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ABSTRACT
This paper describes indoor balloon operation based on state diagram using PID controller. The design
of operation was enabled for control of an indoor blimp robot of operation in the formation propriety of
each state by state change. By using the indoor blimp robot control method of this paper, the design of

an indoor blimp robot of operation can be performed simply.
By determining the parameter which can realize a benchmark, we showed that an airship applicable to
various applications, such as entertainment and round surveillance, is realizable. For these features,
indoor balloon robots have enormous potential for applications such as entertainment flight, automatic

surveillance and searching activities in the destructive buildings.
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Fig.1 Diagram of the autonomous blimp research platform.
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Fig.4 State diagram for blimp robot motion design.
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Fig.6 Experimental environment.
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Table 4 Benchmark : linear motion.

3-dimensional
target coordinates ox oy 0z
P -150.0 0.0 150.0
P 150.0 0.0 250.0
P -150.0 300.0 250.0
P 150.0 300.0 250.0
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Fig.7 Benchmark experiment result.
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T D ENAEETH Y, RATHIE S AT LG5
THDHZENREND. XTF~—7 (T H BT
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Table 5 Objective state of benchmark motion.

T:Eg‘%gt ox oy oz 06 0@l oct
Ay 150.0 0.0 250.0 * * *
A -150.0 300.0 250.0 * * *
As -150.0 0.0 150.0 * + *
Ay 150.0 300.0 250.0 * + +
As -150.0 0.0 150.0 3n/4 + +
Ag 150.0 0.0 250.0 3n/4 + *
A7 -150-.0 300.0 250.0 3n/4 * +
As -150.0 0.0 150.0 3x/4 * *
Ay 150.0 0.0 250.0 3x/4 0.1 *
Ao -15-.0 300.0 250.0 * 0.1 *
An -150.0 0.0 150.0 + 0.1 *
A 150.0 300.0 250.0 * 0.1 *
Az 0.0 150.0 250.0 * * 30.0
m 0.0 150.0 350.0 /2 * 30.0
As 0.0 150.0 150.0 - /2 * 30.0
A 0.0 150.0 150.0 * 0.4 30.0
A7 0.0 150.0 250.0 * 0.2 30.0
Ag - 0.0 150.0 250.0 * -0.2 30.0
Ao 0.0 150.0 250.0 * -0.4 30.0

Table 6 Deviation mean of objective state.

DI | e lomd  dy lond  dzlemdl  d0 frad  ded [rad/sed]
A 9.21 10.20 19.20 * *
Ay 12.54 14.33 12.30 * *
A; 7.84 8.12 17.90 * *
Ay 15.84 10.19 15.48 * *
As 18.73 3.27 13.52 0.044 *
Ag 6.53 9.47 16.68 0.063 *
A7 12.20 12.09 10.14 0.086 *
Ag 5.73 7.99 18.87 0.028 *
Aoy 16.46 8.54 8.08 * 0.0081
i 14.43 11.88 6.16 * 0.0082
An 6.59 12.48 17.46 * 0.0110
A 18.55 6.50 11.22 * 0.0092
A1 812 716 13.15 " *
m 4.32 6.85 12.83 0.055 *
4| 606 863 1141 0.088 -
Aie 5.08 6.83 6.58 * 0.0326
A 4.22 7.03 13.16 * 0.0184
Aig 7.65 13.08 4.64 * 0.0512
Ao 7.39 7.68 6.33 * 0.1880

XY VI ORBEI S, FATARSAIIINE 2 H %

L, HERRE~OBEIZRA LFATL TS, UAE
DOBEZIT> T 5 & &, BIERREROBEIRHITR

X Z40[sec]H>H60[sec] TH BH. Ho Eze~FE) L 7-1%,

FATHRIT 0 2 n 2 & - 2~HlE S 4, HYICERE S
TAEHER~, FMAE AT D Z & AN 2 B o 4
BlZb bbb Tnd. FHE R TS EBRECIIRAT
Ty & ST BRI K D HENICHE S . El S

WABE L, REMICEER~SERL TS Z &R
Y,Z V- ORBEEID 5 0035 .

Fig. 7026, AREOFRET 2 AT ERIE 515 % Fv
THATHRIE B AR A~ OB E AT M OV HiBh (23 AT e
I EDRE NI,

WIZ, ERBEFRHZOWTE 2D, ERRFFEIETIX
FRATAN B AR BB B 2 — E O BERIkGE 9 2 LB E T
5. Flo, BERBRFEFITL WD a7 AR
INEWTZ, SRR LT GE THERER
BT amENS 5. Z0w, EEEFEEEZITY ZIkoT
2 DONLE O JEREE RRBREO P LERETH S
(ox0y) = (0.0, 150.0)IZFAE L7z,

TE SRR AERENE A I 2 725 AT, EASE) -

TSP OO 73 & [FIFEEE O FEEE CHIBH AN FTEE Cdo 5 728

HARRIBEOHE Bk e < BERRIBIZRIEWRETH D
ZENREN, BEEEABET S LICLY, BEE
WREZ BT DML AT LS Lz, ARFEBRIC K
D, zFEEER L Ozl BEREE~DIBREN B2 tE -~
NEETH D Z Enbnd. RATIRITE D ZFIH LT
WL TWD®, [URSPCKUENZE(L LI GAICAT D
FHLENT D, 2o, Z#iOHENIE L TR
IR A—=H Db ET .

FRATHIGE LT, BAEEE 2 3R 2 bl EEs &
UPIDHFH D /RT A—FZ PEFAETHDH. ZHHD
IRT A= BT R UEREZITVRD T L AN
T A— B EPET DR L LT, BoEklEiEy o
Pl EAFIAT .

AREOFRATHIBECIL, B 2B 56T UL B AR
RICEIESTHZ LA TH LD, KEELIZRITS
HERAZ /NS THZ LThESND. #-oT, K
HHEMEOOE > ThH D /=2 A M E L TR
BARTE L (Table7) .

TRATHA O PR AE BRI CHAS &S 4L 5 72 o A BLE
DR TIAENS.
mx@+§}ﬁ)0wm (26)

t=1
INT A= Ol L L TH(Q@6) 2R L2720,
AN SUVMEIZ EAFE L.
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TATRFR OB 597, BFEEEE 2 1B1E9 2 AT il

Table 7 Evaluation value for minimum cost problem.

DFEBDOT-®IZ, Table TIN5 /8T A—H 25k X F

T[sec] é. [

e & v — I CEMIRNT A =2 L LRSS, @BIREHh

Parameter 1

773.45 141388.10  138857.30

62518.10  30.232 128T A= B N TR F~— 2T LR %

Parameter 2

973.71 84163.26 86860.82

2639053 26.0T7 Fig8ITRT. Fig T, MATERIIE<L 725, L

Parameter 3

773.45 77961.75 87239.43

58574.09  26.773

Parameter 4

738.11 83201.11 91771.92

L, BARREEICH L TR EMRBENRETHY,

55488.33  31.462

Parameter 5

808.79 79597.28 83620.15

AR ~DIBIENH DN D T L ivbhnD.

44228.98  28.028

z[cm]
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Fig.8 Benchmark result using adjusted parameters.
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