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(54) Title: VISION-ASSISTED FOURIER PTYCHOGRAPHIC IMAGING POSITION CALIBRATION METHOD AND APPA-
RATUS

(54) ZFABTR: PUEHB IR M B2 B B TR I E

— 81 51 CO_LECT AN IMAGE OF A RESOLUTION PLATE WITH A

A LR (AR R AL 5 CIRGULAR MARKER FOINT BY USING THE VICROSCOPIC INAGE
ACQUISITION CAWERA, AND EXTRACT AN IMAGE FIXEL

4 B4 44 [ 4 YA CODRDINATE OF THE CENTER OF A CIRCULAR WARKER POINT

INTHE IMAGE OF THE RESOLUTION PLATE IN COMBINATION
WITH & CIRGULAR MARKER POINT EXTRACTION A_GORITHK
52 GO_LECT AN IMAGE WITH THE YICROSCOPIC IMAGE
82 ACQUISITION CAMERA TO OBTAIN IMAGE PIXEL COORDINATES
OF AMICROSCOPY FIELD OF VIEW CENTER POINT OF THE

) 515k R #

H1 R

IMAGE, USE A THREE-DIVENSIONAL COORDINATE DEVICE TO
WMEASURE ACTUAL PHYSICAL SIZE COORDINATES OF EACH
GROUP OF ELEMENTS IN EAGH LEVEL OF THE RESO_UTION
PLATE ON WHIGH THE CIRCLLAR MARK POINTS ARE
ATTACHED, CALCU_ATE THE ACTUAL PHYSICA_ SIZE
COORDINATES OF THE CENTER POINT OF THE MICROSCOPY
FIE.D OF VIEW AND THE CENTER OF THE CIRCULAR VARK
POINT BY ESTAB_ISHING 4 RE_ATIONSHIP BETWEEN THE
IMAGE COORDINATE SYSTEM AND THE ACTUAL PHYSICAL SIZE

COORDINATE SYSTEM
§3 33 CO_LECTANIMAGE WHEN THE _ED ARRAY WHIGH IS NOT
PLACED UNDER A RESOLUTIGN PLATE IS IL_UMINATED

THROLIGH A VISION-ASSISTED BINDCLLAR SYSTEWM, SO AS TO
OBTAIN IMAGE COORDINATES OF EACH OF THE LEDS IN THE
_ED ARRAYS IN THE VISION-ASSISTED BINOCU_AR GAMERA,
CA_CULATE A FIRST SPATIAL THREE-DIMENSIONAL
COORDINATE OF EACH LED OF THE _ED ARRAY FROM IMAGE
COORDINATES OF EACH LED AND PRE-CA_IERATED
CA_IBRATION PARANETERS OF THE VISION-ASSISTED
BINOGULAR CAWERA

5¢ USE THE VISION-ASSISTED CAMERA TO COLLECT AN
a1 IMAGE OF THE RESOLUTION PLATE WITH THE CIRCULAR
B MARKER POINTS AT THE FOCUS POSITION AND AN IMAGE OF
THE LED ARRAY P_ACED UNDER THE RESOLUTION PLATE AT
THIS TIVE. AND COMBINE THE PRE-CALIBRATED CALIBRATION
PARAMETERS DF THE VISION-ASSISTED BINDCULAR CAMERA
TO CALCU_ATE THE SPATIA_ THREE-DINENSIONAL
COORDINATES OF THE CENTER OF THE CIRCULAR MARKER
POINT AT THE FOCUS POSITION AND SEGOND SPATIAL
THREE-DIVENSIONAL COORDINATES OF THE UNOCCLUDED
LED ARRAY AT THE FOGUS POSITION; GOMBINE THE FIRST
SPATIAL THREE-DIMENSIONAL COORDINATES AND THE
SECOND SPATIA_ THREE-DIMENSIONAL CQORDINATES TO
OBTAIN SPATIAL THREE-DI VENSIONAL COORDINATES OF THE
LED ARRAY AT THE FOCLIS POSITION
5 CALCULATE SPATIA_ THREE-DIWENSIONA_ COORDINATES
OF THE CENTER POINT OF THE MICROSCOPY FIE_D OF VIEW.
— 85 ACCORDING TO THE RE_ATIONSHIP BETWEEN THE SPATIAL
THREE-DIMENSIONA_ COORDINATES OF THE CENTER OF THE
CIRCULAR MARKER POINT AND THE GENTER OF THE
MICROSCOPY FIELD OF VIEW &ND THE ACTUA_ PHYSICAL SIZE

@

COORDINATES OF THE GENTER OF THE CIRCU_AR MARKER
POINT; AND CALCU_ATE A HEIGHT Z OF EACH LED OF AN
ILLUMINATION AREA TO A FITTING PLANE AT THE FOCUS
POSITION AND HORIZONTAL AND VERTICAL COORDINATES X. ¥
OF THE _ED PROJECTED ONTO THE FITTING P_AKE BY USING
THE SPATIA_ THREE-DIMENSIONAL COORDINATES GF THE

F A CENTER OF THE MICROSCOPY FIELD OF VIEW COMBINED 'WITH
T THE SPATIA_ THREE-DIVENSIONAL CODRDINATES OF THE _ED
ARRAY AT THE FOCUS POSITION, SO AS TO COMPLETE THE
BE (xy) GALIBRATION OF THE SPATIAL POSITION (X. Y, Z) OF THE LED

ARRAY RELATIVE TO THE RESOLUTION PLATE; AND
SIMU_TANEOUSLY CALCULATE THE POSITION COORDINATES

OF EACH _ED IN THE HIGH-RESOLUTION SPEGTRUM T BE

A
EE:EEEok] RECOVERED IN COVBINATION WITH THE SPATIAL

SO 5] THREE-DIVENSIONA_ COORDINATES OF THE CENTER OF THE
MICROSCOPY FIELD OF VIEW AND THE CALIBRATION RESULT
SRR AR OF THE -ED ARRAY IN THE ILLUMINATION AREA,
B2

(57) Abstract: The present invention is applicable to the technical field of microscopy imaging, and provided are a vision-assisted
Fourier ptychographic imaging position calibration method and apparatus. Before traditional Fourier ptychographic imaging calculation
is restored, an image when an LED array which is not placed under a resolution plate is illuminated is collected through a vision-assisted
binocular system, and first spatial three-dimensional coordinates of the image are calculated in combination with camera calibration
o parameters; then through a method that a round mark point is attached to the resolution plate, spatial three-dimensional coordinates
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of the center of a microscopy field of view are found; then in combination with the first spatial three-dimensional coordinates, spatial
three-dimensional coordinates of the LED array when the system is at a focusing position are found through rotation, translation and
transformation, and using the spatial three-dimensional coordinates in the center of the microscopy field of view in combination with
the spatial three-dimensional coordinates of the LED array at the focus position, the height from each LED in an illumination area
to a fitting plane of the focus position and a transverse coordinate and a longitudinal coordinate of the projection of the LED to the
fitting plane are calculated, so that spatial position calibration is achieved. The present invention can avoid the influence of positional
deviation on a restoration result.
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182 ot B B R AEBR G ZIT B AR5 5 PR F KB A
REML B LED %t 2 64 5 RIS E , AR e S ILR A F R & 2 HE i P IR
A8 AL E T 4TI 30R, AT A LED 12 B T K & 69180 95 2 B8 Mk ta B4k,
ZIARALIK A,

e EE ARG Rt &2 ERET, REARIZHHEARG R RXEEZLE)
7218 LED M%) E A5k £ 69%50R, BAREINAEERIGFETEEFH—/ LED
SR 6 AR F R ik — A8 LED S R AL T A S, e E
S E A R B ckeg. A —E R SO LED S R MAL T A AT
T %, 3EA AR Rke) LED = 104L B A4 £, XA IR A
B S HEINEF B A TFILRMB P AL B sk TR, LA 4
RAEAFB|— /AR, Bk, A THIIRIT ERITLER, AR
1§ 2t & B+ LED M%7 64 2 1845 B AR £ 17 4L

KRN B

AENRBE—FFAL B 91T Bt B ERBALEATE T AL E, §AEM
FAEGAR ot & B RAG AT LED %3] 5 R A ST SEAAF BT AL, F
WA S o MHFEERE T Eeg A,

AL PRBET —Fr AT B0 091G ot & B A BATE 7 ik, Pridfd 2ot
& ERBALEATE R E ) T Ert B ERBALEAFE 2R, TERTRAC
6 12t FERGEE AR AN, AT Eet B ERGEE 15
BB SR EAN. B B S EH B ARE B8 9 FE A= LED 47,
Frik 92 E TR B M E L, PTEARMEABRERIL THIEAEME E L
7, Fiif LED M3|4s F ik & & £ F 7, -5 L8 6 i e-¥am-¥47, Ff
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[ o 44 P ARAR & AL AR

T S2, AR PR RMEFREANKE B, 53] 5riL B 56 ALY
b B GG B ARAR & AL AR, R = ARARBUR BT R NS B AR A R e P E M b
F— B —BAFERHER T A, BT AR AAFE LS E R MIER T
AAFR XK F, W H R P R F s B A TR B AT E A g 52
R4 32 R ~<F AL AR

BB S3, AR BRI B AR ERE TS EMR T g ATk
LED 3] & %06 B &, MmiF3|Frik LED %3] ¥ 698 —A~ LED £ P74
34 8h B ARALF 6 B AR AL 4R, s —A LED &9 B AL AT A TRATE 69 Pt Al
548 Bh S E ALY AT A HGT B PTiA LED %9 698 —A> LED 69 % — 28 =
o AL AT

IR S4, AR PTARA T B AR SR BT A NEA B 478 2 0 0 PR FE MR TR
BAL E AF 0 B oA B BT PR 59 F 4T 49 LED 5] 69 B4, 45 6Tk
A 64 PR AL AR B X B ABALEG AR A A B B ARE S B S R B E A
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AL PR T — AL G E Ert 2 ERBFALBEATETRE, AR
ot R ERGALE TR EERN THEZt & BRI EMRE A%, TRAFEARAL
i 2ot & BERGRE ALK A AAI, Frif G Lot & ERRKE @
ERMAGEREAI. BRE. BE . A BAEARE RGP FER A LED %
5], TASHERE THEBME L, TARMERREAILL T AAEEY G
iE B, Brik LED M34s T ATk 84h & £ F 7, F-5 ik &4 6 Fr 2+ @ -F 47,
FIT A 50 46 B 3B AR AL LS ALIE 48 Bh A ARHLARAN 5L 48 Bh A AR AL, PR AL 4
Bh EARAL. BN AL T TG 2ot & EARK Ee9EdT 5, FTdARKE
L35

BIEAR & AR BAE S, T AR ATk R B R EARPUR EPTANEA B
FATE R HERGG B, AR ATE BRI HRIRIPTIE 5 9 E 4 88
B A% B 9 A & 0 B 0 69 AR B AL AT

E R4 TR ATt FAEsk, AT AR B BB R R EARPLR R B R,
P33 B ik B R 69 AL 0 B oy B AR E AR AT, R Z AR ARBUR i BT RE A
B A7 & S ER LB —BEHE—UAZTH EFWBER T A4, BidEs E
BAITE G ZIRHBERTAFEZIANGXZ, TR BT ERRANG F $ EF BT
R B AR & 86 B S 88 2 FRap 32 R AR A

$— AR, AT AR FTIRALGE S X B ALK R R B TR 0 # E MR
F @9 PTE LED 7 & 58t 69 B, M iF 3] Frik LED %7 # 694 —/~ LED 4
FIT S AI 564 B B ABALF 69 B AR AT, B —A~ LED &) BAR A 47 A BT ATE
44 T 2 AIL T 6 B BB ARALEY AR A0 B Bk LED %71 69 % —/> LED &9 %
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84 72 18] = 4 A AR
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