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Controllability analysis and degree of controllability for multicopters
considering the product of inertia

DU Guangxun, QUAN Quan

(School of Automation Science and Electrical Engineering , Beihang University ., Beijing 100191, China)

Abstract: As each propulsor of a multicopter can only provide unidirectional thrust, the controllability analysis
and quantification problem need to be carefully studied. Based on the existing results, this paper studies the con-
trollability analysis method for multicopters when the product of inertia should not be neglected. Besides, a new
controllability quantification index is proposed to show the degree of controllability. Compared with the available
control authority index (ACAI), the new index proposed can show the effect of product of inertia to the control-
lability of multicopters whilst the new index performs the same functions as the ACAIL Finally, simulation

results show the effectiveness of the proposed controllability analysis method and the new controllability quanti-

fication index.
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AP R AR p(g 092 AALRENS [ AT # e 3 R 58
BRI/ R ST 8 T e R HC T 4 A O i L BB B B R AT
i IR AT S 39 5 B B S0 15 A A S T DL T A
FEAEARAEOL . 5 SCHRES TP BT 9 ACAT 45 45 A HL - A ST
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Table 2 Controllability of the PNPNPN hexacopter with
one rotor failure

e B 2R AL ACAT-1 ACAI-2 CIE L

EH 1.486 1 8.289 6 IR
7 =0.8 1.188 8 6.802 7 [EG
7 =0.6 0.8916 5.3158 G
7 =0.4 0.594 4 3.8289 LIE
7 =0.2 0.297 2 2.3420 A

m=0 0 0 LIk

3.2 fFE2: WA

TEARGA E BB Am=0. 2 kg (B 200 g) # it
BB HRBA LIZN, BEERRIOEER 2 LT3Rm0
2R 5 SHER M B AMER . B2 H,0 —ee,e.
HHTT AR R, O, —erese; NHLIR MR R . R BEHE & G M
JFE& O, Frhaim 2 SIERsEsh MR sh Bk B IIEE R 2 5
WERALE R BEM 1/5, 80 0.055 m, {8 F & C /e B AL
FF O, WBEES N @i T3 nl 5 J, B L AR 4k 2E 1k 1
15 A

- _
0.041 1 —Q—ilzﬁm @12A7n *ilzﬁm
4 4 2
J = *Elz Am 0.047 SJril2 Am *@Zz Am
4 4 2 (33)
— Ll2 Am @Zz Am 0.059 9+ I* Am
L 2 2 i
¥ —m, —Am 0, c R
' 0. J

&3 T ACALIE#RLLK DoC fig J, FIEHER
Table 3 Value of the two ACAIs and the DoC corresponding to
different J,

l/m ACAT-1 ACATI-2 DoC

0 1.486 1 3.984 8 0.374 0
0. 055 1.486 1 3.945 5 0.373 6
0.11 1.486 1 3.932 2 0.372 3
0.165 1.486 1 3.908 7 0.370 1
0.22 1.486 1 3.873 1 0.366 7
0.275 1.486 1 3.8231 0.362 0

4 & ®

Bt X 22 e 3 AT AR 10 n] 2 AR AR SCHE & A BT S Y
Lol EOFIE AR BT T 2 3 TRAT AR T A 6 3 S 2L
FCBURE 73 AT A X BRI B AT AL . S5 T 2R AT &
AR E T IR AR R Al 2P PR T — M e £
SRS CAT AR AT R B i A bR . S OCERR E A SR R AT L AR
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