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Microscopic Image Stitching Algorithm Based on Stage Motion Information
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Abstract Traditional non-real-time image stitching methods can easily lead to global stitching interruption due to local
image misalignment. In addition, microscopic images have numerous similar microstructures, causing problems such as
long feature detection time and high misalignment rate. To address these issues, a microscopic image prediction stitching
algorithm based on carrier stage motion information is proposed. First, the size of the overlapping area between adjacent
images is determined by controlling the XY axis movement distance of the electric carrier stage. The accelerated robust
feature algorithm is then used to detect feature points in the overlapping area of the image. Second, the range of feature
points to be matched is predicted based on the position relationship of the images, and the feature point with the minimum
Euclidean distance is selected within the predicted range for matching. Finally, matching point pairs are coarsely screened
by the slope of the matching feature points, and precise matching is performed using the random sample consensus
algorithm to calculate the homography matrix and complete the image stitching. The improved weighted average algorithm
is used to fuse the stitched images. Experimental results show that the proposed algorithm achieves a superior matching
rate improvement of 7.95% to 26.52% compared to those obtained via the brute force and fast library for approximate
nearest neighbors algorithms, effectively improving the registration accuracy. Moreover, at a resolution of 1600X 1200,
the multi-image stitching rate of 2 frame-s ' achieves better results than those obtained by the AutoStitch software.
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Table 1  Structural similarity of different types of images

Type of image Threshold Number of feature points Number of similar feature points Similarity /%
Spinal cord 0.2 2119 448 21.15

Dicotyledons 0.2 3189 500 15.68

Natural scene 0.2 803 12 1.49
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Fig. 11 Similarity of image structure. (a) Spinal cord; (b) dicotyledons; (¢) natural scene
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Table 2 Predicted and actual coordinates of matching points in different overlapping areas

Image overlapping Pr.edicted Match point Pr.edicted Actu.al matching Xeror /% Y error /% El{clidean
area / % distance (x,y) coordinate(x, y) point (x, y) distance
320,0 1553, 746 273, 746 276, 750 0.19 0.33 0.0283
20 320,0 1490, 189 210, 189 213, 192 0.19 0.25 0. 0667
320,0 1334, 1158 54,1158 57, 1160 0.19 0.17 0. 0506
480,0 1463, 208 343, 208 339, 212 0.25 0.33 0. 03584
30 480,0 1416, 794 296, 794 292, 796 0.25 0.16 0.04625
480,0 1485, 303 365, 303 361, 306 0.25 0.25 0. 02003
3.3 FriR% %5 BF Flann L& &5 4R L& DC PG Ak i M BE o LA DG TBC 2% DG JC FE I AR Oy A AR

TR 200 ZH AN [R) 28 53] LR/ 1600 X 1200 19 6 o, 5 1R Herb S SEIR A5 R AN 3 s o M MR AR
KR AT S0, 230 L B BT S DL BC 5525 5 BF Fl Flann B¢/ ) =38 D AR I X3 A O, (HL B 412 DG JE 5 3k 3R A5
#3 AIEI GRSk T A He A

Table 3 Performance comparison of different matching algorithms

Images of Algorithm Left feature  Right feature ~ Match feature  Excellent match Match Time
experiment points points points points rate /% consumption /s

BF 88 67 88 25 28.40 0.001

Pollen Flann 88 67 88 27 30. 68 0.001

Ours 88 67 88 34 38.63 0.001

BF 2319 1971 2319 210 9.05 0.226

Spinal cord Flann 2319 1971 2319 221 9.52 0.035

Ours 2319 1971 2319 825 35.57 0.028

BF 4577 4379 4577 869 18.99 0.512

Dicotyledon Flann 4577 4379 4577 875 19.12 0.075

Ours 4577 4379 4577 1263 27.59 0.061
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U2 WA 75 VG X o Bl oA RGOS D 21 %) 45 AF 0 25 RO o 2 B3 ASUHE TR0 DX 38K P4 O 6 7 DT IC A AR AIE A

Jin, BT £ DT E 54 9% A DT C 2 R0 DT I FE B B AL T BE ORI 4 /N T VETC A 98 R, e/ T REAE A5 DR R o AR Y

Flann VG FC S5, D RL R R 55 7. 9526 ~26.52% - o, DA 20 3z B I ) o K A DG P 5 2R 5 ek AR I ) 1

[ 132 3 41 [R) ) S Bl Pl 453 i 3 v D i 3 3k I {E 1 Low s B 1k AR A5 010 75 DT e 45 5%, T 412 DC e 550 3k 3k

4321 /) 477 DT Be AP 75 DT R 25 S . bl w0 DE C &5 R mT A P30T Z2 (00 75 VT BE X, /50 1 SR M S0 1 1 6 B 1) o it
JIT i DT PC B39 A A8 559 Sk 45 A A RL A A R 1 152 DT T B DT B e PG TS o 8 %

microscopic image of pollen
microscopic image of spinal cord
(2) () © (D (e) ®

microscopic image of dicotyledons
P13 AN[E DG 5k M R L B T2 30 25 2R . (2) BE IV L ; (b) Flann FI VL IE 5 (o) R4 5 B 40 VE IE 5 (d) BF .55 D IE 5
(e)Flann {75 P HC 5 () Br #5375 08 75 G i

Fig. 13 Experimental results of performance comparison of different matching algorithms. (a) BF first match; (b) Flann first match;

(c) proposed algorithm first match; (d) BF good match; (e) Flann good match; (f) proposed algorithm good match

3.4 BEBPEEME S 36 0T L A 2L R AR 3R AN ) ) S P 5 23 331 R B

U R A R i PRGN TR, S U PF B2 AutoStiteh T R R0 B 422 AT B 000 B4 A OR
BRASEE A — BN K 14(a) B R BT R G Bctml F 15 181 16 fron , — F PP AR A0 2 A K, 3
B RN PR S I AR EAT AR & L (E MR PR AL AutoStitch SR RMR I S th AR TE o sk A iR, i 2
FSF AR AN 14(h) R o SEVE DA RS O T AutoStiteh 344, X J2 [ Ry %

B 14 FE&REE () EHR R T (b) & RS e

Fig. 14 Image fusion. (a) Before image fusion; (b) after image fusion
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F15  3X3EMEPFHEE . () BHERER s (b) AutoStitch P32 ; () BT R I PF &
Fig. 15 33 images stitching. (a) Stitched original images; (b) AutoStitch stitching; (¢) proposed method stitching

16 4X5E%PHE . (a) AutoStitch P4 5 (b) T4 Fk PF
Fig. 16 4 X5 images stitching. (a) AutoStitch stitching; (b) proposed method stitching

F4 ZEPHE
Table 4 Multi-image stitching

Method Number of stitched images ~ Microscope magnification — Image overlapping area /%  Time consumption /s
. 3X3 200 30 12.33
AutoStitch
4X5 300 30 30.39
3X3 200 30 2.84
Ours
4X5 300 30 9.17

R STET $ HURFAE G0 128 2 [l SR FEAE A0, 38 0 S F bl 89 & X5 Y Rh RS sh g . an il 17(b) iy
TAFAEDC TS, DA RCR B U B R A PR EIR N TR Z PR T, R ) & & Bl PLik iz 3)
mE17(a) iR, E 2T 52 WAH G5 B B SE DF el B2 2 KR

B17 R BHE R G () R 5 5 (b) (o) SE I PR3 R 3 70 i 72

Fig. 17 Microscopic image stitching system. (a) Motorized stage; (b) (¢) part of the process of stitching images in real time
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1857 3R 1600 X 1200 HAFRAIE 3 & B, 2 48 1) DF 2 3k
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