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PHAT TRIEN MOI TRUONG MO PHONG
CHO MAY BAY TRU'C THANG KHONG NGUOI LAI BANG C# VA X-PLANE
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Tém tat:

Phurong tién khéng ngueoi ldi ndi riéng va thiét bi bay khéng nguwoi ldi ndi chung la twong lai ciia vin
tai i dong. Do @6, chii dé nay thu hit dwoc sw quan tam ciia rat nhiéu nha nghién cieu trén thé gici. Muc
dich ciia bai bdo nay la két hop C# va X-Plane dé phat trién méi truong mé phong cho may bay truc thang
khéng nguweoi ldi. Két qua dat dwoc cia dé tai ¢o ¥ nghia quan trong trong viéc phdt trién va hién thie hoa
bé diéu khién cho may bay truc thang khong nguwoi lai ¢& nhé phuc vu san xudt va dan sinh, dong thoi, co
thé sik dung trong dao tao sinh vién nganh Ki thudt Hang khong, nganh Ki thudt diéu khién va T dong héa.

Tir khéa: Gidi thudt diéu khién PID, méi trieong mé phong SIL, may bay triec thing khong nguoi ldi.

1. Gioi thiéu

Tién hanh thi nghiém véi may bay truc thing
khong ngudi 1ai doi hoi rat nhicu thoi gian, cong
strc, tién cua, dong thoi tiém 4n nguy co mit an toan.
Do d6, phat trién moi trudng mé phong dé danh gia
giai thuat diéu khién bay 14 can thiét gitip rat ngén
thoi gian, giam chi phi trong qua trinh nghién ctru.
Pho bién c¢6 hai méi truong mo phong 1a Hardware-
In-The Loop (HIL) va Softwae-In-The-Loop (SIL).
Trong bai bao nay, nhém tac gia trinh bay giai phap
dé phat trién moi truong mé phong SIL cho may
bay truc thang khong nguoi lai. Thay vi st dung
MATLAB&Simulink nhu da dé xuét ¢ [1], toan bd
chuong trinh dugc phat trién bang C#. Pong luc tién
hanh nghién ctru nay, d6 13, Tac gia mong mudn tao
ra mot moéi truong md phong thuan ti€n, giup cac
nha nghién ctru c6 mot modi truong mo phdéng tin
cdy dé tién hanh dénh gi4 thuat toan diéu khién sir
dung cho muc dich véan tai hang hoa, ctru ho, phun
thudc trir sdu trong néng nghiép...ciing nhu ung
dung trong dao tao cac ki su nganh hang khong va
diéu khién tu dong trong céac truong dai hoc.

Véi muc dich 1a phat trién méi truong md
phong bang cach két hop C# va X-Plane, nén bai
bao khong di sau vao gidi thi¢u mo hinh dong hoc
cia may bay truc thang khong nguodi lai. Trong
tam 1a trinh bay cac budc phat trién moi truong mo
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phong bang C#, va hién thuc hoa giai thuat diéu
khién PID dé diéu khién cho may bay tryc thing.
Phan con lai cua bai viét nay dugc t6 chirc nhu
sau. Phan 2 trinh bay cac budc thiét 1ap va chuong
trinh dé phat trién moi truong méd phong. Phan 3
gi6i thidu vé bo diéu khién PID, va 1ap trinh bg diéu
khién PID thoi gian roi rac trén C#. Phan 4 1a két
qua. Cubi cung 1a két luan va huéng phat trién.

2. Cac nghién ctru lién quan

Trude day cac ki su, cac nha nghién ctru can
phai ché tao nguyén mau mot chiéc may bay dé
nghién ctru anh hudéng cua luat diéu khién hodc giai
thuat dan duong ma ho phat trién. Cac nguyén mau
nay dugc sir dung di sir dung lai nhiéu 1an dan dén
hu hdng va phai ché tao mot nguyén mau khac. Mt
khac khi phai thay s bat ki mot tham sb nao d6, thi
can phai ché tao lai mot nguyén mau khac. Diéu nay
gdy ton kém vé thoi gian va cong stc. Dé giai quyét
vén dé nay, moi truong mé phong Hardware-In-The-
Loop (HIL) va Software-In-The-Loop (SIL) dugc st
dung dé danh gia giai thuat va diéu khién. Uu diém
clia giai phap nay 1a rit ngan thoi gian phat trién luat
diéu khién, an toan, tiét kiém, linh hoat d& dang thay
d6i. Pé xay dyng moéi trudng md phong, nhiéu giai
phap da duoc dé xuat. Tuy nhién, da phan s dung
MATLAB&Simulink dé xay dung méi truong mo
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phong [1,2,3,4]. Do MATLAB&Simulink di hd trg
cac ham két ndi, didu khién va kha ning biéu dién
dir liéu trén d thi nén giam thoi gian phat trién moi
truong. Tuy nhién, can phai c6 ban quyén va toc do
xtr 1i chdm cn phai trang bj may tinh c6 cAu hinh
cao. Vi vdy mot sb tac gia da sir dung ngdn ngir 1ap
trinh C thay cho MATLAB [5], nhuoc diém cua giai
phap nay 1a khong co thu vién hd tro san, tuy nhién
tdc d6 xir Iy nhanh, dé dang mo rong bang cach két
nbi v&i nhiéu hé thong nhiing khac nhau dé danh gia
giai thuat va luat diéu khién.

3. Phat trién méi truong mé phéng

X-PLANE dugc cdp ching nhan boi trung
tam hang khong vii tru Hoa ki trong viéc dao tao
phi cong. Do d6, X-Plane cung cip mot moi trudng
tin cdy dé cac nha nghién ctru phat trién va kiém
tra tinh kha thi cua giai thuat diéu khién bay. Giai
thuat diéu khién da dugc danh gia trén moi truong
md phong ciia X-Plane chic chan ap dung dugc
trén may bay thuc. B&i X-Plane cho phéo thiét 1ap
mdi truong bay giéng nhu thuc t& bang cach thém
Cac 1énh
didu khién goc bay trén X-Plane dugc tuyén tinh va

cac nhicu loan nhu gio, hoac gi6é quan...

chuan hoa nhu sau. Lénh diéu khién goc tin (pitch
angle) va goc nghiéng (roll ange) c6 gia tri tir -1 dén
1. Lénh diéu khién d6 cao ctua may bay c6 gié tri tir
-12 dén 12. Lénh diéu khién goc hudng (heading)
c6 gid tri tir -16 dén 16.

3.1. Thiét 1ap cong két ndi trén X-Plane

C# X-PLANE
Output Port/IP: )
49005/127.0.0.1 (= NG 4';:)%3:1920;?3-1
Input PortIP: =l ~  Output PortIP:

490%4{127.0.0.1 C ® 49001/127.0.0.1

Hinh 1. Két néi giita Simulink va X-Plane

X-Plane c6 thé trao dbi dit liéu v6i méi truong
bén ngoai thong qua gia thirc UDP (User Datagram
Protocol) [6]. Két ndi gitta C# va X-Plane dugc
thuc hién thong qua mang ndi bo cod dia chi IP
“127.0.0.1”, nhu dugc thé thién trong Hinh 1. Dé
tao két nbi nay, can phai thiét 1ap dia chi IP cho
X-Plane nhu trong Hinh 2, 3 dudi day.
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Hook this machine up to another with .
the internet in the SET DATA OUTPUT s

127.0.0.1 [49004 | [l IP o data recelver (from data output screen)

Hinh 2. Thiét lap dia chi IP trén X-Plane

UDP Ports
that '—m‘ 49000 is
we receive on - % the default
'—M“ 49001 is
wesendon 4 90 01 ' the default
port that we'—m“ 49002 is
send toiPad on . 4 9.0 0 2 [ the gefault

Hinh 3. Thiét lgp cong két néi trén X-Plane

3.2. Khung dir li¢u
Khung dit liéu theo UDP bao gom 41 byte, c6
cAu trac nhu sau:

Byte 0 1 2 3
GQD” GGA” GCT’? EGA”

Gié tri

Trong do:

= Byte 0-3 14 chudi ki ty “DATA” dé théng bao
bat ddu mot khung dir liéu méi

= Byte 4 khong dugc s dung cho truyén dir
liéu, thong thuong gia tri ctia byte nay c¢6 giatrila 0

= 36 byte tiép theo la dit liéu g di, trong d6 4
byte ddu 1a chi s6 cua dit liéu, va 32 byte cudi cing
1 dit lidu dugc biéu dién dudi dang s thuc

Bdng 1. Cdu triic khung dit liéu UDP

DATA | I | Label | Group 1 | Group 2

0-3 41 5-8 9-12 13-16

Dé thu thap dir liéu bay mong mudn phai chon
cac tham s6 nhu Hinh 4, lvu y, s6 thir tw 0, 1, 2.
duoc goi 1a nhan (label).

Vi du, dé giri 1énh diéu chinh chan ga (throttle)
tir C# t6i X-Plane, can chon label 25; dé nhan gia tri
clia cac tham sd goc tan (pitch angle), goc nghiéng
(roll angle), hay goc hudng can chon label 18.
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Data Input & Output

0B B B B freme rate 20§ B B © lat. lon, altitude
1B B B times 21F B B B ioc, vel, dist traveled
2@ B B B simstats
22[@ B B B all planes: lat
3§ P B § speeds 23 M B B all planes: lon
4§ B B © Mach, Wi, G-load 24 A B B all planes: alt
5[ B B B atmosphere: weather 25 B B B throttle command
6 B B B atmosphere: aircraft 26 M B ¥ throttle actual
76 B B B system pressures 273 B B B feather-norm-beta-revers
288 B B B prop setting
8§ B B ¥ joystick ail/elvirud 29 F B B mixture setting
9 B B B other fiight controls 30 B B B carb heat setting
1W0EA B BB atstab allfelvirud 31 P B P cowl flap setting
11[ B B B fiight con all/eiv/rud 32 TT ignition setting
12[[ B B B wing sweep/thrust vect
13§ B B §F trimviap/siat/s-brakes T SraHic Diplay n ke See Tab
14 B B B gearforokes Intemnes via UBF

Hinh 4. Chon cac tham $6 can thu thdp dir lieu

2.2. Chuong trinh giri/nhan dir liéu trén C#

Dé trao dbi dit licu gitta C# va X-Plane, co thé
tom tit mot sd dic trung cia UDP nhu sau: Tét ca
dir liéu dugc giri theo ting byte, mdi khung dir dit
li¢u (data frame) c6 41 byte, trong do:

- 4 byte dau tién 1a théng bao “DATA”

- Byte thir 5 1a byte st dung noi b (internal-
use) co giatrila 0

- 36 byte tiép theo 1a thong bio (message),
trong do:

+ 4 byte dau tién biéu thi nhan (label) cua
dir liéu

+ 32 byte tiép theo 1a dir liéu c6 dinh dang 1a
s6 thue c6 d6 chinh xac 14 8 chit sb

Vi du mét khung dir ligu duoc gui di tu
X-Plane ¢6 céu triic nhu sau:
68,65,84,65,60, 18,0,0,0, 171,103,81 191,
187,243,46,190, 103,246,45,67, 156,246,26,67,

47,231,26,67, 0,192,121,196, 0,192,121,196,
85,254,151,193

Y nghia nhu sau:

- 68,65,84,65,60 = “DATA”

- 18,0,0,0 = 18 (label 18: pitch, roll, headings)

- 171,103 ..., 193: 1a dir liéu, trong C# c6 thé sir
dung ham BitConverter. ToSingle dé lam viéc véi
kiéu dir liéu nay

Chu y: Gia tri -999 hoac 0,192,121,196 1a tra lai
quyén diéu khién cho X-Plane

Vi dy, chuong trinh doc dit li€u tir X-Plane tir céng
49004 (nhur thiét 1ap & trén)

using System;

using System.Net;
using System.Net.Sockets;
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namespace UDP_Receive

{

class Program

{

static void Main(string[] args)
{
byte[] data = new byte[1024];
[PEndPoint ipep = new IPEndPoint(IPAddress.
Any, 49004);
UdpClient newsock = new UdpClient(ipep);
Console.WriteLine(*“Waiting for a client...”);
IPEndPoint sender = new IPEndPoint(IPAddress.
Any, 0);
Console.WriteLine(*X-Plane Data Read: \n\n");
data = newsock.Receive(ref sender);
for (int index = 0; index < data.Length; index++)

Console.Write(“{0},”, data[index]);
}

Console.ReadKey(true); // Wait for any keypress
before closing
newsock.Close();
b
H
b

Vi du, chuong trinh gtri dir li¢u t6i X-Plane: chuong
trinh nay muyc dich 1a dé kiém tra gtri 1énh diéu khién
cho goc Pitch tir C# t&1 X-Plane. Khung dir li¢u guri
di gdm 41 byte duoc khai bao trong mang XFData,
voi 02 trueong hop: gia tri gui di ¢6 gia tri 0.02 (205,
204,76, 62) va gia tri giri di c6 gid tri 0.0 (0, 0, 0, 0).
Do chuong trinh chi mudn gui 1énh diéu khién goc
Pitch t61 X-Plane nén cac gia tri khac dugc thiét lap
la 0,192, 121, 196 (tuwong duong -999)

using System;

using System.Collections.Generic;
using System.Ling;

using System.Net;

using System.Net.Sockets;

using System.Text;

using System.Threading;
namespace UDP_Send

{

class Program

{

static void Main(string[] args)

byte[] data = new byte[1024]; // Array to hold
entire data string to be sent to X-Flight

UdpClient server = new UdpClient(“127.0.0.17,
49000);

/I --- 11: Flight Controls ---

// Pitch: 0.20

//byte[] XFData = { 68, 65, 84, 65, 0, 11, 0, 0, 0,
205, 204, 76, 62, 0, 192, 121, 196, 0, 192, 121, 196, 0,
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192, 121, 196, 0, 0, 0, 0, 0,0, 0,0, 0,0, 0,0,0,0,0,0 };

// Pitch: 0.00

byte[] XFData = { 68, 65, 84, 65,0, 11, 0, 0, 0,
0,0,0,0,192, 121, 196, 0, 192, 121, 196, 0, 192, 121,
6,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0 };

float value;

// Send the data to X-Plane
server.Send(XFData, XFData.Length);
// Print the data we sent to screen
Console.WriteLine(“Length: {0}, XFData.Length);
Console.WriteLine(“Data Set: {0}”, XFData[5]);
value = BitConverter. ToSingle(XFData, 9);
Console.WriteLine(“XFDatal: {0}”, value);
value = BitConverter. ToSingle(XFData, 13);
Console.WriteLine(“XFData2: {0}, value);
value = BitConverter. ToSingle(XFData, 17);
Console.WriteLine(“XFData3: {0}”, value);
value = BitConverter. ToSingle(XFData, 21);
Console.WriteLine(“XFData4: {0}”, value);
value = BitConverter. ToSingle(XFData, 25);
Console.WriteLine(“XFData5: {0}”, value);
value = BitConverter. ToSingle(XFData, 29);
Console.WriteLine(“XFData6: {0}”, value);
value = BitConverter. ToSingle(XFData, 33);
Console.WriteLine(“XFData7: {0}”, value);
value = BitConverter. ToSingle(XFData, 37);
Console.WriteLine(“XFData8: {0}”, value);

0,
19

server.Close();
Console.ReadKey(true); / Wait for keypress to close
program
} // End Main

} // End Program
}

2.3. Giao dién ngudi dung
Pé co thé quan sat cac tham s0, giao dién

& Forma
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ngudi dung can dugc phat trién, gia sir cac tham s6
can quan sat 1 vi tri ciia may bay (Latitudinal (Lat),
longitudinal (lon), altitude (alt)); gia téc goc (p, q,
1), van tde dai (vX, VY, vZ); gia tde dai (accX, accY,
accZ); goc lai (roll, pitch, yaw); cac 1énh diéu khién
(lat, lon, col, ped, throt). Nhu minh hoa trong Hinh
5, trao d6i dit lidu gilra C# va X-Plane 1a hai chiéu
(doc va giri dit liéu). Pé thuén tién cho viéc doc dir
ligu, ta nén str dung céu tric Struct dé quan li dir liéu
doc vé; 1énh giri tir C# dén X-Plane duoc dinh dang
theo chuan cia UDP. Céc chuong trinh nhu sau:

Khai béo cdu trac quan li cac bién doc di liéu
tr X-Plane

UdpDataStruct DataStruct = new UdpDataStruct();
public struct UdpDataStruct
{
public double airspeed;
public double Mach, accX, accY, accZ;
public double P, Q, R;
public double roll, pitch, yaw, heading_mag, mag_var;
public double latitude, longitude, altitude;
public double vX, VY, vZ;
public double rpm;
public double speedN, speedE;
b
Khai bao ciu trac quan li cac bién lénh giri toi
X-Plane
public struct UdpCmdData

public float cmdPitch, cmdRoll, cmdYaw, cmdoffset,
cmdColl;
public float desirePitch, desireRoll;
b

Hinh 5. Giao dién nguoi dung
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3. B diéu khién PID

— P K elr) —
+ [
e O N e O
feor ()P ]
o) -
L+ D kg, o

Hinh 6. Cdu triic b diéu khién PID

Bo diéu khién ti lé-tich phan-vi phéan
(proportional—integral—derivative controller (PID))
thudc nhom phuong phap diéu khién tuyén tinh.
Phuong phap diéu khién nay duoc sir dung rong rai
trong cong nghiép. Uu diém ciia bo didu khién nay
1a khong yéu ciu mé hinh toan hoc cua hé thng.
Céu tric cua bd didu khién PID duge mo ta cu thé
trong Hinh 7. Thanh phan ti 1& P phy thudc vao sai
sb6 hién tai; Thanh phﬁn tich phan phu thudc vao
tich lity céc sai s qua khir; Thanh phan vi phan phu
thudc vao tbe do bién ddi sai sb. Téng cua 3 thanh
phin nay chinh 1a gi4 tri dau ra cia bo didu khién.
Ba tham s6 Kp, Ki, Kd s& dugc diéu chinh dé phu
hop v6i mdi hé thong cu thé.

Hé théng phan hdi don vi ¢6 cau triic nhu sau:

controller

i) —

plant

P(s) =

Y

Hinh 7. Cdu triic hé thong phan hoi don vi
Trong do, r 1a tin hi¢u dat; e 1a sai l¢ch gilra gia tri
dat va gia tri thuc t&; C(s) 1a bo diéu khién; P(s) 1a
ham truyén; y 14 du ra ctia co ciu chdp hanh. Néu
C(s) 1a bo diéu khién PID trong mién thoi gian lién
tuc thi tin hiéu diéu khién duoc tinh nhu sau:

u(l):er(l)-"KiJé‘te(T)dT-l-Kd dil(tt) (1)

Thuyc hién bién dbi Laplace (1) tré thanh

C(S):Kp‘F%‘FKdS @)

Trong thuc té, thanh phﬁn vi phan duogc bién

d6i c6 dang 1a bo loc thong thap dé giam thiéu anh
huong cua nhiéu, do dé C(s) co dang nhu sau

— K; NK, 3
C(S)_KF+T+ N 3)
I+
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Tuy nhién, dé c6 thé ap dung bo diéu khién PID
& biéu thuc (3) trén cac hé thong nhung (embedded
system), can phai bién d6i sang mién thoi gian roi
rac. Gia sir, thoi gian trich mau 1a Ts, qua phép bién
d6i Backward Euler thanh phan cua tich phan va vi
phén c6 dang nhu sau:
Thanh phan tich phan:
KTz (4)
z—1
Thanh phan vi phan
N(z—1) (5)
(1+NT)z—1
Khi d6 bg diéu khién PID trong mién thoi gian
roi rac ¢o dang sau:

KTz
C(Z):Kp+ 1

N(z—1) (©6)
A+NT)z—1

+

Chuong trinh PID trén C#
public double PID(double SP)

Pa0 =(1+N *Ts);

Pal =-(2 + N * Ts);

Pa2=1;

Pb0=PKp * (1 + N * Ts) + PKi * Ts * (1 + N * Ts)
+PKd * N;

Pbl =-(PKp * (2 +N * Ts) + PKi * Ts + 2 * PKd *
N);

Pb2 =PKp + PKd * N;

Pkul = Pal/Pa0; Pku2 = Pa2/Pa0; Pke0 = Pb0/Pa0;
Pkel = Pbl1/Pa0; Pke2 = Pb2/Pa0;

/1

Pe2 = Pel; Pel = Pe0; Pu2 = Pul; Pul = Pu0; //
update variables

pPV =RecData[1];

Pe0 = SP - pPV; // compute new error

Pu0 =-Pkul * Pul - Pku2 * Pu2 + Pke0 * Pe0 +
Pkel * Pel + Pke2 * Pe2;// eq (12)

if (Pu0 > PUMAX) Pu0 = PUMAX; //limit to DAC
or PWM range

else

if (Pu0 < PUMIN) Pu0 = PUMIN;
return (Pu0); // sent to output

}

4. Két qua thir nghi¢ém mé hinh

Hinh 8 mo ta cdu triic cua hé thong mo phong
dugc phat trién, hé thong nay bao gom ba khdi
co ban: khdi d6 luong (measurement), khdi diéu
khién PID, va may bay truc thang trén méi truong
X-Plane. Trong d6, khdi do luong va khdi diéu
khién dugc phat trién trén méi truong C#. Trao doi
dir liéu gitra C# va X-Plane thong qua giao thtic
UDP nhu da trinh bay & trén. Hinh 9 1a két qua khi
diéu khién bay bang bo diéu khién PID tir C#.
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5. Két luén

Bai bao da trinh bay chi tiét giai phap phat

trién moi trudng md phong SIL cho may bay truc
thang khong nguoi lai bang cach ké hop C# va

X-Plane. Két qua dat dugc c6 ¥ nghia quan trong
Measurcment PID Controller Helicopter in X-Flane trong viéc phat trién va kiém tra giai thut diéu
Hinh 8. Cdu triic ciia méi truong mé phong SIL khién bay, ciing nhu tmg dung vao giang day cho
sinh vién nganh Ki thuat Hang khong. Két qua cua
nghién ctru nay ciing c6 thé sir dung dé nghién ctru
cho cac loai may bay khac nhu Drone, hay Fixed-
Wing... Hon thé nita, do dwoc phat trién bang C#
nén chwong trinh hoan toan c6 thé mé rong dé ké
nbi voi cac hé théng nhing bén ngoai gitp kiém
tra cac phuong phap diéu khién trén cac phan cing
khac nhau.

Lo1i cam on

Nghién ctru nay duogc tai trg boi Truong Pai
hoc Su pham k¥ thuat Hung Yén trong dé tai ma sb
UTEHY.L.2020.26.

Hinh 9. Két qua diéu khién bay cho mdy bay tric thing
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DEVELOPMENT OF THE SIMULATION ENVIRONMENT
FOR AN UNMANNED HELICOPTER BY USING C# AND X-PLANE

Abstract:

Unmanned aerial vehicles are the future of automated transport. Therefore, this topic has gotten the
attention of many researchers in the world. This paper aims to develop the simulation environment for
unmanned helicopters by using the C# and X-Plane. The obtained results are beneficial implications in the
development and implementation of the controller for small scaling unmanned helicopter for production
and daily life, as well as. It is useful in training for a student of Aviation Engineering, Control Engineering,
and Automation.

Keywords: PID, SIL, Unmanned helicopter.
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