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TOM TAT NHUNG KET LUAN MOI CUA LUAN AN (vé mit hoc thuat, Iy luan, luan
diém méi vé khoa hoc va thyc tién )

Luén an st dung cic phuong phap nghién ctru ing dung hién dai, di tir viéc thu thap dir li¢u
chét lugng khong khi tai mo theo thoi gian thuc, dén viée ung dung céc k¥ thuat xi ly dir licu
tién tién, phat trién cac mo hinh lai (hybrid models) dwa trén cac thudt toan hoc may va cac giai
thuat t6i vu dé du bao chat lugng khong khi trén mo 16 thién (tinh toan thir nghiém cho mé
dong Sin Quyén). Céc két qua nghién ctru ctia Luan 4n cho thay:

- Quy trinh quan tric phan ting theo ba cao d6 va quy trinh xir Iy chudi dit liéu PM2s, CO, khi
tuong va hoat dong san xuét can phai duoc thiét lap mot cach phu hop, c6 kha ndng dai dién
cho cac khu vuc ¢6 mic dd 6 nhiém cao trong mo.

- K§ thuat CEEMDAN, bién tuong tac va cac bién tré d duogc sir dung dé giam anh huong cia
nhiéu cuc bd va biéu dién dic diém tich tu 6 nhiém theo thoi gian tai m¢ 16 thién sau.

- 8 md hinh hoc may tién tién da duoc nghién cru va phat trién trong luan 4n dé du bao chat
lugng khong khi cho moé dong Sin Quyén, tip trung cu thé vao PMasva CO, bao gdm: RF,
XGBoost, LSTM, TCN, AttnLSTM, MPA-RF, MPA-XGBoost va stacking. Trong d6, m6 hinh
XGBoost duge tdi wu hoa bang giai thuat T6i wu hoa ké sin moi dai duong (Marine Predators
Algorithm - MPA) di cho thay hiéu suit vuot troi nhat véi sai s6 RMSE, MAE thap va hé s6
xéac dinh R? cao hon cac md hinh d6i chimg duoc khao sat, dong thoi cai thién kha nang bam
sat cac dinh ndng d0 tai cac khau san xuat dot bién (vi du: khau nd min) so véi mé hinh con lai.
- Mbi lién hé theo thoi gian giita chu ky ctia cong tac khoan - nd min, xtic bdc - van tai, diéu
kién vi khi hau va sy bién thién PMzs, CO ciing di dugc 1am rd thdng qua phan tich chudi thoi
gian, bién tré va co ché chi y. Két qua cho thay viéc dua thong tin cac khau day chuyén cong
nghé khai thac mo vao tap dac trung dir li¢u gitip cho cho dit li¢u ting murc dd chi tiét hon, md
hinh phan 4nh tot hon cic giai doan phat thai dot bién va tich tu kéo dai.

- Nghién ctru ciing dd dé xuat quy trinh chuyén d6i két qua du bao trudc 1 dén 3 gio thanh cac

murc theo dbi, canh bao va khuyén nghi diéu hanh c6 su phé duyét ctia can bd quan Iy mo, qua



d6 gop phan chuyén phuong thirc quan Iy mdi trudng tir hdu kiém sang phong ngira trong pham

vi nghién ctru dién hinh tai mo dong Sin Quyén.
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SUMMARY OF THE NEW FINDINGS OF THE THESIS (in terms of academic and
theoretical contributions, as well as new scientific and practical findings)

The thesis employs modern applied research methods, beginning with the real-time collection
of air-quality data at the mine, followed by the application of advanced data-processing
techniques and the development of hybrid models based on machine-learning algorithms and
optimization algorithms for forecasting air quality in open-pit mines (with experimental
calculations conducted for the Sin Quyen Copper Mine). The main research findings are as
follows:

- A three-elevation stratified monitoring procedure and a workflow for processing time-series
data on PM2 s, CO, meteorological conditions, and production activities should be appropriately
established so that they can adequately represent areas with high pollution levels within the
mine.

- CEEMDAN, interaction variables, and lagged variables were used to reduce the effects of
local noise and represent the temporal characteristics of pollutant accumulation in a deep open-
pit mine.

- Eight advanced machine-learning models were investigated and developed in the thesis for
forecasting air quality at the Sin Quyen Copper Mine, with a specific focus on PM.s and CO,
including RF, XGBoost, LSTM, TCN, AttnLSTM, MPA-RF, MPA-XGBoost, and Stacking.
Among them, the XGBoost model optimized using the Marine Predators Algorithm (MPA)
demonstrated the best performance, with lower RMSE and MAE values and a higher coefficient
of determination (R?) than the benchmark models investigated. It also showed an improved
ability to capture concentration peaks during abrupt production activities (e.g., blasting)
compared with the other models.

- The temporal relationships among drilling-blasting cycles, loading-hauling operations,
microclimatic conditions, and variations in PM2s and CO were also clarified through time-

series analysis, lagged variables, and attention mechanisms. The results show that incorporating



information from the stages of the mining production process into the data feature set increases
the level of detail in the data and enables the model to better represent periods of sudden
emissions and prolonged pollutant accumulation.

- The study also proposed a procedure for converting 1- to 3-hour-ahead forecast results into
monitoring levels, warning levels, and operational recommendations subject to approval by
mine management personnel, thereby contributing to a shift in environmental management
from ex-post control toward preventive management within the case study at the Sin Quyen

Copper Mine.



