(2 N TR

Nmﬁr&

ox
=

o,

EA

olf
o

r’l

{\j_x]ﬁ_ AT, AARD, S

AP stnl ICTEZE-F8td-F
e-mail : hoyaseon@gmail.com

A Study on Optimal Balance Control Algorithms
of Robot for Overcoming non-flat Terrain

Ji-Ho Seon, Se-Jin Jung, Min-kyu kim, Sang—-Hoon Kim
Department of ICT & Robot Engineering, Hankyong National University

o oF
e =
BB ME val S8 F 44 HA B4 HE §x7F FA6 sFsd @A WAYSS Aeks)
Rom, o] MAYUES ML 2ZHE Y Ao HAS sfdst #A “b% Brrat k. At
WS 71Ee] WA vl dystel AP AR vEe AAEF 5 Fo deel SlojAe wsiet '
£ HESIA. o]F B3 2o AL AsdE A= S/W SANNE HAALO R FH4 9
71€7] BAo] E&HOR o|FofFE g on, HA WMAUES A& ZEA A3 g
s HoFA
719 =« A w7y E, PID Ao, #HA F&
1 0 0 08 (Bien) 0 sin(f)
1 o= 5 - Ry =10 cosb,,) sin(f,,) Ryien = 0 1
9] O]% E"/;]\‘ 7H% = oxj:TL'\: d]HU X] %LHE.}K] 0 —sin(6,,) cos(,,) =5in(B) 0 €08 (0
T Qtl ZE AW o3 olxal & ALY [‘,/ 7‘%(%,) sin(()w”)‘ ] [‘,w]f €08(0,1) $in(6)
oaotdolZ[1]S B3 HE 93 Zow 7 Z sin(6,,) cos(0,,,)] * 2 7' sin(0,,0) €056,
o] =rghs]o] e 2ol A &5 dA9s Z¥ o] g0l =2 + 2
e s FAC (2% ) F49 AAE o] 8@ thel Fu
2o Z Zolz o3l 7 ol 2HL 2
UEldth A4 golEl® PID Aoz
3l PEE Wsa 54 7127 WstE
gl 912 HxE BAE 51 e =
o BE Y Fol - uiFH WA E
" ) 0 = cos oFa] 49|
(T# 1) Hal wAYF o8 B3k 55, 71e7] 24 (28 2)9] (4 DS B3 RnE =3 7}
= A = B a2 o=
;LOﬂ/ﬂL_ /KE‘?“] O]O E}\‘/] /50:9:]'3 ‘AO 72” a1 EZ—" 7]3713 @A]ﬂgi Ezéé—l_q,
1o ghxlz ZE g o = oF 1 A
a8 A Esha A ARl EH 5 pip xof, ®x) PID Mol w4l v/
Fast7] 9 A wAYFo| gk ofelto] ,
daredd. WAl AAUE(E De B F tra(®) = B ®) + K [ e+ B
710] FZol A ZQHE MAAZ upH =] 7] 6, 6
el mRel xF AU, AolE o&d o 2, 2o il - bl
AL uEro & H]ﬁil’z} Aol =43} B+ Ao = By 5=
o= 0 — o ¢} = pu Z zform[z}m
Asd & A=s: Azstdnt. & =EolA i=05=0
A AYS Fxz HA ASS w3 4 (74 2) roll & PID Alo] 44 9 Kp AlSl =5
/‘\ P
B fA duYF A4S FER Frh #2429 formlilljle AASA 2%
12t 24 71871 2™ Wz kp[’”] AA AN WL Ko # E

N o ff ox U ot Jo iy o L ol

>

7% PID AlojE IMU M A oA pitch, roll

-972 -



ACK 2024 &=

of tg o ¢, ool WMaE R WO A
NEE AT o2 o g ANTIoR 7127
B s P[3]e] o,

[~

1 NB NM NS zZo PS PM PB
0.5
0
€ -20 -16 —-12-10 -8 -4 -2 2 4 8 10 12 16 20
eC -40 —-32 -24-20-16 -8 -4 4 8 16 20 24 32 40
(29 3) J8at e, ecd HA F8 &2ER (4]
#A PID Aleji= PID Al A5 =4S 3
T A1A e, ecE PEo®m ol T A G
ek A& (1d 3)5 AlAtstal. AND A4bs F 3
THAR AHE Hgth gt HolEo| wE =@
HAglate] AJNE FrIHoR BAg
4 Hlm HAY g X

Mzl Az o222 ALSE =4

(19 4) (%) PID Al°] (3}) #H X PID Ao}
%7] PID 1@ =

(Zg 5 (%) PID 7<ﬂ°1 (3 HA PID Al
Ay A3 & PID 1=

7]1-1 PID #Aloj& v =502 PID AlYS 2435

H %] PID Alej+= pitch®} roll & = 6719
PID AS1(Z+z+ 1.0, 001, 0.) o2 Al zste] 5o
2 A 27 AAF 7187] Rge] b A,
A2l A7, WMEBe AMSHS gelstdth (1] 4, 5)
oA 7]E PID Aol <kzke]l Hio] glon} Azt
Aol #Ael =4 AT B ¥A PID

¢

o)

: 0.89855 © 0.99701

- 0.89875
: 0.99657
+ 0.89908
: 0.99693
- 0.90061

(a) PID A4 (b) A PID #|¢]
(29 6) 71%7] BA dAX A A7 =4 ¥

b= APOIFE X000
T CPUEY F34= (86 Mhz)

A A AlolFE FE A F (24 9)F 9
g3 #3718 PID Aol A$ Azl Ak
0.8%6ms= 4% & At ¥A PID A o]
A% Hd XY v 0.896ms=E T3 7127
stAl 0.997ms 7HA Al Algke]l F7hglvh 2~ v
e Abg-EFel A9 7] PID Alo] 471 40 Byte,
¥ A PID Aol 47} 344 Byte *}A gt}
5 Z2 ¥ 3 Ad¥
2 PID Alo] w2 AlZko] 1.1Wf, R
AbEEe oF 8ul A& F7HTh 71 PID Aol
T} 9] JJrE}UlH% s Ak 7)o B AIRE
7 "ol g H?iaur, H A PID Ao
T 2R AAAA T TS xﬂ%é}?iﬂ A
g AIZE HEE AMEE SUE AT whEY &8
AS BoIFEUAY. HA PID Alo] WA Hge &
O

- 0.89855
: 0.89888
- 0.89887
: 0.89888
- 0.89888

rlo
Ry
Ac)

rlo
2

> p

=4 He Al mE&Heold, dA 7
2 gAstzlel el Hesd. FF ATl

o
f
of

>

2
N
o,
tio

|1>'+_-
kl
> Ho
rok

[1] 2832, "] A2023-123%: [Heolezy Al A
A g 7E Tl B nAL AP EALN, 2023/11/17, H 2024 9
2 109, https://www.motie.go.kr/kor/article/ATCL0Oc554f816/64488/view.
[2] A7, 7‘“&?{‘, AA %, vt 0AE (2023). Y FES 93 vl
T A&7 &% ZE g8&4 77 B AT FHAHEA L
at3] Shed) )=, 30(2), 755-756.

[3] Nie, Zhen, Zhao, Huailin, Sun, Lu, Zhong, Xiongfeng, "Self-balancing
Car based on Adaptive Fuzzy PID Control,” International Conference on
Artificial Life and Robotics, 2020, pp. 599-604.

[4] AL-NUSSAIRI, Mohammed, Al-Majidi, Sadeq, Jber Mshkil, Al
Dakhil, Adel, Abbod, Maysam, Al-raweshidy, Hamed, "Design of a
Two-Area Automatic Generation Control Using a Single Input Fuzzy
Gain Scheduling PID Controller,” 15th International Conference on
Industrial Engineering and Systems, 2022, pp. 13.

-973 -





