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ABSTRACT

Infrastructure of the Helicopter with Automatic Control Device is to do for development the
control board with equipment and the program to control blades of helicopter, it can still handle on the
air. The aim of the final research is to do the Helicopter with Automatic Control Device.

The control board use sensors and Fuzzy Logic rules to control the microcontroller make servo

motors’ pulse for adjust blade of helicopter. User can watch all status by the monitor.
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1. RawMag - (3 dauﬂsznan)
a o [l 9/
output #39TWhAUYR 3 unu gUnsel TnauuimEn(magnetometers)  1erA91514 term
Y9 code @RI AD FI0UNU 0 Volts  1az 4096 unu 5 volts lignunasidaulumizena
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Tuns

az'1dqn

V(A) = {(V, WL W EI11, Ve, 1)}
V(B) = {(V, |1 (V)ED,1], V E[0,1])}

V(AAV(B) = V(A and B) = {(V, min{ M V)L, (W)}
VIA)VV(B) = V(A or B) = {(V, max {lL,,(V), L, (V)})}
—IVUA) = (V1= L O

V(A)—=>V(B) = V(A—>B) = —V(A)VV(B)

=.

= 1V, max{(1 - WL, (V)),h,(V})}

V(&) = {(Ve, i = 1,2, ... oms VL €0, 1]; 0Ly €0, 1T

VB) = {0, Beli=1.2, ..., n; 0, &0, 11: Br €0, 17}
V(A)AV(B) = V(A and B)=
V(A)VV(B) = V(A or B) =

V(A)—>V(B) = V(A—»B) = —IV(A)AV(B)

Zadeh

min {Vi, (0i}, max min{Oti, Bi}

max{Vi, @i}, max min{0ti, Bi

max{ Vi, O}

max{Vi, ®i}, min{1 - o1, Bi}
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a o 2 { a o a ¢ o
Baldwin Uli'%/!ﬁ'u'ﬂﬂ"liﬁ%ﬂﬁﬁﬁﬂ’ﬂlli]ixiﬁ"mi‘lj“wch'%ﬁﬂi]ﬂ Tﬂﬂﬂ?ﬂ"f’iﬂﬂWﬂLWﬂmmﬁiﬂﬂﬂ‘b’u

[~/ a Y a a a 4! o dy
mstlumndnvesdulsaaniasn “Truth” FIUAAIAIT

AN LA

True = {(V, W (V) =V)|Ve[o, 1]}

False = {(V, WL, (V) =1-p_(V)|[VE(o, 11}
Very true = {(V, WL (V) [VE[0, 17}

Very false = {(V, (1 - WL, (V}|V €0, 17}
Fairly true = {(V, 1, V)"V €[o, 1}

Fairly false = {(V, (1 - W, (W)"*|V€[o, 11}
Undecided = {(V, 1]V €0, 1]}

(very)* true —> absolutely true !ﬁﬁ] k—> o
(very)k false —> absolutely false Lf}’ﬂ k—> O
(fairly)k true —> undecided Lﬁ'ﬂ k—> O
(fairly)k false —> undecided !ﬁﬂ k—> O

¥
uonInil Baldwin 18 T61u@11 {17805 “and” g «

% v s
or” @Y minimum (1A% maximum

k4 a a wa = a +4 v da =
ﬁ'iNﬂﬁNﬂ’NWﬂix‘l‘UENﬂTiﬂQ‘Uﬂﬂ1§'W°‘If“]§ﬁﬂi]ﬂ qﬂWﬂﬁWﬁﬂﬂllﬁﬂﬂiuﬂ"ﬁN‘ﬂ 2.2

W(P) V(Q) V(PandQ) V(PorQ) T
False False False False
True False False True
True True True True
Undecided False False Undecided
Undecided True Undecided True
Undecided Undecided Undecided Undecided
True Very true True Very true
True Fairly true Fairly true True J

TN 2.2 MINANNITNHSUA IR W T a0 muiierw Batdwin

2.3.2 wuui1aoaWlsd (Fuzzy Model)

oWl P & = o ) . L 2
VINUIVDNNATINTULAND W\]Wﬂﬂiuﬁ@qﬂlaq Wclfclﬂqfﬂ%5@ﬂu1u11%1u“ﬂﬂﬂ1ﬁaﬂﬂ‘ﬁm GD’QHJ'N

° = X 1 o & =) : o @ < g ~
u‘uumaaqw"hflumimgmuﬂwmmuﬂi mwuﬂaumivm1umuaan“lﬂa:uﬂiu°!ugﬂm 2.53
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IF T[t] is cold AND P [t] is weak THEN I[t] is positive large

IF T[t] is cool AND P [t] is weak THEN I[t] is positive large



IF T[t] is normal AND P [t] is weak
IF T[t] is warm AND P [t] is weak
IF T[t] is hot AND P [{] is weak

IF T[t] is cold AND P [] is low

IF T[t] is cool AND P [t] is low

IF T[t] is normal AND P [t]is low
IF T[t] is warm AND P [t] is low
IF T[t] is hot AND P [t] is low

IF Tt] is cold AND P [t] is low

IF T[t] is cool AND P [{] is ok

IF T[t] is normal AND P [t]is ok
IF T[t] is warm AND P [t] is ok

IF T[t] is hot AND P [t] is ok

IF T[t] is cold AND P [t] is strong
IF T[t] is cool AND P []is strong
IF Tt] is warm AND P [{] is strong
IF T[t] is hot AND P [t] is strong
IF T[t] is cold AND P [t] is high
IF T[t] is cool AND P [t] is high
IF T[t] is normal AND P [t] is high
IF T[t] is warm AND P [t] is high
IF T[t] is hot AND P [t] is high

THEN I[t] is positive medium
THEN I[t] is positive medium
THEN I[t] is positive small
THEN I[t] is positive medium
THEN I[t] is positive medium
THEN I[t] is positive small
THEN I[t] is positive smail
THEN I[t] is positive small
THEN I[t] is positive small
THEN I[t] is approximately zero
THEN Ift] is approximately zero
THEN I[t] is negative small
THEN Ift] is negative medium
THEN I[t] is negative small
THEN I[t] is negative medium
THEN I[t] is negative small
THEN I[t] is negative large
THEN I[t] is negative medium
THEN I[t] is negative medium
THEN I[t] is negative medium
THEN I[t] is negative large
THEN I[t] is negative large
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IF T{tl is cool AND PI[t] is low THEN IJt] is positive medium
IF T[t] is cool AND P[t] is ok THEN I[t] is approximately zero
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3.2.3 RPM & Detect Landing
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numswens sxhlimsnauguénnndy Fuzzy Control 19%8nn15u04 Fuzzy logic #31l5znouday
3 duwan fio Fuzzify, Fuzzy Rule (18 Defuzzify

L. Fuzzify iflumsinlass input 15y logic %9 Logic w”l‘ﬂumﬁﬂszmaﬂﬂmmaﬂ"lmﬂu 7
logic W4 input 1A output 3314113 TAseat19ve4 Logic ‘14 7 Logic mgﬂw 3.20 Tawf1A19 <) Yo
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JUi 3.20 191W¥04 togic a0 3 input tiaz output
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input tfeden 1 uienay output  HAMANIBBALLL mmsﬂmuﬂnguumxﬂummﬂﬁwﬁ
ANNAURUT 353719 input 102 output

2.1 msaammu"huh Ha1¥Y input L‘Wﬂlaﬂﬂ I output %59 MISO (Multi Input Single Output)
AR08
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mnﬂhn 3.22 Lﬂumimmmmﬂanamm Tﬂﬂ‘lﬂmmmamﬂumﬂaaw‘lﬂmn@ﬂﬂmm
Unu mammuum"lﬂmamniwmm‘Ifmamasmammﬂmwaﬂww"luwwmﬂmammwm
uﬂuuuaﬂ Taofmuald A WhudunlsanuBseiiialdunaila 9 uazlinvedauls 7 dde
A(®) = {NL, NM, NS, Z, PS, PM, PL} d1u S(1) nJummJsmmunmmmmasTauamaﬁunmmﬂ
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IF AllisNL THEN S[t] is NL
IF AltlisNM THEN S[t] is NM
IF AltlisNS THEN S[f] is NS
IF AllisZ THEN S[tisZ

IF AltlisPS THEN S[t] is PS
IF AltlisPM THEN S[t] is PM
IF AltlisPL THEN S[f] is PL
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2.2 amaaﬂﬂgm‘lmmuﬂwuﬂ Array mung Tael% mput Logic 1511 index “lumimaﬂﬂg

Taw fmuals Logic a1aq A0 NL = 0,NM=1,NS=2,Z=3PS=4,PM=5, PL = 6 902157

4 ¥
915 19 I Then-Else ifmaﬂmmiﬂumsmngtﬁaﬂszma Aall 3N 3.24

Y
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3 NL
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5 NS
6 Z

3 i 3.24 ﬂmﬁung Tog Arrap t Wetdon output logic Galy input logic /% index

3. Defuzzify (Tm3iia Output Logic #aga1 Input 1AM AU LRI04 Output
m‘l‘vnmimm@ﬂﬂuama (Center of Area COA) Mangud tissnndusE it 198y ma12 17
ANUFURUTUDINY Input 1183 Output Wavua mummmmwanamnﬁqﬂu 4 AYUDINITH
Detuzzify

3.3.2 m3eennuulATIa31993U Embedded System
v b4
3.3.2.1 vihilvesnmania q fafl
o & @ o 3 v 2
1. TestTheard MMNNNIUAUMSIMYeITz Uy iazifudeyantsiiu
2. FuzzyModule ﬁmﬁ'ﬁﬁﬁzmawmﬁaﬂauﬂumsﬁmummszw
. ¥
3. TestSerial i Tnuanaz Aado S udsdeyari Serial Port Hanua

4. I0BoardModule  fimthitdamsdeyasieg 521319 Control Servo & Sensor Board

Y

5. AxialModule imihiisamsdeyamaq szni gunsaiSaunu Gpm)

v
S o

6. GPSModule ﬁ1ﬂﬁ1ﬂ%ﬂm‘ﬁlﬂy‘ﬁﬁ‘1ﬂ"] 5¢4 7N GPS Receiver

A3

4

7. RFModule imihfidanisdoyanien 521319 RE Module
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FuzzyModule

Ny

TestThread li s -

GPSModule

i S,

1
f‘ I0BoardModule ! AxialModule J
N

j

’ ' TestSerial |
ALY

3UN 3.25 mwmisanvesnsiamanuay

3.3.2.2 swaziRsamsianlusiazdiu
1. TestTheard iifudumunumsshauvess suianua Taou il s Thread &4il
void* Thread FunctionO(void* arg) ;
- iludauiiiade RF Module fhunaa REModule
void* Thread Functionl(void* arg) ;
- fuduiiAnso GPS Receiver H1Lna 18 GPSModule
void* Thread_Function2(void* arg);
- iluduiidade ginsalaunu GDM) shunaa AxialModule
void* Thread Function3(void* arg) ;
y Lﬁudauﬁxﬂudmﬁﬁﬂda Control Servo & Sensor Board H1UAa1a I0BoardModule
void* Thread_Function4(void* arg) ;
- dhudwiinruqumsndeud imedndhedaonazyn HIUADTE FuzzyModule
void* Thread Function5(void* arg) ;
- iuduiinunumsndeoud lumednmduasnds sunad FuzzyModule
void* Thread Function6(void* arg) ;

- Wuduinunuismams e sunad FuzzyModule
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void* Thread Function7(void* arg) ;
' a & et '
- Lf]umuﬂmmnﬂmﬂaaumuumu‘m WIUA[d FuzzyModule
void main (void) ;

[ { i et 1 C < v
- ihudanuifia$ha Thread Mafind1au uansHanonN1 Monitor aznude3aa DOM

2. FuzzyModule iudanlszinanaiioniunumsiinuvesszun Tasutantsiaug i
void SetFuzzyLogic(int x, SetFuzzyPoint SetPoint);
- Wuduiismuadiieg veq Logic 1A Input/Output
void SetFuzzyRule(void);
- Wuduiifimuangues Fuzzy Control
float* FuzzifyInputl(float x);
- Wudnfivims Fuzify
void SelectFuzzyRule(void);
- diuduiidonng Fuzzy ignmual3noudy
float DefuzzifyOutput(void):

- ifludauiiviims Defuzzify

3. TestSerial iifuduan Tnunuaz fado S udadoynni Serial Port s Inuiiems i,
T
int OpenPort(int sPortNumber, int sBuadrate);
- g uiitmuanideg taesuldein 185y Seral Port
int ReadPort(char* Buffer,int Size);
- WuduiisiutoyaluButfer vo4 Serial Port
int WritePort(char® Buffer, int Size);
- i@ oudoyatuButter yo3 Serial Port
void ClosePort();
- Wuduiingants 1 serial Port
4. I0BoardModule Lﬂuﬁau%"ﬂms%y,aehm 5¥1394 Control Servo & Sensor Board 1a811/3m15
e
void IOBoardSend(void);
- ihududidedoyald serial Port dedoya
void IOBoardRecieve(void);
- luduiisudoyanin Serial Port 11lszama

struct DataOBoard GetOBoardData();
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v
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- i iivedoyaiildnn 10Board w1lszanana
void SetIBoardData(struct DataIBoard 1_DatalBoard);

- dhidaimmuadoyalufi 10Board 1

5. AxialModule ihugufansdoyarieg szuin quasalSaunu GDM) Taoitems g
void AxialSend(int mode);
- Whudiidadoyald serial Port ﬁa%’ayaw%’auﬁmﬁaﬂ%gaﬁﬁmms
void AxialRecieve();
- ifudfisudoyann serial Port smlszuna
struct DataAxial GetAxialData();
- ifludaviivedoyailldnn Axial silszanana
void RawScnsorMode(unsigncd char* Buffer);
- ihudauitusndoya Rot, pitch g Yaw
void EulerAnglesMode(unsigned char* Bufter);

- iluduiiondoya svuingn 3 un asaauEe 3 uow

6. RFModule (Hudauiamsdoyadias 5211419 RF Module Tavtanshauded
int ReadPort(void);
- Whidauifudeyanin Serial Pore 11132290
int Process(void);
- Lﬂuﬁ'au‘ﬁuani’f@yauazdﬁ’agaﬂﬁn
void SetRFData(struct DataRF TempDataRT);
- ihudwiimmadoyaiemon 3 oda i pe |
struct CommandRF GetRFCommand(void);

- Wuduiivedoyarimniusuee RE Moduls

Fd
~

7. GPSModule 1fludauiamsdoyams 521919 GPS Receiver Tavutamsiaudad
void GPSProcess();
- LﬂudauﬁfuﬂagaaWﬂ Serial Port 311/5z17a
struct DataGPS GetGPSData();
- fiudawiivedoyail 14010 GPS Receiver umtlszanana
int CutWord(int Point, char Start, char Stop, char* Souce, char* Destination);
- fhudauiuondoyasinTis Tanea GPRMC Wlumsinee
int StringToHex(char* Source);

= gﬂudauﬁuﬂmm String (il Hexadecimal
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3.4 MmIveALULMENIT AT (Protocol)

3.4.1 Communication Bus

MCS51 (Master 1)

MCS51 (Slave 1) MCS51 (Slave 2) MCSS51 (Slave 3)

Device Device Device
- Servo motor - Infrared - Ultrasonic
- Limit Switch

3 i 3.31 N3 EJ?)ﬂ!llIlI?Mﬁ' IWVad Control Servo & Sensor Board

Tasaardensdon1s n1eluwes Control Servo & Sensor Board 1/52naudag
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& q o
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Address/Data Bus {_data__
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Set Ready i | s g
Acknowledge ~ --eno__ I el e
Slave 0, Slave 1 { Slave )

Ui 3.33 dyanaumadouioyass g MCS-51 Master a MCS-51 Stave

3.4.1.2 juvayanmnsedoyanin Stave
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Address/Data __r__—_-_—_—_—_—_j
Read/Write S\ ) /00 N /O qaC T,
Set Ready 3. 21 AN (h —
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Siave 0, Slave |

Uil 3.34 dyenon15eTMToYATY I MCS-51 Master 1135 MCS-51 Slave
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o 1 o o " 4
2, E‘L‘H‘U'Uﬂ?iiﬂﬁﬂ%@gﬁﬂlm:ﬁ]UﬂTUQaﬁl?)Qﬁﬂluﬁul"lml“lfﬁlii"lﬂﬂlﬂﬂi

0. o o %
2.1 EiJLL‘U‘Uﬂ"I'iﬁ\‘]ﬂWﬁﬂ%mzﬂUﬂWUUﬁﬁJﬂQﬁﬂJﬂJ"ImL“HE){T’JMGME)'S

¥
=

mydadeyaziimsdinsaz 4 Byte Taoilgiliundsil

Format : #, COM, CS, \n
Taon  # g’?m’i’u Command Packet
COM M3 Command Code

CS  Check Sum AT9dRUANUAANAIAYDITYA

\n Fugadoya
COMMAND CODE DEFINITION
0x00 yodoyan1unA e U031 IWBIADS § 72
0x01 vodayan1ui5 250 U0AZ UL AT AIIDA
0x02 YolaYaaINszoy 1950 UR 8 99

0x01)

2.2 yuyudeyamunaveuses Iuomes 8 §ails1 (Command Code = 0x00)

Format *, COM, Servo0, Servol, Servo2, Servo3, Servo4, Servo5, Servo6,

Servo7, SPARE, CS, \n

Response 20 Byte

COM Command Code = 0x00
Servo0-7 Huu1a 8 Byte AA1U0a10 1d0nmes 1uamosunazda
SPARE ivua 8 Byte o 1314 ueuna

2.3 suvudeyannuisoutaramuznsaiveai 145y (Command Code =

Format *, COM, RPM, LANDING, SPARE, CS, \n

Response 20 Byte

COM Command Code = 0x01

RPM fluua 1 Byte UanANMSITOUIATDIBUA

LANDING | Jwu1a 1 Byte #01UeMsa490av0usanoUines

SPARE HUU19 14 Byte

24 uuudeyaninszezviteseuds 8 3a#i 1851 (Command Code = 0x02)

Format *, COM, USO0, US1, US2, US3, US4, US5, US6, US7, CS, \n

Response 20 Byte
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COM Command Code = 0x02

1 o 1 A 4
US0-7 uAazAIlivIg 2 Byte mmuna1i ldnnmes uemos

o 19 " g
3. puvumssudedeyavmzaiuguires Tauewmes
3.1 gluumsdeiidazaiuguses Tusines

miaidoyasziimidenias 20 Byte Tnodgduuudail
Format : # COM, DATA, SPARE, CS, \n

Tﬂﬂﬁ # Suﬁ’u Command Packet
COM  0x01
DATA 191119 8 Byte iilomaunuires Taemoes 11 8 41 §1az 1byte
SPARE T4 8 Byte e 1314 1un11na
CS Check Sum As29@eUANUAaNMIAvEToYa

3
\n augadoya

3.2 jinuydoyaiinoundy (Command Code = 0x01)

Format *, COM, RPM, LANDING, SPARE, US0, US1, US2, US3, US4, US5,
US6, US7, CS, \n

Response 28 Byte

COM Command Code = 0x02

RPM Luu1A 1 Byte UONAYI5 33011405 030U6

LANDING | fiuuia 1 Byte 011215 09900U8u8aA0 UIADS

SPARE Tuu1n 6 Byte 10 114 uauinn

1 o A 1 Ay ¥ o 4
USo0-7 HARZAIVUYUIA 2 Byte ﬂ'lﬂTU!.TIﬁ’I‘Vﬂﬂ%"!ﬂL"M)iI’JN@ME]S

4. slnuudeyafinounduiianuianaia
Format : *, COM, ‘N’, CS, \n

3.4.3 Protocol Embedded Board
L. Maoua1s 9 Adeamsdauazasrvaeuiondsyuiana
1.1 dumvsveusanetines

- M mrdanne luuuls
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b4
- ANIZEZANNEINNITTALIIMEIA

4
- A28 NWGININAUAY

1.2 apuzunieanotines

o St
-namelumsinaoun

23 A =
-anusilumsiadeoun

< & P
- AT OUVBUATDITUA

9 & s
- ANNTBUVDAUAST DIBUA

d' a = 9J d‘ o w &v

- YunieanoilinesoosdunazennI LIS UULINLS 1Y

d a Iy oy gy Yy A Bl &
- Nﬂﬂlﬂaﬂ@ﬂm@5lﬂﬂﬁﬂ]uﬁ”@“flﬂuﬁgﬂ'lu‘m@‘ﬂ'NTIﬂ§$°ﬂ1ﬂ1]l£u'lwu‘§1'ﬂ

&

'
a =

a Ry o
- NAMINTIA LRI HUKT

cd
o

- FTAVNAINUATI ) 1B HUALADS 117U

1.3 dunndonsau < @aneiines

' ' o v a Jda LY
= ﬂﬁZEJZVINizW’JNfNﬁWU’JNﬂ'iJ!.?lﬁﬂ’r)ﬂl.Glﬂi’JWEqJ‘lNﬂU

a 1 ~ = g ¥ w s
- MUUIDWIBUA sanetmosangiiauiiuly

2. WuumsdsdoyasnnaiuAUT 191991717 (Command Packet Format)

£ b4
msadoyanzihimsdins 7 Byte Taofigalinnigadl

Taofi  #
D
SEQ
COM
DATA
CS

Format : # ID, SEQ, COM, DATA, CS, \n

uduY Command Packet
nnsavszinednetineseiuing
N8 VU8I Command Packet

v
o w

183710 Command Code
6i’l"t‘)gﬂ"ll’@\i Command Code
Check Sum A529ADUANUAANAIAVBITDYA

dugadoya



COMMAND CODE
COM DATA DEFINITION
OXFF - ATNTOUT YR 1!
0x01 - 232970 UYARIUANIAZYLNIRiAaY
0x02 - ATIVABUAIAI
0x03 0xXX | MruAA91e) 0xXX SMuaffideems fivue
0x10 - maei’fagaﬁwmﬁ“l%’miuﬁmwauuiﬂmﬂm
0x11 - vodoyasiumiis Latitude Longitude 1z Height
0x12 - yodoyayuABeA Pitch Roll 1Az Yaw
0x13 - vodeyaiiama nazanusnmsindoud
0x14 : vodoyamnennuiseuLazgamgiveuns o s
0x15 - vedoyananzvonSiruthui nasininmnes
0x16 - vodfoyaszurMadugas 910 Ultea Sonic 11a 8 &)
0x20 - Susumniu
0x21 0xXX | A88AINANBINA 0xXX MHUANIIGS
0x22 0xXX | Aemefisumiall 0xxx fnuae s
0x23 ] aveATiL
0x24 0xXX | Tuauiidmua'ly oxxx fmuadianiefigesns
Tl MSB B,B.B,B,B,B,B,B, LSB
Bit0-1 ndeuilUdmihdum
Bit 23 adeuit ldrdhod
Bit4-5 Indeui duuuga
Bit 67 ViyuAIMnaz NI
0x30 XX | fhunfeuiiludrumitt oxxx finuassozma
0x31 XX | Tunfeuiiludmds oxxX fmunszozma
0x32 XX | fundeuiiluddhs oxxx fmunszezma
0x33 0xxX | Sunfouiilud e oxxx muaszosma
0x34 XX | Sumdeuiilud iy oxxx fmuaszozma
0x35 0xXX | Sumdeuiilud s oxxx fmunszoems
0x36 0xXX | Tunyudinudnnidm oxXX simuaean
0x37 0xXX | TunyudmIudunninn 0xXxX mMvuasem

81



3. ymmwmsaddayannmaeimaieniniu@u (Acknowledge Packet Format)
Format : * ID, SEQ, COM, DATA, CS, \n

Taof  * FUAY Acknowledge Packet

=

D nusavlseiusdnetnesiiduing

a

SEQ  %M181av¥®I Command Packet 711951

*
o

COM 193014 Command Code ﬁ"lﬁ'ﬁ’u

e Do

puANABITINE UM IR

U

DATA

-

CS  Check Sum A5729@0UAIAANAIMVDITBYA

b
\n Augadoya

3.1 A37308UYAAIUAN (Command Code = 0x01)

Format *, ID, SEQ, COM, DATA, CS, \n

Response 7 Byte

COM Command Code = 0x01

- 5
DATA yv1a 1Byte Tni
0x00 syumegluanmwienihimsalugu
0x10  gunsainIgY (10 Board) Tilaym

o oI
0x11  gamIRuIEes 1Iusins tilym
0x12 yatannuFIseNAzMIadeealiilym
0x13 _ gadInszozmesoudiiilam

0x20  gunsaiTaunu (DM) Tilym

030 qunsaisuFamulfiod (GPS Receiver) Hilaymn

3.2 ATIVAOUAINING (Command Code = 0x02)

Format *, 1D, SEQ, COM, DATA, CS, \n

Response 7 Byte

COM Command Code = 0x02

DATA Huu1a 1Byte T
Bit0  Udwanuingiidunnuguadaoinesnie 'l

Bit X  Unknown




33 vodoyafiavuaildmsuansnavuTusunsy (Command Code = 0x10)

Format *, ID, SEQ, COM, LATITUDE, LONGITUDE, HEIGHT, PITCH,
ROLL, YAW, SPEED, DIRECT, RPM,TEMP, FUEL, BETTERY,
US1, US2, US3, US4, US5, US6, US7, USS, CS, \n

Response 40 Byte

COM Command Code = 0x10

LATITUDE Tu1a 5Byt Taufi uonszue 4 Byte Uaz7IAN1 1 Byte

LONGITUDE | fiv11a 5 Byte Taud uonszus 4 Byte 4az1eN14 1 Byte

HEIGHT fivine 1 Byte Anuga

PITCH Tvi1a 2 Byte vonyuAuMS o118

ROLL Tu18 2 Byte Ve AyuBmadons e e

YAW WUUA 2 Byte Tiftnisindoud

SPEED w9 2 Byte anunsrlumsindoudi

DIRECT Tlvua 2 Byte ianalums indeudi

RPM Wv1a 1 Byte A5 250UV 9IAT D0

TEMP T 1 Byte guviununsoaous

FUEL Tuu1a 1 Byte Wit

BATTERY e 1 Byte USainmos

USI-8 uaagMuMLsling 1 Byte THuenszozmamudiueieg

34 mmsfagaﬁnmm Latitude Longitude (182 Height (Command Code = 0x1 1)

Format *,ID, SEQ, COM, LATITUDE, LONGITUDE, HEIGHT, CS, \n
Response 17 Byte

COM Command Code = 0x11

LATITUDE flna 5 Byte Taefi Upns2oe 4 Byte (1azfM14 1 Byte
LONGITUDE | #lvu1a 5 Byte Tnufi uonszos 4 Byte UazNANI 1 Byte
HEIGHT 119 1 Byte AI0g3




3.5 ﬂlﬂ%@yjﬁghﬂ’ﬂmam Pitch Roll 44812 Yaw (Command Code = 0x12)

Format *,ID, SEQ, COM, PITCH, ROLL, YAW, CS, \n
Response 12 Byte

COM Command Code = 0x12

PITCH i@ 2 Byte uonyuAun3 oy

ROLL WUUIA 2 Byte voAyuIBIdonS 08 eaun
YAW w2 Byte Aetmsiiusanetinedeiuly

3.6 vodoyafianenisindouiiuazanuid (Command Code = 0x13)

Format *, 1D, SEQ, COM, SPEED, DIRECT, CS, \n
Response 10 Byte

COM Command Code = 0x13

SPEED a2 Byte a2 lumsinaoud
DIRECT Tvua 2 Byte inmalunisinaoud

37 vedoyanuiiaseniazgan)ivedinTo s (Command Code = 0x14)

Format *,ID, SEQ, COM, RPM, TEMP, CS, \n
Response 8 Byte

COM Command Code = 0x14

RPM U119 1 Byte AM523 00 UAT0I0UG
TEMP Tvun 1 Byte quvigivounsosoud

3.8 vodoyaanizvowlSinaninii uaziunnes (Command Code = 0x15)

Format *, ID, SEQ, COM, FUEL, BETTERY, CS, \n
Response 8 Byte

COM Command Code = 0x15

FUEL Lvu9 1 Byte USumaigiu

BATTERY flvuna 1 Byte VSmamuames
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¥
3.9 wedoyaszezmed U197 910 Ultra Sonic 113 9 #3 (Command Code = 0x16)

Format * ID, SEQ, COM, US1, US2, US3, US4, US5, US6, US7, USS, CS,
\n

Response 14 Byte

COM Command Code = 0x16

US1-9 wiazdumiliving 1 Byte usnszosmamudiusieg

3.10 Mrdeduq hisuiudesddoyanay nddestuiumsdedoya (Command Code =

ldsu)
Format * ID, SEQ, COM, ACK, CS, \n
Response 6 Byte
COM Command Code = ﬁ”lél}%"ﬂ
ACK ‘A% = Acknowledged
‘N” = Unacknowledged
‘S’ = Successfully

4. phoudnsusmssudaoyaszunanaiuduiminema

ag

o

0 3 % 4 L
wiimsdadidsasnaeudyanalilyn 0.5 Sund orflumsasroudyaiu

]

a o a L4
AONWUADT wwanailnas
Normal Case Com: seq0
Ack: seq0
4_
Command ¥Lost Case Com: seql
= Com: seql
Ack: seql
4i
Acknowledge Lost Case Com: seq2
Ack: seq2
}:{;’
Time out _\Com\seqzﬂ
Ack: seq2

4’ v L 9. 9f 7 .:; a =
37.’71 3.36 gi/tmuanymzmsmﬁwayaszmnnmwuﬂumnmmmﬁ
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31l 3.37 mwsanvesszyylua1uved Hardware

3.5 mIoantul Software
3.5.1 mvennuuiihl

A 9

1 ¥ 3
msAadofiomrizninmanmauazmaiuau Joyailduiesni 2 nuufe foya

u

91AMI19UVBL Embedded System 1ag01A8N1311191U¥09 RF Module 1102 103291n04097A 1o

13
A Yo 9 3 ey 3 73 1 5 1 1 A o o Al W
o ldsudoyaninndodiale lime foyamaniuszgniinsungindessudyaaiinedy
Video Capture Card 11 Tsuns unazudmana Tavas swuvosmiuiin 8o dagio
' ) td
FMTUMIAAABTB 1352 NN Embedded System LAINT0INOURUADS N UT=nOUS T
3.5.1.1 RF Module

wmsulasdyaio hlvszwihedyyudlaoanasdyyin RE e 19 lunsdoms

o e

4

5EUIN RF Module UazdIU Al H1UNN Serial Port YDIABURUADS

35.1.2 Al

Wludrulszuranadoyaii 14910 Embedded  System ¥ ansananinavuniiin

AouWIAeT I8
35.13 GUI
Whudawihmihfudadeyadien dmualfeglugiiuuiiasay 4l honaz e

' £ a
aeMms 1¥NUIse
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RF Module ;
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1 ~»| Log File ‘
' !;: Serial v

Gemmemp|  Video Capture Card | el VDO

= o 4 A
gi/ﬂ 3.38 MWIINYIINITNINIHAIIANHAY

3.5.2 mseenmuulsunsudmindeudliamu (Gun
¥
MIMNUYeIaIU GUI tiseenidu 3 @3y Ao
3.5.21 @IUYBINUAAMNR (Map)
I i Y o ' o a s s Y a o =
ihidmiimihiuaasdunhivgiuveusinetines Tasnisvansdradaiuumui
YoIRULININTIUMTAs vosaanfutuvdn
3.5.2.2 dIMvenIsHERsAn M YeITaNeL NG (Status)
4
o 1 3 1 ' a d o
minvhaulasnssudoyasin Log File vzuansmidaiuzaiguesaanatimesiinldain
1 J D A g 3/ 1 ° o 9 o T
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A Nasedulavazihnmsvaass
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w"lﬂinﬂmsmammNﬁtgtymmammwumﬂﬂamﬁwagamﬂmn Log File fthu 13uazariieu
18910 Log File
4 S
3.5.24 aumsuaaamwiale
o vy ! I S B ) oy
mmiulasmssiudeyasin Log File aznansnmitiufindul3ugduuuyes avi ud
o v g s Ay ¥ v G A v a 4
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¥
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k4

RN151FeUdD Serial Port

|

Mms¥eudenang
0l 13ae

a9

w | TUYBYDHIY Serial Port

\'a

7 i
nietaHdoyaiThy I uaRInNIAle
fAI0nY5 f |
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dugamsenu s

|
|
7
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a 4
Yo uaanelines
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JUA 3.41 mmsanvesszuuluaTuves Sofovare
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4.1 HAMINADBITINVBSANIUAN

Uil 4.1 vesanIugu

wieemiludiumndn 4 ¥ianun 5 o

- nueay 1 MCS-51 (Master) ﬁmﬁ'ﬁmuaumiﬁmu Control Board %ﬁﬁuﬂ

- MUY 2 MCS-51 (Slavel) ﬁ1wﬁ1ﬁmuauﬂ1sﬁwmuamﬁnmmmwm Servo 8 A2
- Huuay 3 MCS-51 (Slave2) ﬁmﬁlTﬁiuﬂﬁaﬂﬁﬂ Infrared (1a& Switch Landing

a 1

- NBaY 4 MCS-51 (Slave3) i lunisfaae Ultrasonic

o

- MINUIAY 5 GPS Receiver Module ¥nihnsudyanavinauiouitondadimi

A . /d o o o 19 ' a 4
1189970 GPS Receiver Module iifugi/nsaifivhduiogiloguds udmsfndedomsves Gps
v k4 P 3
Receiver Module 11111 RS232 issfudyanaiuy TTL Level #uiuSainnaaaiivesaniunuiiie
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aunsoddoya lifwesalszinanald
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Name Example Unit Description
Massage ID Pos Position
Latitude 1349.5377 A1 ddmm.mmmm Y84azAYA
N/S Indicator N N=north or S=south
Longitude 10044.1243 A1 ddmm.mmmm Y84084A3A
E/W Indicator E E=cast or W=west
1 < A {

Speed Over Ground 000.00 knots manuslumsnaoun
Course Over Ground 000.00 degrees MARNNMTAADUN

Pos=1349+5377,N, 10044 . 1243, E, 5:0&«» 00, BO0 O

Pos=1849 8373 ,1, 10044, 1243, £,000.00, 000 040

Po8=13499 5373, 8, 10044\, 1250, K, Do . 00,000. 00

Pos=1245.53 68,1, 10044, 1256, £,000., 00,000, 00

Poz=1340 5367, M, 16044 . 12 55, B, 000G, 00, 00000

?Q351369.¢3z N 10044 . 12585 .8, 000,00, 000,00

POoE=1349.5346
Fos=1348, 548
Fos=1349,.538
BOs=13a_ 5368

» 10044, 1255 A E, D00 <06, 090.00
6 MoLl00449 (1252, E, 000,00, 00O, 90
58, N, 10044 .12 581 E,Q00.00, 06D .00
3 16044.1243, E, Q00 00, 000D, 00

Paw”1349.~3&4,§ 10044.3248, E, 000 . 00, OGO . 00

Pos+i348<5

363, W, 10044, 12495,

E,

000,00, 000, 00

POS=1349 . 5362,H, 10044, 1248, E,D0G. 00, 0060 40
Fop=1349. 8361, N, 100443248, £, 000C. 03, 000 {00

Pos=1348 5360, 1, 100449 1248

+E,

0Q0. DO 000 40

POs=1340. 6360, 8, 10044 1 1250, F, 000: 00,000 . 60
Pos=1848., 5389, N, 10044 . 1261, E, 000, 00, 000 .00

POS=1845..83 56,1, 10043, 11

FO5=1380.5357, N, 10044, 1251

Pos=13R9., 5387, Npdi0ne 3e&1,

2

sUN4.16 juwumsiudoyaning

L

251, E,000.00,000,00
+ B Q0T
EL,00c, 00, 000, o0

00 0G0 .00
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Name Example Unit Description
Massage ID Deg Degree
Picth 0001.31 degrees AyuAuY
Roll 0001.69 degrees | syuBoEnon
Yaw =115.10 degrees ﬁ]ghﬁﬁﬂﬁﬁ?
Massage ID Mag Magnetic field
Axial X -1923 Aenuumanuny X
Axial Y 03994 Aeuimanay Y
Axial Z 02645 AN ARLAY Y
Massage ID Acc acceleration
Axial X 00277 AaamussmamAeuiinnu X
Axial Y -0202 A amsinaeuiiunu Y
Axial Z -8174 AR IMIAADLRILAL Z

Deg=0002 .82, 0007. 60,0060.39 Mag=02632,-5001,02463 Acc=01171,-0415,-5426
Deg=0001.89, 0005.54,0060.76 Mag=02632,-5001,02483 Acc=01171,-0415,-8426
Deg=0001.89,0005.54,0060.76 Hag=02665,~45995,02497 Acc=00649,-0344,-8189
Deg=0002.71,0006.10,0060.69 Wag=02665,-4995, 02497 Acc=00649,-0344,-8189
Deg=0002.71,0006.10,0060.65 Nag=02646,-4995,02504 Acc=00939,-0463,-8232
Deg=0003.57,0006.23,0060.98 Mag=02646,-4995,02504 Ace=00939,-0463,-8232
Deg=0003.97,0006.23,0060.98 Mag=02639,-4995,02524 Acc=00650,-0525,~5053
Deg=0003.36, 0004.22,0061.40 Hag=02639,-4995,02524 Anc=00650,~0525, —5053
Deg=0003.36,0004.29,0061.40 Hag=02626,-4976,02531 Acc=00610,-0241,-8187
Deg=0002.16,0005.76,0060.54 Hag=02626,-4976,02531 Acc=00610,-0241, 8187
Deg=0002.16,0005.76,0060. 64 Nag=02626,-4969,02531 Acc=00637,-0352,-3114
Deg=0002. 54, 0003.90,0061.44 Mag=02626,-4960,02531 Acc=00697,~0352,-8114
Deg=0002.54,0003.90,0061.44 Nag=02626,-4975,02517 Ace=00508, -0320,-7951
Deg=0003.11,0004.41,0061.29 Mag=02626,~4975,02517 Acc=00508, -0320,-7951
Deg=0003.11,0004.41,0061.29 Mag=02639,-4975,02491 Acc=00567,-0423, -8004
Deg=0004.02,0005.12,0061.33 Mag=02639,-4975,02491 Aec=00567,-0423,-6004
Deg=0004.02,0005.12,0061.33 MHag=02633,-4988,02470 Acc=00601,-0362,-8115
Deg=0003.51,0003.38,0061.80 Nag=02633,-4988,02470 Acc=00601,-0362,-8115
Deg=0003.51,0003.38,0061.80 Mag=02646,-5007,02430 Acc=00321,-0364,-7986
Deg=0003.60,0004.38,0061.53 Hag=02646,-5007,02430 Acc=00321,-0364,-7986

3 4.17 gumummivdoyaningUnsaiiaun
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WA 30 ms AN 418 dredeglunuiiy Rpm=02880 Lan=00070 Hig=00021 Ser=01323
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Name Example Unit Description
Massage ID RPM Round Per minute
Round Per minute 02880 RPM ﬁwmmn%‘aianm?mﬂuﬁ
Massage ID Land Landing
Landing 00070 anIUzN1Tadvea
Massage ID hig height
Height 00021 cm mmmqamnﬁyuﬁu
Massage ID Ser Servo
Aileron Servo 01323 Micro Sec AIAIUNAT Servo
Elevator Servo 01470 Micro Sec AN U981 Servo
Rudder Servo 01501 Micro Sec MAIIAT Servo
Pitch Servo 01533 Micro Sec A1 111787 Servo
Throttle Servo 01512 Micro Sec AN Servo

Rpm=02880 Lan=00070 Hig=00047 Ser=01155,01449,01501,01711,01491
Rpm=0Z2880 Lan=00070 Hig=00047 Ser=01155,01449,01501,01711,01491
Rpr=02880 Lan=00070 Hig=00040 Ser=01155,01449,01501,01711,01451
Rpm=02880 Lan=00070 Hig=00040 Ser=01155,01445,01501,01711,01491
Rpm=02880 Lan=00070 Hig=00040 Ser=01155,01449,01501,01711,01491
Rpr=02880 Lan=00070 Hig=00043 Ser=01155,01449,01501,01711,01491
Rpm=02880 Lan=00070 Hig=00043 Ser=01155,01438,01501,01711,01480
Rpm=02880 Lan=00070 Hig=00043 Ser=01155,01438,01501,01711,01480
Rpm=02880 Lan=00070 Hig=00054 Ser=01155,01438,01501,01711,01480
Bpm=02680 Lan=00070 Hig=00054 Ser=01155,01435,01501,01711,01480
Rpm=02880 Lan=00070 Hig=00054 Ser=01155,01438,01501,01711,01480
Rpm=02880 Lan=00070 Hig=00050 Ser=01155,01438,01501,01711,01480
Rpro=02850 Lan=00070 Hig=00050 Ser=01155,01428,01501,01501,01491
Rpm=02680 Lan=00070 Hig=00050 Ser=01155,01425,01501,01501,01491
Rpm=02880 Lan=00070 Hig=00054 Ser=01155,01428,01501,01501,01491
Rpm=02880 Lan=00070 Hig=00054 Ser=01155,01428,01501,01501,01491
Rpm=02880 Lan=00070 Hig=00054 Ser=01155,01428,01501,01501,01491
Rpm=02880 Lan=00070 Hig=00057 Ser=01155,01428,01501,01501,01491
Rpm=02880 Lan=00070 Hig=00057 3er=01155,01428,01501,01711,01480
Rpm=02880 Lan=00070 Hig=00057 Ser=01155,01428,01501,01711,01480

{ ¢
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3. misnatlu Connect Minasadaaedems1d Status 9211/Aena1n Disconnect 1ilu
Connect
o U o 9 b4 AR ) a
4. nmsnafu Update Data minaunsasudeyald azalsingf191 Get Data All azazdl
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Receive Data
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Move 1 Haover Jpdate Data Connect
Status -> Connect port 2 DO SEQ 9 ; >
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4. neaeumsmmhauvesglnsel GPS Tavl411/sunsu Hyper Terminal
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Throttle
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Status -> Connect port 2 00 SEQ 9
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.1 518@3!5891119»31]6‘;6]1]53“3@“3 Vortex86-6071

RS285  IDC LAN
AUDIO: Speakar
e PRINTFR
Im_c oul S TE
mic-ir:
Ok
LIEE
ZOorz2
FCD Fan {+0
LCD W OA
Mozl COR
KEVEOSKD %
WCUSE
=5y GAD
POYWER SGra
31t %1 vesm/szasaama Vortexs6-6071
Processor Chipset DM&P(SiS)Vortex86 . System-on-Chip CPU-200MHz
Real Time Clock with Lithium Battery Backup
Bus Interface ISA and PC/104 Standard Compliant
Memory Onboard 128MB SDRAM (optional 128MB)
BIOS AMI BIOS
Muiti /O Enhanced IDE interface

RS232 port x3
RS232/485 port x1
Parallel port x1
FDD interface x1
USB port x1
Line-in port x1
Line-out port x1
Mic-in port x1

Video Display AGP Rev.2.0 Compliant



LAN

Connectors

Watchdog Timer

Power Requirement
Board Weight
Board Size

Operating Temperature
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Shared system memory area up to 16MB.
Resolution up to 1,920Cx 1,440 true colors
CRT/LCD display

Realtek 8100B single chip

Full-duplex transfer mode, doubles effective
bandwidth 16KB RAM buffer

Throughput 10/100Mbps

2.0mm 44-pin box header for IDE

2.0mm 10-pin box header for RS-232 x3

2 pin header for RS-485

2.0mm 26-pin box header for Printer

2.0mm 34-pin box header for FDD

2.0mm 10-pin box header for USB

2.0mm 10-pin box header for VGA

2.0mm 8-pin header for Ethernet

2.0mm 44-pin box header for LCD connector
2.0mm 4-pin header for Line-in

2.0mm 4-pin header for Line-out

2.0mm 4-pin header for Mic-in

5-pin box header for AT-Keyboard connector
5-pin header for PS/2 Mouse

Software Watchdog Timer

Three 8254 Compatible Programmable 16-bit
Counters.

Single Voltage +5V @1.2 A

100g

90mm X 96mm

-20°C ~ +70°C
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71/ v.2 gdnseiiana1nss 3 unu (3DM)

Range

A/D Resolution

Digital Filter

Angle Resolution (no digital filtering)

Angle Resolution (most aggressive

digital filtering)

Yaw: £ 180 degrees

Pitch: + 180 degrees

Roll: 70 degrees

12 bits

Infinite Impulse Response (ITR) User programmable
weighted moving average
Pitch: 0.30 degrees (typical)
Roll: 0.25 degrees (typical)
Yaw: 0.50 degree (typical)
Pitch: < 0.1 degrees

Roll: <0.1 degrees

Yaw: <0.1 degrees

Resolution specs. taken during static motions.

Accuracy

Pitch: £0.93 degree typical (yaw from
0 - 360 degrees & roll=0 degrees)
Roll: £0.33 degree typical (yaw from
0 - 360 degrees & pitch =0 degrees)
Yaw: £1.0 degrees typical (pitch &

roll=0 degrees)
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Accuracy is defined as the square root of the sum of the errors squared (nom repeatability,

temperature coefficients & non-linearity).

Angle measurement non-linearity

(pitch & roll)

Angle measurement repeatability

Update rate (angle mode)

+0.23% F.S.

Pitch: 0.07 degrees (typical)
Roll: 0.07 degrees (typical)
Yaw: 0.26 degrees (typical)
45 Hz/ 3 channels (maximum)

30 Hz/ 3 channels (typical)

The update rate is specified with a maximum and typical value since it depends on how many points

the A/D converter averages.
Update rate (raw mode)

Output modes

Output format

Transmission Rate

Supply voltage

Supply current

Connectors

Operating Temperature
Temperature Drift (%/ deg. C)

(mean, std.dev.)

Module size

3DM enclosure

70 Hz/ 6 channels

Raw: ax, ay, az accelerometer

Raw: mx, my, mz magnetic field

Units: pitch, roll, & yaw in degrees

RS-232 serial or RS-485 multi-drop network
9600 bits/sec

5.3 volts DC min

50 milliamps/node @ standard speed
Sensor: RI11 type power: min. coaxial jack
- 25 degrees C to 70 degrees C

Pitch: 0.009+/-0.008

Roll: 0.033+/-0.025

Yaw: 0.019+/-0.019

L.7" wide, 2.5" long, 0.7 " thick

2.05" wide x 3.815" long x 0.9" thick

e
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1.3 91802188AVD3 GPS Receiver (Holux J1 GM-82)

10.

11.

12,
13.

14.
15

16.

3 it .3 GPS Receiver (Holux g"u GM-82)

SiRF Star II chipset with embedded ARM7TDMI CPU available for customized applications in
firmware

12 parallel satellite-tracking channels for fast acquisition and reacquisition

High speed signal acquisition using 1920 time/frequency search channels

Use Frequency 1575.42 MHz

Built-in WAAS/EGNOS Demodulator

Support U.S. Coast Guard DGPS beacon signal

Low power consumption with Advanced Trickle-Power and Push-To-Fix mode

Optional Rechargeable battery for memory and RTC backup and for fast Time to First Fix(TTFF)
Support NMEAO183 v2.2 data protocol and SiRF binary code

Enhanced algorithms -SnapL.ock and SnapStart provide superior navigation performance inurban,
canyon and foliage environments

For Car Navigation , Marine Navigation ,Fleet Management ,AVL and Location-Based Services
»Auto Pilot ,Personal Navigation or touring devices, Tracking devices/systems and Mapping
devices application.

Input voltage: 5.0Vdc +/-10% or 3.3Vdc +/- 10%

Backup power:(optional) - 3V Rechargeable Lithium cell battery, up to 1000 hours
discharge.

MCX antenna connector: Active or patch.
PCB Size: 40(W) x 50(D) x 12(H) (mm)

Weight: 18 g



Performance

1. Update rate: 1 second.

2. Acquisition time:
- Reacquisition 0.1 sec, averaged
- Hot start 8 sec. averaged
- Warm start 38 sec. averaged
- Cold start 45 sec. averaged

3. Position accuracy:

Non DGPS (Differential GPS)

- Position 5~25 meter CEP

- Velocity 0.1 meters/second.

- Time 1 microsecond synchronized GPS time
DGPS (Differential GPS)

- Position 1 to 5 meters, typical

- Velocity 0.05 meters/second, typical
EGNOS/WAAS

- Position < 2.2 meters, horizontal 95% of time

< 5 meters, vertical 95% of time
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