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This study proposes a non-contact, high-precision method for measuring 3D motion of flying drones using

a galvanometric mirror-based high-speed stereo vision system. By introducing 3D model for establishing 2D-

3D spatial correspondences, 3D model-based matching and tracking are realized for full-field 3D velocity field

estimation. Furthermore, frequency-domain analysis is conducted using Fourier transformation. Experiments

with 500 fps stereo images at 1920 x 1080 resolution captured the motion of a flying drone, visualizing vibration

distributions at 3,518 points and revealing 0-250 Hz components related to structural features.
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1: Model-tracking-based 3D Vibration Analysis.

FWUEEEUT T 5.

P EizEhiEenzFa—ryoRT L4 EEEmEgc
HOE K UIRT X, AFRHE S Fr—r iR
M 7Tt 203, LD 4 0D R T v AT 6 5.

FNEN 3 KITET NN AVFHIROER, 74N
— R 3 7T DIC 1T & 2 3#EEHAI, 3 RoT#E D57 g, =
RITHRENET T D 5.

2.1 3 RTETINZERAWFHAR DB
EADERZT LA ERENR [F(2,y,t) B

KO IB(2,y,t) ks 5. Fa—>o 3 Kotk

WEHAEICRAFyrENTEDY, N @D 3D & X; =

(X:,Y;, Z)T (i=1,...,N) 2&¥. ZOH» 56 Ny fi
DR X, [XpJ,YpJ,Z 17 (G =1,...,Ng) Dot

BRI, b Ty kv A BB, SRS T
2 AR DB FICBT 2 2 KOTIRE AL, B ¢
BWT xg () = [25,(t), i, ()" (G=1,....No, g €
(L.R)) L E#HINZ.



RSJ2025AC1H1-04

2.1.1 3D-2D SE1TIDHE

3RTTHD S 2 KITHANDHEEEHT 272D 3x4
DHEELATH HI(t) X, BRI L —2 B2 7> 7
L— b F U ICEIL 2RI v XL DG
SN No HORBUROERIERE xi (1) &, ZIUTHG
$% 3 XK X, 2T, PnP (Perspective-n-Point)
Tk eI NS, GHEATH HI(t) EATD LS Ic#
INhb.

H(t) =K [R(t) [ t'(t)], (¢=L,R) (1)

Z ZC,RI(¢) 1Z 3 x 3 DEEATHE(E) 1ZFATREIN
7 MVERT.

2.1.2 FHAIR® 2 Xt HFR BN DS

Fx V)T L —¥aryInEZBmTH Hit) 2R
52T, 3 XA LED N o 3D #Hiflls X, =
(X, Vi, Z)T (i =1,...,N) &, 2 ZocHE{§ EOXHET
BRI x1(8) [27(8), y2 (8)] T XN B . SHERIRIZIL

Toksckans.
2(1) S
si(t) |yi@) | =H() | /|, (¢=L,R) (2
1 K3
1

AHT—' sl(t) BRI —=NT 77X THB.
2.2 EFIAR—2ZX 3K DIC & B EESA

2.2.1 E/RERICHITS 2 Kt DIC &RE

% 2 KotatlR xI(t) et LT, 20H T Lk
FED 2 Ot ul(t) = [ul(t), vl(t)]T 1%, BHET % 2
7L —ADERE AW DIC IZ& > THEEX N .

wl(t) = TDIC(ALD), Alt 7)) (¢=LB) (3)

T T AN X, BEZI ¢ 2B B 2 RoTEG [9(x,y,t)
ke, MR x] () ZHub e L7 ROI 2K T,
2.2.2 ETIAR-ZI=ZAHAEICL S 3 RTEREHTE

i HHORWCBI 2MEN 3 XRt#EE Uy(t) =
[U; (1), Vi(t), W;()]F (i =1,...,N) &, 415475 HI(t)
BIRUORT—NT7 77 % $1(t) (¢=L,R) W=
HEICED, LRk cEEINS.

Ui(t) = H()" @(HH®T)

[SE (yul (1) sE (1o (1) 5B (uf (1) sE (0P (),0.0]T (4)

ZZTH®E) = [HL(t) HR(t)} F=ARRCHVS
6 x 4 DITFIERT. U(t) 1&, 3 RLETMTE IV
R—=7y FEERIINT 2MAEETHD, =5 v b
DOHEFEE &, B A T2 T 2 EEEROBE DM /T %2 %
BLTW3.

2.3 3 XRTREDSHR

HEDXS512LTDICIZX»TEsNE 3 RoCHNT
HE U, (t) 12, SMROMIAEEIK 7 & B 5 O RFTR
EERT OB EENS.

F43E BARORY N EREMEER (202559828 ~5H)

2.3.1 MAESEST D5 SEFO B H

3 KITHRRFE G U, (t) 2 BT L7k, HOL o
#E U ZetRE L, Zol#EREZREA L RO RKE
Q) 2K ZrIiTkoT, 4 x 4 DZEMEEITH] Z(t)
ZEMTELNTES.

(t) = B(Tt) ﬁ(()t)} = 6DoF_MOT(U,(t),X;) (4)

1]

Z ZTC,6DoF_MOT RELOWEEEZFHEL, X5
WCEBHEEICHE D W TR TH 2 HEE 3 2 — @O UL %
£7.

MIASHEATS BE(t) RO %, fREBREH WS Z
&T, Wt = nr 2B BHRZEIITY] T(t) Z5HE
THIENTES.

T(1) = ] exp (E(t) 7) (5)
k=0

ZZT, exp(E(),r) EITIHEKBEETD % 2,
MR A 7 B3NS WS, Z0—E Rl LTH
TOESTRT I ENTES.

exp (BE(t) 1) = I+ ZE()T (6)

I 3ENTAIZRT. ZORBERITIICE-S &, >
RYMED 3 RICERNCBT 282 IS 32 Z e BT
x5.

2.3.2 3 XTRFIEREDHE

B A REZSATIIZ WS 28T, Wl ¢ 2B 3
MIAEE) R DIRERLT Uj(t) AR oits.

Ui(t)| _ X;
mft] o
ZDXSI1ZLT, WRACBITS 3 XTEFHEEL, M

KRS U, () 2 HMIAEBI D) Uj(t) Z2BRET 252 21
XhEHENS.

[1]

AU, (t) = Us(t) — Ui(t) (8)

2.4 BEBERICH T B = RITiREART

BEMllA (i =1,2,...,N) B3, KHEEK 7
L — ZD=XILHE(EE S;(t) W U TR 7 —V =
ZH (STFT) AT 222k, JABEKERCE
BT RAT S .

Fi(fit) = [Ei(f1)s -, Fi (Fiesa))]
= STFT (S(t), Si(t + 7), ..., Si(t + (K — 1)7)) (9)

ZZT,S(t) RIEEDOHMICBIT 2 HENY FLVOES
KT,  STFT (3R 7 — ) oA Hr Bkd 5. A
BBOREE Af 3 Af = = Thxehz. WET 3
BB fo & fr =k-Af (k=1,2,...,K/2)
YLTERIN, TNZROETIHIET 5 AT b
D Fy(fy) £ LTRiLEN 3.



RSJ2025AC1H1-04

2: Configuration of experiment.
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3: Active video tracking and 2D DIC result.

4: 3D Velocity.
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5: 6-DOF Position and Orientation.

6: Frequency Spectrum of Local 3D Velocity.
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7: 6-DOF Position and Orientation.
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