Hx & x = % 5 xR Vol.x No.x
xxxx & x B Control and  Decision XXX. XXXX

BUAR R SN E KM R A AERTEREPRRE S o

M4, I, 747
(BB RS T RS A3 A E 230601)

# ZFE: fEHT Lyapunov-Krasovskii iz B (LKF) B R Gude e o A b, dnfef Ab 38 I AR I3 51 R Y — ik 2
T A7 1 2% 1 PR R I A P AN S5 20 (LML) 5 A IR SFVE RO O, S T BRI 26 AR RO DR ST, AR SRR Hh — Fr ik
T 9 X 8] 43 B 5 R s VD ZRaB A (1 20 AT U5 4. 1207 VB 7R R 2 TP 5N RR S I I 2R BT AR 22 i, SR
SE IR Z I 5L, M H R S 1 BRI (R A 1 1 4. A S R B SR 2 SRR B, AT T LA &
TR B R

KRR MARLEIR; FUE MR X TR W) Lyapunov 2 B4

FE S HES: TP273 SCRRARASAS: A

DOI: 10.13195/j.kzyjc.2026.0083

SIFAET: M RR, RN, 787 ~F. ol i) — ik 2 T 4 e S I FLAE R RS e Y [I]. & 5 ik
K.

Improved negative definiteness conditions for quadratic polynomial
functions and their application to stability analysis of time-delay systems

TAO Wei-kang, ZHI Ya-li, HE Shu-ping'
(School of Electrical Engineering and Automation, AnhuiUniversity, Hefei 230601)

Abstract: In the stability analysis of time-delay systems based on Lyapunov-Krasovskii functionals (LKFs), handling
the negative definiteness problem of quadratic polynomials induced by time-varying delays is crucial for reducing the
conservatism of linear matrix inequality (LMI) conditions. To reduce the conservatism of existing methods, this paper
proposes an analytical approach based on delay-interval partitioning and tangent approximation at symmetric points.
This method defines the upper bound of the quadratic polynomial by introducing the intersection points obtained from
the tangents at symmetric points, thereby yielding stability criteria with lower conservatism. Results from two typical
numerical examples demonstrate that the proposed method demonstrates superiority compared to existing mainstream
approaches.
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NI ER =04 AT —py = py = pBUE T, H
SERE 1, HEVS 1 URBUG R B3R s 1
K PO VRIS B L 48 L 45 R R, SE R 1 AHES
| FHECT LA S5 3, 10K 2 501 LT 3R A% 5 K I i i
S = 0580 1 = 0.8, A7V BT 45 i
R H Lee 255 Bt b R, X & B A SR
FHRIBIEE 2 A5 B 3 F R I0R B, W T e i AR
W d,, 4 /N, B d, A AL TE LD, ay X R
€, AT LR 2 Ik 2 0 B S 3R B,
dy S HEE AL, a, TS BRI (B S S Ak, #E1X
Tl 26 A T I 20 R 23 B F — e o %5 o, A 459 3ot
PR, 5NN A 7 . TS I E T LKEF R i,
SXof st 487 A8 L 5 [ A0SR %o A 55, WACTE e R, s
1 AR 1 MIRT e R sr .

®3 TRLBUETFHRA LR h (@G 2)

s

ik 0.1 0.2 0.5 0.8
SEHM 4703 3.834 2.420 2.137
SEHPY 4.867 4.460 3.120 —
fir 4910 — 3.233 2.789
SEHPY 4921 — 3.221 2.792
SEH 4.939 — 3.298 2.869
g1t 4.966 — 3.395 2.983
S F2 5.01 429 3.19 2.70

183 (5 = 0.8)" 49682 43185 33689  2.8957
SEFI2 (k= 0.8)%7 49933 43665 34033 29336
SEFEL (N = &)™ 50314 44111 34483 29974
g1 5.304 — 3.647 —
SEHE 5.406 — 3.733 —
SEFE 56090 51614 43529  3.9669
SEFLL (FE4)™ 55450 50312 40760  3.6427
SEFE2 (case 111 57240 53295 46354 42500
TEHL2 (case IIIE4)™ 56803 52610 44930  4.0428
HER1 (5 = 0.4) 59001 54610 43551  3.6341
EF (k= 0.4) 59004 54627 43571  3.6344

VN TR T BT L, R S SO AL DR ARSI R - [15,17,31,
33,3700 E T e AR AN 5 (27150 B TR 2 I vE A 7 E Bl
B, [32,34-36] T LKF AL

4 & #

AT 2 T IX YIS ik, 3R T X
R 2 WA E S F. FE LG b, 455 1& 24 1) LKF
ANANEES, HEH T ORS3 R SEAR A AR PEAE . P 75
TR A S T 3 1o S A A 15 2 SGE.

BEAh, A SR FT R R B, BRI T AR R DTk
AT IR 2 WA B VAR FRAR OR Sy 1 D7 Th B A
FAUFS, AR I i A2 A R X U AT AT ik 2 T
RAKMIWE T TARRE E TR R LKF IG5 5UE T
SE A R AL - 38 51 N B A I i A0 A ) 48
J I B AR 2 ORI A LKF 45 44, BLIRK I 5E T
W75 Ak B v Bh A AR AL R GEI R PR A% XAz R
ZERI RS AL 5 58 T 5 I R BULIR FERR & 10 it
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