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1 GIOI THIEU

Hé thong nhiing thoi gian thuc di duoc st dung
rong rdi trong nhiéu tmg dung nhu hang khong,
cong nghiép va nhiéu linh vyc khac. Hé thong thoi
gian thyc doi hdi phai xur Iy xong cong viéc trong
mot khoang thoi gian yéu cau, khoang thoi gian
nay goi la “deadtime”. D¢ dat dwoc muc dich nay,
hé diéu hanh thoi gian thuyc RTOS (Real-Time
Operating System) thuong dugc su dung dé thiét
ké cac hé thong thoi gian thyc nay. Hién tai, c6
nhiéu RTOS dang duoc cic hing thiét ké va cung
cip cho cac nha phat trién nhu FreeRTOS, nCOS,
CMSIS-RTOS, Pumpkin OS, ChibiOS/RT. Phin
16n cac RTOS nay dugc cung cip véi ban quyén
mi ngudn mé va duoc chip nhan boi nhiéu hing
san xudt vi mach 16n hién nay nhu TI, ST, Atmel.
Hrushit Shah ef al. da cong bb mot nghién ciru vé
viéc so sanh ba hé diéu hanh thoi gian thyc ma
nguén mé nodi tiéng hién nay l1a RT-Linux,
FreeRTOS va eCOS dya trén cung bo xur ly va mot
s6 tac vu kiém tra [1]. Nghién ctru nay cung cp tai
liéu ky thut hiru dyng va tim ra nhiéu thong sb
quan trong giup cac nha phat trién lya chon duoc
mdt RTOS phu hop nhét cho cac ung dung cia ho.
Tuwong tu, Douglas P. B. Renaux da thuc hién so
sanh kha nang thyc thi gitta cac RTOS dugc st
dung d tuy chinh thanh CMSIS-RTOS dya trén
hai nhém RTOS chinh: thwong mai va FOSS (Free
and Open Source Software) [2]. Cac két qua nghién
ctru cho thiy FOSS RTOS c6 céac théng sb vé thoi
gian trdi hon nhom con lai mac du n6 duoc cung
cap. mién phi. RTOS ciing dugc s dung trong
nhiéu nghién ctru khac. Cu thé 1a mot nghién ctru
sit dung chuan CMSIS-RTOS dé phat trién IoTs
(Internet of Things) dugc thuc hién boi Douglass
da hap dan nhiéu nha nghién ctru khac [3]. Nghién
clru nay chi ra raing CMSIS-RTOS hd trg nhiéu thu
vién HAL, middlewares phu hop dé ung dung vao
cong nghé ToTs. N6 gitp giam thoi gian thiét ké va
dua hé théng vao thuong mai véi gia thanh hop 1y.
Mot nghién cuu khac duge thuc hién boi Jorge
Cabrera-Gasmez [4] da thiét ké thanh cong bo diéu
khién thoi gian thyc mot thuyén buom st dung
ChibiOS/RT hoat déng trén vi diéu khién
SAM3XSE.

Hién nay, nhiéu ung dung trong linh vic cong
ngh¢ thong tin cling dang hudng thuc hién trén hé
théng nhing. Cu thé, nhidu khoa hoc vé lap trinh
hé thdng nhung co ban di dugc dua vao giang day
& cac truong dai hoc. Cac khoa nay thuong dugc
minh hoa trén mach phat trién MSP430 LaunchPad
dugc thiét ké boi cong ty Texas Instrument. Day 14
mot mach phat trién duoc thiét ké theo hudng dé st
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dung dya trén vi diéu khién siéu tiét kiém nang
luong, gia thanh thap MSP430G2x [5]. Bén canh
d6, mot s6 nha nghién ciru trong linh vuc nay ciing
da str dung robot dé phuc vu cho nghién ctru cia
ho. M6t vi du dién hinh 13 Thanh M.T vd crv. da
phat trién mot img dung bam ddi twong dya trén
robot Pioneer P3-DX [6]. Trong nghién ctru nay,
cac thuit toan xu ly anh va hé diéu hanh ARCOS,
mot hé didu hanh nhung phat trién chuyén dung
cho robot Pioneer, di dwoc st dung dé phat trién
ung dung. Mot camera tich hop trén robot sé& li€n
tuc chup anh va giri vé may tinh ca nhan dé nhan
dang ddi tuong va gui 1énh nguoc lai diéu khién
robot bam ddi twong. Két qua nghién ctru da chimg
minh duoc robot d3 bam tot doi tugng. Tuy nhién,
diém bét loi cua nghién ciru ndy 13 sir dung mot
nén ting phan cing c6 sin véi gia thanh cao, ton
nhiéu thoi gian khao sat va nghién ctru dé cé thé
phat trién dugc ing dung.

Song song vdi cdc nghién ctru trén, bai bao nay
trinh bay mot phuong phap méi dé co6 thé ung dung
RTOS dua cac thuat toan dugc thiét ké bai
Matlab/Simulink vao mot hé théng nhing chi phi
thap, tiét kiém nang luong va dé st dung. Thiét ké
phan cimg duya trén kién tric ARM Cortex-M4 32-
bit chay hé diéu hanh thoi gian thyc FreeRTOS.
Day 1a mot h¢ diéu hanh tin cdy va 6n dinh phu
hop cho nghién ctru va cong nghiép.

2 THUAT TOAN

B6 diéu khién PID mo tu chinh diéu khién mot
robot hai banh tu can béng dugc chon dé minh hoa
cho phuong phép d& nghi trong nghién ciru nay.
M0 hinh cta robot duoc thiét ké nhu Hinh 1. Thuét
toan diéu khién robot dugc thiét k& nhu Hinh 2.
Thuét toan nay c6 ba vong diéu khién chinh. Vong
thir nhat Fuzzy PD1 sir dung bo diéu khién PD mo
dé tinh toan goc nghiéng tham chiéu r, cho bo diéu
khién Fuzzy PD2 duya trén 16i khoang cach so véi
vi tri dat ctiia robot. Vong thit hai Fuzzy PD2 ciing
sir dung mot bo diéu khién PD mo dé tinh toan mot
phan cua tinh hiéu ra u, dua vao r,. Vong thir ba st
dung bo diéu khién PID tu chinh dé diéu khién goc
xoay cua robot, tinh toan tin hi€u ra u, con lai ctua
hé thdng. Dé didu khién robot, hai tin hiéu ra u, va
u, dugc st dung dé tinh toan hai tin hiéu ug va u;
diéu khién robot theo hai cong thtrc (1) va (2) nhu
sau [8].

(1
)

Trong d6 ug, u; 1a tin hiéu ra diéu khién hai
dong co bén phai va bén trai cia robot.

up =u, +u,

u, =u,—u,
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Hinh 1: (a) Mit trwéc va (b) mét bén robot
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Hinh 2: Thuit toan diéu khién robot

3 PHUONG PHAP THU'C HIEN BO DIEU
KHIEN NHUNG

FreeRTOS 1a mot hé diéu hanh thoi gian thuc
manh, hd tro rat nhiéu kién tric phan cimg, mot sd
kién tric c6 thé ké dén nhu Intel, ARM, 8051, PIC.
Muc dich ctia nghién cru nay la trinh bay mot
phuong phap dé tmg dung RTOS ma cu thé la
FreeRTOS dé thuc hién cac thuit toan chay thoi
gian thyc. Thuat toan diéu khién mot robot hai
banh ty can bing dugc dé nghi d& minh chimg
phuong phap dé& nghi. Cac phan gi6i thiéu vé
RTOS, tong quan vé nén tang phin cing va
phuong phép thuc hién bd diéu khién nhing tmg
dung RTOS s€ lan lugt duge trinh bay ¢ cac ph?ln
ngay sau day.

3.1 Gi6i thi¢u hé diéu hanh thoi gian thye

RTOS - Realtime Operating System 1a mot hé
didu hanh duoc thiét ké dé phat trién cac ing dung
nhiing thoi gian thyuc, cac ing dung nay thuong xi
1y cac tac vu can thuc hién véi mot do tré nho. Do
tré nay dugc goi la “deadline time” cia hé diéu
hanh thoi gian thuc. Trong hé thong thoi gian thuc,
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“deadline time” 1a mot thong s6 quan trong vi thé
né can dugc can nhédc khi thiét ké hé théng [7].
Hién tai, c6 trén 30 hé diéu hanh thoi gian thuc
dd dugc phat trién, hd tro rit nhidu ho vi diéu
khién bao gém ca nhitng ho vi diéu khién c6 bd
nhd rat thip.

C6 hai thuén loi chinh khi thiét ké ung dung véi
RTOS. Thir nhét, cac nha thiét ké khong can ton
quéa nhiéu thoi gian nghién ctru, tim hiéu phuong
phap dé co thé giao tiép Vi cac ngoai vi cua vi
diéu khién vi né tich hop gan nhu hoan chinh cac
thu vién HAL (Hardware Abstraction Layer) va hd
trg rat nhiéu ho vi diéu khién khac nhau. Thir hai,
tng dung RTOS duge thiét ké theo hudng tic vu
rat hiéu qua véi cac hé thong phirc tap va dy an
lam viéc nhom.

FreeRTOS 1a mot RTOS duoc thiét ké boi Real
Time Engineer Ltd. Nhan hé diéu hanh nay rat nho
gon va dugc viét béng ngén ngit C. Hién tai,
FreeRTOS di va dang phan phdi theo gidy phép
mi ngudn mé GPL (General Public License) voi
cac ngoai 18 tiry chon va n6 da hd trg 1én dén 35 ho
vi diéu khién cua nhiéu hing khac nhau [6]. Bo lap
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lich cua FreeRTOS co thé tuy chon gitta hai thuat
toan 1ap lich doat quyén (pre-emption) va khong
doat quyén (co-operation), diéu nay dugc cau hinh
trong tap tin freertosconfig.h khi lap trinh. Khi bg
1ap lich dugc bét dau, tic vu c6 dd uu tién cao nhét
s& chiém bd xir 1y va thuc thi trudc. Néu ¢ nhiéu
hon mot tac vu c6 cung do uu tién thi bd 1ap lich sé
sir dung thuat toan xoay vong (round-robon) dé lap
lich cho céc tac vu nay.
3.2 Nén tang phén cirng

Phan ctng duoc thiét ké trong nghién ciru nay
st dung ho vi diéu khién ndi tiéng STM32F4xx cua
hing STMicroelectronics. Pay 1a ho vi diéu khién
duoc thiét k& trén nén tang nhdn ARM Cotex M4.
Vi diéu khién cu thé duge chon 1a STM32F407VG,
no dugce tich hop bo tinh toan sé diu chdm dong
FPU (Floating Point Un1t) tan s xung nhip Ién
dén 168 MHz cung v6i nhidu ngoai vi manh mé rat
thich hop cho viéc thyc thi cac thuat toan diéu
khién chay thoi gian thuc. Cu thé, né dugc tich hop
bd chuyén dbi twong tw sang sb 12-bit ADC
(Analog-to-Digital Converter) toc do cao, bd nhd
Flash toc d6 cao dung lugng 1 MB, 6 bd giai ma
vong quay phtt hop cho viéc diéu khién thoi gian
thuc robot hai nhanh ty can bang véi gia chi phi
thap, tiét kiém niang luong. So d6 khdi phin cing
ctia hé théng dwoc mo ta trong Hinh 3.

USB-RS232 g ‘

Personal Computer I

Tilt Angle Sensor
MPU-6050

GPIO 12C

RS232 STM32F407VG

PWMI1 QEIl QEI2 PwWM2

DC Motor Driver
(LMD18200)

DC Motor Driver
(LMD18200)

Quadrature
Encoder

Quadrature
Encoder

:‘ Left DC Motor Right DC Motor }:I

Hinh 3: So d6 khdi phéan cting hé théng

Theo Hinh 3, géc nghiéng cua robot dugc do
boi MPU6050 day 1a mot cam bién cong nghé
MEMs tich hop cam bién gia tbc va con quay hdi
chuyén 6 truc. Goc nghiéng va khoang dich chuyén
cua robot dugc tinh toan dwa vao khoang dich
chuyén ciia hai banh xe dugc do thong qua hai bo
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mé hoa vong quay gin tryc tiép 1én hai banh xe.
Téc d6 quay cua hai banh xe dwoc diéu khién
thong qua hai dong co DC béi ki thuat didu ché do
rong xung PWM (Pulse Width Modulation), day la
mdt phuong phap hiéu qua dé diéu khién dong co
boi viéc thay doi do rong cua xung diéu khién.
Xung diéu khién tac dong dén dong co qua mot
mach cong suat st dung vi mach chuyén dung
LMD18200.

3.3 Xay dung b diéu khién robot

Thuét todn diéu khién dwgc thiét ké bang
Matlab/Simulink thyc hién lan luwot theo 3
budc sau:

— Buéc 1: Thiét ké thuat toan sir dung
Matlab/Simulink. Cu trac chuong trinh Matlab/
Simulink cta thuat toan dé nghi trong nghién ctru
nay dugc thiét ké nhu Hinh 4. Tir hinh nay cho
thay so do thiét ké cuia thuat toan gom hai loai khdi
chinh. Loai thir nhit 1a cac khdi ngo vao, cac khoi
nay nhan dir lidu tir cic ngd vao hay tir cac khdi
khac dé tinh toan gi4 tri ng6 ra. Loai thi hai 1a khéi
ngd ra, khdi nay nhan dit liéu tir cc ngo ra ciia cac
khéi ngo vao dua vao no dé tinh toan cac ngo ra
chung cta thuét toan. Néu hé thong c6 nhitng khdi
chay mdt cach doc lap voi thoi gian léy mau no sé
dugc thiét ké riéng thanh mot khéi. Mot tac vu
FreeRTOS s& dugc thiét ké dé chay ma I1énh cua
khéi nay khi cic tic vu phu thudc thoi gian lay
méu thyc thi xong. Diéu nay s& lam giam thoi gian
thuc thi ctia hé thong. Mot sb vi du cho loai tac vu
nay co thé ké dén nhu tic vu cép nhép trang thai,
tac vu truyén dit liéu.

— Budc 2: Dinh nghia céc tin hi¢u vao/ra cho
cac khéi trong chwong trinh Matlab/Simulink,
nhitng khdi nay sé& dwoc sinh mi sang ma ngudn
ngon ngit C nhung. Hinh 5a minh hoa khéi Fuzzy
PD1 sau khi da dinh nghia hoan chinh céc tin hi¢u
vao/ra. Khbi nay c6 3 ngd vao va 2 ngd ra nén co 3
tin hiéu vao (TiltAngle, POSFeedback and
POSReference) va 2 tin hiéu ra (EnableSignal Bl
and TiltAngleError B1) dugc dinh nghia. Trong
khi dinh nghia cac tin hi¢u, thudc tinh Storage
class property cua tin hi¢u phai dugc chon la
ExportedGlobal dé dam bao tin hiéu s& dugc sinh
mi thanh bién toan cuc. Diéu nay gitp truy xuét
céc tin hi¢u trong chuong trinh C dugc dé dang
hon. Viéc chon thudc tinh cda tin hi€u dugc minh
hoa nhu Hinh 5b.
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Enable

=ﬁ&
Fosition Error_Pitch = Error_Pitch
Pitch_In PWHN_Fuzzy PWW_Motor_R1

TiltAngle_Ref_Calculator

TitAngle_Controller

PYWM Motor_L1

Output_Control

Postion_Ref

Delta_Phi

Phi

Phi_Ref

PWM_Phi

Phi_Re

&

PID_Control_Angle

Hinh 4: Thujt toan Matlab/Simulink hoan chinh

i Pitch Enable '4@
- Tit&ngle EnableSignal_B1 -
PFitch_In Enable_Sys
Ref Error '4’“
TiltangleError_B1 -
— Error_Ptch
Enable_Condition -
- Position
POSFeedback
Postion Ref_P osition
Postion_Ref
b POSReference
Position_Ref

Fuzzy PD1

(@)

Signal Properties: TiltAngle ﬂ
Signal name: ITiItAngIe Show propagated signals |off = =

[~ Signal name must resolve to Simulink signal object

Logging and accessibility — Code Generation | Documentation |
Package: | Hone - j Refresh | f
Storage class: |Exp0r‘tedGIObaI j
Storage type qualifier: |

oK I Cancel | Help | Apply |

(b)

Hinh 5: (a) Pinh nghia cac tin hi¢u vao/ra; (b). Ciu hinh thudc tinh ciia tin hi¢u

— Budc 3: Cau hinh cac théng s cua
Matlab/Simulinks dé bién dich thuét toan thanh ma
1énh ngén ngir C nhung. O budce nay, c¢6 3 thong s6
chinh phai dugc cAu hinh. Tht nhit, muc Solver
options can chon gié tri cho cac thong sb nhu Type,
Solver va Fixed-step size. Luu y thong sb Fixed-
step size s€ dugc chon 1a 0.01 cho truong hop cua
nghién cru nay; tuy nhién, gia tri nay tuy thudc vao
ting tng dung cu thé. Day chinh 1a thong sb quy
dinh thoi gian 1iy miu cta hé théng. Thir hai, tap
tin cai dat cach thtrc sinh ma hé thng dwoc chon 1a
erttlc day la tap tin viét bang ngon ngit TLC
(Target Language Compiler) dinh nghia cac quy
luat dé sinh ma ngén ngir C cho hé thong nhiing.
Cubi cung, tiiy chon Generate code only can dugc
chon dé trinh sinh mé chi sinh mi ngén ngit C ma
khong sinh ra cac tap tin thuc thi khac dé tranh
phat sinh 151 khong can thiét.

Hoan thanh 3 budc trén, thuét toan thiét ké trén
Matlab/Simulink di sin sang dé sinh md thanh
ngon ngir C nhing. Timg khoi trong thuat toan s&
duoc sinh ma riéng biét. Déi véi thuat toan trong
nghién ciru nay s& c6 bon khdi duge sinh ma va ma
1énh sinh ra s& duoc nim trong bdén thu myc nhu
Hinh 6.

I FreerTOS_ONTT

G(_)v| .+ Computer = Local Disk {D:) = FreeRTOS_CNTT =

File Edit Wew Tools Help
Organize v | | Open Burn  New folder
-
[ Favorites =L =
Bl Desktop . slpr
4 Downloads J TiltAngle_Controller_ert_rtw

%% Dropbox . Output_Control_ert_rtw

1=l Recent Places | PID_Control_Angle_ert_rtw

. TiltAngle_Ref_Calculator_ert_rtw

4 Libraries

— ¥XeTuCanBang. fis
j Documents

Hinh 6: Cac thw muc chita ma Iénh ngon ngir C
nhing dwge sinh ma

Nhu da duge dé cap, thuat toan sé dugc thiét ké
thanh nhiéu khéi va duge sinh ma riéng biét. pé
thuc thi ma 1énh cta cac khéi nay trén hé théng
nhiing mot chuong trinh FreeRTOS s& dugc phat
trién dé két hop va thyc thi cic mi 1énh nay dé
phuc hdi chinh xic thudt toan da thiét ké trén
Matlab/Simulink. Sy chinh x4c nay dugc danh gia
trén hai yéu t: su chinh xac cia thoi gian 1iy mau
va dap mg thuc té cta d6i tugng. Ma Iénh cia cac
khéi s& duoc 201 boi cac tac vu FreeRTOS, cac tac
vu giao tiép v6i nhau bang cach truyén thong diép.
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Dua trén chuong trinh Matlab/Simulink da thiét
ké, hé théng s& ¢6 3 loai tic vu. Loai tha nhét 1a
céc tac vu thuc thi ma 1énh cua cac khoi ngo vao.
Céc tac vu nay sé€ doc dir liéu tur tAt ca céc ngo vao,
thuc thi md 1énh cua khdi va giri thong diép chua
két qua dén cac tic vu dang cho dir liéu. Khuon
mau ma 1énh cua loai tac vu nay dugc dé nghi
nhu sau.
static void BlockName( void *pvParameters){

BlockName_initialize();

Jor( ;i)

//waiting for sampletime
vTaskSuspend(NULL),
//read all input

//run generated code
BlockName_step();

//send results to other task
xQueueSendToBack(xQueuel, &r1,0);
xQueueSendToBack(xQueuel, &r2,0);

Loai thtr hai 1a cac tac vu thuc thi cdc ma Iénh
clia cac khdi nam giita cac khoi ngd vao va ngd ra.
Tac vy nay s€ cho dir li€u tr cac tac vu khac,
thudng la cac tac vu ngd vao, trudce khi thyc thi ma
1énh cua khéi va giri thong diép chira két qua dén
cac tac vu dang cho dit liu. Khuén mau mi lénh
cua loai tic vu nay duoc dé nghi nhu sau.
static void BlockName( void *pvParameters){

BlockName _initialize(),

Jor(;;){

//waiting for sampling time

vTaskSuspend(NULL),

//waiting for message

if(xQueueReceive(xQueuel,&m1,500))
okfl1=1;

if(xQueueReceive(xQueuel, &m2,500)){
okf2=1;

/

//run generated code

if(okf1 && okf2){
BlockName_step(),
//send messages to other tasks
xQueueSendToBack(xQueue2,&r1,0);
xQueueSendToBack(xQueue2,&r2,0);

/
/
/
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Loai thi ba 1a tac vu thuc thi ma 1énh cta khi
ngo6 ra. Tac vu nay cling doi dit li€u tir cac tac vu
khac, thue thi ma 1énh cta khéi va cap nhat tin hiéu
cia thuat toan dé diéu khién ddi twong, trong
truong hgp nay la hai dong co DC cuia robot.
Thong thudng chi can thiét ké mot khdi ngd ra nén
chuong trinh FreeRTOS ciing chi c6 mot tac vy
loai ndy. Khuon miu ma lénh cua loai tic vu niy
duoc dé nghi nhu sau.
static void BlockName( void *pvParameters){

portTickType xLastWakeTime;

xLastWakeTime = xTaskGetTickCount(),

BlockName _initialize();

Jor(; )l

//sample time passed

//resume all inputs tasks

vIaskResume(hTaskl);

vIaskResume(hTask2);

vIaskResume(hTask3);

//waiting for messages

if(xQueueReceive(xQueuel, &m1i,500)){
okfi=1,;

}

if(xQueueReceive(xQueuel , &m2,500)){
okf2=1;
/

if(xQueueReceive(xQueuel,&m3,500)){
okf3=1;

/

//run generated code

iffokfl && okf2 && okf3){
BlockName_step(),
//send control signal to plant

/
TaskDelayUntil(10),

Tac vu ngod ra cling la tdic vu chay theo
chu ky, n6 dugc thyuc thi déu din sau mdi lan thoi
gian ldy mau tréi qua. Thoi gian nay duoc tao boi
ham API (Application Programming Interface)
TaskDelayUntil(). Ham nay s€¢ dam bao tac vu
duoc kich hoat dé thuc thi sau mot khoang thoi
gian 14y mau chinh xac, thoi gian nay tinh ca thoi
gian thyc thi ma Iénh cia tac vu. Mot diéu can luu
¥ 1a gia tri truyén vao ham nay phai dam bao tao ra
thoi gian trily hodn bang véi gid tri thiét lap cho
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thudc tinh Fixed-step size trén Matlab/Simulink,
truong hop nay 1a 0.01[s] hay 10[ms] hay bang
muoi nhip hé thong ciia FreeRTOS nén gia tri 10
s& duoc truyén vao ham TaskDelayUntil().

Tat ca cac mi 1énh s& duoc tich hop lai thanh
méot du an RealView KeilC cho vi didu khién
STM32F407VG dé bién dich thanh ma Iénh thyc
thi va chay thoi gian thyc dé diéu khién robot. Dy
an hoan chinh cta thuat toan diéu khién robot duoc
minh hoa trong Hinh 7.

File Edit View Project Flash Debug Peripherals Tools SVCS Window Help

ET ) " E=

[# TiltAngle_Controller.h

5 [ € - | §% | ser_salancing Erar: @A}@|
L] stm32raxc_tim.c ]’_1 StM32M0c_i26.C r_1 tm_stm32f4_i2c.c

(-7 Project: Self_Balancing
El45 Self_Balancing

305
306

/* Exported block signals */
extern real T RotationZngle_B3

—~ EMS[S 307 extern real T RotationZngleRef,
= u;‘r;m 308 extern real T PhiPWMOut_B3;:
= 309 /e
{1 FreeRTOS . .

- 310 static void PID Control Angle(
[ TiltAngle_Ref_Calculator = - —

{1 TiltAngle_Controller
312

313
314
315
316

PID Control Angle initiali
for(:i){
//resume 21l input tas
vTaskSuspend (NULL) ;
Delta_U_L = C*((double

(23 PID_Contral_angle

=]
] Qutput_Cantral.c
[] output_Control_data.c
& cmsis

Hinh 7: Dy an RealView KeilC sau ciing
4 KET QUA THU'C NGHIEM
4.1 Thoi gian lAy miu va thye thi thuit toan

Thoi gian iy mau dugc do dé khang dinh n6 da
duoc tao ra mot cach chinh xac trén hé théng
nhing. Thoi gian nay duoc do bang mét b dinh
thoi 32-bit ciia vi dieu khién STM32F407VG. B
dinh thoi s& bat dau chay tai thoi diém ma 1énh bat
dau thyc thi v6i gia tri bo dém bi x6a vé 0. Gia tri
ctia bo dém s& duoc doc tai 1an thuc thi ké tiép cua
ma 1énh. Gia tri nay s€ dugc chuyén thanh don vi
thoi gian va ¢6 d6 thi nhu Hinh 8 sau 37 lan doc.
bo thi cho théy thoi gian 1§y mau dugc tao ra mot
cach chinh xéc véi sai s6 rat nho 0.001[ms].
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10.0010

AN A\ A\ I\ A

ot U heed bl b d A

9.9930 + ¥

10.0005
£ 10.0000
9.9995

Time [

9.9985
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1 3 5 7 9% 11 13 15 17 19 21 23 25 27 29 31 33 35 37
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Hinh 8: Thoi gian 1dy miu ciia hé thong nhiing
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Bén canh thoi gian 1y méu, thoi gian thuc thi
cta thuat toan dé nghi ciing dugc do dé thé hién
dugc sirc manh cua dong vi diéu khién dugc chon.
Str dung cung mot phuong phap do dac, thoi gian
thuc thi cua thuat toan duoc thé hién bang dd thi
Hinh 9. D) thi nay cho thay tong thoi gian thyc thi
toan bo thuat toan chi khoang 0.9[ms] thap hon rat
nhiéu so véi tong thoi gian 1dy mau. Piéu nay cho
thiy STM32F407VG la vi diéu khién c6 kha ning
tinh toan rit manh, né hoan toan c6 thé thuc thi cac
b6 diéu khién khéac phirc tap hon.

— 0.8%46
E nagas

n
H

Rl I VOOV I I8

0.8938

0.8936
0.8934

=

7 9 11 13 15 17 19 21 23 25 27 29 31 33 35 37
Samples

Hinh 9: Thoi gian thuec thi thuit toan
4.2 Pap rng cia robot

Phan nay s& minh ching thuat toan da thiét ké
dugc xdy dung thanh cong trén hé thong nhing.
Trong thyc nghiém nay, vi tri tham chiéu ctia robot
dugc dat lan luot 1a 0.0, 0.4, 0.1, -0.2 va 0.2 [m]
trong khi goc xoay cuia robot duge giit ¢b dinh & 0
[rad] va can bang robot tai diém can bang hudng
1én. Hinh 10 1a d6 thi dap g cia robot khi duoc
didu khién bang thuét toan PID md tu chinh thong
s6, dap ung nay ciing da khing dinh thuat toan dé
nghi hoat dong t6t trén hé thong nhing khi 4p dung
phuong phap dugce dé nghi trong nghién ctru nay.
Robot hoan toan c¢é thé vira can bang vira bam cac
tin hiéu tham chiéu ngoé vao. Robot dd bam tdt vi
tri chiéu v6i sai s6 xac 1ap t6i da khong qua
0.01[m], thoi gian tang nho khoang 1.5 [s] va vot
16 khong qua 0.015 [m] (Hinh 10b). Goc nghiéng
robot tai cac diém dat khi robot 6n dinh khong vuot
qua 1°. Goc xoay clia robot bi thay doi lién tuc
nhung n6 van khong vuot qua gidi han 1.15° (Hinh
10c). Cac Hinh 10d, 10e 1a dd thi cta hai tin hiéu
ug va u; khi robot bam céc tin hiéu tham chiéu. Ta
thdy khi robot thay ddi vi tri ug va u co gia tri 16n
nhung khi robot da on dinh tai vi tri dat thi hai tin
hiéu nay co gia tri rit nho, gan nhu bang 0.
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Tilt angle [radian]
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Position [meter]

0.02
0.015.

0.01
0.005.

angle [radian]

-0.005
-0.01
0.015
-0.02

Rotation

UL [voltage)]

UR [voltage]

Hinh 10: Pap vng ciia robot khi vi tri tham chiéu thay dbi; a) goc nghiéng; b) vi tri; c) goc xoay; d) uz; €) uL

5 KET LUAN

Mot phuong phéap xay dung thuat toan thoi gian
thuc st dung hé diéu hanh ma m& FreeRTOS chay
trén hé théng nhung di dugc dé nghi trong nghién
ctru nay. Phuong phap nay tao diéu kién thuan loi
cho cac nha nghién ciru st dung cac thuét toan
duogc thiét ké trén Matlab/Simulink vao hé théng
nhiing. Cac két qua thuc nghiém di minh chimg
dugce bo didu khién robot hai banh tw cin bing
duoc xdy bang phuong phap dé nghi di hoat d@ng
chinh xéac, ddp mg cua robot nhanh vdi thoi gian
tré toi da 1.5[s]. Sai so goc nghiéng khong qua 1°.
Loi thoi gian lay méu rat nho 0.001[ms]. Nhiing
két qua nay c6 thé so sanh dugc véi cac nghién ctru
trude d6. Phuong phap dé nghi ndy 1a mot giai
phap dé phat trién cac hé thong thong nhing véi
chi phi thap va n6 phu hop véi hau hét cac nha
thiét ké hé thong nhung.
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