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A Method for Endoscopic Temperature Measurement Based on
Dark Noise Measurement of Image Sensors
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(School of Biomedical Engineering, Shanghai Jiao Tong University, Shanghai 200240, China)

[ Abstract ] Endoscopes are commonly used to guide laser or radio frequency surgeries, which inevitably induce
thermal effects on tissues. To avoid excessive damage to human tissues, it is necessary to monitor the temperature at
the contact surface between the probe and the tissue. Currently, the main temperature measurement technologies rely
on various temperature sensors. However, for disposable endoscopes, integrating sensors into the probe often increases
the size of the endoscope and raises the overall cost. This study explores a temperature measurement method based on
the dark noise of endoscopic image sensors. A mathematical model was developed to describe the relationship between
dark noise and temperature, and the model was calibrated and validated. The temperature measurement accuracy of this
method was maintained within approximately * 1.5°C. This research provides a theoretical foundation and technical
support for temperature monitoring in disposable medical endoscope probes, demonstrating significant potential for
practical application.
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TS S 248 X0 i B R R S35 (B 50 BEUL
AW

19557 519
e T , T <315K
1 10 Y
1.15x310 1.09><210 L346007 o
yole 7 T T ,315K<T<317K
214287 | oo
e T ,T=317K

(2)
Horp, T FRRYXNREE, 408 K.

A (2) RMREE - A SCRMPIERER, N
AT DS, (B 1 IR EZ A 43°C, B
TREETE 43°C LATR I, i I P - 24 {1 e 0 25 1) o
M BTS2, IR =T 43°CH, WIS
FRBE LT, BB RIB
2.1.3 IRBERIEFGIE

FE 2.2 R RS O kG A 1 E
B — 2H R B 430 24.4°C 29.4°C . 34.5°C,
39.4°C., 44.4°C, 49.5°C WM RS (E LA, X910 1
AL EA T4 1E RIS IE

R A 1 LA P (B X ECA DAs bR, LEE 1Y)
FECH R AR ;BRI I B8 A — L AR o) néa 7
5 SIBRME R R 22 E R MR, H RBONF A
ArE B RIAA P SEEA LRI ILEA X, U
24.4°C MRS (R FEMERC IE N4, o0 £ M s i
YRR B, JF 5 SEPRIEE AT A, TSR
W/ INRZE, TR — R, ) i — B A (] g e
FEFRMEAE R S TR M, RIE SR A5 B i 4
R 8 F1Fk 1 Uivn.

Fe 1 TR, SO Sl o S i
[ e X iR 225/, AN £1.5 °C, AR R I
BONPIAR, T SE RS RR SN RS R
BURMAREIE TS5, AR S Al .
22 (RERER2
2.2.1 1EBVEN

SRR 1 B9 25, i MATLAB
FANBEESE, PRI SRR, JF
i ] findchangepts PR T-FRIGE BIE, #1710 BrLk
PG, AR E 9 FR.



2025 46
X103
12,0
s |
2 —e KIEZ ALk
ot v W
o TN A
@ 105 )
o
=T 100
n:%% 9.5 |
E 9ot
-
85
8.0
7.5 1 1 1 1 1 1
205 300 305 310 315 320 325 330

/K

8 RS 1 BUSEIIRBYIO LR

Fig.8 Experimental model verification results of sensor 1

5 EMEFUFRERETIR 679
~4.50
—4.55 ¥, — Gk
. ——— 95%E[FIX [H]
—4.60 F
o)
B 465t
g
B -470 b
=®
o5t
_4_80 L . \\'\ s>

85
3.05 310 315 320 325 330 335
R (1/K) %10

B9 MEIHR 2 HIREIR A X BANE B BB R0 ) Bk M LS Hh sk
Fig.9 Segmented linear fitting curves of logarithmic dark noise
magnitude in endoscope 2 and the reciprocal of temperature

R 1 EREER 1 HOSCIR RIS R

Tab.1 Experimental model verification results of sensor 1

B /°C Mg A Y, Y=In (1,) TGRS In (Y) TRTRLEE /°C Y xiR2E /°C
24.4 0.00872 —4.74175 —4.98750 24.4 0
29.4 0.00899 -4.71148 ~4.93788 27.9 15
345 0.00931 ~4.67692 ~4.88893 332 13
39.4 0.00970 -4.63515 ~4.84340 39.9 0.5
44.4 0.01023 —4.58263 —4.76965 453 0.6
49.5 0.01081 —4.52731 —4.66579 49.6 0.1
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Tab.2 Experimental model verification results of sensor 2

% /°C WP N AV Y, Y=In (¥)) TGS In (Y) T /°C Yaxtindzs /°C
244 0.00872 ~4.74175 ~4.98750 24.4 0
29.4 0.00899 -4.71148 -4.93788 29.0 0.4
345 0.00931 -4.67692 -4.88893 349 0.4
39.4 0.00970 -4.63515 —4.84340 42.1 2.7
44.4 0.01023 -4.58263 -4.76965 45.2 0.8
49.5 0.01081 -4.52731 -4.66579 48.4 1.1
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