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Experimental research and analysis of automatic focusing
function for imaging measurement

ZHAO Hui , BAO CGetang, TAO We

( Department of Instrumentation Engineering, Shanghai Jiao Tong
University, Shanghai 200030, China)

Abgtract : Severa general automatic focud ng f unctionsfor imaging measurement are put forward , compared
and anadyzed in defail. The main parametersof automatic focusng, including senstivity , consstency , sta
bility and calculating speed , were tested and validated through a seriesof experiments under different condi-
tions, such as different lighting or different background. The resultsof experiments show that in the back-
ground lighting, the gray functions al have better performance than others, the Variance function and the
sum of gray-change function have alarge focusng range, good linearity and low senstivity , © they are pro-
pitious to focusng in large range with lower accuracy. The Laplacian and Tenengrad functions both have
sharp peak , good sengtivity and small focusng range, which make them applicable to accurate focusng in
smdl range. But in reflection lighting , only the Tenengrad and Brenner f unctions have fine dngle peak and
low sengtivity. All of these focusng functions will be disabled when the complex backgrounds exist. S,
when it comes to practical application, background lighting should be chosen instead of reflection lighting ,
a0 interference coming from background should be reduced to minimum level .
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, (D :
F= ZZI g(x,y) - g(x+1,y)] ,

(1)
(2) Brenner : ,

F(k) = Z Z[g(x+ k,y) - g(x,y)1%,
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(3) Roberts

F(k) = Z Z{I g(x,y) - g(x+1,y+1) |+
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| g(x+1,y) - g(x,y+1) [}, (3
Roberts

Brenner
(4) :
F(k) = Z Z{[g(X+1,y) - g(x,y) 1%+
[o(x.y+ 1) - g(x.0 132, (4
(5) :
F() =y Z{[g(x+1,y)- g(x,y) 1% +
[g(x,y+1 - g(x,y)1% , (5)
(6) Laplacian

F(k) = Z Z{4g(x,y) - g(x,y+1) - g(x,

y-1 - g(x+1,y) - g(x-1,y)}?,

(6)
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(8) Variance

F(K =Y 3[g(x,y) - ul*, (8)
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Fig.2 Ided curveof focusng function



534 12
2 ) 3
, , 9
, (1) (2)

(3 (4) Brenner
(5) Roberts (6) (7)
, Variance (8) Laplacian (9) Tenenr

, grad

10U m , 85 , 850

: Hm ,

). : 3

() 385 6 F ML E bR
(a) The object in background lighting

3.1

4
(1)
Roberts
cian (8)

(6)

3
Fig.3
( 3a) ,
, 4
(2) Brenner (4)
(5) Variance (7) Leplar

Tenengrad (9)

(3)

(b) BRI FElsUE R E
(b) The object in reflaction lighting

Images of the objects

() TP B O0MEL H I E R

{c) The object with complex backgrounds

30 40 50 60
N

70 B0

Fg.4 Performance curvesof focudng functionsin back-

ground lighting

Variance

(7)

(1)



535

L gplacian (8)  Tenengrad
(9) , :
, Roberts
(5) (2) Brenner
(4 ,
3.2
( 3a) ,
5
1
0.3
P g: )
g . "
02 N
0 Rt W

0 10 20 30 40 50 60 70 80 90
N

5

Fig. 5 Range testing curves of focusng functions in
background lighting
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