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Abstract: A reasonable recording distance sets the premise to obtain a reconstructed image with no
overlap and high-quality pre-magnification digital holography. Herein, a comprehensive analysis and
design of the recording distance were proposed, which combines the conditions of recording and
numerical reconstruction. In addition, not only were the sampling theorem and the spectrum
separation theorem considered, but the relationship between the sizes of reconstructed and amplified
images, and the sampling requirement of the optical transfer function was also studied. Furthermore,
a reasonable design method of the recording distance was obtained by theoretical derivation under four
conditions. Finally., the resolution test target, 1951 USAF, was used as an example. There were
three holograms with recording distances of 50. 50, 134. 20, and 140. 30 mm. The experimental
results demonstrate that the reconstructed images. obtained by the Fresnel transform, are indistinct
when the relationship between the sizes of the reconstructed and amplified images is not considered;

the reconstructed images obtained using the convolution approach are distinct when the sampling
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requirement of the optical transfer function is considered; the reconstructed images are distinct when

two conditions of the numerical reconstruction are considered. The resolution of the reconstructed

images reaches 2. 19 um. Moreover, the design combining the relationship between the sizes ol the

reconstructed and amplified images is quite precise, and it represents the sampling requirement of the

optical transfer function. The theoretical derivation and experiments indicate that the design of the

recording distance is comprehensive and reasonable. This design can provide a guarantee for obtaining

the reconstructed image with no overlap and high quality.

Key words: digital holography; recording distance; reconstructed image; amplified image; optical

transfer function
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Fig. 1 Schematic of recording digital hologram with

CCD image plane

pre-magnification
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Fig. 2 Schematic diagram of a spectrum



]

IR BUIOCEC T 2 B R D R T B R Bt 787

2.2 MESBEEG

1B 2 RI O T A A Y & R IE 7
G AY T WA E — G SR N R R TR R
T I e KA, R H

Funin == froax & - (6)
KR DO CORAR6) LB,
~ D, X, D
sin a}d‘ﬁerUJer]. 7)

#5E NG M (D) AL 5 A3 2 R
ST B CCD ST 1 BE B 14 B FL A
4= D _ 2NAd, %
2Ax do d 28x 4. M,
Hri. NA R RGEWMEUEILZ . NA= D/(2d,);
M, R R G TR Mo=d./d, .
Wi == d —d . IRAR S Al 15 & B E W
T sk 2 U I A A
e d— 2NAd, %
202 di M,
M dy B B3 CCD T /Y FE 25, 1%
d: >0, BB KR d =M+ 1D fIEAR (9

CIEG

2NAd,

0 Mx A" (10)
20x (My+Df M,
TR F 2 B R, T W/ EFE L

KRG iR, #E— D50 R G =R R, LAk
B R A AR R R R CCD JC T8 T . B fig
(o 2 S iy A g B R I SR R B = >0, R
B (9. 2NAD >0, di= (M +1) f My=di/d,
FNLSRIEE = KT 0,40 =X (10) 745 2 #7000 9 119
ReF X N

Af
X<55 0 (1D
RAAD AR T EREN e R%. B

TP F CCD B8 3R R I A [ 64 7 0 4
X 7 B PR30 1 5 Gl B 5K LD par . 4%
FA G LSRR AR RV 70 8 A5 OF S I
FIRY T RA 0 A2 5 00 ) R 0 0 20 9 T AT

25 L BT T S A 1 W 0 SR R P L
RGBS A AT T A AR B T LR IR

M RMEAH . X AR 25 E E 25

5.

3 FIENH

TE B0 25 o, 32 02 T 28 A 5 BLEC(
T 3 KR A 1 s bR O S A 1 N T I
LR A Z 18] B RS 56 26 B B4R R AT A B i
B o, L4 B R ) B P 1 IR TR AT
S EBE RN A S R O ), 45 B A N B B R
SN AN S o G e o S N LIPS TR 3 AR R R Y )
M A AR ARAS R I TR B BT D3R A B
PH B 1 29 AR b [R) FE Y BO SR BE B . TR AE T
R4 R B, 13 P UM B A5 Tl SRR B L W =
Fow,
3.1 RFEERBHNBEEG

FEBUE T B0k v, 8 T 5038 2o PRk
IR e B I B A5 3] o 2 A% 8 PR B TR B R
W3 B2 2 AL 3 R RIURG 4 hy B BON 2% 44 33 R KR
BF W5 25 DR IE B HIU 14 O 27 4% 338 oR RSP T 55 it bR
BRI o BV T e 9 R

R 17 55 32 B3R 45 19 F 1 1% 33 oR 40 %0 3,
CCD MM R FLAE e . 358 CCD ik i RF R
L. XL,(L,=MAx,L,= NAy), Nl CCD fL#&#Y
G2 A 3ob R AR R M5 15 32 1Y) B B A R

H(f.o fO=PAzf.dz f) =

L./(xz) L,/(xz)

MR Q2D T, RGN o Fy il A # 1k 52
BN foren = L/ (2X2) s fuyen = L/ (232,
B 1 R, T AR UE SR AR AT R K T 2 A5k
W A ek T RS TR L B

L 1 L, 1
s .
22z 2Ax72Xxx 20y

PRIA SCEZELANT o J7 [6] g 49 547 FLAR 53
WOV T — B E 20 E &R 4. CCD BB R R
SRR ZR B DL RO TR K C 2008, B IR
By oz WA

rect [ rect [ ] . (12)

13

MA %
Sy




788 B iR

W TR

%21 &

2 C14) R, 22 ) PR s ) FEL o 28 e o B 55
BT 556 2 A% 33 oRARCRT , P 0 BE B T 2R R o
(14) I FEG A % 38 oR BCRS WG 19 PE BT A e 5 R
PR A 5 75 R AL 23 2 BOL 24 15 38 R B0 BUS
P P OO 25 D oA I 2 T O A A% 3o eR BT S8
ARl A8 PR TR 2B 3 T OO P 0 2 L A AN B
B FELZE SR, Hop 2 2= MAL /A B, 1534 iR
B AT B BRAR Y 43 A o L IS A% 3o R A S 1 45
F 19 KR 4 BUEN S R LG I BUS A 28
[F1) 470 2330 1 o 4 3 o 3R 6 1% 3o 8 AR 4K, 0 T AR e
b P B S By o I B R Ay e A T R

e ORI R RN I o SRS R S
P50 I8 R R 4 1 % 5 < 1 i o RIOH OFe
T AR (0 L 30 A 4 15 B PO . b, o
{2 338 R RICIE 38 Aot DR A L L e s O AR A )
. PRESR FH 3 L M 4 BRI T B2 i
¥ 2 AL 1 R BG4l B HOG 2445 3 pR B 5+
PR = F e (1), SR FETR AR AT I
Rt 4 B TR R I 1) e BB i JR A S AR
IR ARAFFR IO B R AE R R PR el B AR
e OB 2 A 328 R B 0] A, ORI B 2R
AT 5 2 B0 B PR BB B R Z (D) A,
3.2 BHARTSHAGRTZEANXE

FERCT 4 B B AOR T, BOE I 00 S AR ik
KGR I, R 7 A6 BT L3R5 R & A i
14 PRI R S A K F 5 F R GR .
SRy T B TR 3R R S R P S A O Rt
SHEUINTI NIRRT VRS KR SN

FERCE P Y I R R RS
CCD T A% 2 N A2 i, B0 1 R F R 32 15 90
SRR A BT TR R R TN AN i N e DN
S AT 38 g b 2 ke 1 o TR RS (8 P AR
AR BLE S IG5 BT 09 AR . i n
HREHI R M A LR, MmN GRERTS
CCD M A5 23R ROT AR A BT LA B B A 32 75 31
T 5 KA 22 ) A R H A B AL . 4 7 0 T R 3
ReF 50485 8 A ¢, 100 5 42 8 & 3EAT 55008 1 30
FA 45 25 40000 S I, B30 18 1) ] 32 31 7 0 0
(A 52 ), HL N R 38 2o 2 3 ok 38 P BT 7 R

PR I 7 52 7 9 s 2 B o0 20T (% Ik P 300 1 R~ R
FHRETHRG . A RKEGAEEHHIG., F
AR RfT S s . L AR = R~ 5 CCD
BIBRERSTHI R RN Ax = Az/(MAD) , T F#L
MRS S, = MAx = Az/Ax, £ 8 F B m A9 R
S 6 U5 I AL SRR B LA K CCD iR %= R
SPA G, 54 BB IR AU AR R B R
. FIL YRR CCD 12 % R 1 E i,
T LR PR IE A SR IR B L PR IE ARG T E & R
AR

A4 TR B D D R R R — )
S J5 BE T B, SR AT R KR, FE R R
M, X, H 30 R R T 8055 T iR &
BRSF AR R RTE RS AR EE,
(X

Az

>

Ao MX (15)
B () ERHIER « T,

42M%A3 (16)

R FEAM S HAKMEN a2 456
KOMKXAOME], EBE B LD, S HH
PR R L I A 48 Sf g IO 2 A% 1 eR R, 9T HL PR
[IPN R =N TR VR R & 3 €S N

TR RE T 2 B RGN PR BN .
1\/1Ax2 2NAd,
<u<di— .
A asd A M; X 2NA an

20z d. M,
#4309 X (16) 15 5], 76 B0 P ISR

H 2 S R R A e S O O A A

PRI, I FLAR I R ST 5 4 BB T B Y

BRI KR, UL KRB 2 B R R0 =i
BN
MgXAl‘gz[gdl_ ZNAdn (18)

A A MX 2NA

20z d; M,
g5 iR AR AR IS WG B PR LR A
TG 0 3 T 23 Sl sl g 3 L I L 5 3] 25 Sy
I B e B P A4 e 8 T AR O 2 A% 3 oK B 1D
S B s R AD ML A R —A4, i
AR B TR T2 B RGEMIC R IE R .




IR BUIOCEC T 2 B R D R T B R Bt 789

%43
min MAI"M';XAI o<
A A
d——tNAd (19)

T SR B RC(EL P B AR i o, R AR VR R AT G
VAR B ol s R TR T SR e R S
(18) 5 5% FH A R B (P30 ol 42 BRI L iE S B
B A,

4 FZHLERLE 5

MG TR KA BOL R 250, Bt 75
T I k- R T 5 A0 TR BT A B sk Ot
RS o 5 an & 3 FEL 4 FroR i sk B Y
A BB VS B AT SE R g e . 3 AR M £
He-Ne #OG# (A=1632. 8 nm) K AL 1/2
W B (A 2) T I 73 e e 5 (PBS) 40 A BB, 3R
SZUWEHY KE B RFEENSFHF I (R 5
—WR L 1/2 W R e A IR A g R B
(MO.NA=0. 25, f=17.13 mm. M, =10) i KJ5
ERYDLE (O, PSS % &5tk 5 (BS)
AWETE CCD #m F TW R4 E. CCD R
BEECH 1 008X2 672, FFERTH9 pmX9 pm
(AxX Ay, Hur, 4368 (BS) i H T 9/ 75
s B Soumde s UARIEE G OE — R
i — S A B . A 1/2 W R SRRk
e S A Al HE I AE 5T 4 206 OG5 L Y TR
B PRAIE PR SR (6 R 2 28000 B et FR 2S5 AR TR S ol
IR T W, ARG ST N2 B, B4
o NF J&H v ug i R T I A SRR AR .

Laser ., PBS BE
\ | R 1 N 2
. [, | v
Az2E=§m
R
El
\_—
Object MO BS CcCD

Bl 3 WK E T4 B R B
Fig. 3 Experimental setup for pre-magnification digital

holography

B4 TR AR T & Y E

Fig.4 Optical elements on bench of pre-magnification

digital holography

N T W TEAR S H A E S B A A o
RCHEAT T 25 B AT, 15 3 T 2L
50, HIERE A E G . T w2 — 4L
USAF1951 7 HE MR s 6 4/ 7 2B 480
FEATY SR AT AT . /R AR Y EE 6 A 7 4
AL ST 0.2 mmX 0.2 mm(XXY),
B/NERFENR 2,19 pm, MR QD BRI
5 RE W s KR () X, =
Af/(202)=0.6 mm, FrFFREMATET 6 F1 7 418
FIRSE RGN B FE N, & TR,
FE TR IR AT S AR e A R 8 B ok A 46 B OB
AL R I BB RF 5 4 B B 7 80l
LAY 5 K00 S L 30 s 3 1 6 1 055 i)
B 20 T I8 s 2 R AR SR R R A FE w2 4 B T T
A R R, HLRE B R T 4 B R R AT R
{E T B0 B9 AR 3 80A7 S i 30 3% B B 0 0t P BLAR
M) £ 43477

LEGC A B E N B ES T . 2 8 E
BEB N 1024 X1 024(MX N MEERNH
9 pm > 9 pm (Ax>X Ay, H5 20 B R Ml 4% 78
CCD ¥E T b . A5 28 F3 FF 3 M A £ 9 L 0 17 45 3] b
e BE 1 T KA B My = 47, 84, HE¥ Ax=
9 pum,A=632. 8 nm, X=0. 2 mm, NA=0. 25,
f=17.13 mm, M, =47. 84, d; = (M, + 1) f., d. =
di/ My A8 AT (9) 15 F150 S I B 1 e K AE K

2NAd,

=177.6 mm,

ZAI di M‘r;
200



790 e K TR

%21 &

#H Ax=9 um,1=632. 8 nm, X=0. 2 mm,
M, =47, 84 1R A (16) , B 15 A ) F {8 HL 25 46t
EHOT RO R b e B, JF P B R 5 2 R
P A7 R P B B A5 R BOTE SR I T S R )
/MEA

z>%=136. 1 mm. 2D

 Ax=9 pm.A=632.8 nm, M=1 024 ft A
214D, AT A5 0] A Ad A i A e g B O e AL ik
PR, IF HAR B R S 4 B 1 A7 S0l B Y
18 Z BRIt 0 SR BE B R B /MEH

MA &
A

HRAE 2 (200 12 (21) AT 45 TR R AT B 1 i
FFEBI T M 136. 1 mm=x<_177. 6 mm,
(200 13X (22) AT 4535 BLE (1 10 % 16 88 1 B
131. 1 mm<<%<<177.6 mm, KL, N T HAE
JE R T A5 R ) T i B B ) 249 RO 3R AR Y i
ST B T B3P IR AG A 119 52 00 & 43 3] A S 5
z="50. 50 mm, z=134. 20 mm F1 z=140. 30 mm
KR T —EE2EE,. WA 5 A 6(a) FHE
7(a) i o

SR FH JE IR R AT B 0 R Rk 43 0 B A
5Ca) JZERE S FE 5o i, B IR IR
A 5 0 0 26 B 0 A 45 31 43 % S0 A 7 OB 7 R
8. FETRIRAT Sk oK 58 2K A5 T W6 1 015 1 D R 2
M E R F Ax/Ax=3.55 mm /DT KGR F
M, X=147.84X0. 29,57 mm, FEFH NG EE,
SR Ry A FE TR 2R AT G ik v G VA R A 4 B R
FNTE R 3 i P B T RS DR E AR TR R AT A ik
2 S R B /N TR /N G SR B B R S RE KA I
T 1) PR AR 5 o B AL AR A 0o B B0 38 K
B A ST 5 (o) e 2 B RN E E 1 096 (FF
PRI R SF R 1 096X 0. 009=09. 86 mm K T i K
GHINSE 9. 57 mm) J5F IR E 0 F G, LA
TE BT L D R S0 SR B RN S BB U R A i
BREICAA M TR B T R R, A R 8 Ca) BT L R T
I, BRSIEIER T 2] B N R A
SCHTHR Y FE B0 R 5 R AR R ~F Z 8 G &
B, JE TR IR A 53k T AR ARG 6 1Y) P A 24 il
FH S AN 2 JE AR ST R 1 O 2 A 3 PR RS B SRR

Z>

=131.1 mm. (22)

B 6 B T AN BB A5 20 7 B 1 P AR

SR FH AE TR IR A3 5690 R0 4 FR 43 0l 51 P 3L
6Ca), GEFE 6(b) 1 6Cc)fFR. & 6(b)Hsy
PR 6. 2 HARSUE W TS, WK 6(b) H
J5 HE JUT Rl P JILAG o JE VR JR AT 56 0 R 15 B0 3 I -A I
%, JRHEEFRE R Az/Axz=9. 44 mm /N F
BRGNS M, X=47. 84 X0. 229. 57 mm, FE
HIRBES. B 6(0) BT EEZE 1096 (H
PRI SF S 1096 0. 009 =9. 86 mm K F Kk
BHRSE 9. 57 mm) Ji B FH 46 Bk B BE AR AR 19 H:
PG Horole 2z 3 sR B 5 B AN 1B 8 (b) BT/R .
MIEL 8 (b) AT 1, Ot *7 A% 3o oR A B 1 AT Hb B
. BB 165 A 338 R ORISR B 5, &
W LG OY 27 £ 38 pR B RE 1L 42 8 5 T B0 O TR R
HF T 38 3 T 2 5 ORI R L O P I
WT . A2 S B SR W L A D SR EE B R R 1Ok
2P A% 3o R VBSOS HOAR AR I DRI 4 FROE BR AR AR T
W7 P A5 5 20 SR BE B R F R T LI T 5
FAZ NS Z 0] 9 56 22 I e 3 B AN il A8 1T B A%
RSET K F RSB 2R 10 S R FH R 1 K
AT B AN BE A 3R AT fm o i 1Y TR

K 3K VR IR AT 56 35 R A B 43 0 B R R
7Ca)  FHIEERE 7(h) Al (o) fr s . LR, 4ETR R
At AL R ) Az /Ax=09. 86 mm K Tk
B SF M, X=47.84X0.2=9. 57 mm, FHHZ A
o3 H A WCIEIR IR S 4R 15 1 36 b 9 P AR 0
&7 (b) Firos, Horh 7 BER Ay 7. 6 4 5% 80T M AT
UL FRAEEL 13k %) 2,19 pm, PE—BIEHA,
M0 SR B T I R S AR R T 2 0]
B C R BT REBE ARG m T R PR IRAR . &1 7o) 2 fh
EABEZE 1096 (FFHLE T4 1096 X0. 009=
9.86 mm KFHABART 9.57 mm) J5 FI &
RO RS I PR BLAZ , LB 10 S5 I 2 i 2 2 1%
PR BOR F OGS AR 1B iR AR B T AR L Y B HE
2 A% 2 R BRI 5 B &l 8 (o) iram . MRl 8(e)
RN B TR 027 1% 38 bRV BOR IS R I 42
BT I AL 8 oK AR RE 11 4 B8 5 T B O TR B
B4 AT 3 AN 2 S R P T e e S
HMIAY . W 6(h) & 7(b) 7 () AR RE R FI
PR 7.6 dLA B0, R IL R G 1 ) 43 BE
JIKE T 2,19 pm,



54 IR BUIOCEC T 2 B R D R T B R Bt 791

5 pm 5 im
L} i

(&5 (b) JEVR KA S A T TR (OB TR
(b)Image reconstructed by Fresnel transform  (c)Image reconstructed by convolution approach

Bl 5 G0SEEEE l 50. 50 mm A4 B IR N H LS

Fig.5 Tologram and reconstructed images with recording distance of 50. 50 mm

(a) Hologram

(28K (b) AF /RS A LR (O BRE AL

(b)Image reconstructed by Fresnel transform  (c)Image reconstructed by convolution approach
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Fig. 6 Hologram and reconstructed images with recording distance of 140. 30 mm
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(b)Image reconstructed by Fresnel transform  (c)Image reconstructed by convolution approach
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Fig. 7 Hologram and reconstructed images with recording distance of 140. 30 mm
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Fig. 8 Intensity distribution of optical transfer functions with different distances
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