540 % 55 3 ) /BT N AN S Vol.40 No.3
2026 45 H Journal of Hunan University of Technology May 2026

DOI: 10.20271/j.cnki.1673-9833.2026.3007

3T DIC e AL S &8 n] SE Pk v i Ak

qg wa 1,2,3 ?h%h—:? 1,2

(1. WHTAR IR WU S RS oE e, Wivl 90 313219; 2. WiTA TC AN AR T S 5062, WiT W 313219;
3 WK i miRa=Be, WV Hid 310027)

 OE. KFTMERRKRARMEASRAIANG AR T, EERNAREZLENOSEHETHA TR
TR KB, AR R AT E R TR F 50 KA - MRS BB m B, BT —HATHFRA
AR ARG B Eif b7y ik, B MBEERFINARGH HAFNERAE, FAT KATMERAELHEY
0 FEAT ARG oM, ATATIE R E S TR sE R A, A RANE AR @ B RS L K ST H R e
IRTIEABRKRR, S5AEAEL AR REAEE, MXLEREH, LFHHEERFAZE 96 000 r/min
i, KAF — MR TALA £ 4 0318 F (T R4 A54 0.12 mm ) , & HA5A £ 4 058 F (A4 0.20
mm) , ZEKTZABME (+2mm) . B4 S RAGEFHIEF, ZAALLBB ZAREZEFE 0.15 mm A
W, EARFE 100%,

KEER: AN, KATBIELS; HFBEBAMLEKR; SRR A F; KD T ERFE

FESES: V2168 XEFRERG: A XEHRS: 1673-9833(2026)03-0049-06

Blxctg: #F &, YRER. AT DICHAANLS AL TERE L4 [J]. #d Tk X5 5K,
2026, 40(3): 49-54.

DIC-Based UAV Launch System Emergency Reliability Evaluation
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Abstract: In view of the fact that rocket-assisted zero-length launch (ZLL), as the mainstream takeoff method
for high-speed UAVs, relies on the dynamic stability of its multi-rigid-body connected structure, which is critical to the
success of the launch, a field emergency assessment method based on digital image correlation (DIC) technology has
thus been proposed to address the rocket-body connection pose deviation brought about by abnormal engine vibrations.
By constructing a simplified optical measurement system adapted for the field environment, a real-time capture, as well
as an analysis of the displacement field of the rocket booster system, can be achieved. To address the lack of speckle
patterns under non-laboratory conditions, natural textures on the surface of UAV composite materials and processing
marks on the rocket body are utilized as alternative speckle sources, combined with grayscale adaptive algorithms so
as to improve matching accuracy. Test results show that when the engine speed rises to 96,000 revolutions per minute
(r/min), the horizontal displacement difference between the rocket body is 0.3 pixels (corresponding to a physical
displacement of 0.12 mm), and the vertical displacement difference is 0.5 pixels (0.20 mm), which is far below the
safety threshold ( +2 mm). In subsequent multiple field launch verifications, the standard deviation of the system pose
offset remains within 0.15 mm, with the launch success rate reaching 100%.
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Fig. 1 Photos of booster rocket and UAV assembly

3.1.2  EBRiRE

B TR0 B AN B4 9200 % 4541, #0R- I DIC
D715 H0 78 K ShMLAR Sl o6 T Bh A 3R Ge e e 1k 1 5 i
FREE . SERTRFAMIATT K, SR8 S i,
AL DIC R4 (BRI HIWIE 1) o

1) 2 KRR . Sony o7V 4 ijE A #L
(6100 HB%E) (B'5 ATRIV, RELAH) HK
200 mm KAEEL (H15 F2.8 GM OSS 11, RJE A+ ),
B4 s AL (B S PXW-FX9, EJE/AH] ) 4l
SRS 2 )M R B RAR (Y
‘5 FAOL, FfEALHE ) S5XGHEIL (B1S5 FAOL, RETEAL
HL ), SERHIEIPREE SO R it 2 R AL BRI
3.2 DIC MiX&EHERE

R CTEANSEALT =N 140 kg, LR R SR
b, EAERGEFF SRR AL 3 A . R SR
SETETRBE T b, ASAEA RN

1) 2 A 3 3000 2 1 3 SR LA OB
FRAE 27 B KT A A TR A, bR i e F
HEREEA A NIME, Rk, HAa ARERTEE
TNALFRNZ AL, Gt F1E H oA S oh S ha B 2
K, WAFKAI, /A LOGO tril, B —&

(1 55T fig

2) JEHREAF. TN KB AL VI, AR i
LW SR, BRI CRR &M g
[B) AR B A B LA, PRSI 4 RE AR S 7 B 2% T
RJ1 2 FLIF, MAEREE R4, BSOS s A
URBSEATE I 5 S I () s i AT LA 22

3) JeEg S EMRIC R A . EHRIC SRR R 2
BAE . REGTH R R & E EUGCRERR B,
WCR A JPG B i =l, FEEIC ALY 15 m;
WEAE AR v G sk as . WAk S8
Wiy . BT RPN, R AR,
ICSE ISR JPG B R A8, R TCANLZ) 30 m. 2
BV A ST 1T T B A8 BT

4) R, BBl BRI EE, TA
PLE A BIHE KT 78 R RL , e R AR B R
SPRA; TR shgi s I AIC s, [ s 2%
E2)STob 5 WG RS X L G R R VNS =13
SHLIE AR AR E 7E 30 000 r/min £ 30 s, AR5
R S 2 96 000 r/min F25E 1847 15, 3% Rk
BIERGE 15 s, TG 2155 s SR Hlic s
AW BRI GRS S B JE M g S R AL SR .
3.3 DIC MR RS

VEBGALIE SR, A AlFETC AN RS R
FIHLALTF 96 000 r/min 3854 T HUE € 4 B BOE#
ICRE R, 547 DIC T . THAFE PR Matlab 10,
HA—EM R, RS R ri, K Bhife
i SR LOGO #8145 RAFHITHA 4R, Wi 2 5t
REZNWRZER DA F RS, ERIRI B L%
Ja BT A AN 2 s (it st
KRB IE R GET) o Pk s S5 AN T
— U NIARIRS AR AN 0.3 /R (X
NEAEAIRS 0.12 mm ) | FEEALEE 0.5152F (XN
FRAIF% 0.20 mm ) o RPHHEKET 5 TC ABLBA AHXAL
B, ZARZRGEHEARME A BRI

ARITEINNVRAE R EIWIRBIBK, (HIE B K &
BRI, SRR S FR S
BZHT—3, VEIIZ R SRS /2 DL A Stk
BRAE . TEJREEM 2 IR, KET B & 5
RYPEReraE, AR IO AL AT 55 HR
T ATEE LR

ARUNLEMN, BRI IIA SRR, BeAT 58
AT S A I S S i = AR IS AR . f T H B9S2
1% R SR Sl B AE KR 5 PR 2Z 8] B AL A8k
s, DR 220 R A TR 25 A, 2 i
TR 1 Je A B 2 AR EEK .



55 3 1 ¥ &, % JET DIC RN RGN S 53

u[pixel]

3.90
12.84
1.78
N10.72
1-034
-1.40
(-2.46
-3.52
-4.58
—5.64
-6.70

v[pixel]
0.860
0.402
-0.056
$4/-0.514
L |]-0.972

s ~1.430
1888
. 25 -
1

-2.346
-2.804

j -3.262
-3.720
b) FEH M

B2 ZRHWEEEENSST ANBIGEE
Fig. 2 Perpendicular displacement field between booster
rocket and UAV after engine driving
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