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Abstract — The article addresses the problem of improving temperature measurement accuracy in thermometric cables
based on DS18B20 digital sensors. The specified accuracy of a single sensor is £0.5 °C, which limits the use of standard
thermal cables for applications requiring an accuracy of £0.05 °C. The aim of the study is to substantiate the possibility of
achieving this accuracy by installing several sensors at each monitored horizon followed by joint processing of their
readings. A combined method is proposed, including spatial averaging of readings from 2-3 sensors, individual calibration
of each sensor, and temporal filtering. Calculations show that after individual calibration with a residual systematic error of
no more than 0.03 °C and spatial averaging of three sensors, the total error does not exceed 0.05 °C. The results can be used
in the design of systems for long-term monitoring of soil and borehole temperatures.
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DS18B20 JATYUKTEPIH KOITHYKTEJIIK OPTAIUNAJIAY HET'T3IHAE TEPMOMETPJIIK
KABEJIb OJIIEYJIEPIHIH A9JIAII'TH APTTBIPY
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Anoamna — Maxana DS18B20 1upablk AaTYUKTEpi HETI3IHAE TEPMOMETPIIK KalOelbAeperi TeMrepaTypaHbl eJey
TOIIITIH apTTRIPY MocelieciHe apHanFaH. bip maTaukriH macmopTTelK Kartemiri £0,5 °C kypaiinst, 6yn +0,05 °C mommixTi
Tajam eTeTiH MiHICTTepAe CTaHAAPTTHl TEPMOMETPIIK KaOenmpAepli KOJNaHyHbl MIEKTeHmi. 3epTTeymiH MakcaTbl —
0aKpUTaHATHIH 9pOip TOpU30HTKA OipHEIIe JATYMK OPHATHIM, OJMapAbIH KOPCETKIITepiH KeHiHHeH Oipiiecin eHIey apKbLIbI
aTaFaH IONIIKKE KOJ JKeTKi3y MYMKIHAITIH Heri3ney. 2—3 NaTYNKTiH KOPCEeTKIMTepiH KEHICTIKTIK opTamanaymnsl, apoip
CEHCOPIBI )KEeKe KaTHOpIeyi JKoHE YaKbIT OOWBIHINA CY3TiIey i KAMTHTHIH OipiKTipiireH dfic YCHHBUIABL. EcenTik »omMeH
KanapIK okyienik katemniri 0,03 °C-TaH acmalThIH jkeKe KaInOpieyIeH JKoHe YII JaTYUKTIH KEeHICTIKTIK OpTallalaHybIHAH
Kelfin KubHTHK KaTemikTiH 0,05 °C-taH acmalThIHBI KepceTinmi. AJBIHFAH HOTIDKENEp TOIBIpaK IIeH YHFBIMAlap
TeMIepaTypachlH Y3aK Mep3iMIi MOHUTOPHUHITEY KYHEIEepiH Ko0anay Ke3iHAe maiIanaHbuTybl MYMKIiH.

Kinm ce30ep — tepmomerpitik kaberms, DS18B20, enmiey nommiri, JaT9NKTEpIi opTamanay, Kaluopiey, TeMIIepaTypalbiK
MOHHTOPHHT.
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HOBBIIIEHUE TOYHOCTHU U3MEPEHHUI TEPMOKOCHI HA OCHOBE
MHOI'OTOYEYHOI'O YCPEJHEHUSA JATYUKOB DS18B20
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Annomayun — CraTbsl NOCBSIIEHAa NPOOJIEME MOBBIIICHHS TOYHOCTH M3MEPEHHH TeMIlepaTypbl B TEPMOMETPHUYECKUX
Kocax Ha ocHOBe udpoBbix AarunkoB DS18B20. [TacnopTHast morpemHocTs OJUHOYHOr0 natyuka coctasisier £0,5 °C,
YTO OTPAHUYMBACT MPUMEHEHUE CTAHIAPTHBIX TEPMOKOC IJIs 3aaa4, TpeOyrommx Tounoct £0,05 °C. Lenpb uccrnenoBanus
— 000CHOBaTh BO3MOXKHOCTh JOCTWIKEHHSI YKa3aHHOM TOYHOCTH NMYTEM YCTAaHOBKH HECKOJBKHMX JIATYMKOB Ha KaXIIbIH
KOHTPOJIMPYEMBIA TOPU30HT C MOCICIYIONICH COBMECTHOW 00pabOTKOM WX moka3zaHuil. [IpemiokeH KOMOMHUPOBAHHBIN
METO/I, BKJIFOUAIOIIUH MPOCTPaHCTBEHHOE yCPEJHEHNE MTOKa3aHUi 2—3 NaTYMKOB, MHAWBUAYAIbHYIO KATHOPOBKY KaXKI0Tr0
CEHCOpa U BpeMeHHYI0 (uibTpanuio. Pacu€THeIM yTéM 1MOKa3aHo, 4TO I10CIe WHIUBHYAILHON KaJTHOPOBKH C OCTaTOYHON
cucreMaTniyeckoi mnorpemHocteio He Oonee 0,03 °C ¥ MpOCTPAaHCTBEHHOrO yCpeAHEHHs TPEX AATYUKOB CyMMapHas
norpeurHocts He npessbiniaer 0,05 °C. [loxyueHHbIe pe3yabTaThl MOT'YT OBITh MCIIOJIb30BAaHBI MPU MPOSKTUPOBAHUU CHCTEM
AOJITOBPEMEHHOI'O MOHUTOPHUHI'A TEMIIEPATYPHI 'PYHTOB U CKBAKHUH.

Knrwouesvie cnoea — tepmokoca, DS18B20, TouHOCTs M3MEpEHUH, ycpelHEHHE NaTYMKOB, KalIuOpPOBKa, TeMIepaTypHBIN
MOHUTOPHHT

KEY FINDINGS (RMSE) decreases to 0.057-0.169 °C. This creates

The study established that the specified error of a  Prerequisites for achieving the accuracy required for
single DS18B20 sensor (£0.5 °C) can be reduced to applications demanding highly reliable temperature

+0.05 °C through the combined use of spatial data _ . _

averaging and individual calibration. The proposed _Research gap. Despite the availability of studies
method showed that with three sensors installed at " individual calibration of DS18B20 sensors, the
each horizon and a residual systematic error of 0.03 Ccombined application of spatial averaging of several
°C, the total error does not exceed 0.047 °C. The SENSOrs and their individual calibration to achieve an
results can be used in the design of thermometric ~accuracy of £0.05 °C remains insufficiently studied.

cables for long-term monitoring of soil and borehole ~ EXisting studies either consider only calibration of
temperatures. individual sensors [7] or are limited to averaging

without accounting for systematic errors. This study
INTRODUCTION addresses this gap by proposing a combined method

Thermometric cables based on DS18B20 digital that integrates spatial averaging of 2—3 sensors at each

sensors are widely used for long-term monitoring of ~ horizon with their individual calibration. _
soil, borehole, and water-body temperatures. The main The aim of the study is to substantiate the
limitation of the standard single-point solution is the ~Possibility of achieving a temperature measurement

specified error of the DS18B20, which is +0.5 °C over ~ accuracy of +0.05 °C in a thermometric cable by
the range of —10...+85 °C. At the same time, the installing 2-3 DS18B20 sensors at each monitored

sensor resolution in 12-bit mode reaches 0.0625 °C, horizon_foll_o_vved by joint progessing of their readings.
which is substantially better than its absolute accuracy. Scientific novelty. This study proposes and

Recent studies show that individual calibration of ~ @nalytically ~substantiates, for the first time, a
DS18B20 sensors can substantially improve their combined method for improving the accuracy of
metrological characteristics. Rodriguez-Rama et al. [§] DS18B20-based ~ thermometric ~ cables  that
showed that after applying individual affine linear simultaneously applies spatial averaging of readings

correction, the mean absolute error (MAE) decreases from several sensors and individual sensor calibration.
to 0.046-0.130 °C, while the root mean square error Unlike known studies that consider either calibration

of individual sensors [6] or averaging without
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correction of systematic errors, the proposed approach
makes it possible to separately assess the contributions
of random and systematic error components and
determine the conditions for achieving the target
accuracy of £0.05 °C. It was established that with a
residual systematic error of no more than 0.03 °C and
three sensors per horizon, the total error does not
exceed 0.047 °C. Quantitative relationships were
obtained for calculating the required number of
sensors and calibration accuracy depending on the
specified target error.

LITERATURE REVIEW

The DS18B20 sensor manufactured by Maxim
Integrated (now Analog Devices) is one of the most
widely used digital temperature sensors in
environmental  monitoring  systems. Its  main
advantages are low cost, a wide operating temperature
range (—55...+125 °C), a 1-Wire digital interface, and
the ability to connect up to 200 sensors to a single bus.

The specified accuracy of the DS18B20 is +0.5
°C over the range of —10...+85 °C. However, as
numerous studies show, the actual error of individual
units may differ substantially. Rodriguez-Rama et al.
[6] conducted metrological validation of eight
encapsulated DS18B20 sensors using the TH-001
procedure of the Spanish Metrology Center. Without
data processing, the errors corresponded to the
manufacturer's specified 0.5 °C, but significant inter-
sensor bias was observed.

The use of correction models can substantially
improve accuracy. The study showed that the
individual affine linear correction model provides the
best compromise, reducing MAE to 0.046-0.130 °C.
Similar results have been obtained in other studies:
calibration of DS18B20 sensors under controlled
conditions can reduce the mean error from 3% to
0.85% and decrease the standard error by
approximately 48%.

An important aspect is the issue of sensor self-
heating. According to the technical documentation,
DS18B20 self-heating is less than 0.2 °C due to its
low power consumption. However, during continuous
high-frequency polling, self-heating can accumulate.
Studies show that with a polling interval of 1 second,
self-heating may reach 2 °C, whereas with a 30-
second interval it decreases to less than 0.5 °C.

The averaging of readings from multiple sensors
has been considered in a number of studies. In
particular, discussions in the OWFS community note
that using the average value from 30 sensors as the
“true” temperature makes it possible to apply
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regression analysis to compensate for each sensor's
readings. Linear regression showed a better fit
(deviations within —0.04...+0.06 °C) than quadratic
regression.

The use of DS18B20-based thermometric cables
for soil-temperature monitoring has been described in
several publications. Zaszewski and Gruszczynski [11]
presented a long-term soil-profile temperature
monitoring system based on Arduino and DS18B20.
After laboratory calibration, the mean absolute error
was 0.02 °C. This confirms the fundamental
possibility of achieving high accuracy provided that
the sensors are carefully calibrated.

Thus, the literature review shows that individual
calibration of DS18B20 sensors can achieve an
accuracy of 0.05 °C or better. However, the combined
use of calibration and spatial averaging for
thermometric cables remains insufficiently studied,
which justifies the need for the present research.

MATERIALS AND METHODS

The study used computational and analytical
methods for assessing measurement error. The
analysis was based on data on the metrological
characteristics of DS18B20 sensors obtained from
published sources and technical documentation.

A. Ethical Approval and Informed Consent

This study did not involve experiments with
human participants or animals. Ethical approval was
not required.

RESULTS AND DISCUSSION

A. Analysis of DS18B20 Error Sources

The error of a single DS18B20 sensor consists of
the following components:

1. Systematic error (bias). The individual bias of
each sensor relative to the true temperature. According
to metrological validation of eight DS18B20 sensors,
the mean absolute error (MAE) without correction was
0.28-0.31 °C, with substantial inter-sensor variation.
Systematic error is dominant and is not eliminated by
simple averaging of readings from identical sensors if
their biases are correlated.

2. Random error. This is caused by quantization
noise (0.0625 °C at 12 bits), fluctuations in supply
current, and thermal noise. This component can be
effectively reduced by averaging both over time and
across space (using several sensors).

3. Self-heating error. The DS18B20 draws less
than 1 mA, and self-heating is estimated at less than
0.2 °C; however, it may accumulate during continuous
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polling. With cyclic polling and pauses, self-heating is
negligible.
B. Spatial Averaging Method
At each horizon of the thermometric cable,
sensors (2 or 3) are installed within a single isothermal
zone. The resulting temperature value is calculated as
the arithmetic mean:\(n\)
T=2%1.T, (1)
If the random errors of individual sensors are
independent and have the same standard deviation
(SD) , the standard deviation of the arithmetic mean
decreases by times:\(a\)\(vVn\)
o = %
For a typical random component of
guantization step), we obtain:\(¢ = 0,0625\)

)

°C (one

Number of sensors

1 0.0625
2 0.0442
3 0.0361

Thus, even with the random error component is
reduced below the target level of 0.05 °C, and with —
with a margin.\(n = 2\)\(n = 3\)

C. Calculation of the Reduction
Systematic Component

Systematic error is eliminated in a fundamentally
different way—through individual calibration of each
sensor. Spatial averaging by itself does not reduce
systematic error if sensor biases are correlated (which
is characteristic of devices from the same batch).
However, after calibration, the residual systematic
error can be reduced to a level comparable to the
random component.

D. Combined Calculation of Achievable
Accuracy

The total error after calibration and averaging is
estimated using the following formula:

A).'.' = ’Agm:'r + GTZ (3)

where is the residual systematic error after
calibration, and is the SD of the random component
after averaging.\ (4cuc:\)\(07\)

Scenario 1: 2 sensors, calibration to MAE = 0.05
°C

Ay = /0,052 + 0,04422 = ,/0,0025 + 0,00195

~ 0,067 °C

Scenario 2: 3 sensors, calibration to MAE = 0.05

°C

in the
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Ay =4/0,052 + 0,03612 = ,/0,0025 + 0,00130

~ 0,062 °C

Scenario 3: 2 sensors, calibration to MAE = 0.03
°C (best-performing units)

Ay =4/0,032 + 0,04422 = ,/0,0009 + 0,00195

~ 0,053 °C

Scenario 4: 3 sensors, calibration to MAE = 0.03
°C

Ay = \/0,032 +0,0361%2 = \/0,0009 +0,00130

~ (0,047 °C

Thus, the target accuracy of +0.05 °C is achieved
under two conditions:

1. Individual calibration of each sensor with a
residual systematic error of no more than 0.03-0.04
°C.

2. Spatial averaging of at least 3 sensors per
horizon (or 2 sensors with particularly good
calibration).

E. Calibration Procedure

To achieve a residual systematic error of 0.03 °C,
the following procedure is recommended:

1. Temperature stabilization. All sensors in the
batch to be calibrated are placed in a precision
thermostat with a reference thermometer (e.g., Pt-
100). Temperature-field nonuniformity within the
working volume should not exceed 0.01 °C.

2. Multi-point calibration. Measurements are
performed at no fewer than 5-7 temperature points
covering the operating range. A linear regression is
constructed for each sensor, and its coefficients are
stored in the logger memory.\(T,e, = @ - Tps + b\),

3. Residual error assessment. After applying the
correction, the MAE is calculated for each sensor.
Sensors with MAE > 0.05 °C are rejected or
recalibrated.

G. Additional Measures to Reduce Error

1. Temporal averaging (moving average). In
addition to spatial averaging, time-series filtering is
applied. With a polling period of s and an averaging
interval of s, the reduction in the random component
is , i.e., the SD decreases from 0.0625 °C to 0.008 °C.
This provides an additional accuracy margin.\(T =
TO\(nT = 60\)\(1/V60 ~ 0,129\)

2. Median filtering. To eliminate anomalous
outliers (e.g., during brief 1-Wire failures), a median
filter over three consecutive readings is applied. This
improves system robustness without significantly
increasing computational load.

3. Self-heating control. Sensors are polled with
pauses of at least 5 seconds between measurements,
reducing self-heating to a negligible level.
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CONCLUSION microcontrollers ~ using the existing  1-Wire
The proposed method of multi-point averaging of infrastructure. Further work will involve experimental
DS18B20 sensors combined with individual verification of the calculated estimates on a calibration
calibration makes it possible to achieve a temperature  test bench.
measurement accuracy of £0.05 °C in a thermometric

cable. The key conditions for success are: CONFLICT OF INTEREST

- installation of at least 3 sensors at each The authors declare no conflict of interest.
monitored horizon; ACKNOWLEDGMENTS

- individual calibration of each sensor with a The authors thank the reviewers for their valuable
residual systematic error of no more than 0.03 °C; comments.

- application of temporal averaging and median Copyright © 2026 belongs to the author(s). This
filtering; article is distributed under the terms of the Creative

- control of self-heating through cyclic polling Commons Attribution-ShareAlike 4.0 International
with pauses. (CC BY-SA 4.0) license.

The method does not require expensive
equipment and can be implemented on standard
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