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Comparitive Analysis of the Subpixel Displacement
Calculation Methods in the Digital Speckle Measurement
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Abstract: The principles of Gauss surface interpolation, parabolic interpolation and gradient interpolation in the
subpixel digital speckle measurement are introduced. The related formulae are educed. A method to examine the
accuracy of digital speckle measurement software is proposed with the help of computer — aided image processing
software , and is used to compare the above interpolation methods. The results show that parabolic interpolation is
much better than others concerning calculation speed, calculation accuracy and error fluctuation .
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RHORA E MR PR 2, SRR B BOm AR S Rl W AN 5 SEtE . I, ARt — P ) 5 AT S FY)
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RO AT 58 T B4 s S0 o T S S T (L 2 5K, M B A BE AR BV U, SRR 1R M T 5
BAFHERER T s, ARSI iR =R AR R AL T I B PEREEAT T ELBCHIE R .

1 JLMIER R B IHETTE
1.1 St EEEE
TEBFEA I R, BTRI N M H B BSOS AR N

Zm:zn:f(xi,yi)g(xi +u,y; +v)
C(u,v) = — (1)

SIS Ay ) DD g, 4wy, + )T

KA, f(x;,y;) F K HAR S ShATIBCF BRI A, g (x,,y,) 2 HARE 3G B0 7 B R g
ORI XS5 R R B 43 AT, R XIRATE « By D7 1A & R R 70 3 A m Kon 4. HESEAR RELC (u,0) B
W RAERS, w, v BIWRI KIAEXS TIRETEx Ky TR, BR, B THFRGHEALTRER, b
K HBBHE E —MMEEX R RS AL R/ M.

PR EIE LG TFENIEBRGRREGRAE, KR KERE A IR EEN v, BER A, PO
MBRHN w = uy, v = v, WIRHTHITE, EEE(D) XMWKER v = v, v = v, REEERKER T I =A
R(uy, vy) (uy, vy) (uy, v,), WE

(u;, - ug)?* + (v, - vy)?

C(u;,v,) = h, = hexp| - 3 (i =1,2,3,4) (2)
w
R RS

bye, - byc,

Yo = b2a1 - b1a2 (3)
a,C1 — 446y

Yo = ayb, - a,b, “

#H(3) (4) H:

a, = 2[’134(”2 - ul) - h12(u4 - u3)]

b, = 2[1134(”2 - ”1) - h12(7’4 - ”3):|

¢, = (u% - u% + vg - v%)h34 - (ui - u§ + vi - vg)hl2

a, = 2[’124(”3 - ul) - h13(u4 - uz)]

b, = 2["24(”3 - ”1) - h13(”4 - ”2)]

¢, = (ug - uf + vg - v%)h24 - (ui - ui + vi - vg)h13

h; = (kb)) (ihj =1,2,3,4)
1.2 #¥EREE

B TAHSC RS C (w,v) BRAE B8 3 A B BIXE FRE, SR FH 90400 T 466 1L, 2% BE 68 K15 58 47 i 45

BB C (u,,0,) KB (a0 ) AR AR B0 1 BT T

Clu,v) = dz(u - um)2 + ex(v - vm)2 + dl(u - um) + el(v - vm) +f (5)
A, da, di, es, e1, fRAFFEFEL.
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HREE(S) 2, P (u,, 0, ) AR SO O 5 S AR 56 BRI, T LA, R

C(um,vm) =f
C(um—l,vm) =d,-d, +f
C(um,vm—l) =e,—e +f (6)

Clu, +1,v,) =d,+d, +f
C(um,vm+l) =e,+e +f

SRAEAS
C(u, -1,v,) + C(u, +1,v,) -2C(u,,v,)
d, = ;
C(um + l,vm) - C(um - l,vm)
d, = -
C(u,,v, - 1)+ C(u,,v, +1)-2C(u,,v,)
e, = )
C(um,vm +1) - C(um,vm -1)
e, = 5
B (5) KX, % oC(u,v)/0u = 0LAK oC(u,v)/ov = 0 BMRRIA RS
d
wo = tn = 5
(7)
s
vo = Um = 2e,
1.3 BEEEEN

LF R R I BAL AR SE FAE R IT X, £ («, )0<isn,0<j<sm) BN u, v, KRG,
A2 NG BB R X g (%, + w9, +9,), ﬁﬁﬁpklzﬁﬁf‘ﬁ g(x, +u, +Au,y, +v +00), N
PRIEK

F(Au,Av) = —EE[f(x ,y) g(x, +u, + Au,y; + v, +Ap)]?

i=1j=1

IS H e/ IME.
K g (x; + o, + Du,y, + v, + Ao) TE(x, + u, .y, + v,) BBEIHRGHRESE REE] 1R, W(8)
AR

F(Au,Av) = ﬁ

>

i=1j=1

AuA, + AvA2 = C,
{AuA +AvA, = C,

flay) - g(x + w5, +9,) - Aug, 2

(2, + u,,y;, +v,) - Dog (%, + u,,y +v,)

(9)

)
+

4, = Eigz A, = Ezgygx C, = Ei(f— g)g,

i=1j=1 i=1j=1 i=1j=1

A = Ezgygx Ay = ;;gy, C, = Zz(f g)g,

SR 2 AR, BIFTR (9) AR, o
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Fig.1 Two images of known whole — pixel displacements
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Fig.2 Two images of known sub — pixel displacements
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F1 iEx AEUBHERESEMNEERE (B RA BR)
Tab.1 Comparision of the displacements along xdirection between theoretical value
and simulated experimental value(displacement unit: pixel)

HEERLKRE
LA d, Tk P E FRRERE
d, 8 O max ¢ d, 5 O max ¢ d, 5 O max t
8.00 8.02 0.02 0.07 1 8.01 0.01 0.01 1 8.15 0.15 0.41 1.7
6.80 6.50 0.30 0.30 1 6.76 0.04 0.09 1 7.04 0.24 0.35 1.7
5.20 5.15 0.05 0.12 1 5.17 0.03 0.04 1 5.04 0.16 0.26 1.7
2.92 2.98 0.06 0.11 1 2.95 0.03 0.04 1 3.01 0.09 0.13 1.7

F2 By AEUBHERESEUNEERR(NBRA:AR)
Tab.2 Comparision of the displacements along ydirection between theoretical value

and simulated experimental value(displacement unit : pixel)

HWHRERRIRE
BRILIAI 4, e 37 oy T v WY R
d, K O max t d, K O max t d, K O max t
3.00 3.06 0.06 0.13 1 3.01 0.01 0.02 1 3.49 0.49 0.91 1.7
2.55 2.50 0.05 0.05 1 2.54 0.01 0.03 1 2.67 0.12 0.37 1.7
1.95 1.99 0.04 0.16 1 1.98  0.03 0.06 1 1.68 0.27 0.50 1.7
1.10 1.07 0.03 0.08 1 1.07 0.03 0.04 1 0.37 0.72 0.87 1.7
AUES, EFHREO=FMTET S, mHE +o.5 om0 BT
7 e BT BT RO BE . (L RE 45 ), =Rt 3 o ik
YEHIRERENT 40 x 40 12 2 K SRR 1R P9 256 7 SRR
HoRsetE, MR MR R R
WEAEERNARRETH BN, B3 4hE ROt S RE
1 d, = 5. 20 QKM =R EERREERM40x & o=y T -
40 15 3 KBRS AR BE ) EL sl FIBEARARAR _
SR _EBAIAREY 10 MEZ KB, YRR s R RBAI MR

PR PR AR OB 45 R SIS A 125 . Hod _ T o R B S
S R (A TR R T R PR T B3 &1 dx_s.zozizgitgﬁiu%ﬁﬁﬁiﬂm

4 2:5 "[ﬁ Fig.3 Comparision of measurement errors for the sub — pixel
displacement calculation methods for d. = 5.20 pixel
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