
_Q#QiB+Fû bBKmH�ÍMő pQxB/HQ
G�#Q`�iQǼ2 T`ɩKvbHQpû 2H2FiQ`MBFv � b2MxQ`ɩ

a2K2bi`�HMő T`QD2Fi

oQDiÿ+? EQx2H
E�i2/`� KÿǼ2Mő, "j"j3GS1
6�FmHi� 2H2FiQ`MB+F� Ìolh

S`�?�- Ì2bF� `2Tm#HBF�
FQx2HpQR!72HX+pmiX+x

�#bi`�+iěh2MiQ /QFmK2Mi TQD2/M�p� Q b2K2bi`�H@
MőK T`QD2Fim bBKmH�ÍMő ȹHQ?v `Q#QiB+Fû?Q pQxB/H�X
S`BK�`MőK +őH2K T`�+2 D2 `2�HBxQp�i #Hm2iQQi? QpH�/�Mő
pQxB/H� � Dőx/m bi�#BHBxQp�i x� TQmʈBiő ;v`QbFQTm �
`2;mH�iQ`mX a2FmM/�`MőK +őH2K T`�+2 D2 `2�HBxQp�i �m@
iQMQKMő KƦ/ pQxB/H� T`Q bH2/Qp�Mő Í2`Mû Í�`vX h2`@
+B�`Mő +őH D2 �M�HQ;Qpû Ǽőx2Mő QbpÿiH2Mő pQxB/H�X

AM/2t h2`Kbě#Hm2iQQi?- SA. `2;mH�iQ`- ;v`QbFQT-
�`/mBMQ- >@#`B/;2

AX ȲpQ/
ȸÍ2H2K T`QD2Fim D2 bBKmHQp�Mő `2�HMû bBim�+2 T`QpQ@

xQp�Mő pQxB/H� b2 b�KQbi�iMɷKB M�?QMv TǼ2/Mő+? FQH- iDX
F�ʈ/û x FQH K� b�KQbi�iMɷ KQiQ`X S`Q#HûK bBim�+2 bTQÍőp�
p2 bFmi2ÍMQbiB- ʈ2 /p� 2H2Fi`QKQiQ`v TǼB M�T�D2Mő bi2DMɷK
M�TÿiőK M2TQ/�p�Dő bi2DMû Qi�ÍFv UK2+?�MB+Fû M2TǼ2b@
MQbiB- `ɩxM� BM/mF+2VX w�`Qp2ƚ iÿʈBȒiÿ pQxB/H� M2Mő p D2?Q
;2QK2i`B+FûK biǼ2/m � FQH� TǼB Q#pQ/m M2DbQm F`mʈMB+2
U/27Q`K�+2 TM2mK�iBFVX

w /ɩpQ/m pɷȒ2 mp2/2Mɷ+? M2TǼ2bMQbiő pQxB/HQ TǼB
THMûK M�T�D2Mő Q#Qm KQiQ`m UDőx/� pTǼ2/V x�?ɷ#� /QH2p�X
S`QD2Fi `2�HBxmD2 `2;mHQp�Mő iûiQ +?v#v TǼB K�Mm�HMőK
QpH�/�Mő pQxB/H� TQKQ+ő `Qx?`�Mő #Hm2iQQi? � TǼB �m@
iQMQKMőK KƦ/m bH2/Qp�Mő Í2`Mû Í�`vX

AAX J2+?�MB+F{ FQMbi`mF+2
J2+?�MB+FQm FQMbi`mF+B Ǽ2ȒőK TQKQ+ő FQpQpû bi�p2#MB+2

J2`Fm`X R oBx Q#`�xFv R- k � jX .ûHF�- ȒőǼF� U`Qx+?Q/ FQHV
� K�tBK�HMő pɷȒF� FQMbi`mF+2 DbQm TQ Ǽ�/ÿ kk +K- Rj +K
� Ry.8 +KX

�X SQ/pQx2F
SQ/pQx2F b2 bFH�/� x D2/MQ?Q QiQÍMû?Q FQH� jey◦

UTQHQKÿ` k +KV � /pQm FQH UTQHQKÿ` k.8 +KV b TQ?QM2K
UF�ʈ/û b2 b�KQbi�iMɷK 2H2Fi`QKQiQ`2KVX _Qx+?Q/ FQH b
M�?QM2K D2 Rj +KX

"X �/�Tiû`v
L� FQMbi`mF+B DbQm /p� �/�Ti`û`v imʈFQpɷ+? #�i2`Bő-

F�ʈ/ɷ TQ 9 #�i2`Bő+?X

RJ1_El_, ?iiT,ffrrrXK2`Fm`iQvbX+x

6B;X R, oQxB/HQ, TQ?H2/ x #QFmX

6B;X k, oQxB/HQ, TQ?H2/ x Í2H�X

*X ǻő/ő+ő D2/MQiF�
ǻő/ő+ő D2/MQiFm T`Q ;v`QbFQT JSley8y TQmʈőp�K �`@

/mBMQ lLP- M�+?�xő b2 p TǼ2/Mő Í�biB pQxB/H�X o T`QbiǼ2/Mő
Í�biB D2 mKőbiÿMû M2T�DBpû TQH2 T`Q x�TQD2Mő Q#pQ/ɩ �
p x�/Mő Í�biB D2 mKőbiÿM� ?H�pMő Ǽő/ő+ő D2/MQiF� �`/mBMQ
J1:� k8eyX



6B;X j, oQxB/HQ, TQ?H2/ x TQHQT`Q}HmX

AAAX w�TQD2MŌ Q#pQ/ɣ
a+?ûK� FQKTH2iMő?Q x�TQD2Mő D2 p TǼőHQx2 M� Q#`�xFm dX

�X >@#`B/;2
JQiQ`v QpH�/�K T`QbiǼ2/MB+ipőK SqJX C2DB+? bTőM�Mő

Ǽ2ȒőK TQKQ+ő >#`B/;2X Jɩbi2F K� QT`QiB #ÿʈMûKm bTőM�Mő
D2/MőK i`�MxBbiQ`2K pɷ?Q/m xKÿMv TQH�`Biv M� bTQiǼ2#BÍBX
Gx2 i2/v QpH�/�i Qi�Í2Mő KQiQ`m Q#ÿK� bKÿ`vX a+?ûK� >@
#`B/;2 D2 p TǼőHQx2 M� Q#`�xFm 8X C2HBFQʈ D2 2H2Fi`QKQiQ`
T`BM+BTB�HMÿ BM/mFÍMő x�iÿʈő- mKőbiBH Db2K /Q x�TQD2Mő x
/ɩpQ/m 2HBKBM�+2 M�TÿȣQpɷ+? ȒTBÍ2F /BQ/v .R �ʈ .9X
"X ǻő/ő+ő Q#pQ/ QbpÿiH2Mő

S`Q /vM�KB+Fû Ǽőx2Mő QbpÿiH2Mő Db2K b2bi�pBH Q#pQ/ x�@
HQʈ2Mɷ M� 7QiQ`2xBbiQ`mX ÌőK pő+2 bpÿiH� U7QiQMɩV M� 7QiQ`2@
xQbiQ` /QT�/�- iőK pő+2 2H2Fi`QMɩ b2 mpQHƚmD2 x p�H2MÍMő
b7û`v � xpvȒmD2 b2 i�F 2H2Fi`B+F� pQ/BpQbi TǼ2+?Q/m UbMBʈmD2
b2 2H2Fi`B+Fɷ Q/TQ` 7QiQ`2xBbiQ`mVX

_2;mH�iQ` QbpÿiH2Mő i�F 7mM;mD2 M� T`BM+BTm T`QKÿM@
HBpû?Q Q/TQ`Qpû?Q /ÿHBÍ2X 6QiQ`2xBbiQ` p2 iKÿ K� pvbQFɷ
Q/TQ` � px?H2/2K F x�TQD2Mő M� Q#`�xFm e /Q+?�xő F b2T@
imMő LSL i`�MxBbiQ`m � `Qxbpő+2Mő G1. /BQ/vX oɷbH2/F2K
D2 THvMmHû `Qxbpÿ+2Mő G1. /BQ/ p x�pBbHQbiB M� FH2b�Mő
BMi2MxBiv QFQHMő?Q bpÿiH�X _QpMÿʈ D2 KQʈMû bTőM�i QbpÿiH2Mő
TǼ2b KBF`QT`Q+2bQ`X
*X a2MxQ` Í2`Mû #�`pv

S`Q `QxTQxM�Mő Í2`Mû Í�`v M� pQxQp+2 Db2K pvmʈBH
FQK2`ÍMő Ǽ2Ȓ2Mő p TQ/Q#ÿ b2MxQ`m h*_h8yyy Q/ }`Kv
oBb?�v a2KB+QM/m+iQ`b kX a2MxQ` T`�+mD2 M� T`BM+BTm BM@
7`�Í2`p2Mû /BQ/v � 7QiQi`�MxBbiQ`mX .BQ/� pvbőH� x�Ǽ2Mő-
Fi2`û b2 Q/ biőMőiF� Q/`�ʈő- p TǼőT�/ÿ- ʈ2 biőMőiFQ D2 iK�pû
#�`pv U`2bTX Í2`M� Í�`�V- x�Ǽ2Mő b2 Q/`�ʈő KûMÿ U`2bTX D2
iûKÿǼ TQ?H+2MQVX a+?ûK� x�TQD2Mő D2 p TǼőHQx2 M� Q#`�xFm
eX o x�pBbHQbiB M� Q/`�xm x�Ǽ2Mő b2 Qi2pő`� `2bTX x�pő`�
7QiQ`2xBbiQ` � pɷbimTMő bB;M�H D2 M�bi�p2M M� HQ;B+FQm MmHm
M2#Q D2/MBÍFmX

koBb?�v a2KB+QM/m+iQ`b,
?iiTb,ffrrrXpBb?�vX+QKf/Q+bf3jdeyfi+`i8yyyXT/7

.X :v`QbFQT
:v`Q JSley8y D2 TǼBT2pMÿMQ M� b?B2H/m M� /2b+2 �`@

/mBMQ lLPX AM7Q`K�+2 Q ȹ?Hm M�iQÍ2Mő pQxB/H� QFQHQ Qbv
w TQbőH�K x /2bFv lLP /Q /2bFv J1:� k8ey T`QbiǼ2/@
MB+ipőK bû`BQpû FQKmMBF�+2X

AoX "Hm2iQQi? QpH{/{MŌ
PpH�/�+ő �THBF�+B M� S* Db2K BKTH2K2MiQp�H p D�xv+2

Svi?QMX oH�biMQbiB QpH�/�+ő �THBF�+2,
• oQH#� KƦ/m pQxB/H� UK�Mm�HMő QpH�/�Mő f �miQMQKMő

bH2/Qp�Mő Í2`Mû Í�`vV-
• a2TMmiő bpÿi2H pQxB/H� UM2x�pBbH2 M� QFQHMőK Qb@

pÿiH2MőVX
o TǼőT�/ÿ K�Mm�HMő?Q QpH�/�Mő Dőx/v �THBF�+2 bMőK�
FH�p2bv UȒBTFvV � TQ/H2 iQ?Q Q/2bőH� BMbi`mF+2 /Q pQxB/H�X
S`Q TǼ2TQbőH�Mő BM7Q`K�+ő K2xB S* � pQxőiF2K pQHőK bû`B@
QpQm FQKmMBF�+B T`QbiǼ2/MB+ipőK #Hm2iQQi? ÍBTm >*@yeX
w�i�Í2Mő pQxB/H� TǼB K�MmH�MőK QpH�/�Mő Ǽ2ȒőK xTɩbQ#2K
QT�ÍMû?Q bKÿ`m Qi�Í2Mő KQiQ`ɩ UM�TǼX QiQÍ2Mő pT`�pQ,
H2pɷ KQiQ` b2 Qi�Íő bKÿ`2K pTǼ2/ � T`�pɷ KQiQ` bKÿ`2K
px�/VX

oX _2;mH{iQ` DŌx/v pTǶ2/
C�F Db2K Tb�H DBʈ p ȹpQ/m- TǼB bi2DMûK M�Tÿiő Ubi2DM�

7`2Fp2M+2 SqJV TQ/�p�Dő 2H2Fi`QKQiQ`v `ɩxMû Qi�ÍFv �
pQxB/HQ i�F TǼB Dőx/ÿ pTǼ2/ x�i�Íő /QH2p�X w iQ?Q /ɩpQ/m
Db2K Kmb2H M�p`?MQmi `2;mH�iQ`X ox?H2/2K F2 bFmi2ÍMQbiB-
ʈ2 M2xM�K bi�pQpɷ TQTBb bvbiûKm Ub2bi�p2Mő bQmbi�pv
`QpMB+- Fi2`� #v pQxB/HQ TQTBbQp�H�- #v #vHQ xM�ÍMÿ
M�`QÍMûV- Db2K pvmʈBH 2tT2`BK2Mi�HMő K2iQ/m M�p`ʈ2Mő
FQMbi�Mi SA. `2;mH�iQ`m Upx?H2/2K F2 pxQ`FQp�Mő ;v@
`QbFQTm Ryy Kb b2 D2/M� Q /BbF`ûiMő `2;mH�iQ`VX _QpMB+2
/BbF`ûiMő?Q �#bQHmiMő?Q SA. `2;mH�iQ`m K� ip�`,

y[k] = KPE[k] +
∑

i

KIE[k]∆t+KD
E[k]− E[k − 1]

∆t
,

URV
F/2 KP D2 x2bőH2Mő T`QTQ`+BQM�HMő bHQʈFv- KI x2bőH2Mő BM@
i2;`�ÍMő bHQʈFv- KD x2bőH2Mő /B72`2MÍMő bHQʈFv- E[k] D2
BM7Q`K�+2 Q +?v#ÿ � y[k] D2 pɷbimT `2;mH�iQ`mX
SǼB x�Í�iFm Dőx/v pTǼ2/ U`2bTX px�/V b2 p T`Q;`�Km mHQʈő
`272`2MÍMő ȹ?2H M�iQÍ2Mő pQxB/H� Ub2iTQBMiVX P/ MÿD b2
b2 pxQ`FQp�+ő 7`2Fp2M+ő Ryy Kb Q/2Íői� �Fim�HMő ȹ?2H ;v@
`QbFQTm � pvTQÍői�p� b2 i�F �Fim�HMő Q/+?vHF� Q/ `272`@
2MÍMő?Q ȹ?Hm U2``Q`VX obimT2K SA. `2;mH�iQ`m D2 BM7Q`@
K�+2 Q +?v#ÿ U2``Q`V � pɷbimT2K D2 ȹ/�D Uy �ʈ k88V- Fi2`ɷ
b2 Q/2Íői� Q/ SqJ ?Q/MQiv Uy �ʈ k88V QpH�/�Mő T`�pû?Q
KQiQ`mX a+?ûK� `2;mH�iQ`m D2 M� Q#`�xFm 9X

o T`BM+BTm `2;mH�+2 7mM;mD2 M�bH2/QpMÿ, H2pɷ KQiQ` K�
M�bi�p2Mû K�tBK�HMő M�Tÿiő � ?Q/MQi� T`�pû?Q KQiQ`m
`Qx/őH Ǵk88 @ ȹ/�D SA. `2;mH�iQ`mǴ- ÍőKʈ b2 2HBKBMmD2
x�i�Í2Mő pH2pQX SǼB M�p`ʈ2Mő FQMbi�Mi SA. `2;mH�iQ`m Db2K
TQbimTQp�H TQ/H2 M�bH2/mDő+ő+? #Q/ɩ, (R)

RV L�bi�pBH Db2K KP - KI Ux2bőH2Mő BMi2;`�ÍMő bHQʈFvV-
KD Ux2bőH2Mő /2`Bp�ÍMő bHQʈFvV M� MmHmX



kV SQ K�Hɷ+? TǼő`mbi+ő+? Db2K xpvȒQp�H KP �ʈ /Q
/Qb�ʈ2Mő TǼBD�i2HMû?Q +?Qp�Mő bvbiûKm U`v+?HQbi
Q/2x2p � D2DB+? FKBi�pQbiV- iDX pQxB/HQ b2 TǼB Dőx/ÿ
pTǼ2/ M� /`�x2 TǼ#HBʈMÿ iǼ2+? K2i`ɩ Q/+?ɷHBHQ Q/
`272`2MÍMő?Q ȹ?Hm Q Ry◦

jV SQ K�Hɷ+? TǼő`mbi+ő+? Db2K xpvȒQp�H KI �ʈ /Q TǼB@
D�i2HMû?Q bMőʈ2Mő `2;mH�ÍMő Q/+?vHFvX a2 x2bBHQp�MőK
BMi2;`�ÍMő?Q ÍH2Mm b2 bB+2 bMBʈmD2 `2;mH�ÍMő Q/+?vHF�
� bvbiûK b2 bi�p� bi�#BHMÿDȒőK- �H2 M2pɷ?Q/Qm D2
bMőʈ2Mő `v+?HQbiB Q/2xpvX

9V SQ K�Hɷ+? TǼő`mbi+ő+? Db2K xpvȒQp�H KD- ÍőKʈ b2
xpɷȒBH� `v+?HQbi Q/2xpv bvbiûKm M� +?v#mX P#2+Mÿ
M2pɷ?Q/� /2`Bp�iQ`m D2 x2bőH2Mő ȒmKm- +Qʈ b2 TǼB
pvȒȒőK x2bőH2Mő Kɩʈ2 T`QKői�i M� pɷbimT bvbiûKm p
TQ/Q#ÿ Qb+BH�+2X

PID(z)

Discrete PID Controller

Ref

Gyro

Motor

6B;X 9, a+?ûK� `2;mH�iQ`m T`Q Dőx/m pTǼ2/X

oAX �miQMQKMŌ bH2/Qp{MŌ È{`v
�X ȸpQ/

S`Q /2i2F+B Í2`Mû Í�`v pvmʈőp�K /p� b2MxQ`v h*_h8yyy
b `Qxi2Íő 9 +K p2 pɷȒ+2 y.d +K M�/ pQxQpFQmX S`Q imiQ
FQMbi`mF+B TQbi�ÍmD2 D�FQ pQxQpF� ?H�/Fɷ- bpÿiHɷ /Ǽ2pÿMɷ
TQp`+? � D�FQ Í2`M� pQ/ő+ő Í�`� R +K ȒB`QF� 2H2Fi`BF�ǼbF�
T�bF�X S`BM+BT �H;Q`BiKm, pQxB/HQ D2 p2 bi�`iQpMő TQxB+B-
F/v b2 Í�`� M�+?�xő K2xB b2MxQ`vX o TǼőT�/ÿ- ʈ2 D2/2M
x2 b2MxQ`ɩ bMőK� Í2`MQm Í�`m � /`m?ɷ M2- �H;Q`BiKmb
x�xM�K2M� +?v#m � bTmbiő `2;mH�+B x�i�Í2MőX L�TǼőFH�/
bBim�+2- F/v H2pɷ b2MxQ` D2 M�/ Í2`MQm Í�`Qm � T`�pɷ M2,
D2 MmiMû x�iQÍBi /QH2p� ě T`�pɷ KQiQ` b2 M�bi�pő M�
K�tBK�HMő M�Tÿiő � ?Q/MQi� M� H2pûK b2 bMBʈmD2 TQ/H2
pɷbimTm `2;mH�iQ`mX
"X _2;mH�iQ`

SǼB M�p`ʈ2Mő `2;mH�iQ`m Db2K pv+?�x2H x KQ/2Hm SA.X
obimT2K `2;mH�iQ`m D2 TQmx2 HQ;B+F� MmH�- `2bTX HQ;B+F�
D2/M� Ub2MxQ` D2- `2bTX M2Mő M�/ Í2`MQm Í�`QmVX w iQ?Q
/ɩpQ/m Db2K Kmb2H M�?`�/Bi /B72`2MÍMő bHQʈFm `2;mH�@
iQ`m MQpɷK ÍH2M2K Up M�bH2/mDő+őK �H;Q`BiKm Ǵ/Bz2`2MiB�H
p�Hm2ǴVX h2MiQ ÍH2M b2 pɷ`�xMÿ T`QD2pő M� x�Í�iFm `2;mH�+2
Uxpɷ`�xMő ȒmK- `2bTX T`pMő `2�F+B M� FQMi�Fi b pQ/ő+ő
Í�`QmV � TQ D2/Mû b2FmM/ÿ Q/ FQMi�Fim b2 pv`mȒőX

J�tBK�HMő pɷbimTMő ?Q/MQi� `2;mH�iQ`m D2 kyyX C2/M�
b2 Q Q+?`�Mm- �#v M2/QȒHQ F ȹTHMûKm x�#HQFQp�Mő FQH�X

�H;Q`Bi?K R �H;Q`Bi?K 7Q` HBM2 7QHHQr2` +QMi`QHH2`
AMTmi, 7Q`r�`/- ff BM/B+�i2b B7 � +?�M;2 ?�b Q++m`2/

, KP - KI - KD ff +QMi`QHH2` +QMbi�Mib
PmiTmi U;HQ#�H p�`B�#H2V, `2;mH�iBQM /Bz2`2M+2

AMBiB�HBb�iBQM ,
R, /Bz2`2MiB�H p�Hm2 ← Ry
k, BMi2;`�H ← y
j, 7Q`r�`/ ← �+im�H Q`/2`

GPPS S`Q+2bb
9, r?BH2 not 7Q`r�`/ /Q
8, BMi2;`�H ← BMi2;`�H Y R
e, B7 U/Bz2`2MiB�H p�Hm2 = yV i?2M
d, /Bz2`2MiB�H p�Hm2 ← /Bz2`2MiB�H p�Hm2 @ R
3, 2M/ B7
N, 2M/ r?BH2

Ry, +QKTmi2/ p�Hm2 ← KP Y KI · BMi2;`�H Y KD ·
/Bz2`2MiB�H p�Hm2

RR, B7 U+QKTmi2/ p�Hm2 = kyyV i?2M
Rk, +QKTmi2/ p�Hm2 ← kyy
Rj, 2M/ B7

ox?H2/2K F TQ/Q#MQbiB pvipQǼ2Mû?Q `2;mH�iQ`m b SA.
`2;mH�iQ`2K Db2K TǼB M�H2x2Mő FQMbi�iMi x2bőH2Mő bHQʈ2F
TQbimTQp�H wB2;H2`@LB+?QHbQMQpQm K2iQ/QmX (k)

RV L�H2xH Db2K F`BiB+Fû x2bőH2Mő Kr T`QTQ`+BQM�HMő bHQʈFv
TǼB Fi2`ûK b2 bvbiûK /Qbi�M2 M� K2x bi�#BHBivX hQiQ
x2bBH2Mő Db2K 2tT2`BK2Mi�HMÿ m`ÍBH D�FQ 9kX

kV wKÿǼBH Db2K T2`BQ/m FKBiɩ UTǼB#HBʈMÿ Tr 4 j bVX
jV w2bőH2Mő D2/MQiHBpɷ+? bHQʈ2F `2;mH�iQ`m Db2K pvTQÍő@

i�H D�FQ,
KP = 0.6Kr = 25.2,

KI =
1.2Kr

Tr
= 16.8,

KD =
3KrTr

40
= 9.45.

UkV

L� x�FH�/ÿ pɷbH2/Fɩ 2tT2`BK2Mi�HMő+? i2biɩ Db2K
xpɷ`�xMBH QF�KʈBiQm `2�F+B M� FQMi�Fi b Í�`Qm M�bi�p2MőK
KD M� ?Q/MQim R9X

oAAX w{pú`
JQ/2HQpQm ȹHQ?m TQp�ʈmDB x� bTHƚ2MQm- D2HBFQʈ b2 KB TQ@
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