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Abstract

This paper presents the study of human locomotion in order to control the small-sized
bipedal robot that will be performed a stable smooth walking. The developed bipedal robot has
12 DOF like human legs and is driven by using servomotors in each joint. The pulse width
modulate signals are sent to control motors by using the custom-built controller (Micro
Controller PIC) which is programmed and interfaced from the personal computer. Furthermore,
the tilt angle from tilt sensor installed within the robot will effectively display the robot tilt while

walking to user. Also, the controlling bipedal robot can be made easily.
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3.6.2 smnss‘i’mmmzmsﬁnmm)ﬂﬂmmu

Private Declare Sub Sleep Lib "kernel32" (ByVal dwMilliseconds As Long)
Private a (0 To 20, 1 To 10) As Integer
Private set 1(0To 10) As Integer
Private b (2,2) As Integer

Private time As Integer

Private i As Integer

Private k As Integer

Private j As Integer

Private DATA (5) As Integer

Private Datax, sp, spl As String
Private Qx As Double

Private Sub ActivateCommand_Click () ® Activate step and keep the data in Array
Fori=1To 10

a(Hscroll1.Value, 1) = Hscroll (i).Value * Step change

Next i
Text14.Text = Hscrolll.Value
Fork=1To 10
Textl (k). Text=a(k, 1)
Text2 (k).Text = a(k, 2)
Text3 (k). Text =a(k, 3)



Textd(k). Text = a(k, 4)
Text5 (k). Text = a(k, 5)
Text6 (k).Text = a(k, 6)
Text7 (k). Text = a(k, 7)
Text8 (k). Text = a(k, 8)
Text9 (k). Text = a(k, 9)
Text10 (k). Text = a(k, 10)
Next k
End Sub
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Private Sub Command1_Click ()
Dim v As Integer
Fori=1To 20
Forj=1To 10
a(0,j)=15
Ifi=1 Then
MSComm]1.Output = Chr$ (255)
MSComm]1.Output = Chr$ (j)
MSComm]1.Output = Chr$ (a (i, j) )
Elselfa (i,j)<a(i-1,j) Then
Do
MSComm1.Output = Chr$ (255)
MSComm1.Output = Chr$ (j)
MSComm1.Output = Chr$ (a (i- 1, j))
a(i-1,j3)=a@i-1,j)-1
Sleep 45

Loop Untila(i,j)=a (- 1,j)
Elselfa(i,j)>a(i-1,j) Then
Do
MSComml.Output = Chr$ (255)
MSComm1.Output = Chr$ (j)
MSComm1.Output = Chr$ (a (i- 1, j))
Sleep 45
a(i-1,j))=a-1,j)+1
Loop Untila(i,j)=a(i- 1,j)
Else
End If
Else
End If
Debug.Print i; j; a (1, j)
Next j

v = Val(Text13.Text) *1000
Sleep v



Next i
End Sub
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Private Sub rightSet_Click()
HScroll(1).Value =30
HScroll(2).Value = 37
HScroll(3).Value = 31
HScroll(4).Value = 51
HScroll(5).Value = 36
Form=1To5

MSComm1.Output = Chr$(255)

MSComm1.Output = Chr$(m)

MSComm1.Output = Chr$(HScroll(m).Value)
Next m

End Sub

Private Sub leftset_Click()
HScroll(6).Value = 43
HScroll(7).Value = 39
HScroll(8).Value =42
HScroll(9).Value = 15
HScroll(10).Value = 38
Forn=6To 10

MSComm1.Output = Chr$(255)
MSComm1.Output = Chr$(n)
MSComm1.Output = Chr$(HScroll(n).Value)
Next n
End Sub

Private Sub CommandCenter_Click(Index As Integer)
HScroll(Index). Value = 33
End Sub

Private Sub CommandExit_Click() ¢ Exit

Timerl.Enabled = False
MSComm1.PortOpen = False
End

End Sub

Public Sub Form_Load ()

sp = " QX="
Spl _n QY="



MSComm1.Settings = "2400, N, 8§, 1" ¢ Baud rate 2400,No parity,none stop bit
MSComml.CommPort =1 ¢ Choose Comm port
MSComm1.PortOpen = True ¢ Open Comm port

Timer].Interval =75
Timerl.Enabled = True

Datax = App.Path & "\robotx.txt"
End Sub
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Private Sub HScroll Change(motor As Integer)
degree = Str(HScroll(motor).Value)
MSComm1.Output = Chr$ (255)

MSComm1.Output = Chr$ (motor)
MSComm1.Output = Chr (degree)

Text(motor).Text = Hscroll (motor).Value

Debug.Print degree; motor;
End Sub

[3 o
Send position to motor

¢ Start Bit

¢ Text change tell the value
‘ Tell on debug

Private Sub HScroll_Scroll (motor As Integer)
HScroll Change (motor)
End Sub

Private Sub Hscrolll Change ()

Labell = Hscrolll.Value
End Sub

¢ Label show number of STEP

Sub Text13 Change ()
Text13.SetFocus
End Sub

Private Sub Timerl Timer ()
Dim a As String

On Error Resume Next
MSComm1.DTREnable = False
MSComm1.DTREnable = True
MSComm1.InputLen = 1

Start:
Forn=1To 4
Do
DoEvents
Loop Until MSComm1.InBufferCount > 0



DATA (n) = Asc(MSComm1.Input)
Debug.Print DATA (n)
If DATA (1) <254 Then GoTo start
Nextn ‘
If DATA (4) <> 10 Then GoTo start
IfDATA (1) =255 Then
Ty =256 * DATA (2) + DATA(3)
Qy =(-1/11.194)*(Ty-2492.5)
Text16.Text =Ty
Text18.Text = Round (Qy)
End If
If DATA (1) =254 Then
Tx = 256*DATA (2) + DATA (3)
Qx = (-1/11.194)*(Tx-2492.5)
Textl15.Text = Tx
Text17.Text = Round (Qx)
End If
Open Datax For Append As #1
Print #1, sp ; Text17.Text ; spl; Textl18.Text
Close #1 'Close the file
End Sub
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msdszmameanls

mstlszmamdulsheldfeddu Sleep moldlumsnianm
Private Declare Sub Sleep Lib "kernel32" (ByVal dwMilliseconds As Long)
mslszmamdaulsezsdie Iiiumieanuswes Talsunsy

Private a(0To 20, 1 To 10) As Integer ¢ N8RV 192158 Matrix 20#10
Private set1(0 To 10) As Integer ¢ iaeaNuS 1025 Matrix 1%10
Private b(2, 2) As Integer ¢ ﬂﬁ’mmmﬁmmﬁ Matrix 2%2
Private DATA(5) As Integer ‘ MiaeAu§10258 Matrix 1%5
ansilsgamedaulsilelu Talsunsy
Private time,i,j,k As Integer ¢ Sumisaiiiduidad o 8a 255
Private Datax, sp, spl As String ¢ Puezsdilfiiummzaadnys
Private Qx As Double

:I ¥ d' ta' ]
ﬂ'liﬂ\‘iﬂ'l!ﬂlﬂi‘l’i!!ﬂiﬂﬁﬂﬂ'lﬂ'lu

Public Sub Form_Load() “ TalsunsuEuriau
sp= n QX="
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spl = “QY="

MSComm1.Settings = “2400,N,8,1” ¢ Smualdsasiuesasmily 2400, 8 i

MSComm]I.CommPort = 1 ‘ @enwoineynIw 1

MSComm].PortOpen = True ¢ vimsdlanesnoynsy 1

Timerl.Interval = 75 ¢ ghanariavegii 75 Gadaind

Timer].Enabled = True “ 8 mualH timer 1 e

Datax = App.Path & "\robotx.txt" ¢ fmund Datax i¥ou Tos'lUds File
robotx.txt ifte 191 uymaeFuusas
M3l

End Sub

A a o ' 3 ¥ ° 93 =] &
dieTilsunsusuiaunnsgadsm IaoTisunsu dmualdmanui lumsdoms

' 1 =Y L4 d v oa ] (=1 =Y o 9 L4
1919 asufiamedias luInsnou Insamas minu 2400 1138 8 Un A mualidlawaia

9 [4
aynsa 1 dnviadasvua Timer Wihnufignnamsiumidy 75 Gadduh

mFalfunldaussmvesusnaslag Scroll Bar

Private Sub HScroll Change(motor As Integer)
degree = Str(HScroll(motor).Value)

MSComm]1.Output = Chr$ (255)
MSComml1.Output = Chr$ (motor)
MSComm]1.Output = Chr (degree)

Text (motor).Text = Hscroll (motor).Value

Debug.Print degree; motor;
End Sub

o I'4
¢ Smualdidu Scroll bar wuvBLd
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¢ a_ a9
Insudy
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¢ AvoaywN(In)

* yanA1 Duty Cycle UAR 1%

Private Sub HScroll Scroll(motor As Integer)

HScroll_Change (motor)
“End Sub

¢ Fudnvedldsunsunilina

9
Scroll bar 1@az@uanInTY
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4 a 4 P ] o o
lef1¥nandniiie Scroll bar uilumitenluguuuesisd (Control array) M3
] o ° Y 1 4 o
Tagldminomuguuunezisdizi ldaan nududeuvesTusunsuausu diefhvua
Private Sub HScroll Change (Motor As Integer) tuvangna §ldamnsaniugumsnasuutas
F 13
19Ju09 Scroll bar laGaLs 0 B3 255 f16 3898219819 Hseroll(1), Hscroll(34) iudu
vnldsunsuninguifedlénandnditly Scroll Bar wazsdhld@m Ly Scroll bar nldou
o T (R o o @ T
uilas swi I ldsunsudea 3 mrumenesaoynsudeM1da MSComm1.Output defi100n
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demil ldunnnaeu Insaozisd
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druvesTsunsululuInsaouInsames) Ao

255 Motor DegreeH 255 Motor | Degrecesi»| 255 Motor | Degree
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check ilifulusimaey check ildfvlussames check iluiduiusTmney

~ ] o
g‘ﬂ“ﬂ 3.41 LAANNTITAIIVABULIASNITNU i’l’ﬂgaﬂlﬂﬂlhliﬂiﬂﬂuiﬂimﬁﬂi

A1d4 Set UazAI1d Center
] v 9 y ¥
1$1990INAIF4 RightSet U0 LeftSet ImManauadeadstudniuluhfivznaniuiios

4
RightSet 1111114

Private Sub rightSet Click()
HScroll(1).Value =30 ¢ S1munld Scroll bar MiTlumirsauguuuesSila 30

HScroll(2).Value = 37
HScroll(3).Value =31
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HScroll(4).Value = 51
HScroll(5).Value = 36

Form=1To5 “ qugilivedasoenlalliasy 5 m
MSComm1.Output = Chr$ (255)
MSComm1.Output = Chr$ (m)
MSComm1.Output = Chr$ (Hscroll (m).Value)

Next m
End Sub

& ¥, o & L] 4 o o 1

diodl¥lalsunsunadjusids Set Tilsunsuszdimennmenesneynsuyiui 5 mlay
v A o W ! 8L A Y ' Y v S " Y
daSeeddunnaIi 1 audeafi 5 Aaemsaugy For...Next dawaliyjueudoulumnniou
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dIUMFS Center Nogduarsihiulgndnnisvesnteniuguuuvesisdsudiu Az

&

annsadldudazuomes legludwmisnarsldandesms

Private Sub CommandCenter Click(Index As Integer)
HScroll(Index).Value =33
End Sub

MmFufuspvesemeiunaas Savaz

. . . o & o d ]
Private Sub ActivateCommand_Click() ¢ mdalumsdalalsunsuldnuniyy
YD

LL ] @
UDIADT IUUARLIINIE

Fori=1To 10
a(Hscroll1.Value, i) = HScroll(i). Value ¢ mafudeyndhezisd matrix 20410
Next i
Text14.Text = Hscrolll.Value
Fork=1To 10 ¢ LaAsroB LU UARIAIE T 3

Textl (k).Text = a(k, 1)
Text2 (k). Text = a(k, 2)
Text3 (k).Text = a(k, 3)
Textd(k).Text = a(k, 4)
Text5 (k).Text = a(k, 5)
Text6 (k).Text = a(k, 6)
Text7 (k).Text = a(k, 7)
Text8 (k). Text = a(k, 8)
Text9 (k).Text = a(k, 9)
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Text10 (k).Text = a(k, 10)
Next k

End Sub
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pledlinalfumds  Activate szdlumsinumideyavesuveames uudazimag
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v ¥ 4
Private Sub Command1_Click() “ f1d4 Send value (e er1oon 11/

Hua

Private Sub Commandl_Click ()
Dim v As Integer
Fori=1To 20
Forj=1To 10
a(0,j)=15
Ifi=1 Then
MSComm1.Output = Chr$ (255)
MSComm1.Output = Chr$ (j)
MSComm1.Output = Chr$ (a (i, j) )
Elselfa (i,j) <a(i-1,j) Then
Do
MSComm]1.Output = Chr$ (255)
MSComm1.Output = Chr$ (j)
MSComm]1.Output = Chr$ (a (i- 1, j))
a@i-1,))=a@-1,j)-1
Sleep 45

LoopUntila(i,j)=a(i-1,j)
Elselfa (i,j)>a(i- 1,j) Then

Do
MSComm1.Output = Chr$ (255)
MSComm1.Output = Chr$ (j)
MSComm]1.Output = Chr$ (a (i- 1, j))
Sleep 45
a(i-1,j)=al-1,j))+1

Loop Until a (i,j)=a(i - 1, j)
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Else
End If
Else
End If
Debug.Print i; j; a (1, j)
Next j

v = Val(Text13.Text) ¥1000 ¢ 15202 UDADZTINITMIIAY

o o 4
Sleep v ¢ Andunsnuanaves Iusunsy

Next 1
End Sub

4 o W 1 q’a‘ $ 1 J 1 4
diadldnadrds Send Value Aianuadiogluezisdizgndeven lmanesneynsu Tao
A1 A v 0 yﬂ 1 A9q Yo A 1A A ¢ o
amisudussmvualdiiuaigldtvua (Hou scroll bar) uatilosaniiawes lnemesiing
g ° v o I o 2 o 1A o & . Yo
alasudwmisluvindumdamie llddndumianilg AN ImMInIssnves

& v qY I s ol 3 9 o @
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Do
MSComm1.Output = Chr$ (255)
MSComm1.Output = Chr$ (j)
MSComm1.Output = Chr$ (a (i - 1, j))
a(i-1,j)=a@i-1j-1
Sleep 45
LoopUntila(i,j)=a(i-1,j)
Elselfa(i,j)>a(i- 1,j) Then

Do
MSComm1.Output = Chr$ (255)
MSComm1.Output = Chr$ (j)
MSComm1.Output = Chr$ (a (i - 1, j))
Sleep 45
al-1,j)=a(i-1,j)+1

Loop Until a (i, j) = a(i - 1, j)

aansnedine ladednens
: , i .y
fnualdaisuduidiu 3odieat Duty Cycle Wasuan 30 T 45 Tusunsuezdenids

ue 30 Tlaufe 45 Ao 30.31.32. . ..45 11189910 45>30 1ilaA1 Duty Cyele 1Wasuan 30 11 15
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. 4 b4
Tosunsuazdernn 30 as'l 15 7930.29.28...15 iosn 15<30 guluvviiesild
Jd =4 zg
UBIADIHYUT IS BULINYY
T L -3 o ¥ 1 - L4 4 é (-3
dauilandu Steep MdmTunmirmanlundazdainazdagii.... Sefldannsadimua
E4
Al ldangas

amdaar = anileu * 1000 @adiuh)

Talsunssiluaavusa Tilt Sensor
A o o o I @ g :: ar
Suninduruees Iddyansuomumagiany X wag unu Y senmnamiudeyast
' @ o s o
ewiymiadezgniumuna1vesnsBesyy (Duty cycle)lnglulasaouInsames PIC16F877
¥ ¥
Y 1 1 Y 1 Y o
ynmiusznlasamIfedlugilsvaueanuazgnasunlasmedyaia RxD vesweineynsy
{ o o a a . & o [
RS-232 Wuaninansensunuaes laslidsunsuisiawen (Visual Basic) #492yiimssum
o 2 JCIE R 1 A o v Yal
swausanuaslasmideglugilanpBasiamauoy X tosuuuan Y diuveslilsunsy
¥ '
Syrawdnaunsaeiuelddeil (@ Tdsuasiniumunavesmsidesyui lulasneu Insa

o = =Y 3 o,
materasulinidamsdads lulasaeuInsames)

Private Sub Timer1_Timer() ¢ fmuan1s 1991 Timerl
Dim a As String

¢y a a é’ 3/ o o & @
On Error Resume Next SunannuAanawmvuszdny liliddedalal

MSComm1.DTREnable = False

k4 v
MSComm1.DTREnable = True ¢ fmuamstsuenhiimsdedeyafaduiian
¥ 1
DTR 1l Inomsitfasuain Falseifu True

MSComm1.InputLen = 1 ‘ Smuannuevesdeyanesds

Start:
Forn=1To4

Do
DoEvents
Loop Until MSComm 1.InBufferCount > 0
DATA (n) = Asc(MSComm1.Input)
Debug.Print DATA (n)
If DATA (1) <254 Then GoTo start
Nextn
If DATA (4) <> 10 Then GoTo start
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mﬁ‘fmm°luehufrﬁmnnfimu“lugﬂﬁﬁauaaﬁ (MSComm1.Input) gadeunein lulns
aouTnsamed PIC16F877 manesa MSComm! Feyadhunditiinesuda uaasldlag
MSComm1.InBufferCount > 0) il’lﬂlfufi’lﬂ%’l.!ﬂﬁﬁ%zgﬂLLﬂﬁQLﬁHﬁ’Iﬁ’ﬂ?ﬂIﬂﬂﬁ’lﬁl"\i DATA (n) =
Aso(MSComm1 Input) Fufiuludaunls DATA (n) ammsanugihiiesh DATA () feonit 254
uaza1 DATA (4) lusiiu 10 sznduldaugying (fimmﬁmma‘f’;’mn PIC16F877 3Naau

4 A =N 4 4 T ¢
Fovq Mt IdezidgifdedioasimuienluTusunsutheaei)

If DATA (1) =255 Then
Ty =256 * DATA (2) + DATA(3)
Qy = (-1/11.194)*(Ty-2492.5)
Textl6.Text =Ty
Text18.Text = Round (Qy)
End If
If DATA (1) =254 Then
Tx =256*DATA (2) + DATA (3)
Qx = (-1/11.194)*(Tx-2492.5)
Text]15.Text = Tx
Text17.Text = Round (Qx)
End If
Open Datax For Append As #1
Print #1, sp ; Text17.Text ; spl; Textl18.Text
Close #1 'Close the file
End Sub

1 A i \ ¥
8191 DATA (1) = 255 38 DATA (1) = 254 Fsassamidou lu Ay Tx n3emyy Ty
° a & P=Y 1 o a 3 1
swgnduae lasaumsFaduass @eefunoludmssnnaguiBssnnauires) nntua

E4
(% as

@ =R t!‘ 3 ti'Sl o o o
vanuaszgaiufinmsalasumlamngefindaivgudesulusunsulaemid

= 1

Open Datax For Append As #1 ¢ Fullamsiiufinan/Sounlas
Print #1, sp ; Text17.Text ; spl; Text18.Text * Sutuiing

Close #1 'Close the file ¢ Fillanstufinanaoulas
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A 4
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19 | derlddeict
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yewmeds > \ >
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S 18 | deenlddeics
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HAazAIPWM =0
'"lu"la}
S 99 | deelddeics
UaIN93I6 L Lt

HazAPWM =1

19 | denrhldeics
HazAIPWM=0

Tails
L . e
15 | demhldpics
UDIADIR Lag . >
HagAIPWM = 1
Taily
¢ | denrlldeics
usm9I9 Lt . L
HazAIPWM=0
Taily

o1 18 | denrhldepics
UBIADFI0 > \ >
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asthanvesluTnsneuInsamesezutimsviowiiu 2 daundn fe
¢ W ° 34 Ao 9/ 3 =~ A
1. lulnspeulnsamesydn wmdhhsudeyanmuaninaeunaunasiuNIg
= ¥ H ford é 3
TWsunsudadedld  udrdedoyalilfdlulasnenlnsamesses  dlussuuiildlulng
g = o

Ao Insaneitiesd 1A

2. lulasneulnsamesses dhwihifudeyah 18 lddszunanaudniliade

o v da o o A

o ¢ & e ek
Fyanaiadiaduegaiy Weaugumes Twewmes FeszuuillFlulasaoulnsamesiuily

L
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PIC Microcontrolier

A r A g
IA9NANUNDAINIDDNANT
HPWMLI ttag HPWM2

, Yes [ daroonniHPWML
ATPWM =0 > N >
11]1!ServoN
No
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11J‘VIServ02N
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4
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fuganisiden -2
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A ; 9 a & Ay A 9 ] a s oA
ﬂTHWﬂ‘ﬁuﬂ”liﬂ’J‘Uﬁ}llual‘]menl‘lJﬂﬂ“lNiﬁl’e’Jﬂﬂﬂﬁnj”lﬁﬂ!ﬂlﬂi]\ﬂﬂllﬁgijﬂixﬁﬂﬁﬂ1wq\1

=)
d’, ¥ A& o J
TaeTisunsuilgnesnuuusenuiiiuassdauieniuqumsinuveslulnsnounsames

@ o o dy
nanuaz luIasaau Insamessoenal

Tdsunsalua e dlulnsneulnsamsindn

Include "modedefs.bas"
Define osc 4

Define HPWM2_TIMER 1

Define HPWMI1_TIMER 2

Trisc.7 =1
portd.1 =1
trisd = $00
trisB = $00

degree var byte

degreel var byte

a var byte

check var byte
motor var byte
pwmvalue0 var byte
pwmvaluel var byte

pwmvalue0 = 0

pwmvaluel=1

éq ¥ = s = ad o
1Hooadaimmosniud 4 wNnzIEs N
¢ 0 Y, Y @ da o @
fmuald timer 1 a5 19WadInTUBGIRTY
] 4 J
HUUABIIDIDBNNIY WO5A RC2
¢ o Y ., 9 v da o )
fvuale timer 2 a19Wad Induogady
uUUAeLi0I®aNN 1 NOSA RC1
4 d o
“ 19 nosa ¢.7 Hunesaduwn
o o
‘I wosa d.1 luwesansteaonlay LED
o 4 J
‘I wodn D Wluwesmeniyy
o o J
“ 1 wosa Billuwasmomiyn

o 1 o I'4
¢ Smuamédinys degree Hvuna 1 luv

¢ Smuamuesdauals pwmvalue0 =0

‘Smuanvesduls pwmvaluel = 1

loop:serin2 portc.7, 396, [wait(255), motor, degree] * Susinneuiumesidmiwesa

a = degree
select case motor
case 1

serout2 portd.2,16780,["A",pwmvalue0,a]

C.7
¢ X o 9 o @
N9NUBLNDTAIYAINN Case

¢ dasupayuiaz A pwmvalue0 11/#

PIC1



end

case 2
serout2 portd.2,16780,["A",pwmvaluel ,a]

case 3
serout2 portd.3,16780 ,["A",pwmvaluel,a]

case 4
serout2 portd.3,16780 ,["A",pwmvaluel ,a]

case 5
serout2 portb.0,16780 ,["A",pwmvalue0,a]

case 6
serout2 portb.0,16780,["A",pwmvaluel a]

case 7
serout2 portb.1,16780 ,["A",pwmvalue0,a]

case 8
serout2 portb.1,16780 ,["A",pwmvaluel,a]

case 9
serout2 portb.2,16780 ,["A",pwmvalue0,a]

case 10
serout2 portb.2,16780 ,["A",pwmvaluel ,a]

end select
goto loop
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¢ geAveeyuLaz Atpwmvaluel 117

PIC1

¢ dasnveayuaz Alpwmvalueo 11/h

PIC2

¢ defupayLAg Apwmvaluel 117

PIC2

¢ gemunayuLAz Alpwmvalued 117

PIC3

¢ deasupsyuuaz Alpwmvaluel Tu/4

PIC3

¢ damvodyuIAT Apwmvalue0 117

PIC4

¢ gefvesyuLay Apwmvaluel 17

PIC4

¢ deAvBeyuIay Apwmvalued 117

PIC5

¢ dqﬁwammmz fitpwmvaluel T

PIC5

A d w @ ¥ Vo W g 9
dieluTnsnouInsamesvansumyu (Motor) HAzA1OUAY (Degree) UYDIUBIADILAT
Tdsunsuazsuaudhgiteu tvlumsden luTasneu Insamessesfidasezgnaseonty i

V Ao Jd @ LA '
e AITUIEUT motor = 2 1A degree = 30 T InsAoU INsalaasNANIZAIAT 30 UazA
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[ 1 4 b4
pwmvaluel aonl1§eluTasnouTnsamessesiai 1 @ianua 5 @2) dudu msrzmaiilulng

Jd @ =) 1 1Y d" o
ﬂE)‘LlT‘Vﬁ’ﬁLﬁﬂiﬂﬁﬂﬂ%liﬁﬂﬂlﬁuﬂuﬁuﬁﬂﬂi$Nﬁﬂﬁﬂilﬁ)\ﬁ$‘lj‘ljuuulﬂﬂ

Tsunsslud nwveslulnsneulnsamei e

Include "modedefs.bas"
Define Osc 4

DEFINE HPWM2_TIMER 1

DEFINE HPWM1 TIMER 2

trisc.7 = 1
trisc.1 =10
trisc.2 =0
trisd.2=1
trisd.1 =0
trisd.0 =0

degree var byte

degreel var byte
check var byte
motor var byte
pwmvalue var byte

portd.1 =1

99 = 4 - ad o
IHooadamunninnud 4 wnnz@snd
¢ o Y . Y v oo @
fimuald timer 1 a5 Rad Induonaty
1 4 g
IUABIIBI9BANI NB3A RC2
¢ o 9 9 w da o
fmuald timer 1 areWadladuoniadn
3 4 g
LUUABIIBIBBNANY NB5A RC2
g d a
“ 1% woa c.7 Wunesaduwn
4 4 4
“ 1% noda c.1 dunesaenivym
4 4 g
“ ¥ wosa c.2 Wunweiawniny
g d a
“ 1% noda d.2 Auwesaduyy
4 4 4
“ 1% nwoda d.1 Wuwesmeiuy
4 4 d
“ 1 wosn d.o Wuwesaw1vinm

(33 ' ~ 4
fmuanduils degree Hvuta 1 Tus

¢ asreaaumsiaulas LED

loop:serin2 portd.2,16780,[wait("A"),pwmvalue,degree]

select case pwmvalue
case 0

Hpwm 1,(degree*255)/100,245

case 1

Hpwm 2,(degree*255)/100,245

end select
goto loop
end

‘ demwadindusgaiuesnmanesa

RC2

I 1w da o o g
¢ demwadladusqaduesnnawesa RC1
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A o @ 1 1 9 o Y
dielulasneulnsamossosiudnuuazal Pwmvalue WNaMeNesa D2 4A2
L ‘ y o
Tusunsuazas19aeuA Pwmvalue = 0 W30 Pwmvalue = 1 udadeaoen lmeneia C.1
2 .
¥39 C.2 H#I9InMda
Hpwm 1, (degree*255)/100,245
= ' o 1 @ 4 ¢4 &
st idh Tsunsueedenihru lilgady 255 udamnsdae 100 weidlunlefidud
A & P A Y o Y a @ (] ] i A ae A R
Yo nwd 245  Feri Ideenuaihliifadyanawequsueglugiszrin 1 dadduias

A an a A 1 Ao 9 o d o 9 Ay Ayd
2 faadund Al viges Tawewesviau  Somaiiedlisunsuiiedesgnesnuyy

Yo

= Ja a { ' @ a o
Wdeeadammesnannsoadenrud iddngamii 244 minnzidsad

Tlsunsusiwasludululasaeulnsaass
Include "modedefs.bas"”

Define Osc 20 “Ignuosadaanoinnud 20 mnng@sna
trisc.6=0 ¢ Smualian ce iuaneninm

trisb.4=1 ¢ fmualiiun B4 Sluaiduyn

trisb.5=1 ¢ Smualdan Bs Sluaduyn

pin var portb.5 ¢ Yszmadauls pin ununeia BS

PIN1 VAR PORTB.4 ¢ dlszamdaunls PIN unuwesa B4

Pulsin pin, 0, TX  WFnumdaiudyanaiadaay

Pulsin PIN1, 0, TY ¢ Inumdaiudygnaiadinny

o a 4 s s
mimmmﬁmmﬁwuwmLﬁﬂmuﬁluumuﬂu X ‘Hgﬂ Y ﬁﬂlﬂﬂg”lﬂllﬂ'l’t’l?!ﬂ (Duty cycle)
A ' ) o ¢ P 4
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o I @ o ¥ @ v d
suwnmSeemiyn Gudagnawuy TTL) Teeldhdaiudygnuwadsay (Pulsin

SEROUT2 PORTC.6, 396, [255, SmX. Highbyte, SmX Lowbyte, 10]
SEROUT?2 PORTC.6, 396, [254, SmY. Highbyte, SmY.Lowbyte, 10]

¥
o

Humdeilddedoyauvveynsulasziinsdedeyaiasdlasezds 255 mudiode
Y

J
yalungauazde

do Y o y v
alundvesdauls SmX y3e Smy uazilamodls 10 doyadmonileglu

s dy T 1 A :ﬂ s 3 g} = o [ d'
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dy a v o [y v A = ' gj ' v ) v o v
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MICROCHIP

PIC16F87X

28/40-Pin 8-Bit CMOS FLASH Microcontrollers

Devices Included in this Data Sheet:

« PIC16F873 + PIC16F876
« PIC16F874 « PIC16F877

Microcontroller Core Features:

* High performance RISC CPU
« Only 35 single word instructions to learn

« All single cycle instructions except for program
branches which are two cycle
» Operating speed: DC - 20 MHz clock input
DC - 200 ns instruction cycle
* Up to 8K x 14 words of FLASH Program Memory,
Up to 368 x 8 bytes of Data Memory (RAM)
Up to 256 x 8 bytes of EEPROM Data Memory
* Pinout compatible to the PIC16C73B/74B/76/77
« Intarrupt capability (up to 14 sources)
« Eight level deep hardware stack
« Direct, indirect and relative addressing modes
« Power-on Reset (POR)

« Power-up Timer (PWRT) and
Oscillator Start-up Timer (OST)

« Watchdog Timer (WDT) with its own on-chip RC
oscillator for reliable operation

= Programmable code protection

» Power saving SLEEP mode

+ Selectable oscillator options

» Low power, high speed CMOS FLASH/EEPROM
technology

« Fully static design

+ In-Circuit Serial Programming™ (ICSP) via two
pins

» Single 5V In-Circuit Serial Programming capability

« In-Circuit Debugging via two pins

« Processor read/write access to program memory

« Wide operating voltage range: 2.0V to 5.5V

- High Sink/Scurce Current: 25 mA

« Commercial, Industrial and Extended temperature
ranges

+ Low-power consumption:
- < 0.6 mA typical @ 3V, 4 MHz
- 20 pA typical @ 3V, 32 kHz
- <1 pA typical standby current

Pin Diagram

PDIP

u 40 { ] =— RB7/PGD
39 [] «—» RBE/PGC
38 [1«— RBS

37 ] -—» RB4

36 [1 «+— RB3/PGM
35 ] «—» RB2

34 []-=— RB1

33 [] =—» RBO/INT
32 [] -— vop

31 [J w—vss

30 [J «—» RD7/PSP7
29 {]-— RD6PSPS
28 || =—» RD5PSP5
27 [} «—» RD&TPEP4
[ 7 <—s RCTRXDT
25 | ] -«—» RCB/TX/CK

MCLRVPp —[]
RAD/ANO <[]
RA1/AN1 <—[]

RA2/AN2/VREF- «—» [}
RA3/AN3/VREF+ s |
RA4/TOCKI ~—w-[]
RAS/ANA/SS <+—»[]
REQ/RD/AN5 ~<—[]
RE1/WR/ANG =«— [
RE2/CS/ANT —»[]

VOB —- ]

Vss — [

OSC1/CLKIN ——»[]
OSC2ICLKOUT <——[]
RCOT10SOITICKI <[]
RC1/T10SYCCP2 «—w[]

W NN Db WN =

4
(=]

PIC16F877/874
3

-
=3

RC2/CCP1 w—»[T1 17 24 [] -«—» RCS5/SDO
RC3/SCK/SCL -+—»[] 18 23 [} =—»> RCA/SDYSDA
RDO/PSPO0 «—=[] 19 22 [} -=—» RD3/PSP3
RD1/PSP1 «+—[] 20 21 [[] -=—» RD2/PSP2

Peripheral Features:

« Timer0: 8-bit timer/counter with 8-bit prescaler

» Timer1: 16-bit timer/counter with prescaler,
can be incremented during SLEEP via external
crystal/clock

» Timer2: 8-bit timer/counter with 8-bit pariod
register, prescaler and postscaler

« Two Capture, Compare, PWM modules
- Capture is 16-bit, max. resolution is 12.5 ns
- Compare is 16-bit, max. resolution is 200 ns
- PWM max. resolution is 10-bit

= 10-bit multi-channel Analog-to-Digital converter

« Synchronous Serial Port (SSP) with SP1™ (Master
mode) and 12C™ (Master/Slave)

« Universal Synchronous Asynchronous Receiver
Transmitter (USART/SCI) with 9-bit address
detection

* Parallel Slave Port (PSP) 8-bits wide, with
external RD, WR and CS controls (40/44-pin only)

= Brown-out detection circuitry for
Brown-out Reset (BOR)

© 2001 Microchip Technology Inc.

DS30292C-page 1



MEMISIC

Improved, Ultra Low Noise +1 g
Dual Axis Accelerometer with
Digital Outputs

FEATURES

Resolution better than 1 milli-g

Dual axis accelerometer fabricated on a monolithic CMOS IC
On chip mixed mode signal processing

No moving parts

50,000 g shock survival rating

17 Hz bandwidth expandable to >160 Hz

3.0V to 5.25V single supply continuous operation
Continuous self test

Independent axis programmability (special order)
Compensated for Sensitivity over temperature
Ultra low initial Zero-g Offset

APPLICATIONS

Automotive — Vehicle Security/Vehicle stability control/
Headlight Angle Control/Tilt Sensing

Security - Gas Line/Elevator/Fatigue Sensing

Information Appliances — Computer Peripherals/PDA’s/Mouse
Smart Pens/Cell Phones

Gaming — Joystick/RF Interface/Menu Selection/Tilt Sensing

GPS — electronic Compass tilt Correction
Consumer — LCD projectors, pedometers, blood pressure
Monitor, digital cameras

GENERAL DESCRIPTION

The MXD2020GL/HL/ML/NL is a low cost, dual axis
accelerometer fabricated on a standard, submicron CMOS
process. It is a complete sensing system with on-chip
-mixed mode signal processing. The
MXD2020GL/HL/ML/NL measures acceleration with a
full-scale range of +1 g and a sensitivity of 20%/g. It can
measure both dynamic acceleration (e.g. vibration) and
static acceleration (e.g. gravity).

The MXD2020GL/HL/ML/NL design is based on heat
convection and requires no solid proof mass. This
eliminates stiction and particle problems associated with
competitive devices and provides shock survival of 50,000
g, leading to significantly lower failure rate and lower loss
due to handling during assembly.

Sck 1 Internai Temperature Tout
{optional} O Oscillator Sensor
Voltage

Continous
Heater Self Test
Control
 E—
X axi > Dout X
1
W i Factory Adjust
:E g Offset & Gain
L
P DoutY

SENSOR

vdd Gnd Vda

MXD2020GL/HL/ML/NL FUNCTIONAL BLOCK
DIAGRAM

The MXD2020GL/HL/ML/NL provides two digital outputs
that are set to 50% duty cycle at zero g acceleration. The
outputs are digital with duty cycles (ratio of pulse width to
period) that are proportional to acceleration. The duty
cycle outputs can be directly interfaced to a micro-
Pprocessor.

The tyg: 2 floer 5 02 me/ I alowinz signak
below 1 milli-g to be resolved at 1 Hz bandwidth. The
MXD2020GL/HL/ML/NL is packaged in a hermetically
sealed LCC surface mount package (5 mm x 5 mm x 2 mm
height) and is operational over a -40°C to 105°C(M/NL) and
0°C to 70°C(G/HL) temperature range.

information furnished by MEMSIC is believed to be accurate and reliable.
However no nesponsnblllty is assumed by MEMSIC for its use, nor for any
Lo -.l—- e Sababn L fllad o ———— -
2 of patents or other sights of thind parties which may result from
lts use. No license is granted by implication or otherwise under any patent or
patent rights of MEMSIC.

MEMSIC MXD2020GL/ML Rev.D

Page 1 of 7

©MEMSIC, Inc.

800 Tumbike St., Suite 202, North Andover, MA 01845
Tel: 978.738.0900 Fax: 978.738.0196
www.memsic.com
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ABSOLUTE MAXIMUM RATINGS*

Supply Voltage (Vpp, Vpa) cv oo oo oveveno”0.5 t0 #7.0V
Storage Temperature irie.=63°C to +150°C
Acceleration ... .........oocveieeiii i .......50,000 g

*Stresses above those listed under Absolute Maximum Ratings may cause permanent
damage to the device. This is a stress rating only; the functional operation of the
device at these or any other conditions above those indicated in the operational
sections of this specification is not implied. Exposure to absolute maximum rating
conditions for extended periods may affect device reliability.

Pin Description: LCC-8 Package

Pin Name Description

1 Tout Temperature (Analog Voltage)

2 Doury Y-Axis Acceleration Digital Signal

3 Gnd Ground

4 Vpa Analog Supply Voltage

5 Doutx X-Axis Acceleration Digital Signal

6 Vit 2.5V Reference

7 Sck Optional External Clock

8 Vop Digital Supply Voltage
Ordering Guide
Model Package Digital | Temperature

: Stvle QOuiput Range
MXD2020GL | LCC-8 100 Hz 0 to 70°C
MXD2020HL | LCC-8 400Hz 0 to 70°C
MxXD2020ML | LCC-8 100 Hz -40 to 105°
MXD2020NL | LCC -8 400 Hz -40 to 105°

All parts are shipped in tape and reel packaging.
Caution: ESD (electrostatic discharge) sensitive device.

X +g

@[] [3

[e] [~] [=]
EMEM&E

Y +g
Top View

Note: The MEMSIC logo’s arrow indicates the +X sensing
direction of the device. The +Y sensing direction is rotated 90°
away from the +X direction following the right-hand rule. Small
circle indicates pin one(1).

MEMSIC MXD2020GL/ML/NL/HL- Rev.D

Page 3 of 7

THEORY OF OPERATION

The MEMSIC device is a complete dual-axis acceleration
measurement system fabricated on a monolithic CMOS IC
process. The device operation is based on heat transfer by
natural convection and operates like other accelerometers
having a proof mass. The stationary element, or “proof
mass’, in the MEMSIC sensor is a gas.

A single heat source, centered in the silicon chip is
suspended across a cavity. Equally spaced
aluminumny/polysilicon thermopiles (groups of
thermocouples) are located equidistantly on all four sides of
the heat source (dual axis). Under zero acceleration, a
temperature gradient is symmetrical about the heat source,
so that the temperature is the same at all four thermopiles,
causing them to output the same voltage.

Acceleration in any direction will disturb the temperature
profile, due to free convection heat transfer, causing it to be
asymmetrical. The temperature, and hence voltage output
of the four thermopiles will then be different. The
differential voltage at the thermopile outputs is directly
proportional to the acceleration. There are two identical
acceleration signal paths on the accelerometer, one to
measure acceleration in the x-axis and one to nieasure
acceleration in the y-axis. Please visit the MEMSIC
website at www.memsic.com for a picture/graphic
description of the free convection heat transfer principle.

5/15/2004



+5V-Powered, Multichannel RS-232

Drivers/Receivers
SUNPUT g
TOP VIEW o T
05 =
T < — 16
et [1] 16 Ve o e g v
v+ 2] [15] GND "%01- VOLTAGE DOUBLER
c1-f3 14l Tour F 62 aovio-ov yf8 IOV
2] maam [ul 027 5lco- VOLTAGEWVERTER | <4
C2+ E MAXZ\?g E R ey —f:l;
e [5] wmaxzaa |12l Rowr 400K
v-{6 1] T u ke
o007 [7 0] 2 TIL/CMOS RS-232
[1] o] INPUTS 400k OUTPUTS
A2 [8] 9] Reour . 10f 2w 2or )7,
DIP/SO 12} Rigur Ry 113 ¢
CAPACITANCE (uF) TIL/CMOS 5k RS-232
DEVIGE _ C1 (2 C3_C4 G5 uTPUTS 3 o = ol [V
MAXZZD 47 47 1010 47 - L%
MAX23Z 10 10 30 10 10 )
MAXZ32A_ 01 01 01 01 01 S
G =
BES

Figure 5. MAX220/MAX232/MAX232A Pin Configuration and Typical Operating Circuit

TOP VIEW
P
MNe) N[5 5] SHON
Cl+ E E Vee
v+ 3] 16] GND
¢ A Jil Tor
C2+ E %%g ._1_:1,] Rin
c2-[g] 13] Riour
v-[7] 2] Tiw
T2our [ 8] 11] Ton
R2w [ 9] [10] R2our

DIP/SO

( ) ARE FOR MAX222 ONLY.

PIN NUMBERS IN TYPICAL OPERATING CIRCUIT ARE FOR DIP/SO PACKAGES ONLY.

(NCYEN 1] [50] SHDN
C1+ E E Vee
v+ [3] 18] GND

(2] anaxaan 7] Tor
C2+ E %%% iﬁ] NC.
c2- g [15] Rin

v-[7] [14] Riour
T2our 8] i3] N.C.
Raw [ 3] 12] T
R2our E(i 11} T2

SSOP

TIL/CMOS
INPUTS

TIL/CMOS
OUTPUTS

“f) )

= 17

HVNPUT C3 514 CAPACITORS = 0.14F

+*

2
+
o]

Vee
Ch 100V
C1- VOLTAGE DOUBLER

3 {40V
Vi

5

G2+ avTo-10v

C2- VOLTAGE INVERTER

8
S
=

l
B
=
)

V-
o
T c4

F—
RS-232
QUTPUTS

1
RS-232
INPUTS

t

i

|

=
=
=
1._\
{-=]

Figure 6. MAX222/MAX242 Pin Configurations and Typical Operating Circuit
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Model | STD BBM | Size (LxWxH) Weight Speed Torque Speed Tarque
mm /in g 0z (sec/60") | Kg-cm 0z-in {sec/60°) | Kg-cm | Dz-in
M icro X 28x14x29.8 18 0.63 0.16 1.8 25 0.13 2.30 32
1.1x0.55x1.17
SO3N X 39.5x20.0%x35.5 {1 1.44 0.23 2.40 47 0.18 4.00 56
1.56x0.79x1.40
S03T X 39.5%x20.0x39.6 46.0 1.62 0.33 7.20 100 0.27 §.00 111
1.56x%0.79x1.56
S04 X 54 .4x26.5x51.5 114 1.00 0.25 10.40 138.88 0.20 13.00 180.5
2.14x1.04x2.03
$666 X 63.0x32.0x61.6 142 4 5.02 0.28 13.00 181 0.22 15.00 208
2.48x1.26x2.43
HS-322 X 40x20x36.5 13 1.51 0.19 3 41.66 0.15 3.5 48.6
1.57x0.78x1.43

o STD = Oiliness Bearigg BBM = Ball Bearings \1&[41Gear
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