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Abstract

An autonomous mobile human tracking robot was designed with the ability to
closely follow a person’s movements. This robotic device can be developed to control,
perhaps, a small transport device or mobile cart to assist the disabled, the elderly or those
with little muscular weakness, where the cart can closely follow the person without direct
hands-on controlling.

An ultrasonic sensor is used to measure the distance between the robot and the
person. A PID control is used to control the speed of movement of the device to match the
speed of the person being followed. A compass module is used to control the direction of
movement by comparing the angle of change of direction value calculated from the
direction of an Android smartphone carried by the farget person, which has a directional
detection application, communicating by a Bluetooth connection. A Fio STD testing board

is used as the main controller, which was designed using the Matlab Simulink program.
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2.2.4 Uléirasonic Sensor

3UN 2.7 e wilasans Tniin [4]

o ¥ 2 g a w ) g o o
tyiiso silalaidus vsemmisaisiinsansiluiin (ultrasonic sensor) [4] Whiaruiares
{ ] 4 d i J =) = & o & ] {
(sensor) Mvi1uTroo AuARIEUATITA IND TN 20 ATaETn (ki) Sailunauludmiiugud
' 3 e s oA w ) A 4 J
Taiansn l40uidvs iruigefwiiadanst Twfinau Taverdumsnszais viomsmieufives
A A Y o = o g A4 ' 4 o
aauiieslUnsznuduiiufiavesdanats Feoruiluvewdai oveamar visdiuvesnfiudsse:
1 o z t 1 A H 3 or r
unsneinud 1 ludanaraiu tazdauIngjvesnauaidgeiisr aeviounduiond: "Echo Tae
r a ti ar | o ' 1 [ L
FunawoamsaziounduvesniuieailudadouTaensafuszezvws i ngfuanuses
(Magalh 2.8)

Ulirasonie Sensor

(n (v}

] ar & o { <
sl 2.8 nsazdeunduvesnduidusenimgiiduvoudanzveaman

(M) N3N 29TUTEATNNIVFIVOIVOUNAI (V) NIATIVTUTZUH1V09INg [4]
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2.2.5 uaia¥ie (FIO Board)

msmLguueudsdumsaiugiasluInsnouTniames Microcontrollen1uTasasu
¥ ! 2 o o A
idenlduaialvle (FioBoard) [7] Fuiluganaasissuumuonadefafignesnunniie 19
' Y ' o & o o . [y v oa a & A T
Twniganaeamds1llaeaiioy 32 (RapidSTM32 Blockser) dwnseldiududyden  lgawu
fa m3WauTalsunsunuunsdn (Graphic Programming) Tase 1 1da o159 (Code
Generation) lumanlasTsunsunuunsdnasuuveia’v o uazdaemnsavi Hardware in the

doA o o &8

g 2
Loop I# 11ufie aunsananevsanesiuaz lilsuniuneufiednsamnlnseliduesed (Sensor)

unzuenyIomes (Actuator) [7) Tael#nssraseszanmmlsunsy Simulink 16

51l 2.9 uansuaia FO Std [7]

2.2.6 ndnmin 3 fyanu PWM
PWM (Pulse Width Modulation) {10] udygrafiiasinmisnaudusenindaaagy
= . M w A o A A O P P
AHAYY (Triangle wave) fUszAULSAURROUAY NN IHAGATImTAIIANIEAR uansdla
o @ & el
(Fyanuiiannis High) uazmisila (@ygadiannziilu Low) dieanuntisvesgiaauindiu
1w a o 1 4 e j
High Ua2 Low armnduasiuTasfadiunlesifud 0-100 % Aundoveusedi mviyaidle

o o

1 g A Y d sd o A w & g o
mumiﬂimn11::uﬂ1111nuamﬂutﬂaiwummuﬂunu mﬁnums‘ummswmunxtﬂummmu

w o

= Aé L] 3 1 [ = o e
wuvaIng Favhlieszuaii vadgunsalBdansefindddslimsgadondinulugiivuves
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Wandnnudaing 10kHz Fu'ld (Fefinudfiyuywdlildou 20 Kiz)
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L—»
1AT ZEHO
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(AT &R
RE LY UYL
i —
LA il -
ZLALE
FHE SSUAED
<]
AT gLl
SCALE L _,
FaRES SIS
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— |
e ot 2 2L N7

T

— 1 prp——
f-\lﬁ N:_ﬂRf.i‘JNq
|

(r-'
1AT CURRENT
FRE3IVAC

fi- SENSOR'S QUTPUT YOLYAGE
H=FAMPE WLYEFORM
L=F&N JUTPLT

31 2.10 ndnmsadednynn PwM [10]

2.2.7 nqufineuinsmeduuy PID

S
a ) o Qs M o o
M3AILAULL PID tuiszneudromendmiumsiliuuas 3 mes saufuih

Manipulated Variable (MV)

MV(t) =P +1(t) + D(t)

o o 1 o
Taed P, I(t) uas DE WuewnavinuAazmoNmuE Iy

(2.3)
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Tnput Output

K, + 55—‘ + Kys GH(s)

Ui 211 uevasszuuRIRY [19]

118y Proportional

. i o ) ' w 4
19U Proportional nlarulasmudandiuvesd Error ﬂﬁ]i}ﬂu i1 Pout 4IUT0

. Xp
Ao 18 Taun 51i1a1 Brror inguinusned Kp 91031l 2.1 §1 6(s) = s_:!i_ (2.4)
Tp1
P(t) = Kye(t) (2.5)

T { d 1 k4 ' a ' !
11 Kp g szthusa Idiie niwaunduay mina Kp mniiu 1l szuuee lineiiuas
(DAN13ATALNT (Oscillation) LAy Tunranssdumind Kp fauiu ey 1szvuaseuauss
Fnulal

7 A Bt et S Al o e S ST o

Py l ——cferonc e ciqnal

TEp A Y bis L g

uh

JY DR . | -4 1 EEE P A

.- .- - -1 B 1 -
0 d 4 b B Hr [ 14 16 1 \

i = 1 1 P
:,’i‘l."l'dl 2.12 Process Variable (PV) vs time Taui/aous Kp (A1 Ki 1laz Kd f19n) [3]
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Tunsdiyzuun 1l Disturbance M3 1dinou Proportional athapveh s zumBanis

o 1 v a4 o
IARNTA (Oscillate) 58Y 4 Set point (SP) 92 liiag# SP wo#

iMou Integral
o L] 1 :h 1 ot
o Integral (Tugn31duv0eA1 Error sz Tumilesaanat (egiiu dou'lulusfia)
T - 1 . ‘e & o 1 = LY
11 1(t) INAYINHARUUDINIAIN Ki AUHATINUB e(t) FaILlun1dazapa Eror ARI9EADYN

: 3
udlvneunthil

I(6) = K; f, e(t) dt 2.6

A Y / 1 1 < X
oY Integral (130 19590FIMBY Proportional) veaeisaldszuuiadm sp 329u
1 o = 3 . 1A 1 o A ]
uazarwaa Error NtRa9Inn13 19inew Proportional 0t14i@e1 ad19'l5Agy 1fiassiniinen
¥ a ° o = r-r? g [ 3 = =
Integral Hu1AA1INN15A 110 1A0s 21 Eror MiAau luofndao 9199291114179 Overshoot 1A SP
Tuslepivdag

PY [T

jﬂﬁ 2.13 Process Variable (PV) vs time Tagitlaouni Ki (Fi'l Kp tas Kd ﬂ»‘i'ﬁ) [3]
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Mo Derivative
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= & oA o o o o & w o w wo | = o F
HANAIAYN 9 a1 (Hufe HhueyWussudumiliduiusiunat) uazguiuained Kd fez14
IN0U Derivative
de(t)
dt

D(t) = K, @7

PY[™ =]
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t
CpEt kst g e
04 F

—
L. _ L N ey iy &, i G it e W O WY\ ¥Y S
] s 4 b i 10 12 14 16 ta ¥

H P 1 1 P
3T 2.14 Process Variable (PV) vs time Taoi/aoun Kd (A1 Kp tas Ki padl) [3]

. 1@ # /9 o9 & o VYo A
(MO Derivative 912¥wWAUBMYAIINABY InTaiaos 1H9as Feezmiuna ldvaiile
. 2 . . ! & -
PV 1104 Set Point aztivimou Derivative 34320a081015 Overshoot HUAADININ DU Integral

vagtodfnlyuadvsamuesszuy
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Tanom I

4 . L 2 3w od o ¢
1HBINNNDY Proportional, Integral, UasDerivative mmununﬂﬂﬂ 1INHAIN

o

avwuinsaiaed PID fafl
MV (t) = Kpe(t) + K; [ e(t)dt + K, =2 2.8)
Tasmmsiiwesag o Ao

| X iy & 1
M Proportional gain, Kp : AMYINTUHIBEIN T ADU A UDIRGT IV (W12 Error
s ' Ao A 1 o4 a ° 1 Ay d
gann MIABLYINMBNTINILATUA Y A1 Gain Tinamu 1z lgszuniliaed uagms

1A2IN38 (Oscillation)

' . , 1 d & a1 o w Wyd &
A1 Integral gain, Ki : AMNUNAYUHNTIUO9 A error WU Steady-state ﬂxgnmﬂﬂ"lmiwu
d ' i d { g ' 4 T
daidvnfle Overshoot fin Error uiluavvzdeagnudday Error Mifluian dounssumezidg

Steady-state

1A X i id &
A1 Derivative gain, Kd : MAUNUVUALIWTINLIA Overshoot Aianad Lane1nr 1y

o 1 1) s -i ¥
minsvauedaanii wazornthlilgai luneiavesrzondionin Noise 14

mt¥uustam (Loop Tuning)

[

[ 1 ¥ e e .Y g
Tunmlfuuaenill 3 35vanaatl
msUSunseaibiie (Manual tuning)

< L < ' 4 4 4 <
vzl Taomsiwaa Ki tag Kd (ugud uagaouqiven Kp (5au 9 aunsznisszuuiy
= 1 ) 1 o & & - . g A
wansuns Miwan Kp dluatmilsvesaniu Sutium Ki suldnainsaevdussvesszuni
desmsiun Kd sunseisnmsmuguiimeioousy 14 Taoieuduilessuvil Disturbance

81984 TwazBuan3il$u1AIA1 Gain 919 q At
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mstSunaadnedE Ziegler—Nichols

’T‘ﬁﬁgﬂﬁ'ﬂﬂ’ 1o 1A John G. Ziegler 1132 Nathaniel B. Nichols Tl 1940 GhedBnrs
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o o o o d‘. J 1= ] 1
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Fmafinil
‘g o i 1 af & r g
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S mmiudenta 2.15 Tavimstleudyaaud i Fyenaduaiu lavilania udriama

AoUAUBLT 19

A
i Tungent Hne at Inflection point

—>L;<—r——>

3N 2.15 waneuaueagilda s [19]

vananouaueslugilii 2.15 Tmslimeindwyoy 3 MR K, L uaz T gadmualag

o ar ot A i o § oF g’
amdududadusanouausangaclfoudidigli 2.15 dnluszun 6 () aniotlszne]dde

»

SEUUTINAY Transport lag A3l

Y(s Ke~Ls
G(S) = U((s; = Ts+1 29

- H o o Y @
9IANIT NS L LAz T N 1dvnnansuausy Fnaeiuazil Taad lduuzindimem

1 =] l:l
awsimes Kp, Tj uaz Ty ammrsned 2.1
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4 cy e~ { 4
msafi 2.8 memm Kp, T waz Ty #1035 ZN (FEn1siinile) [19]

Controller Kp Ti Td
P-Control I 0 0
L
PI-Control 0.9 Z __L_ 0
L 0.3
PID-Control 1.2 % 2L 0.5L
Taosridruc 1o Touwaadan g pID Ao
Gy = K, (1+—+Tys)= K+ 2+ K

mey =
A6ATINTDY

» ] 1 ]
i ldiuszuvaailassgli 2.16 Tavimstsuat K sudaniinga K* Aaflumiivih i

ar & 5 o é 1 = r e ‘;‘;
waspuausdodyaeud iUt lavilonisianisundinda (Oscillation) 91y

9 A or oF i
WnaaeudUBef Iauian T awaadlugilii 2.16

%?% K G(s) >

1% 2.16 ununmnaBIBIsELIITlARTIdInLUgY [19]

WONY

{1 o t |
217T ﬁHixﬂznﬁ']ﬂ’]iﬁuﬂﬂ'Nﬂﬂluﬂﬂ

Eat
=
=a.
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A K* uag Tndnnummwsiiwed Kp, Tj uaz Ty mmumsni 22

mawil 22 msma Kp, T uaz Ty d1038 ZN Gimsitae) [19]

Controller Kp Ti Td

P-Control 0.5K* <0 0
PI-Control 0.45K* 0.833T 0
PID-Contro} 0.6K* 0.5T 0.125T

msUSundsdavendnms MATLAB [23]

¥
o ' o o o 1 E
ATEINUMTUTVUAINITAURILY PID muvdnnsil e Taea$uies PID e 19
3 1 = o A g 2 4
l'lfl'i‘].li‘l'Il']i.lfl’ll'ﬁ}'ﬂ551’!".l"I\‘l'ljfiga'ﬂ‘.ﬁﬂ'ﬁ"lﬂ'l‘.i‘i’l'l\‘l”I‘LILI.'ﬁSf'I’,I'IU'VI'I,‘I.‘i’l'li«l.q[ﬂ!J!.illﬂ'l.-!‘il'lﬂ VUADUMNTIIHBN
v Ao ¢ j Y & - ¥ w
MAPMAAAKTH (1ANUAINVDIUDUADUAITING) TIDUUUAUTTUUDILAHUAQ A tnsoanuly
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mmmmﬂmmuwwauwmqn 60° esunlavu I[AMNITAD U UBY, AN n'fnwaunuﬂau
1 ] ' a
A, MIADUAUBILILLFIATT w303 Fveuvayulums$uuas PID nyzuaunisil

s 1dle a1 P ny

4 . P Y
HOAMUARMINNUN I (VosiuayuTudT Yupetl Suasz@onniToenuuunts
ALRUNL uaIgaszndIdaardnnsuolseans imnisvien 1800 nisianmssess
= 4-_-{ ] st A Y] é Y
uaz malfisnissunnzawnsanfounsjaudunsesnuiemiuayumnil lundnms
» 1 1) 1
msvivwil Tagldduien DesigaFocus ¥04 pidune #luussiamds wie dadonndesldnou

1.1! PID tuner

A or o ¥ l: o g o
e Funldougtirumsesnuuuuds nszuaumsiiszlusarimsmiuayy
= ¥ oo a A wodo v 3o
MIAANINNITONEY vTomslfrarsmssuniu vasisanunvh vl duouwmyudud
e & w 3 1 = .5 4 &
winiimeiiannsediulddnunezeglussuy exfilemmunntuilesuneues PID dunsn

b s 1 L] a’} 1 ’
i'll'ﬂ?'mﬁﬂﬁﬂ’l?ﬂ'Iiﬂiﬂl!ﬂ\ﬁﬂﬂﬂﬂﬁﬁ'?ﬂﬂ'ﬁﬁﬂﬂ’]1111414711141591‘3051\"‘11“ ATENAINITDaAILI

2 &

1 e 1 '
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o sy

[ 1 = o 3 1
nlfuiaadizanimmmnihevesssuudusgiunuanidvesmuauiiuedinn

Tutarusumslfualfoumsesnuuuaisantu inanoudratos wie liutime

2,2.8 Rotary Encoder

AlugilnsalilFlumnivseunismyuveanemes Tay Encoder il4eziflu Rotary Encoder

l& ] -~ o 5 ar = b3
[18) mavyuyn 4 vilesovezvirilifndygyiniadianun 400 Wad uazlawdyon 2 ame

unaseedaa aiidadianu 90° Sai Ideunsouenadismamsnau'ld

gﬂﬁ 2.18 Rotary Encoder [18]

Dilferential rolay encoders only
Ehapr ] |—|_|—|_| indicale the spead and direction
Phase 0 _I—I_l—l__ that the shaft tums. Ditection is
shown by the relative phases of
the two outputs while speed is
indicated by their frequency.

Phase 1 | | ' | I
Phaze 0 | | | I

Ta > >

g1l 2.19 ndn13¥1919BRotary Encoder [18]
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2.2.9 aMG IMU-9A
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w14 areiinisidend compass sensor (aMG IMU-94) [9] ifoaunsaszyirma 1
Compass sensor (aMG IMU-9A) [9] szU5zneylilde accelerometer, gyro meter lay

A d o g W » . '

magnefometer LWEJHWHLﬂuﬂdﬁ’I‘i]‘Ilﬂuﬂaﬂ‘lf accelerometer A2 magnetometer IABATHINHIN

4 1o o i w !
YUe9p 9 Compass sensor DXAITYYIUUVL 72€ Accelorometer ¥HIIH Saar1nsa i

o

1 1 8 { 1 o
uARZUAY d9U Magnetrometer Yvithidandduesauulivan

1€3

r2 aMG IMU - 8A Pl
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| ALINT4 pltch 23V
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¥ x - ., O

' Z BCL

Q_DRDY,
morpy 0 YTV sDA
e www.almagin.com
Rons| S e
() A () Aunda

§UH 2,20 aMG IMU-9A [9]
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51l 2.21 SCHEMATIC DIAGRAM aMG IMU-9A [9]
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1% 2.23 SCHEMATIC DIAGRAM aMG Bluetooth — A [8]




23

= A a A |
ugysiiumaTuTadvesdumeSidananuing 1 lunsieyTuamsfoas ¥aoly
i Iy o o - 4 a 1 w
uounWE 2.45 GHz vhldgalnsalsidnnseiindfimaouthu damnsofaredeasiunn o
1 [ 1 :‘J ot = : L 4
syniaduluszuzyitedu 16 gunsslunazdannsadarefomstugiinisiou 4 1dgegads
or o ' [l ERTS . 4 Y v Y
7 damdounu FavanTevwvinagouiidn Alala (Piconet) B4 lniniu gilnssiunasdads
o [ [ J-Y = t Y 1 A4 a
aunsaffnegiumiovwilada ldvawaioviniondu maTuladnsdenduinguesugys
d l=1 1 é‘ i o ¥
vs1dminizTnanlaouninu® (Frequency Hop) 1z 3uma Tuladtimunsfies 19vun1sda
d a dae o o1& 1 g o = d v oda
AauIngnNiasaedazsmgn Tavezimiseondunawreniudunnadn lussraniiimg
~ 1 Aduw 1 o q ¥ = o o
wasugeanamiaf bimivewifennsendaniidygmsumuidummsnue & ugyses
A H o r 1 . . . . i !
Mntunnudlunsfasoludin ISM (Industrial, Scientific, Medical) A1iA11115 2.4 GHz uazld
o :, a e o '4 ﬁ'; = .‘ﬁ’ B o 1=
wasnud TasmalfuiRudaginselvesugy miuseiiduiicslfanlifiu 10 wns Taons
a 10T T i ) vy P -]
Aanorun eIty anmRmivayunsdoyanazfeainanga 741K bps

Taugamswuve sugY s (Bluetooth Module) [5]

- a L f.- é 1 1 =’
ugusgadmualdil Inssadranisdousnn 8 9u SannaiTuga osteg 1 $u
¢ ‘n’a r 1o a o as a
ldveuvanisyhaondundazsu uandrevin Tuga oSt uddidumsvnul shumsmiloudy

' g; A S 3 o :{
Tnousazsuves Tugaugysiidenazniiimayiaudail

£ A

a1 { & w ' i a = o
#U 1 Radio Huduiifiamsiuuazdmaningsss q luresaiaurdmndady
A a = H) 11 & qi w o a9
ARUINYAQNAILIRNIATY Base Band Tiinziiluanudungszauanunswosdayaadhle
salilfalsudoyaiiazds

c: »

> w L] ' v A a K
¥ 2 Base Band Hif‘l‘l’]ﬂﬁﬂ‘llaﬂ‘ﬁua ﬁ'ﬂ MINIUAUNVININGTT - ‘inﬂaquﬁaq‘m

h.

i = v &4 & ¢ = [ 3 [
angA FgadAg igavamInigy anemadendesndwn lumsfudedoyalinseiu
ssnhanameiuazmadideatimanse Taa T lupluuuReondu

4 . A X ¥ 1
Fuh 3 Link Controfler RILAUMIBBNADHUFMUUBUgYTianua TiTnzdluaoe
o o 1 o 9 = =)
voagilnal Tnuamsmanwesgilnsol msdumglnsaugysindifiss saldawdemaiden

o) 1
Nezdhinamesuieatav luaammwiaadeumi q
5 { R 3 1 o 4 i o gl o l:‘l o 1 5
FUW 4 Link Manager il iulasdidsit 18 Tvnnsuuuiiudrdumiiinsiaufisu
Ed

i o | oo & ) g’ '
a19§in uazaeumamhdana llmaugumaihouvessud g



24

A

A 1 1 )
WU 5 HCT (Host Contro} Interface) 111y T1ls TnnoaeudeszniteTalsun sy
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2.2.12 Module ET-MINI 3T05 TTL
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textViewegreed = (o) findviewByTd(:, (. textViewDegree?);
mySensortlanager = (oo i ) getSystenmService{ .- i L, SEHSOR SERVICE);

Lint<Sonnory mySensors = ‘nsortlanuger
-getSensorList{ . ... .TYPL_ORICHTATION);

if (wydcncors . size) > U) {
mySensortanager . registerListener{ny Scensariventlistener,
COnOr L BEE(O), i SENSOR_DELAY HORMAL ) ;
soriming = true;

i .makeText(this, “Start ORIEHTATION Sensor”, (... LEHGTH_LONG)
.shoi();
} else {
i tomakeText(this, Mo ORYEHTATION Sensor', .- LEHGYH_LOMG)
.show();
sersorronning = false;
finish(};

71 3.17 Tdsussums fuamuanidumesuumnia Triu

msdadeyausy UART HlumsdefeyanunesdsImia Tasyanisaetoyased header

. d
AL closing #111317 3.18

if (SrHD) {
byte[ ] sendingbytes = new byte[scndingDuuble, deopth * 5 ¢ 4); ff byte ariay for packet

bpveaufloe buff2 = toteneticn awrap(tosiinghytes ), order(
Prptotie doi LITTLE _CHDIAMY; /f wrapping byte array for modificatiom
bt t2oput((byte} O</cy; // Header 2 7F
bubte, put{(byte) 1. /c);
for (double d : <endinglouble)
buiis. putDouble{d); // three dooble values poing in byte array
buti2 put((byte) ©-03%); // (losing 0303

bt §7 . put((byte) ¢.4);

if (nStale == STATE CONMECTED) {
rConnetedlhread. write(s endingbytes);
} .

} else {
if (Recieerelpdate) |
Rex cipdate = false;
}

U 3.18 dmuanisdadoya
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mrumsiameos lanin
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lowpassfillter = ————— (3.2)
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3.3.6 AsAIUANILLL PID
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>» pidtune(sys, 'radf7)
Continuous-time FIDF controller in parallel form:
1 ]
Ep + Ki * ——— + Kd % —-wvmnno

3 TE*a+i

With Kp = 2.94, Ki = 51.4, Kd = 0.0589, Tf = 0,02
A ' . S
310 3.29 A1 Kp, Ki, Kd 1182 n 91079A%U PID Tuner

1 1 Ai it
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€ = (Bcompass — Osmartphone) T 360° (3.8)
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4.1 msnaasamsinden lmveauaud

4.1, 115088980 1T

o w P o ¥ & o
Huminaasaianimnevesynuusiusudinis@e daiannuntiveyy

' 2 i w § 44
2nI19yude o gaisuAuR 1Y PWM (duty) = 6.7 Fuyn w gafidonaes lildheas 20° uaz
mdygnaadiaueguduiileulidume{ Tanemes Awmsih 4.1

g; ar = ::{J 9
MTITHN 4.1 MTHUUNANITIDEIVDEAD

£/ AL m
ATh
yu (83f) | PWM(%duty) | 4 (039717) | PWM(%duty)

( 20 52 20 8.1
2 20 5.3 20 8.2
3 20 5.2 20 8.1
4 20 53 20 8.2
5 20 5.2 20 82
6 20 5.2 20 8.2
7 20 53 20 8.2
8 20 5.2 20 8.2
9 20 53 20 82
10 20 5.2 20 8.1
12 20 52 20 8.2
13 20 52 20 8.2
14 20 52 20 8.2
15 20 53 20 8.2
16 20 5.2 20 8.1
17 20 5.2 20 8.2
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v 2 Ean) m
Ayan
YU (091 | PWM(%duty) | 3 (8977) | PWM(%duty)
18 20 5.2 20 8.1
19 20 52 20 8.2
20 20 52 20 8.1
A
nay 20 5.22 20 8.16

5 .
(M) @e971 20°
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Peak time, Steady state error, Rise time, Setting time (1a% Mp (Maximum Overshoot) #lannizuu

ALY PID AIATT T 4.2

M99 4.2 mTafuRineanismuguanuTnemed

afan Peak time(s) Rise time(s) Setting Steady state
time(s) (T's) error{%)
(Tp) (Tr)

1 0.41 0.31 1.85 26

2 0.38 0.28 1.96 28

3 0.45 0.30 1.92 24

4 0.42 0.33 1.95 23

5 0.46 0.29 1.72 30

6 0.46 0.27 1.87 29

7 0.40 0.35 1.90 28

8 0.41 .30 1.93 25

9 0.48 0.28 1.84 29

10 0.43 0.29 1.96 22
m"cz'litl 0.43 0.3 1.89 26.4
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' ¥ 1 . ) 1 { 1 )
2. 9246810 (Rise Time, Tr) ¥ inanouausIgmaasden tid1anauijodaygo

(DWHAIANTIN 910 0% D3 100%

13

3. Toraeigagagn (Maximum overshoot, Mp) AiN13ABUaUBIgagATATINTO UL DI

ga1u (Final Steady State) n15u0na1 Tasegagegainzuoniunfesidud
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4. 130817 (Setiling Time, Ts) nafinamsaouaussanasauFudlilogluaei
o & w o ) 1 & P Y
Mnun dadnaasaimunsylurie 10 % Bz indivudungativveananisnauaues
1uﬁnm:agi¢‘i’uqﬂﬁ’w (Final Steady State)
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A o L H .A 1
itefloudynu jluvusie q AlFtunareudliiidunavosszuy udnsredeunnuumnan

o ¥ 1w oA o ar
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4.1.3 M3IA3289084 Ultrasonic Sensor
] 1 . ’ w
(uminaaseluaiuues Ultrsonic Sensor Nansadaszus lagndeailusla
Por o

» 1 »
AMUARITNADIIATEEY 10 ASY Tasdmuan1sszoe i 193aaal 60 cm, 100 cm, 150 cm, 200 cm

LAZ 250 cm HANIINATDIRIAITINN 4.3

19N 4.3 ﬂ’li’ldfﬁlﬁﬂﬂﬁmiﬂﬂﬁmﬂ’li’fﬂis ¥984 Ultrasonic Sensor

ﬂ%&ﬁ 60 cm 100 em 150 em 200 cm 250 em
1 60 101 153 204 252
2 61 97 151 199 255
3 61 100 150 202 248
4 60 102 150 200 250
5 61 99 148 201 245
6 60 102 149 198 251
7 59 100 151 199 255
8 61 100 147 203 250
9 59 102 150 200 253
10 60 101 153 202 253
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WWW . SEEEDSTUDIO.COM

\()/ Seeed Studio Works Tech Supporl: info@seeedi.com

Seeed Ultrasonic Sensor

Seeed ulirasonic sensor is non-contact
distance measurement module, which
is also compatible with electronic brick.
It's designed for easy modular project

usage with industrial performance,

Features

Detecling range: 3cm-4m
Best in 30 degree angle

Electronic brick compalible Interface

5VDC power supply
Breadboard friendly
Dual transducer
Arduino library ready

43min

Specifications

Supply voltage 5y

Global Current Consumplion | 15 mA
Uitrasonic Frequency 40k Hz
Maximal Range 400 cm
Minimal Range 3cm
Resolution 1cm

Trigger Pulse Width 10 ps

Qutline Dimension 43x20x15 mm

Practical test of performance,
Best in 30 degree angie

Page 10(2 5/14/2010
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. , ‘ WWW.SEEEDSTUDIO.COM
\()/ Seeed Studio Works Tech Supporl: info@secedi.com

Sequence chart

Initiate Echo back
1
10uS{TTL tosignal pin pulse width corresponds to distance
{about 150u5-25ms, 38ms if no obstacle)
Signal e
Formula:

pulse width (uS) /56= distance (cm)

pulse widtl (uS) /148= gdistance (inch)
Internal

Ultrasonic Transducer will Issue 8 40kHz pulse

A short ullrasonic pulse is transmilted at the time 0, reflecled by an object. The senor
receives this signal and converts it to an electric signal. The next pulse can be transmilted
when the echo is faded away. This time period is called cycle peried. The recommend
cycle period should be no less than 50ms.

If a 10ps width trigger pulse is sent to the signal pin, the Ulirasonic module will
output eight 40kHz ultrasonic signal and detect the echo back. The measured distance is
proportional to the echo pulse width and can be calculated by the formula above. If no
obstacle is detecled, the output pin will give a 38ms high level signal.

Revision History

Rev.  [Descipons _]_Releasedéié'“
1.0 Seeed Ullrasonic Sensor r 14.05.2010

Page 2 of 2 5114/2010
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10 Std Datasheet

FEATURES

* Buili-in RapidSTM32 native-support bootlonder.

+ ARM 32-hits Cortex"™ - M3 Processor
(STM32F103RETS)
- SOMIPS maximum speed
- 64 KBytes SRAM
- S51GPIO
- 16 channels 12-bit, |!lS ADC
- SUSART, 35D 21°C, | CAN
- On-chip temperature sensor
- 4 General purpose 16-bits timers with 4
[COC/PWM per imer
- 2 16-bits Advanced control timers
- 2 Watchdog timer
- 2 channels 12-bit DAC
- USB 2.0 lull speed interlnce

Two onboard crystals
- 32 kHz (for real-lime clock)
- 8 MHz (for MCU clock)

Power supply management
- Reverse supply vollage protection
- USB or External (up to 15VDC) supply
mput selection via jumper settings
= 3.3V (up to 800mA) LDO regulator for
inlemal and extemal circuitries

* Flash programming
- 496KDbytes available flash memory
«  In-Application Prograuming via either USB
HID or senial (R8232) interfawes directly
from Matlab"™ or MS Windows™
~ Automatic compile and download
directly from Matfab'™.

~ High capacitance (0.33F) capacitor as
RTC backup battery

- R8232 (3232-series) level conveer

- Miero SD card sockel

¢ Four built-in operating modes selectable via
Jumper sellings

- USB Mass Storage Device (micre SD
card reader)

- In-application programming via USB
HID interfice

- In-application programming via serial
(RS2I2/USARTY mterlice

- Stand-alone custom user applicalion

+ RoSH compliant

SAMPLE APPLICATIONS

o Afiordable Rapid Prololyping training tools
{especially for Automatic Control and
Digital Signal Processing studies) when used
logether wilh RapidSTM32 blockset,
example features include:

- Support € code generation of a custom user
program for STM32 from a Simutink ™
nodel (sce minimum requirements).

- Supporl various Hardware-in-the-Loop
(HIL) simulation configurations, e.g.
data aequisition in to, signal generation
from Matlab"™Simulink'™, and closed-
loop control HIL simulation design and
anabysis.

e Create u dala logger to micro SD card (FAT32)
program directly from a Simulink model.

o Use inalaboratory as embedded system

¢ Other onboard peripherals L ol . N
3 LlscrLElI) (rcpd y::Ilow pAT training kits or in-the-lield for any student
) . ' % rojects.
- 2 user logic (H/L} input junpers prol
- 10K potentiomeler e Generic microcontroller evaluation board.
FIO Std
Rev1.5 DRAFT (17-0¢t-10) DotlD: 530002 (This documenl epplies o FIO Sid v2.0) sHnacgin
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INTRODUCTION

FiO Std is an evaluation board (EVB) from
FiQ) family of evaluation boards that are based
on STMicroclectronics STM32™ ARM 32-

bits Cortex'™ — M3 processors.

i CVBs have been primarily designed as
affordable embedded system training boards
for used by nstructors and studenis to
supplement such courses and curriculums as
design and analysis of avtomatic or embedded
conlrel systems and digital signal processing
(DSP) systems. It is hoped that the
introduction  of FiO and RapidSTM32
Blockset will help lower the barrier and open
up opportunitics for more users te  play
around with Rapid Prolotyping technology.

FiO family of evaluation boards have been
specifically designed to be applicable both as

LAB kils tor uses in laboratorics as well as a
stand-alone sysiem for used in-the-field in

any student’s science and  engineering
projects.
When  used  together  with - RapidSTM32

Blockset, Fi0 Std ofYers severl capabilities, for
examples:

o Real-Time Hardware in the Loop
Simutations via USB HID,

Real-"Time I lardware in the Loop " ™
(L) Simulation via Usi3 i | Mieinum Update
e Rate”™ (1)
interlike
|ill’g|.‘l"+.| !.n.sl 150
Cpen- (Duata Acquisilion)
L.oo| —'| gy
p VI Towst . | nrgu.l 200
(Signal Generlion)
Closed- Targete—s | st 200
Loop {Control System}

e Tligher HIL update rate available via
other specially designed interlaces.

¢ Create working stand-alone  embedded
systems from Sinvutink™ models with just one dlick.

: ‘The acweal update rate depends on several factors
such as the host PC speed and olher USB hardware in
the communication loop; for example, communication
speed is fuster when the targel is connected directly to
host USH controller than vin a USI3 hub.

- Generated source code compatible with
Realview MDK™ for ARM with
oplions for automatic compile and

dovwnload option.

—  Datalogger to micro SD card (FAT32).

— Supporl  sinulation  and

code

generation for typical peripherals

such as pushftoggle button or
character LCD.
— Supported  on-chip  peripherals

include Digital 10, ADC, DAC,
RTC, PWM, USART, USB (Virual

COM) and more.

~  Support integration with Finite State

Machine  simulation  and
generation  via \ Stateflow™
Stateflow Coder™.

MINIMUM REQUIREMENTS

Minimum requirements tor FiQ) $id to fully
function with RapidSTM32 Blockset,

o Matlab™ 2009a (v7.8)
e Simulink'™ (v7.3)
s Real-Time Wotkshop™ (v7.3)

* Real-Time  Workshop  Embedded

Coder™ (v1.3)
s Realview MDK™ for ARM (v4.0)
¢ Microsoft NET Framework (v3.5)

CAUTIONS!!

All FiO  EVBs are  pre-insialled  with
proprietary bootloader. FiQ EVUs are solely
intended to be programmed using FiQ own
Flash programmer which can program any
Fi EVBs divecily fiom Matlab and MS
Windows via USB or RS232 interfaces.
DO NOT use STMicroclecironics Flash
Loader Program to program FiQ EVDs
because this will erase the pre-installed
bootloader and void your warrrnly tolally,
Therefore, juinper J§ should not be tampered
with in any circumsiances,

FURTHER INFORMATION

For firther information and tutorials please visit:
hitp://wavw.aimagin.com/learningresources

Rev1.5 DRAFT {(17-Oct-10) DoclD: 530002
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OPERATING MODES

FiQ) S1d supports 4 operating modes
1. In-Aplication Programming via USB HID
2. In-Aplication Programming via RS232
3. Mass Storage Device (microSD card reader)
4. Run Custom User Program
‘The following figures show required jumpen(s)
and program switch (SW1) seltings for cach

operaling made. Each operating mode can be
activated by pressing the reset switch (SW2),

1.1 USB IAP

Al2 Ul G

A S 4 e

At Ca )

Ars @ I:! Wc J9||Igh|

% wa%\ Y E| g

o :) SW1 to

2: o right
oy LEDJ

:: L1350 et aﬁ”"/‘ on

1.3 Mass Storage Device

LEDI
On when|
vSDeard
inserted
Cll
LED)
— ﬂnlslu's
(% when
4 i read
Enable |, H fwrite
LEDI -
and L@ b:l'.hﬂ J2 Low
LED3 [» Hosm\z
; SWl to
a] left
LED 4
insert [ | Masows . m _off
uSDcnrd o ] w' o
GF-D

il
plil(n

' PIEA

L
a8
cd s

[ﬁ(}) C|

'6 @ [+

c11
\l

kb

A .@% '2 Srr lolhgh]
B3

Bl H" %IHEO 3 B4

pr £ R §Wito
bl I 8 et
B | s = Ny l.glr)r4
o o 09 oy

\D, G.‘-DI

Warning: J8 should not be tampered with

at all. Warranty is void if J8 is tampered.

(2 TN oo f] e 4 20

s L] gl

A2 3 - x 3]

m P G g E4 Couneel

At sur 1 NS

a5 m qnﬂmﬂ 3 > .to

- ol PC

:; i -e@ (RS232)

Ap L 1 y (4]

A £ 925 g «@

ArT L Ef, 3 nsr

AR n M bt

A3 o L) e

A LW - |

A T

- ﬁ” FO S v.2 E|

py OF U'%%omn \(.:) SWlin

u e ' lrllugll)llsl

:: Mryif cad Eh,a% On
Lt s

b e

2

Note: Other jumpers, cg. J2, J6, J7 not
mentioned in the above figures may be set or
not, depending upon required functionatities,

Rev1.5 DRAFT (17-Ocl-10) DoclD: 530002
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SCHEMATIC DIAGRAM

MO

" Ixtensieon Conneclor
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FUVTLARUIL
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o
FCILPATRRTC
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i A AT RiuND
4
il L e (ORI TATENT
N w [ Lar n
Tors bed ta vl i
SRR E
Analog Input [ EREL R8232 Interfin e
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FiO Std PCB LAYOUT

EXT usp J5SclectExternalor |
USD us the source of External supply input
= E ponwer supply (15VDC Maximum)
[ ] a
RS$232 connector {lo GND +
USARTI Module) S
= = p 3.3V (uplo 800mA)
GND Tx Rx A0 U ! regualated owlput for
internalfexternal circuits
13 USB conncet/ Al
disconneel pin A2 L
Connect n[Em] A3 @
1, oy b
Discomect EH || Ag _| Power ON LED
A5
USH dutaline 175 .
cormect/disconnect —I OLll‘le‘l fm‘m 10K
A7 b potentiometer
All AlZ Al Al2
. AB 2 2 1 LED Onboard LED user
L E":] A9 HG Y R inpul enabled/ disable
Disconneel  Conneel E3 @% C | by s
A10 Ef OO g CO
Ogfpgarq LD AlL i RsT Enable C6 capacilor
e e ; H = sabie GO canacilon
enable/disable setting Al2 U1 T backup to Vigsr
Y Ay H ® m .
16417 Onbourd digital T_ 4 . 5 u
user inpul ) €3 o Enable Disuble
EI TR o B @ CHIRE
9
“@' """""" B84 f l%% Std v.2 ,{ lligh eapacitance
. [FEm capacitor C6 as RI'C
Low p2 B [ L'Bﬂ CB B13 | | backup ballery
J6 Y B3 B12
] Program Muode
Mode selecrion switch B Bt LED
(sec details under | | BS 1 B10
OPERATING MODES [ | g | M50 2 D fo
section) LEDALY) Eﬂ _I Reset swilch
B7 B8
PRG, s.l:w RST
D2 ' GND
L.
Micro S card slot l_/ \_.‘ l’rugmm swilch
PRG SW1 : .
.............................. e emmmeaaas
i
| | 1 | ]
R i
Mode Sclect )9 E I;] E m EI
USB  RS232 ! User  MSD
AP IAP |} PRG
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BiLL OF MATERIALS

[Manufacture Part No.] Name Designator Source

[0603B682K500CT] 6.8nF c2 WWw.e5.Co.th
- S ~ C1,C3,C4,C5, S
[0603ZC104KAT2A} 0.1uF g:zcg 1290(13:‘1 WWwW.mouser.com

c18, C21
" [C460BCOGTH100C] 10pF . €10, C15 B _ www.mousercom
" [C1608C0G1H200J] 20pF C16,C19 - www.mouser.com
1203D106X0010A2TES) 100F c17.C20 WWW.mouser.com
[EECSOMD334H] 0.33F - ce  wwwmousercom
[2908-05WB-MG) MicroSD socket Cent wAMY. mouser.com :
[67503-1020) USB Minl-8 female CNZ www.mousercom
_[CD0603-B0230) CDOGO3-BO230 D1  www.mousercom
[STPS1L30M] STPS1L30M V-9 70 " wwwmousercom
{M'MZ166§§661-A]- Ferrite Beads 1 L1 T www.mousercom
[APT1608EC] LED Red . LED1 . WWW.IMouser.com
[APT1608YC] LED Yellow " LED2 wwwmousercom
[APT1608SGC| LED Green tggg LED4, www.mouser.com
([PVG3A103CO1ROOJ 10K P1 ~ wwwmousercom
[KTC80145-C-RTK/P|KTC9014 Q1,02 N www.e5.c0.h

R1, R2, R3, R4,
[0603WAJO103TSE] 10K E?BRAEORAZL www.es.co.th

R22, R24
[R00603FR 0736K7mar' - R1Z2 Wmaouser com o
[0603WAJOIOITSE)100  R13 ~ wwwmousercom
[CROBO3-FX-4870ELF] 487 ARy wvAv.mauser.com
WROBX000PTL] O " R6, R7 _www.es.co.th -
JRCO603JR-071ML) 1M \ RS © www.mouser.com
'[CRCWOG031K50JNEB] 1.6k R9,R10 ~ www.mouser.com
[SSSS820201] Switch o swW1 " wwwmousercom
[S‘.'K'ﬁﬁAfiE_tﬁﬁj S_{-bllch S T ——ppe— - wwwmousercom
(534-1593-2) Terminal T4 o m

[STM32F103RET6TR] STM32F103RET6 U1

WMV.I'HOLISBF.COH'I

WWW. mouser com

[USBL.C6-2P6] USBLC6 U2 www.mouser.com
[ST3232EBTR] STI232EBTR vz © www.mouser.com
_(LD1117S33TR]LD1117833 us ’ www.mouser.com
[ABS10-32.768KHZ-9-T) Xlal 32.768kHz Y1 www.mouser.com

[ABM7-8.000MHZ-D2Y-T} Xtal 8MHz

www.mouser.com

Rev1.5 DRAFT (17-Oct-10) DociD: 530002
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ENGINEERING DRAWINGS (units: mm)
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Aceel
Magn

aMG IMU - 9A Datasheet

FEATURES

¢ Based on STMicroclectronics MEMS Sensors
- LSM303DLM 3-axis accelerometer and
3-axis magnetometer
1.3G4200D 3-axis rale gyro
s [2C Interface wilh adjustable address using
resislors
* 3.3V System
»  On-board 3.3V regulator capable of
accepling up to 12VDC external supply
¢ Import real-time data for analysis dircctly
into Matlab with RapidSTM32 Blocksel
12C Block and Fi© Boards
»  Develop and test your own algorithm in
Matlab / Simulink
¢ ROHS Compliant

LSM303DLM

3-axis accelerometer and 3-axis
magnectometer

Wide supply voliage: 2.16 V1o 3.6 V

Low voltage-compatible 10s (1.8 V)
Power-down inode

1.3 to £8.1 Gauss magnetic field full-scale
£2p /+dp /8 dynamically selectable full-scale
2 irdeperdent progrimmable intermupt genemtors
tor free-1all and motion delection
Acceleronteter sleep-to-wakeup tunction

¢ [’Cinterface

1.3G4200D Rate Gyro

o J-axis rate gyro with embedded temperature
sensor
Wide supply vollage: 24 Vo 36V
Low voltagecompatible [Qs (L8 V)
Three selectable [ull scales (250/500/2000
degrec per second)
o FC/SPIdigital output interfice (MG IMU only
provide I'C inkerfixe)
6 bit-rate value dats culput
8-bil temperature data output
Two digital output lines (interrupt il dada ready’)
Integrated low- and high-pass filters with user
selectable bandwidth
Ultra-stable over lemperture aexd time
Embedded povwer-down and sleep mode
High shock survivability
Extended operating temperature range (<40 °C
o +85°C)

APPLICATIONS

Compensated compass
Motion sensing
Orientation sensing (6 Degree ol [Freedom}

*
[ ]
L]
» Vibration monmtering and compensation

S B 8
L)E!“ :-"Jcn" (-)
Y exl’ (1 e
@]
(14}

7 A_INTA phich

aMG IMU = 9A

aMG IMU - 9A

2.54mm pln header ' !I I .

Avallable In a package

77
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SCHEMATIC DIAGRAM

Aceeletroniler
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DNECTIONS OF THE L3IG4200D

DETECTANTE
ANTIULAH DATE S

Lt eAiCf
RAlAIHT]
DB TR FEADs

kY
1 .-
TN g o o
o DRINT FRILE
ACCELERATYT
EI)
x

LSM303DIM

- aMG IMU-9A - §

Revl (23-Mar-12} DoclD: 550004

20f3

Tint



SAMPLE APPLICATIONS 1

To-Be-Added
SAMPLE APPLICATIONS 2

To-Be-Added
DIMENSIONS (mm)

To-Be-Added
FURTHER INFORMATION

For firther mfaunion and tabarials please vigh hitp.'www simagp.com/ang-inni-9a himl

LT mMin i Uit d0lument & grorsdisd wicy I theeaeton o/th Anagn reducs. Aagiy inserve e bt B make
OO0, Lo BE, (hDAfAthies G VT D, L Bl ol amaers, 3 the o dact 2 Riveas s Ibed haren
At &y GAvk, miboet LB
wivrw ke g bn.ogur

Copyrbhil 3013 Mgk - A9 rlghds e

Rre] 123 Mar- 11} Do £; SE0004 1oty
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aMG Bluetooth - AC1 / AC2 Datasheet

FEATURES

¢ Based on Roving Networks RN-41 (Class |
~100meters) or RN-42 (Class 2 ~ 20meters)
Modules

- Fully qualified Class 1/2 Bluetooth
Versions: 2.1 + EDR, 2.0, 1.2, 1.1

- Bluetooth $1G qualified

- UART (SPP or HCI) and USB (HCI
only) data connection hardware
interfaces

- Onboard embedded Bluetooth stack (no
host processor required)

- Supports Bluetooth dala link to
ilhone/iPad/iPod Touch

= Supports HID profile for making
accessories such as keyboards, mouse,
poinling devices

- Programmable low power modes

- Secure communicalions, 128 bit
encryplion

- Error correction for guaranteed packet
delivery

- UART local and over-the-air RF
conliguration

- Auto-discovery/pairing requires no
soflware configuration (instant cable
replucement)

- Castellated SMT pads flor casy and
relinble PCB mounting

L1l
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e
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Ly
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L
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<| . lm:u i .:
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aMG Bluetooth — AC2 (with RN-42 Module)

Teclical Specificalions {RN-4 I/RN-42 Module)

- Datarate: Wilh onboard stack:
300Kbps: HCI mode: 1.5Mbps
sustained, 3Mbps burst

- Frequency Band: 2.412 - 2 484 Gz

- Modulition Techniques: FHSS/GFSK
madulation, 79 channefs at 1MHz
intervals

- Profiles: SPP, DUN, HID, iAP, HCI,
RFCOM, L2CAP, SD?

- Supply voliage: 3.3V + 0%

- Output power; +15dBm (Class 1)
+4dBm (Class 2)

- Pawer consumption: Standby/ldle 25
mA : Connected (normal mode) 30 mA :
Connected (low power Sniff) § mA :
Standby/ldle (Deep sleep enabled)
250uA

- Qperating temperalure range: -40C to
+85C

- Interfuce: UART, USEH, Bluelooth

- Antenna: Chip (RN-41) or PCB Trace
(RN-42)

- Size (Bluetooth Module): 0.52"x 1" x
0.07° (13.4mm x 25.8mm x 2mm)

- Cenlifications: FCC, iC, CE, Bluctooth
SIG

aMG Bluetooth — ACH / AC2 Module

¢ 3.3V Supply and Logic

¢ 2 onboard LED
- Status LED (Green)
- Dala LED (Red)

* 2 user jumpers
- Auto Discovery ON/OFF (1)
- laclory Defaul( Reset ()2}

* Al RN-41/RN-42 pins available s 2, 54mm
pitch (3V3 Supply, GND, UAR'T_CTS,
UART_TRS, UART X, UART_RX) and
2imun piteh (the rest)

¢ ROHS Compliance

SAMPLE APPLICATIONS

¢ iPhone, Android phone, TABLET devices
wircless datn link with embedded devices

¢ Wireless - RS232 Cable Replacement

¢ Short-range wircless data link between two
embedded devices,
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SCHEMATIC DIAGRAM
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WHAT ARE IN A PACKAGE?

or aMG Bluclooth-AC2 (RN-42 [ - )
x 2mm jumpers

i

1x aMG Bluetooth-AC1 {RN-41} i

) -
Module I

£33
Ix 2. 54mm ¢-pins i i 1% 2. 5dmm 6-pins

straight header I ) W [ Y ) E right-angle header

ENGINEERING DRAWINGS (Units: mm)
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SQE000Ba0000)
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FURTHER INFORMATION

Jor further information ubout Roving Networks RN-4{ and RN-42 module please visit:
htip:/Awww rovingnetworks . com/productsRN_41 or hitp:/Avww.rovingnelworks.conyproducts/RN_ 42

Information in this document is provided solely in connection with Almagin products. Aimagin reserves the right to make
changes, corrections, modifications or Improvements, to this document, and the products and services described herein
at any lime, without notice,
www.almagin.com

Copyright 2011 Almagin - Al rights reserved
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