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Image Enhancement for 8K Endoscope Videos Based on Deep Learning
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<Summary> Number of endoscopic surgery trends upward because the postoperative recovery is fast and the patient can be
discharged immediately. Although endoscopic surgery is less burden on patients than open surgery, its difficulty is high for
unskilled doctors. Recently, an 8K resolution endoscope camera has been developed to improve the technical level of
endoscopic surgery. An 8K endoscope camera is expected to reduce the difficulty of surgery because it can obtain a lot of
information about texture and depth of the organ. However, an 8K endoscope camera has a shallower depth of field than
traditional cameras, and it is difficult to simultaneously focus on multiple objects such as blood vessels and sutures. In this
paper, the method which makes 8K endoscopic videos with insufficient focusing sharp is proposed. And then, in order to
quantify the performance of the proposed method, the visibility of sutures used in surgery and the image quality degradation
due to noise were evaluated by subjective assessments. As a result of the experiments, it is shown that image quality
degradation was avoided, and that sutures could be found in a shorter time.
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Fig.1 The noise occurred in 8K endoscopic videos
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minimize{loss, + loss,} (6)
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Fig.6 The architecture of proposed method for noise reduction
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Fig.7 The architecture of proposed method for image enhancement
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Video 3, 5 Ti%2 ANOHEREDIFRBUEOBEE DS 3B EFE
L7273, 8 4LL EoOWRE IIR%E Nl iz ) A X3
RN & UERE AR U7, RRRDASN O SRS T AR
F 10 ADVLEES I I S L2 R UV R L. E iz,
50 AT 47 [l & 94%DE|E CHULIRRMS I (L 2K Ule
U &R L7

5. &R

IR Tl SO FHE A 2BV IR LER L TV,
AU I L o CREG R A BIEET 5 £ TOREIZEAZE
BHV, 1 FORR TG R ERAHKL)r o720 TH
% . KRG CIIRE A R ORBMEICAAENH B Z L 2 EE L,
FHFERIZH LT/ T A N v I R PIETHDL Y 4L
7 v OFBIEMIRE 2 21To7-. TORRE, 1%DOFFEK
YECHLEME O TN FENE L 0 bRESR B LTV L
PRSI,

—J7 T, METFIHEOLIERHO 8K NIESIMEIZ OV CH
BTN L7 AER, 16%DHERE 1L ) A X3 rofs &
P L7z, X DIT, EENED LR Tz LR LR
FBrEOTGE, WRIT UM% LD, ZOHET ) A XL
HEELER L TR T WBRE 0BG 2w L, #E
FIHEIC X DEREAEICIET ) A R B L2V E Vo TRV,
PLEND, $REFEIT A XEERT 5 2 & THESLE
HLoD, 7H—HABDERR47 8K PIREENYS % 5
BHLFRECTHD LB HND.

BRFIETBIENFHR IR TS 4K fHERE DL KM
AR5 & LTV %, GPU |2 Nvidia Titan Xp Zf8H L7-
e, BBEFET 1 7 L—2567- 0518 X U PO WL 4
BL7z, UL 56 fps CAUERAIEE/RR Z L A BT D, —7,
H A 7 ARSI Lo CTREIF Sz SK NREED X 713 60
fps THMG A T B MEREZ RS 2 . REFIEONIEEES T
1% 60 fps TDO VU TILZ A DEREAT 5 IZIHENNTARZIZN,
N R =T LV TORMEEITD 2 & TUTAZ A LAL
AR TR S ARIEEE oM EEBERL, L
A 7 > VDRV Field Programmable Gate Array (FPGA)IZ LY
RETIEEZFETHVLERD D EEZD.

8K PIHREEMEIZIZI T 7T 2 ) A XL 1IN R D /)
A ZXPRFEL TN, ZIUCERGSE 20O L ONBESHE
BZENFEERD—oL LTEXLND. SK NIREED 2 T DR
FTIIHERD HDMK B A TP A A0 NE W, Z D728
BN L DB AR 2T, RERNSEZBELTLE A
HEMDSH 2. BFERIIBLSESEOBEE Y — ) A RERE
SELHERETHY, 8K WIRBIBMRIZFEAE L Tz ) A RDFf
BWe—ET 5. FMOERE LT, MBEENAMELZZ L
THER TIEIREE A FTRE T b > Il R 22 1 _E OB 72 W1 242
ZT-AREMER B D, 5%IT ) A AORBAERRNEZHLNIZL,
FRULISHENT T 8K ARSI DR TRE T 5 L ERH 5.

4 Video 4 DHHFRIFH]

Table 4 Recognition time of video 4

FREfH[s] REFE[s] FEfH[s]
PRE | g~ | ~mmwiee |~
A 3.12 2.27 —0.85
B 2.95 2.48 —0.47
C 3.90 2.70 —1.20
D 3.82 3.43 —0.39
E 4.42 2.92 —1.50
F 4.53 3.15 —1.38
G 2.62 1.90 —0.72
H 2.50 1.33 —-1.17
1 3.68 2.83 —0.85
J 4.28 3.20 —1.08
#& 5 Video 5 DRI
Table 5 Recognition time of video 5
R [ 5] R [s] FERE[s]
R ~ Mg~ ~ LR~ ~Fhr~
A 3.40 2.18 —1.22
B 2.22 1.40 —0.82
C 4.37 2.37 —2.00
D 4.65 3.10 —1.55
E 5.38 4.88 —0.50
F 5.63 5.18 —0.45
G 2.17 1.62 —0.55
H 3.23 1.08 —2.15
1 4.77 3.35 —1.42
J 5.88 5.22 —0.66
=6 BEEFHHORR
Table 6 The result of image quality evaluation
e Bad Poor Fair Good | Excellent
Video 1 0 0 1 5 4
Video 2 0 0 2 3 5
Video 3 0 1 2 4 3
Video 4 0 0 3 3 4
Video 5 0 2 1 2 5
6. fE

AHFFEITRIEEE % I T 4 —H ARR+0 7 8K PNREE
Wt & RS LT 2 FIEERE Lz, SR i S
B A XEWET 5708, BEFEITIL S A AR -
EE LA A2 BTz, FEBROME, AHERTO 8K N
TREEIE TIIAREBINEE T H - 72 EEE 0.02 mm LL T ORES 403
WL 720, 1%DOH EKEETHR T 5 £ TORED 33%ME
BEAE LI Z AR ENT. EDIL, ABZOMEIL ) A X
LOEELNIFEEAERE L bR ERRENTZ. 5%
TV T EA DA BT L, BEFIEE N — N = 75
THZENETHD.

St
AFFIE TR L7c 8K PRSI E 2 ZHRHb 272 e i A
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