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Dissolved oxygen is a core indicator for assessing the health status of water environments in river
basins. This paper explores the transition from traditional manual sampling to intelligent monitoring,
proposes a dedicated monitoring system architecture for dissolved oxygen based on the Internet
of Things, and utilizes statistical data analysis methods to quantitatively evaluate the dynamic changes
of dissolved oxygen in water bodies and the impacts of environmental events.
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In the watershed ecosystem, the concentration of dissolved oxygen (DO) directly de-
termines the survival status of aquatic organisms and the self-purification capacity
of the water body. Traditional monitoring methods rely on manual regular inspections and
titration analysis, which are not only time-consuming and laborious, but also suffer from
significant spatial and temporal lags in data, making it difficult to capture diurnal fluctua-
tions or sudden hypoxia events of dissolved oxygen. The transition to an intelligent moni-
toring system based on the Internet of Things (IoT) has become the key to addressing this
bottleneck.

The intelligent dissolved oxygen monitoring system designed in this study comprises
a sensing layer, a transmission layer, and a data analysis layer.

Block diagram of the intelligent dissolved oxygen monitoring system for river basins
based on the Internet of Things (Fig. 1).

Processing Layer @ *i i :

Cloud Server Dalabasec

LoRa @

LoRa 4G

Transmission Layer

Perception Layer

‘ L'. Opheal
= Digsolved oxypgen

Data Collection

Fig. 1. Block diagram of the intelligent dissolved oxygen monitoring system
for river basins based on the Internet of Things
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At the sensing layer, the system deploys high-precision optical (or polarographic) dis-
solved oxygen sensor nodes. The microcontroller is responsible for collecting the analog
signals from the sensors and removing high-frequency noise caused by water flow distur-
bances through a built-in low-pass filter (LPF). Subsequently, the data is transmitted back
to the cloud database with low latency via a wireless communication module (such as
LoRa/4G), forming a continuous time series of dissolved oxygen data.

To deeply mine these high-frequency monitoring data, this study introduces rigorous
statistical data analysis methods at the cloud processing layer. Specifically, for specific en-
vironmental events within the basin (such as sudden rainfall, pollution discharge control, or
ecological restoration projects), the system employs a Difference-in-Differences (DID)
model for quantitative evaluation of policy or event effects.

Statistical analysis of dissolved oxygen data and evaluation process of the Difference-
in-Differences (DID) model (Fig. 2).
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Fig. 2. Statistical analysis of dissolved oxygen data and evaluation
process of the Difference-in-Differences (DID) model

Unlike simple mean comparison, the Difference-in-Differences (DID) model can ef-
fectively strip away the interference of time trends caused by changes in the natural envi-
ronment. With the help of professional statistical analysis tools such as Stata, a systematic
regression analysis is conducted on the dissolved oxygen panel data of the treatment group
(regions affected by the event) and the control group (regions not affected). This method
can accurately extract the net impact of a specific event on the dissolved oxygen concentra-
tion in water bodies (treatment effect).

The results of system simulation and empirical testing demonstrate that this intelli-
gent monitoring architecture not only achieves round-the-clock automated collection
of dissolved oxygen data, but also its embedded statistical analysis model can effectively
identify key driving factors affecting water quality.

Dynamic changes in dissolved oxygen concentration before and after environmental
events and DID effect analysis diagram (Fig. 3).
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Fig. 3. Dynamic changes in dissolved oxygen concentration before
and after environmental events and DID effect analysis diagram

In summary, this IoT monitoring system provides a high-timeliness and high-
precision data foundation for the refined management of watershed water environment.
Its analysis results can directly serve the formulation of ecological protection policies and
the scientific assessment of soil and water environment.
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MPOEKT YYEBHOI'O LLEHTPA MO TEXHOJIOIN'MAM
NMCKYCCTBEHHOIO MHTEJIJIEKTA C MCI'IOJ1b3OBUAHI/1EM
YOANEHHbBIX CEPBEPOB C TEXHOJIOTMEUN
JIOKANNIbHOI'O 3AMYCKA Al
A. B. ®enoposuy, A. J. llliabikoB

Yupeorcoenue oopazosanus «l omenvckuii 20cy0apcmeentblil mexHU4ecKull
yrusepcumem umenu I1. O. Cyxoeon, Pecnybauxa bBerapyco

Hayunsie pykoBogutenu: 0. B. Kppines, A. E. 3anonbsckuii

Paccmompena xonyenyus u apxumexmypa yuedH020 YeHmMpa no MmexHoI02UAM UCKYCCIBEH-
HO20 uHmennekma, oovedunsoueeo yoanenuvie GPU-cepsepbl u mexnoniocuu 10KaibHo2o pazeep-
muteanuss Al-mooenetl. Ilpeonoccena eubpuonas uH@pacmpykmyphas mooeib, obecneuusarouids
npaxkmuyeckoe ooyueHue pabome ¢ 60IbUUMU SA3bIKOGLIMU MoOenamu, enepamusHvim Al u cuc-
memam MAWUHHO20 0OV4eHUst NPU NOTHOM KOHMPOe HA0 OAHHbIMU.

KnroueBble c10Ba: MCKyCCTBEHHBIH HHTEIUIEKT, OONBIIHIE SI3EIKOBBIE MOJIENH, JIOKAIbHBIN HH(e-
perc, GPU-undpactpykrypa, MLOps, rubpuiHas apXUTeKTypa, y4eOHbIH IIEHTpP, Open-source MoeIu.

CrpeMuTeNbHOE pa3BUTHE TEXHOJIOTUI UcKyccTBeHHOro uHremiekra (M) u, B yactHo-
CTH, OOJBIINX S3BIKOBBIX Mojienelt (LLM), hopMupyeT yCTONUMBBINA CITPOC HA CIICITHATTUCTOB,



