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Design of a portable ultrafine electron endoscopy imaging system
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Abstract: A portable ultrafine electronic endoscope system based on the STM32F407IGT6 microcontroller has been developed to address
the growing demand for high-quality imaging in narrow, confined spaces within the medical field. The system utilizes the OV6946 camera
module for image acquisition, and the analog signals are converted to digital form through the OV426 bridge chip. Image data is then
transmitted to the host computer via the USB interface. The host computer leverages the LabVIEW platform, integrating advanced image
processing techniques, including vertical stripe mnoise filtering, RAW color restoration, and an improved contrast limited adaptive
histogram equalization (CLAHE) algorithm, to enhance image quality significantly. Experimental results demonstrate the effectiveness of
the denoising and image enhancement processes. After denoising, the peak signal-to-noise ratio (PSNR) of the processed image reached
37.65 dB, with a structural similarity ( SSIM) of 0.970 8, indicating minimal information loss and high structural integrity.
Additionally, the image’ s local contrast was improved from 3.32 to 13. 16, and the average gradient increased from 7.08 to 28. 05,
which highlights a substantial enhancement in contrast and sharpness, particularly in the vascular regions. The system achieved a real-
time processing frame rate of 30 frames per second, with a processing delay of 33 ms, satisfying the stringent requirements for high real-
time performance and high-quality imaging in medical diagnostics. In terms of hardware design, the system’s compact size and reduced

weight represent a significant improvement compared to traditional endoscopy systems, enhancing both portability and operational
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flexibility. The experimental results indicate that this system excels in terms of imaging quality, real-time performance, and portability.

It offers promising potential to assist clinical diagnoses, improving the accuracy and efficiency of medical procedures. Moreover, the

system shows broad applicability in clinical settings,

gastrointestinal and respiratory tracts.

particularly for endoscopic examinations in confined spaces such as the
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ultrafine electronic endoscope
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B 15w RS T A R 2, SR RR A7 7E
fEME, LWk, 10 526 X% RCB Hi &R
[211,136,84 ], Horprar o fgg 4o oy i 1o 35 vy Ho K F
W, PR RO S E S O M, AN, FIiRE
FEAERL BRI, 16 5 ¥ (@ X 3 RGB i 4 /7y & K
(253,253,254 ], /R A O AR G2 5 17 15 S L0 A IX
B RGB Bt 4344 [ 253,139,491, 3 i (5,73 1 14 0
e, E— 2 IR R B
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Zoat P S EOR R S O e E R B 16 AR
FIRCR, Hidr, 10 B8 6 X 1 RGB i a5~ [ 63,
49,807 , 5 SEPRE T Ry HET , A €4 0] 45 21 B D 00
[, 16 S8 (0 X AY RGB 435 % My [ 254,228 ,97 ],
MM 15 5206 XK RGB 43 i #E [ 150,40,27 ], 5T
P B BT+ T G  (F 8 I B2 2 B 1Y)
AR,

3.4 EGUEREFIE G IEE R

R VA FR G SRR N N B R 8 AR SR R K R B K
R BT RGG R AR LK AT S B SRt R, R
ST g b PRIBEL BT 2R BE A 5 5 5 B0 A e s | ok
JFH R i 755 T e 5 Sk A5 2 R g O ek b, O A AH R A 355 2%
PETFFOS IR A TC M R . BT THE 2R TR Y i
{EL{5 M L (PSNR) FZ5 F AH DU (SSIM) . SEE 25 5 8
7R, M FE B PSNR N 37.65 dB,SSIM 4 0.970 8,
A Fo M AR AT A5 I R 7 1 [ B R R T
BIEEFE R B T BUS T AR AZ BB A5 2%, DT
R R AR B 2 B AR oK Bk R SE AR an sl 17
FIi7R

(a) T E B (b) EBERTE &

(a) Noise-free images  (b) Pre-denoising image
K17 FERCR
Fig. 17 Algorithm effect

(c) ZRJEER

(c) Denoised image

P AP PR HE A7 40 I8, LR AE 15 A B R —
1%, 2 %11 CLAHE™ F gt (4 CLAHE Xt 47
ANER ) [A] A IR AR kA B TR R Y R R L R
YRR B 18 & SR X b e 36 3 B ds A X B 43
Hral 1, CLAHE Ak Y CLAHE 76 /% &b 3 dh i 3%
AT R A o 2 B . R IR B R R L B
3.32, P K 7. 08, CLAHE &35, Jm 3 % kb 3
PETEE 12,24 F B IR T 24. 84, EMZ I 4015 Fn 4
BE R 0RO B CLAHE #F — 548 T+ T R B0 Lt
FE & 13,16, ¥ B ik 28. 05, 8 R T CLAHE, &
7t A AT PR R M AL RE Ty . T I e A
CLAHE 7€ 3 5 {5 35 b B2 R0 240 5 R 307 1, Lo Am i
CLAHE £ 8K f f #4, o 78 b 28 41 45 22 5K B 1
EIMRET AT 2, SRR UG, 76 32 5 AR5 W B2 5 40
TP, MR CLAHE #H He A CLAHE HA ¥k
e,

%3 CLAHE # i) CLAHE 358 8k MR XT L
Table 3 Performance comparison of CLAHE and
improved CLAHE enhanced algorithm

RS Jry % L SRR
JR 3.32 7.08
CLAHE 12.24 24.84
ekl CLAHE 13.16 28.05

(a) RALER (b) CLAHEAb 22 (0) BUECLAHEA:3
(a) Unprocessed (b) CLAHE (c) Improvements
image processing CLAHE

processing

B 18 BT bk

Fig. 18  Algorithm comparison results

4 #& g
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EbR. R T ek i UG AL B A48 IR | R I8
JELLA 2 PR HE SR A5 HOR , RGEA R TH T A BB R Y
Ak BRA AR, I DR RS AT I i 114, 396 2 17 2
X EPERE R A TR . A xR Gl it 5 2 K =
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