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Abstract: In order to better realize non-invasive, real-time and dynamic skin tomographic imaging and
improve the imaging signal-to-noise ratio (SNR), the performance of the reflective laser confocal system
was evaluated comprehensively. Structure function as variable metric for wave front was introduced, and
the basic mathematical properties was analyzed. The wave aberration of different scales in the structure
function was analyzed emphatically. After that, the numerical simulation for low order aberration

presented by Zernike polynomials was investigated. The ability of structure function to characterize low
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order aberrations was verified. Because confocal microscopy was required to pass through the skin, it was

important to think about the effects of human tissue in the pre-test process and analyze its effects on the

system’s SNR; Finally, the wavefront of the actual skin lens system was analyzed, and a SNR of 95.7 dB

was obtained after system calibration, and the correctness and feasibility of the method were verified. By

means of the variable scale evaluation method, the non-invasive imaging system can be evaluated more

comprehensively and it can effectively guide the detection and adjustment of similar equipment.

Key words: wavefront error;

0 3] §

HTARARRARSAGERSEBIRNE
Wi, B2 R BRI B R AR ORI . MBS S
MINBER LA, AR R EMBARE ERAMN
BT B R o BRAH SR B 2 R £ BOR
2 W B ASURR AR HE (B TR T S A UM BB,
BRI B A RR"S, SRR RED R RER S
BREM NS5 wE A . B R e R H R
BMEZRETRENARRSER. BFEREEHN
B RGE, AT LLE X B R AT R A B X TR B
JREMHTCREN 1o B IR 7S B AR BEXT TR JZ Bk 45
M EAT A I, (B L T 5 00 R , AN BEAR 1 LR B
K 4 Wt B JEK PR G RS L R A2 B2 A BV L

FI R 20 AbWOL S BB % R 45 312 Wi = B R
FIRGBHBIRR R Z — BT RIKRHR N MEH
X s BT S A S TR B A L, T A4S 3 B RS AR S SR Y
IRERABET, Bk EARYLRR B, B TR R
B, T B 5 OB 3R AR BB R AT IR B AR

R 36 3R 45 B BB AT e B U I, AR BT U,
HRAWE MM B &R, T B4 E S R K SF
Prif R B ES RIUMAHEROBGEERITTF L
TR, T EA N RSB RE B S
i YEREHEAT PR, FE LTI BB RGPS R
B0 RGER IR Z AT 08T 20 B o FE BLAUR F 45 49 2
RO AT R RE PRI, 2w LR A& B M
PR EE

f& %5 ¥ 4 5 41 3 75 AR (Root Mean Square ,RMS)
A LAS B R ZE AR B G R o R PR T IR AT
EEZAR: PIAEA AR AR B O R E
R, WA AEEA R B RE B BE 0 A o (UK EE B2
R 359 07 AR AN BE A 20 3 SR AT 2 U R A, B —

power spectral density;

confocal microscopy; structure function

AR RN T B+ . RER N
TR AR NIF iz iy, E&F T8N
ZH B3 #E(SO 10110), B2 , TR 3% R GETFMH H— 7
1) 9 2 AT AR AR, X TR O M R TR U, AT AU AN T
AR R IEN AR, ERN THREBRMEMS ,
BT A R LA R R R, HHE Y A ik BT
Gk, TEZEREENRBERRE L& TR
PR 55— J5 T, TEARAR B A, R BTk T
BRZ P EOREARRFS , SO RBCR L2 B
Wi o 4544 B B Fried 7 1965 4F BT $2 R B9, A LA
BRI RE T B R o N2 B, 41
PR B RN B RN R RO B B — B R

SCH XA R A8 o A 3 3R AR B B IR 22 X
25 R BCRAE AT R 3R, 2 BN KB 8 22, A R
LR HREER , VLR i 5 RS S5 A X T
AR B I kBT 5 . 9 BOIR T AR AR B & 1Y
il & VPR R IT R A

1 EXRES

WHEE—EILER{X(@),te T}, THEBteT,
X(O)W —Wr4E EIX()]1 R Z B 48 E[X*(O)1E A7 7E , W
FRX(),te TYHZH4ES B, FTEEX TEBEEL
Dy (T, T) W BU2E R B HAT 4007, AKX s

Do, T)=([W(x+T,,y+7,) D(x+7,, y+7,)—
W(x,y) P(x,y)1?) = [W(x+T,, y+T,)
PO+, y+7)1%) o+ ([IW(x, 7)) P(x, )] 1~
2( W+, y+1,) Px+ 7, y+1) W(x, y) P(x,y) )., (1)
KA W, y) & & P, y) o BERT B s,y
BANERXFE EMNESE;n, 7, AHAIER F
EWB I SE

HAXQ)T LA, 454 R E =2 0 h A

gy — B BIEA B RMS E, 55— 0 3

0317001-2



GENRF & ot

% 3

www.irla.cn

% 48 %

W Z A AR SRR E o T 1, ¥ o T BURE AR K S
CE R Z R R
BI5GB BRI B RS FH, %R E R
7 5 B T8 SC, AT AR T A H 8 AR = S R 43 A B, R
EEBRE LK RMS EEMNZ A —NEMHE, FHM
R B A B & A B S, XF T R A T K
HEAT S5 40 BB A, AR 2 K (1) 7T 15 45 4 oR B n 2
KPR :
Do, T)=([W(x+T, y+7,) D(x+7,, y+7,)—
W(x, ) P(x,y)1*+8(x,y) ) y+0o°=
(WA T, y+1,) P(x+7,, y+7,)17) 2+
(AW, Y)P(x,3)1%) 2+ 0°=2{ W(x+T,, y+1T,)
Dx+7, y+T)W(x, ) D(x,¥) ) (2)
KA W, y) B8 BB PO, y) PRl EHE o A
KW H: BT S A & EBREN, 53R
MERBARSTERENBS, M THBREERE,
HEWRBEET KRR, Z 5 5 KR A Xt
BN, A L Bs R AR B 1 A AG X T AR 7 T B
B EHTHIFMREATUARRES K, HEHWK

2.04
'*E 2.02+
5 2.00f,
S
E 1.98
£ 1.96
2 1.94
2
9 1.92
@ 1.90
2188
1.86 1 1 1 1 i i
0 02 04 06 08 10 12 14
Separation/cm
B R B 25 4 e 5
Fig.1 Structure function of white noise
2 BEMHE

TP TFERRROEERESERAMERZE
WP B, KRB XS TR, HOR AEBEZEU
#9057 2k BEAT 24T o

B S5 i Zernike £ T K TR KRB 5 22,
B2hBamMorRnmREEET, fJREDRZ—K
HRBET , ARG B AR S — N AR , AT L2 A
NG HE B BE R BAR EBD  E— B F IR,
WRBIHARCTEAERRE, Wl DEEEH R

B b R SRS BN RTS8 U RO TR o
— Mk U L RMS 1E iR AR ME R R S8, HOR 28 M
T A KGR :
RMS. =S RMS, (3)
X H:RMS; K78 R 48 & 19 RMS ;RMS; % 71 % & 14
I RMS, 546 AK3), B TREMIRE SMHRZER
HH R BAR , W50 22 W 38 LTI, 45 #) o 504 IR A 28 1L 1Y
BRI, AR
O'Zo_rz Y U:lo_i (4)
KA 0wr RN RG B G EE, T 0w RN & HB
B 250 R R, BB 2 rP 5 R B B A A R L B
AT DASE 2o 6] B e B, 3RS A S B4 1 R K,

4.0
Easp
8§ 3.0

g 2.5

- ~
. - -
5% - .

- —Power with noise
A 0.5r P -~-Power

04 06 08 1.0 12 1.4
Separation/cm

2 AR IR 45 R 5

Fig.2 Structure function of power
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Fig.3 Structure function of numeral wavefront
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(b) Detection of SNR under different skin tissues
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Fig.6 Structure of confocal microscopy
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