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Abstract; Most of the medical smears of Mycobacterium tuberculosis have the characteristics of sparse
and uneven content and more impurities in the observation area. There are some problems while ob-
serving the Mycobacterium tuberculosis smears to acquire image automatically, such as difficulty in
distinguishing definition, low efficiency and focusing evaluation function invalid. To improve the effi-
ciency and accuracy of automatic inspection, an automatic micro-vision detection system was developed
independently to research the auto-focusing technology of the sputum smear images collection. First-
ly, the sputum smear images focusing evaluation advantages and disadvantages of the eleven common
focusing functions were studied comparatively, and the reasons for the image focusing failure were an-
alyzed. According to the comprehensive performance of the various functions in the sputum smear im-

ages acquiring, an improved focusing evaluation function based on the Tenengrad focusing function
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was proposed. The image focusing accuracy was enhanced through adjusting the focusing weight of
the content pixels, and the image processing algorithm was optimized to improve the image collection
efficiency. The experimental results show that the improved Tenengrad focusing function (FTen-Q)
has high sensitivity and accuracy in the images evaluation of Mycobacterium tuberculosis smear. Com-
pared with the traditional Tenengrad function, the image focusing success rate and computing efficien-
cy are improved by 13.884% and 17. 616 % , respectively, which can meet the application requirements
of this kind of nonuniform smear micro-vision detecting system.

Key words: auto-focusing; micro vision; focusing function; focusing weight coefficient; image pro-

cessing
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Fig. 1 Micro-vision detection system of TB smear
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Fig. 2 Flow chart of auto-focusing strategy
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Fig. 3 Fields of focusing experiments
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Fig. 6 Fields of improved focusing experiments

SEEy TR AL 1 AR, S O7 {6 BRCRE SR AR
%KY Roberts M4 XF H 2 R IR, 5 R WK 7
fi s .

B 7R B RN it 2T LUF

(1) B R 50 58 4 PR AT Fore,r i 50 R 00 4, (HL7E
WARESJIEF TB-c 1Y 3R M o 72 v & A 06 {8 i
B K 7Co) . X & F TB-c W2 i BAL M 6
DX 5 MR T 6T X 8 ] Y K R A 25 K L £
SRR ., WABRR SHBBRRTEZ BN
R T PR B AE 5026 L TR 22 4E R T 43 )

1 = —

s -
2 I
;;5} U.S_.--: 2 ..l .‘
£ o7 ! ",
< ! . ——EO0G
('5 0.6F ; V| — SMD 4
2 B \ Bre
= sl ’ 3 Sob |
g 0.5 3 Ten
o Lap
S o4 - SML 1
= r Val
E 0.3+ =swNOr ]
é“ : =-=-Ten-T'
o - = Ten-Q
OO0 20 30 40 50 60 70 80 90 100

Focusing position/0.3 um

(a) TB-a B4
(a) Focusing results of TB-a



T TR

5 26 &

N/
1486 bt
I [ — i e
g o9 ,
2 08 P e
— _-/" .
g 07—~ ! | e .
Z 06 // W\ i
2 /’/ P T\ EQG
= 05 /o AN SMD |
2 0.4 /'( ¢ B .\\ E‘: J
g - 7 VRN Ten
= 03 Ay '- Lap 7
o i Y A
s o : « ——SML
= Q2 A XN val
g o f S = e N
g 0.1F .- “ == Ten-T
z 0 "% == Ten-Q)

10 20 30 40 30 60 70 80 90 100
Focusing position/0.3 um

(b TB-b RAELR
(b) Focusing results of TB-b

! - f;v'""\ —_
8 o0 —— /;_ W, —
3 Y A\
é 0.9 g g; W <
@ g5t A o, U
‘B ¥ Ty N
5 2 L N N
E ; { RN,
2 \ EOG
s ——SMD]
o | —Bre
= Sob 7
g ks Ten
= Do F Y Lap 7
2 N ——SML
T.E 0.6 Val
E Nor
S o0sst Mo
P == Ten-Q

0010 20 30 40 50 60 70 80 90 100
Focusing position/0.3 um

(0)TB-c WL

(¢) Focusing results of TB-c

EOG

MNormalized value of focusing function

0.5 \ SMD"|
i v —Bre
0.4} p ! —Sob 1
v 4 Ten
0.3F s \ Lap 1
\ : . SML
02 .- o | Val
L7 E: - Nor
0.1F -« =-Ten-T
~ - = Ten-0Q)
0 . s . - L L R— L
10 20 30 40 50 60 70 80 90 100

Focusing position/0.3 um

(D) BC-0 B4R
(d) Focusing results of BC-0
K7 kAR AR S g 2R
Fig. 7 Normalization results of improved focusing

experiments

Frenr 3 5 0RO BRI BE A8 23 31 S BURMER £ 6 IX
ST TR AR R R PR A R e A TR A R R
{E DA%

(2) Pt YR B PR Fren o 7 4 D PLEF O R AR

RINBIT Froor M Fro, BREL,  BEWH X 58 B 15 M7
JE L3R 2 B v T A pR U, TS Fore, o PRAUTE
PG PN 25 i i B 5 8 1 T e ) L B (49 ) %%
i B0 1) 25 R AT T LB TB-b th R AL &, W0
TB-c t Fro, o & HBEERBE ML,

¥ Tenengrad ., Frowr Fl Frenq BRELH 6 FFEM
eARit A AT A RN 2 FiR .

F2 BRERHM 6 MITEMIBRE
Tab. 2 Six kinds of evaluation index values of

focusing function

T i V% R

B ,
i; EAN 3 iﬂﬁ K B iyj
g X @ik W
Fre, 48 1.218 0.007 0.009 0.040 0.149
Freot 53 1.329 0.105 0.006 0.087 0.136

Fraq 73 3.472 0.167 0.007 0.108 0.219

K 5. 1.2 2 R 1 it . 7 A el i 7R R 4R
5 Tenengrad J5ipR 81 B vk 2 B Wk 3 or
N. FHERM CH HPRE S W AL E N
4 GBWAE T &b 3SR o AT LA . R g 3
Tenengrad PREUTES 580 FESA BT 82 s Froor
BRBCHE 5 29. 709 % s Franq BRA R 55 17,616 %,

Tab. 3 Operation period of the focusing function

IR PR Ten Ten-T Ten-Q
B} ] /ms 44.125 31.016 36. 352
ORI Y 0 29.709 17.616

K AR R £ R WS, FF Tenengrad T 42 pR 5L
I Forenq B 70 3R A5 R B0 T 101 28 22 38 AR A 500
TR AT A AT R IR A 0 A SRR, M
I PR 3 30195 0 5 4 R 4 KR U R iy TR s i
TV I PR L il 82. 237 W4 F 96. 121 %, &l
GRS B AT W A e R T R 2R A
U DX PG AT 4 3R 2 TG ) ) 8, ST v 0 K
A sk,

S48 T T 1) S5 AR B TR R A R S B B9 S A



5 6 0]

KNG L 55 - ZE AR T U R GO e A AR e B B B 2R AR 1487

KR B shRERG SRS T 11 Fh i B B2 B
JE A 20 5 A ek B VR S5 AT T O IR b e b
RERIL. IF 20 M TIF M R A JBUIH . fE Tenen-
grad AR o KR A L AR ) — Mol ik 0 2R A pR B
Fronq » 381 4 o N A5 30 3R SR AN 1 3R F2 0T
PRRC B EB PR R R AR L R TR SR AR e s

S Z k-

(1] wAE&£. A&, B A5 BN E 3R ED
FE[1]. % 4 4R .2005,25(9) :1225-1232,

ZONG G H, SUN ML, BISS, etal..Research on
Autofocus Technique in Micro-Vision[J]. Acta Op-
tica Sinica,2005,25(9):1225-1232. (in Chinese)

(2] BZEA,EBHK,REE,F LT RS R HE

R R AT L)L R & 424k 2005, 25(7):902-
906.
QU Y F, PU Z B, ZHAO H J, et al.. Influence
Factor Analysis of Sensitivity of Focus Criteria
Function[J]. Acta Optica Sinica,2005, 25(7):902-
906. (in Chinese)

(3] #M&, A&, & &4, 5. BT EIGR ST D%
MEADRERSE] L FTREMEKXFFR,
2005, 31(2):192-196.

SUNM L, ZONG G H, YU Z W, et al.. Automatic
focusing system of micro-vision based on image analysis
[J]. Jowrnal of Beijing University of Aeronautics
and Astronautics,2005, 31(2):192-196. (in Chinese)

(4] AT, R AM, 0 =48, 5. BE R BERE M 45

Pt K A R B LT . R 5 5 4R, 2011, 31
(4):234-244.
ZHA1 Y P, ZHOW D X, LIU Y H, et al.. Design
of evaluation index for auto-focusing function and
optimal function selection[ J]. Acta Optica Sinica,
2011, 31(4):234-244. (in Chinese)

(5] &JF, sadke, M. BRI & B3 E & s
WM R S a0l k& A% T4, 2004, 12
(5):531-536.

ZHAO H, BAO G T, TAO W. Experimental re-

search and analysis of automatic focusing function

SRR . ROR A A RE AT 56 TR IR R
KB S5 FF IR R A5 R R W] R Froo R4
PRIER 1Y 1 2l 3R A FR G o T AT AR L R
T 13.884 % RAEJHMWILE R T 17, 616 %0, 1 2
WL DE B 2l 3R AR 0 BOR R, 78 2B GO e &R
4 1 FH S R RO

for imaging measurement[ J]. Opt. Precision Eng. ,
2004, 12(5):531-536. (in Chinese)

(6] #RAe, FRF R, Fhk.F. HLASOLOEHRE % 00 & iy

Mot RAELT] L5 #%E T4, 2016, 24(9):
2095-2100.
XU Z, CHEN Y F, SUN Q, et al.. Auto-focusing
in optical microscopy for machine-vision-based pre-
cise measurement[ J]. Opt. Precision Eng. , 2016,
24(9):2095-2100. (in Chinese)

[7] BODDEKE F R, VLIET L J V. NETTEN H, et
al.. Autofocusing in microscopy based on the OTF
and sampling[ J]. Bioimaging, 2015, 2(4):193-
203.

[8] TENENBAUM ] M. Accommodation in computer
visionf M. Stanford University, 1971.

[9] NAYAR S K, NAKAGAWA Y. Shape from focus
[J]. IEEE Transactions on Pattern Analysis &
Machine Intelligence, 1994, 16(8):824 -831.

[10] YANG G, NELSON B J. Wavelet-based autofo-
cusing and unsupervised segmentation of micro-
scopic images [ C]// leee/rsj International Con-
ference on Intelligent Robots and Systems.

IEEE, 2003:2143-2148 vol. 3.

[11] VOLLATH D. Automatic focusing by correlative
methods[J]. Journal of Microscopy, 1987, 147
(3):279-288.

[12] ZARs, MRASE, R4, — b s RUE B4
PR R BT ). S AL R R AR S, 2010, 27 (04)
1534-1536.

LIY F, CHEN N N, ZHANG ] C. Fast and high
sensitivity focusing evaluation function[]J]. Appli-
cation Research of Computers, 2010, 27 (04):

1534-1536. (in Chinese)



1488 e KE® TR % 26 %
[13] #a®, /A E &, e, 3 A EOR ER T W PEM [14] BAF. N=4, A&EM, F. WG NERL

MR BT S k[T ], b % M T4, 2014, 22
(12):3401-3408.

HONG Y Z. REN G Q, SUN J, et al.. Analysis
and improvement on sharpness evaluation function
of defocused image []J]. Opt.

Precision Eng. ,

2014, 22(12) :3401-3408. (in Chinese)

EE @I

G BB (1975—) , 5 LIl g & L A, T2
T #82, 2000 4F T 75 3838 K2 AR
22, 2003 4F T A6 Tolk K 2%
FRABAR + 2 i, 2007 4E T A6 5 i 25 i
KK LIRS 2207, EENFHE JLHL
HL 26 45 R G0 00 RE A5 FE AR (B2 AR 3
HEGBMEA HAEEES E RS
4y M5 ¥ W7 M BF 5E . E-mail:

soaringroc@ncut. edu. cn

TR A S RERIELI] KA F R, 2012, 34
(05):1281-1294.

ZHAT Y P, LIU Y H, ZHOU D X, et al.. Auto-
focusing Method for Microscopy with Low Image
Content Density[J]. Journal of Software, 2012,

34(05) :1281-1294. (in Chinese)

EXH(1992—) . 5 W LA
WF5EAE  EEE A FHLAS B | B Ab
Jr B 5% . E-mail: mayday_cwz@
163. com



