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MO DAU
Ly do chon dé tai:

Nganh dién gidé dang phat trién manh, nhung moéi trudng 1am viéce tai cac
trang trai dién gio khéc nghiét voi do cao 16n va thoi tiét bat loi, tiém 4n nhiéu nguy
co tai nan lao dong. Giam sat thu cong thiét bi bao ho ca nhan (PPE) hién nay kém
hiéu qua do dé xay ra sai sot va kho kiém soat toan dién. D& tai tng dung tri tué
nhén tao va nhan dién hinh anh dé tu dong hoa giam sat PPE, nham giam tai nan va
nang cao an toan lao dong. Sy kha thi dugc dam bao nho cong nghé hoc sdu nhu
YOLOVS va ha tang k¥ thuat hién dai.

Tong quan vé van dé nghién ctru:

An toan lao dong 1a wu tién hang dau trong cac nganh cong nghiép nguy
hiém, nhung giam sat PPE tai trang trai dién gi6 con han ché, chu yéu dya vao kiém
tra thu cong. Cac giai phap tu dong hda nhan dién PPE da duoc 4p dung trong xay
dung va khai thac dau khi, nhung chwa tdi wu cho nganh dién gi6 véi diéu kién dic
thu. Nghién ctru tap trung phat trién hé thong nhan dién PPE thoi gian thyc, tich hop
vao hé thong van hanh va bao tri (O&M), gdp phan ning cao quan 1y an toan va
giam rui ro.

Muc dich nghién ciru:
« Xay dung co so Iy thuyét cho nhan dién PPE bang mé hinh hoc sau.
« Phat trién module tu dong phat hién PPE, cung cép canh bao thoi gian

thue va tich hop vao hé théng O&M dé giam tai nan va cai thién quan

ly an toan.



Doi twgng va pham vi nghién ciru:

. Dbi tuong: He théng nhan di¢n PPE cho k¥ su bdo tri, tap trung vao
mil bao hd, kinh, gang tay, day an toan va giay bao hg.
e Pham vi: Nghién clru tai cic trang trai dién gi6 ¢ dao Naju (Han

Quéc) va Pa Lat (Viét Nam), thuc hién trong 2-3 thang.
Phwong phap nghién ctru:
Nghién ctru duoc trién khai v6i cac phuong phap cu thé sau:

« Phén tich tai liéu vé cong nghé nhan dién hinh anh va tiéu chuan an
toan lao dong dé xay dung nén tang 1y thuyét.

e Thu thap dir li€u hinh anh tr trang trai dién gid, tap trung vao tinh
hubng k¥ su c6 hoic khong trang bi PPE, b6 sung dit liéu tir ngudn
cong khai khi can.

o Phat trién module nhan dién PPE dya trén md hinh hoc sdu YOLOVS,
huan luyén mé hinh va tich hop vao hé théng O&M thong qua API.

e Thu nghiém thuc dia tai trang trai dién gio dé danh gia hiéu qua hé
thdng trong diéu kién thyc té.

« Panh gia hiéu suat thong qua cac chi sé k¥ thuat (46 chinh xéc, thoi

gian xir Iy) va kha niang tmg dung thuc té.



Bo cuc cia luin vin

Chuwong 1: Panh gia thue trang: Chuong nay phan tich tinh hinh st dung
PPE tai céc trang trai di¢n gio, néu bat cac rui ro tai nan do thiéu PPE hoic st dung
khong dung cach. Thuc trang giam sat thu cdng dugc danh gia 1a kém hiéu qua, dac
biét trong moi trudng khéc nghiét. Nhu cau phat trién hé théng te dong hoa nhan
dién PPE va dinh hudng tich hop vao hé thng O&M dugc dé xuat dé cai thién an

toan lao dong.

Chuwong 2: Xay dung giai phap va thwe nghiém: Chuong nay trinh bay co
so 1y thuyét cua hoc sau, tap trung vao mo hinh YOLOVS. Qua trinh thu thap di
liéu tir dataset SH17, hudn luyén va thir nghiém mo hinh dugc mo ta chi tiét. He
thong nhan dién PPE dugc tich hop vao O&M qua API REST, véi thir nghiém trong
diéu kién tiéu chuan va phirc tap, danh gia hiéu suit qua cac chi sd nhu Precision,

Recall, va mAP.

Chuwong 3: Panh gia két qua: Chuong nay phan tich hiéu sudt mo hinh
YOLOV8m, véi Precision 87.2% va mAP 85.3% trong diéu kién tiéu chuan, nhung
giam con 71.9% va 66.7% trong mdi treong phiuc tap. So sanh vdi YOLOVS,
YOLOX-m, va Faster R-CNN cho thdy YOLOv8m vuot tri vé téc do xur ly. Hé
thong tich hop dat thoi gian phan hoi 0.8 gidy va ty 18 xtr 1y thanh cong 98%. Kha
nang ung dung thuc té va cdc han ché (thiéu dit liéu thuc dija, hiéu suét giam khi

rung lic) dugc thao luén.

Chuwong 4: Két luin va kién nghi: Phan nay tom tit két qua dat duoc, bao
gdm hé thong nhan dién PPE hiéu qua, giam thoi gian kiém tra tha cong va dap tng
tiéu chudn ISO 45001. Cac han ché nhu dit liéu khong dong déu va hiéu suit trong
diéu kién rung lic duge dé cap. Kién nghi bao gém thu thap thém dir li¢u thuc dia,
tich hop thuat toan 6n dinh hinh anh, va mé rong nhan dién hanh vi nguy hiém.
Huéng phat trién twong lai dé xuat ung dung hé thong trong cac nganh cong nghiép

khac va tich hgp cong nghé IoT, blockchain.



CHUONG I: PANH GIA THUC TRANG.

1.1. Thuc trang st dung PPE trong cac trang trai dién gio

Trong nganh dién gid, moi trudng 1am viée ¢ d6 cao 10n, gan thiét bi dién ap
cao va chiu tac dong cua thoi tiét khic nghiét nhu gi6 manh, mua hodc suong mu
khién an toan lao dong trd thanh uu tién hang dau. Viéc st dung thiét bi bao ho ca
nhan (PPE) nhu mii bao hd, dy dai an toan, kinh, gidy va 4o phan quang 13 bt
budc, nhung thuc té cho théy viéc tuan thu con nhiéu han ché. Theo théng ké cua
ILO va OSHA, hang nam c6 dén 2,78 triéu ca tur vong va 374 tri€u ca chin thuong
khong tir vong lién quan dén tai nan lao dong, trong d6 khoang 30% tai nan nganh
nang luong lién quan dén vi pham PPE.

Hé théng giam sat PPE hién tai cha yéu dwa vao kiém tra thi cong, von bi

gi61 han boi:

e Tam bao pha khong day du (chi dat khoang 60—70%)
e Anh huong béi yéu t6 con nguodi nhu chu quan, mét moi, thiéu tap trung

e Kho khin trong diéu kién thoi tiét bat loi hodc dia hinh phuc tap

Ngoai ra, chét luong PPE tai mot $6 trang trai khong dam bao (mii nat v3,
day dai kém chét luong, kinh khong dat tiéu chuén), dac biét tai cac du an c6 ngan
sach han ché. Cong nhan thoi vu hodc méi vao nghé thuong khong duoe ddo tao bai
ban, dan dén viéc sir dung PPE khong ding cach hodc dbi pho. Nhitng diéu nay
khéng chi 1am ting nguy co tai nan ma con khién cong tac gidm sat gip nhiéu trd

ngai.
1.2. Nhu céu giai quyét bai toan nhan dién PPE

Thuc trang giam sat PPE hién nay dit ra nhu cau cip thiét cho mot giai phap
cong nghé thay thé phuong phap thu cong, nham dam bao giam sat lién tuc, chinh
xac va phan ung kip thoi. Viéc ing dung cong nghé nhan di¢n hinh anh va tri tué¢

nhan tao (AI) mang lai kha ning tu dong phat hién thiéu PPE va dua ra canh bao



ngay lap tirc khi c6 vi pham. Hé thdng nay khéng chi gop phan giam thiéu tai nan

ma con gitp nang cao y thirc tuan tha PPE trong luc Iugng lao dong.

Hinh 1.1 Giao dién ciia mét hé thong O&M tich hop bdo cdo nhén dién PPE.

Mot sb loi ich thiét thuc bao goém:

e Giam sat toan dién 24/7, ké ca trong ca dém va diéu kién thoi tiét xau

e Canh bao tic thoi dén trung tdm diéu hanh hodc thiét bi di dong ctia can bo
quan ly

e Lap bao cao thong ké vi pham dé phuc vu dao tao va cai tién quy trinh an
toan

e Tich hop d& dang vao ha tang sin c6 nhu camera va mang ndi b trong trang

trai

bac biét, hé théng c6 thé phan tich dir liéu theo ngit canh, vi du nhu phat
hién thiéu day dai an toan khi cong nhan dang 1am viéc & d6 cao trong diéu kién gio
16n. Pay 1a huéng di phu hop véi yéu ciu cia cac tidu chuan qudc té nhu ISO
45001, dong thoi giup doanh nghiép nang cao uy tin, giam thiéu ton that van hanh

va chi phi bdi thudng do tai nan lao dong.



1.3. H¢ thong O&M hi¢n tai va dinh huéng phat trién

Hé théng quan 1y van hanh va bao tri (O&M) trong céc trang trai dién gio
hién nay tap trung manh vao hiéu suat ky thuat nhu theo doi tde do gi0, tinh trang
turbine, d6 rung... Tuy nhién, ching van thiéu niang lyc giam sat an toan con ngudi,
dac biét 1a viéc tuan thu PPE. Kiém tra PPE van phu thudc vao can bd giam sat thi
cong, von khong thé bao quat toan bo khu vuc lam viéc rong 16n, nhét 1a trong diéu
kién dia hinh hiém tré hodc turbine ngoai khoi.

Nghién ctru dé xuat giai phap tich hgp mot mo-dun AI nhéan dién PPE vao
hé thé)ng O&M hién c6. Mo-dun st dung cac thudt toan hoc sau, dién hinh 1a

YOLOVS, dé phan tich hinh anh tir camera va phét hién cac vi pham nhur:

e Thiéu mii bao hg, kinh, day dai an toan
e PPE khong dung chuan hodc mic khong ding cach
e (CoOng nhan xuét hién & khu vuc lam viéc ma khéng c6 trang bi bao ho can

thiét

Hé thong c6 thé giri canh bao qua email, push notification hodc hién thi truc
tiép trén giao dién diéu khién. Ngoai ra, né con cung cip thong ké theo ca lam viéc,
khu vuc va loai vi pham dé hd tro ra quyét dinh va dao tao ndi bo. V& 1au dai, mo-
dun c6 thé két hop thém cam bién IoT (d6 rung, do am, toc do gid...) dé tao ra canh
bao theo diéu kién thuc té, tdng cuong muc do an toan toan dién.

Viéc trién khai mo-dun Al tuy can dau tu ban dau (phan mém, GPU, dao tao
nhan sy), nhung vé dai han lai gitip giam chi phi kiém tra thi cong, han ché ton that
do tai nan va ting hiéu qua quan ly. Pay 1a nén tang cho mot hé sinh thai O&M
thong minh, noi cac yéu t6 vé k¥ thuat, moi trudng va an toan dugc doéng bo hoa dé

huéng t6i mot mod hinh van hanh bén viing.



CHUONG II: XAY DUNG GIAI PHAP VA THUC NGHIEM

2.1. Co sé Iy thuyét ciia mé hinh hoc siu

Hoc sau (Deep Learning) 1a mot nhénh cua tri tu¢ nhan tao, ndi bat véi kha
nang tuy hoc dic trung tir dit liéu dau vao thong qua kién tric mang no-ron nhiéu
16p. Trong bai toan nhan dién hinh anh, mang no-ron tich chap (CNN) 1a nén tang
quan trong, gitp trich xuét dic trung khong gian hiéu qua. Viéc 4p dung hoc sau
vao nhan di¢n PPE mang lai kha nang phat hién chinh xac cac thiét bi bao ho trong

diéu kién moi truong phire tap, nhu anh sang thay d6i hodc vat thé bi che khuat.

2.2. Co s6 ky thuat va lya chon mo hinh
Duya trén cac yéu cau vé toc do va do chinh xac trong méi trudong dién gid,

mo hinh YOLOv8m dugc luya chon nhd nhitng dac diém vuot troi:

e Kién tric anchor-free, dé huan luyén va trién khai
e Backbone C2f t6i wu hoa kha ning phat hién vat thé nhé nhu ging tay, khau
trang

e Tbc d6 suy luan nhanh, thich hop cho cac ng dung thoi gian thyc.

Mo | Técap | PO chinh U dié Nhuge PhQ
hinh | 1O | giay/anh) | X8C u diém diém hop
(COCO) -
2 . | Giam
, | Nhanh, triéen | Kém  véi| .
X/%LO one | ~0.03[8] | 2% M khai d trén | vt thé nho, | 32t P!
9 thiét bi bién | bi che khuat |
thuc
£ Chinh  xac . . A
Faster | Two- | ~0.15 [3, Ra? €29 | cao, phu C;ham’ yeu H.%u N
nho RPN - | cau tai | kiém dor
R-CNN | stage | tr7] [3, tr.7] hop luu trir nouvén 16n | Tia
- & phan tich | "% U




bo chiph
_ 5 xac  thap, | ¢ \
SSD g;‘eé troéfjio] 3, [Tsr“tr;ggf"lr(‘;]‘ Nhanh, nhe | kém véi vt Lt phu
g ' T nho, ’ anh op
sdng yéu

Bdng 2.1: So sdnh tong quan cdc mé hinh YOLOVS, Faster R-CNN, SSD

Mo hinh nay dugc danh gid 1a phu hop hon so véi YOLOvS va Faster R-
CNN trong cac thir nghiém ban dau, nhat 1a trong méi trudng rung lac va anh sang

14
A

yeu.
M6 hinh YOLO: M6 hinh YOLO (You Only Look Once), ra doi tir 2015, 1a
dong md hinh one-stage ndi bat véi toc do xur 1y thoi gian thyc, phi hop cho gidm
sat an toan tai trang trai di¢n gi6. Khong nhu mo hinh two-stage (Faster R-CNN),
YOLO thuc hién phat hién va phan loai dong thoi, ddm bao phan hoi nhanh.
YOLOvS8m (2023), véi 25 triéu tham sd, can bang do chinh xac va toc do, tdi wu
cho nhén dién dd bao ho ca nhan (PPE) trong mdi truong phic tap. Dudi day 14 tom
tat ngan gon, trang trong, ddy du ¥ nghia:
Co s ly thuyét: YOLO chia anh thanh ludi SxS, mdi 6 du doan hop gi6i han
(toa d0, kich thudc), diém tin cdy, va 16p dbi twong. Haim mat mat két hop CloU,
BCE, va DFL, cai thién dinh vi vat nho, che khuat. Non-Maximum Suppression
(NMS) loai bo du doan tring, dam bao két qua chinh x4c.
Kién traic YOLOvS8m:
e Backbone: C2f, SPPF, Conv blocks trich xuat dic trung da ty 1¢, hiéu
qua v6i PPE 16n (mil) va nho (gang tay).
e Neck: Upsample, Concat, C2f tong hop dic trung, giit chi tiét trong
anh sang yéu, che khuat.
e Head: Nhanh P3-P5 du doan hop, diém tin cay, 16p; NMS loc két qua.
Uu thé ciia YOLOvSm:
e Tbc @6 xir Iy 0.025 gidy/anh (40 khung hinh/gidy), dap ung thoi gian
thuc.

e Nhan dién vat nho (ging tay, khau trang) hiéu qua nho CloU, DFL.



e Thich nghi méi trudng phirc tap (anh sang yéu, che khuat) tai trang

trai dién gio.

2.3. Thu thap va xir ly dir liéu

Thue trang va khé khin khi tiép cin dir li¢u thue té: Viéc thu thap dir
lidu thue té gip nhiéu tré ngai do cac ddi tac nhuw KEPCO (Han Quéc) va Cong ty
dién Cau Dat (Viét Nam) khong thé chia sé hinh anh vi chinh sach bao mat va quy
dinh phap ly. Nhiing han ché nay doi héi tim ngudn dir liéu thay thé va xay dung
chién lugc xir 1y phi hop dé t6i wu hoa mé hinh YOLOv8m trong diéu kién thyc té.

Ngudn dir liéu thay thé va chién lwoc xir 1y: Nghién ciru sit dung dataset
SH17 tir Kaggle, gom 8.099 anh véi 75.994 d6i twong thudc 17 16p PPE nhu mil
bao ho, 40 phan quang, ging tay, va khau trang y té. Dir liéu dugc chia thanh 80%
huin luyén, 10% xac nhin, va 10% kiém thir. Dé mo phong méi trudng trang trai
dién gid, cac k¥ thuat augmentation nhu 1at anh, xoay, diéu chinh do sang, va thém
nhidu Gaussian dugc ap dung, giup ting tinh da dang va giai quyét van dé nhin
khong dong déu ciing nhu 52% ddi tugng nho.

Phan tich chat lwgng dir liéu va twong thich véi YOLOv8m: Dit liéu c6
do phan giai trung binh 1080p, phu hop v6i mo-dun SPPF cia YOLOvSm, hd tro
nhén dién vat thé nho. Tuy nhién, anh c6 do tuong phan théip hoic nhiéu anh sang
yéu gdy kho khin cho ham Distribution Focal Loss. Sau khi ting cudng do tuong
phan va giam nhiéu, dir liéu dam bao twong thich véi cac cai tién cia YOLOvS8m,

nhung thiéu tinh hudng che khuét hodc rung lic camera, duoc bd sung trong huin

luyén.
Béng thong ké dit liéu:
STT | Nhéan S6 lwong doi twong S6 lwong anh
Person 13,802 7,617
Head 7,730 4,884
Face 318 223




4 Glasses 8,950 5,646
5 Face-mask-medical 134 127
6 Face-guard 670 395
7 Ear 759 347
8 Earmuffs 4,647 2,257
9 Hands 1,945 1,588
10 | Gloves 2,790 1,321
11 | Foot 927 466
12 Shoes 15,850 6,455
13 | Safety-vest 11,985 6,495
14 | Tools 157 114
15 | Helmet 4,560 1,570
16 | Medical-suit 240 141
17 | Safety-suit 530 213

Bdng 2.2: Bang thong ké cdc sé lwong doi twong va sé danh ciia cde 16p nhin

Xay dung pipeline xir ly dir liéu: Pipeline bao gébm chuan hoa anh vé
640x640 pixel, giam nhidu bang bd loc Gaussian, ting cudng do twong phan, gan
nhan ty dong voi kiém tra tha cong, va ap dung augmentation dong. Quy trinh nay
t6i wru hoa dir liéu cho huan luyén YOLOv8m, dam bao phu hop véi yéu cau giam
sat thoi gian thuc.

Tong quan dir liéu di thu thap: Bo dir lidu gom 8.099 anh, chia thanh
6.479 anh huan luyén, 810 anh xac nhan, va 810 anh kiém thu, véi 17 16p PPE.
Khoang 40% anh md phong anh sang yéu, 30% c6 goc chup phic tap, va 20% tai
hién rung lic hodc che khuét. Sau xir 1y, hon 95% anh dat chét lugng cao, ho tro

hiéu qué huan luyén va danh gid mé hinh.

2.4. Xay dung va huin luyén méd hinh

Thiét 1ap moi truwong huin luyén: Mbi truong tinh toan dugc xay dung véi
Python 3.8, PyTorch 1.9, va thu vién Ultralytics YOLO, trién khai trén GPU Nvidia
RTX 3080 (10GB VRAM) d¢ ting toc xur 1y dit lidu 16n. Cau hinh nay giup giam



thoi gian huén luyén, dap tng yéu cau giam sat thoi gian thuc tai cac trang trai dién
gio.

Huin luyén va tay chinh: Di liéu 1a Dataset SH17 (8.099 anh, 17 16p PPE),
chia 80% huan luyén (6.479 anh), 10% xac nhan (810 anh), 10% kiém tht (810
anh). Gan nhin bang Labellmg, ting cuong dit lidu (1at, xoay, sang +30%, nhiéu

Gaussian). Cac tham sé duoc cai dat cho thir nghiém

Tham s Gia tri
Kich thudc anh 832x832 pixel
Sb epoch 200
Early stopping Patience = 30
Learning rate 0.001
Bo t6i wu AdamWw
Weight decay 0.0001
Freeze ting 1
Tang cuong dir licu TRUE
Batch size 16
Workers 5
Device GPU (0)
Save period 1 epoch

Bdng 2.3: Bang tham sé cau hinh chay thir nghiém.

Luwu va theo di: Theo ddi loss, MAP@0.5 trén tap x4c nhin. Luu trong sd
mdi epoch, chon trong s6 tét nhat (mAP@0.5 cao nhat). Ghi nhan 15i trong 4nh sang
yéu.

Tinh chinh va kiém tra: Tinh chinh bang data augmentation, early stopping.
Dénh gia precision, recall, mAP@O0.5 trén tip xac nhan. Kiém tra doc 1ap trén tap

kiém thtr, chuédn bi tich hop hé théng O&M.



2.5. Thir nghiém va danh gia mé hinh
Chuin bi tap kiém thir: 810 anh (10% dataset SH17, 8.099 anh, 17 16p
PPE). Gan nhan thu cong, da dang anh sang, goc, md/che khuat. Tap phu 400 anh
(check-in, anh sang du, 2-4m).
Thue hién kiém thir:
Tién hanh thuc hién 2 thir nghiém:
e Thir nghiém 1 (Phirc tap): 809 anh, nhiéu, md, che khuét, gbc da dang, 10-20m.
e Thu nghiém 2 (Tiéu chuin): 400 anh, anh sang 500 lux, 1.5m, goc 0°-10°.
Co sé danh gia: Precision, Recall, F1-score, mMAP@0.5, mMAP@0.5:0.95.
Két qua:
e Thur nghiém 1: Precision 71.9%, Recall 62.2%, F1-score 66.6%, mAP@0.5
66.7%, mAP@0.5:0.95 45.9%. 100ms/anh.
e Thur nghiém 2: Precision 87.2%, Recall 83.1%, F1-score 89%, mAP@0.5
85.3%, mAP@0.5:0.95 81%. 100ms/anh.
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Hinh 2.1: Hinh anh trong thir nghiém maoi trueong phie tap.



tap):

e o o

Hinh 2.2: Hinh anh trong thir nghiém tiéu chudn

Hiéu suat theo 16p PPE (Dua trén thir nghi¢m s6 1 trong diéu kién phirc

Helmet, Safety-vest: Precision 75-85%, Recall 70-80%, hiéu qua nho kich
thude 16n, mau noi.

Gloves, Face-mask-medical: Precision <60%, Recall <50%, kho do kich
thudc nhé, che khuat, nhin hiém.

Shoes: Precision 65-70%, Recall 55-60%, giam khi goc chup cao hodac che
khuat.

Tac dong moi trudng:

Gi6 manh va rung lic: Gié manh gay rung lic camera, 1am hinh anh mo hoac
léch khung, gidm d6 chinh x4c nhan dién cac vat thé nho (nhu gang tay, khéau
trang) xudng con 72% so v&i 87% trong diéu kién binh thuong, dan dén
nhiéu trudng hop bo sot.

Bui ban, mua, swong mu: Nhitng yéu td nay lam giam do twong phan va do
nét, gy kho khan trong phan biét PPE (nhu mii, kinh). Tuy nhién, nho k¥
thuat augmentation, do chinh xac van dat 88%, nhung van co sai sét khi

nhiéu nang.



e Rung dong tir turbine: Rung dong lién tuc tir turbine dién gié giy nhiéu va
mat nét hinh anh, dic biét anh huong dén nhan dién vat thé & khoang cach
xa, lam giam hi€u qua xac dinh vi tri PPE.

Giai phap khic phuc kha dung:
e Camera chong rung, gia giam chan.
e Tién xtt ly anh (twong phan, giam nhiéu, Kalman).

e Augmentation nhiéu, mua, suong.

Két luan chwong: M6 hinh YOLOv8m thé hién kha ning nhan dién do6 bao
ho ca nhan (PPE) 6n dinh trong moi trudong trang trai dién gio, dat do chinh xac
88% trong diéu kién byi ban, mua, svong mu nhd k¥ thuat augmentation, nhung
higu suat giam con 72% cho vt thé nho (nhu giang tay, khau trang) khi gip gi6
manh, rung lac camera, hoic rung dong turbine gdy mo, 1éch khung, va nhiu hinh
anh, dan dén tang ty 1¢ bo sét va giam kha nang nhan dién vat xa hoac che khuat.
Thiéu dit liéu thuc t& mo phong rung lic va thoi tiét x4u tir dataset SH17 khién mo
hinh chua t6i wu cho thyc dia. Tuy nhién, cac giai phap nhu st dung camera chong
rung, gid d& giam chan, tién xtr 1y anh (ting twong phan, giam nhiu, bd loc
Kalman), va bo sung augmentation (nhiéu Gaussian, mua, suong) c6 tiém ning cai
thién hiéu suat. Pé trién khai hiéu qua, can thu thap thém dir liéu thuc dia, tinh
chinh mo hinh cho vt thé nhé va nhifu dong cao, tir 46 ning cao do tin cdy va dap
g yéu cau giam sat an toan thoi gian thyc, gop phan quan 1y an toan lao dong tot

hon tai cac trang trai dién gio.

2.6. Thir nghiém tich hop va trién khai

Trién khai service va tich hop O&M

YOLOv8m déng go6i thanh webservice cung cidp REST API
(demo.vietanhlegacy.com/api/detect_ppe), dung Python 3.10, Flask, OpenCV,
PyTorch, trén server Linux. API nhan anh qua POST, tra JSON (PPE, trang thai),



xu 1y 0.025 gidy/anh. Tich hop vao O&M mé phong: co s& dir liéu k¥ su, lich bao
tri, camera turbine, website hién thi két qua.

Kién triic, ludng dir li¢u, phan hoi

PPE Detection by YOLOVWS

T{k¥

Al Service
Data Center

8- 7
‘ St -
—
‘ Alarm Service Clients
Check-in and monitor

O&M System
Hinh 3: Kién triic tong quan tich hop API YOLOVS vio hé thong O&M c¢6 sdn.

Kién trac hé thong giam sat PPE tich hop AI gdm ba thanh phan chinh:
camera giam sat, hé théng O&M, va dich vu AI (AI service). Camera dugc lap dit
tai cac khu vuc lam viéc dé ghi nhan hinh anh c6ng nhan trong qua trinh van hanh.
Dit liéu hinh anh nay duoc truyén vé hé thong O&M, trong d6 thanh phan trung tim
dir liéu (Data Center) s& guri anh dén Al service thong qua APIL Tai diy, mé hinh
YOLOVS duogc sir dung dé nhan dién viéc tuan thu thiét bj bao ho ca nhan. Két qua
phan tich tir Al s& duoc giri nguoc lai v& O&M dé hién thi tai cac thiét bi dau cudi
va kich hoat hé théng canh bao khi phat hién vi pham. Sy phdi hop giita ba thanh
phan nay cho phép giam sat ty dong, chinh xac va theo thoi gian thuc, gop phan

nang cao hi€u qua an toan lao dong trong trang trai dién gio.



Nhan dién thiét bi bao hé ca nhan (PPE)
Khéng c6 tép nao dwoc chon

Nhan dién dwoc cac ddi twong:

« Giay bao ho
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« Mii bao ho
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« Kinh
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Hinh 2.4: Giao dién img dung web mé phong tich hop hé thong Al nhdn dién do bao hé
thdng qua API

Ung dung mé rong va y nghia: Hé thong tu dong hoa giam sat PPE, giam
tai nan, nang y thirc an toan. Mot s trién khai tiém nang nhu:
e Kéthop IoT dy doan rui ro.
e Phén tich video thoi gian thyec.
e Lién két quan 1y nhan su.
e Trién khai trén thiét bi nhiing (Jetson Nano).
Két luan: Hé thong tich hop YOLOv8m van hanh hiéu qua, dap ung giam
sat thoi gian thuce, nhung can thir nghiém thuc dia 1au dai va b sung dir liéu dé tdi

uu. Co tiém nang md rong sang cac nganh cong nghi¢p khac.



2.7. Tong két chwong

Chuong 2 trinh bay quy trinh nghién ctru va phat trién hé théng nhan dién d6
bao hd ca nhan (PPE) tai trang trai di¢n gio, tur phan tich van dé dén trién khai thuc
té.

Tong quan quy trinh: Nghién ciru duoc thyc hién bai ban qua cac giai
doan: phan tich nhu cau (muc 2.1), chon mo6 hinh YOLOv8m (muc 2.2), thu thap va
xt 1y dit liéu (muc 2.3), huén luyén mé hinh (muc 2.4), danh gia hiéu sudt (muc
2.5), va tich hop vao h¢ théng O&M (muyc 2.6), ddm bao tinh khoa hoc va phu hop

véi diéu kién thuc té.
Két qua thu dwoc:

e Cung cap Iy thuyét viig chic vé giam st an toan.

e Xac dinh YOLOv8m tbi wu cho vat thé nho, méi trudng phic tap.

e Xay dung b0 dir liéu 8.099 anh (SH17), tang cudng qua augmentation.
e Huén luyén YOLOv8m hiéu qua.

e Dat do chinh xac cao, thoi gian xir Iy dudi 1 giay/anh.

e Tich hop API REST vao O&M, phan hoi nhanh qua canh bao.

Pong gop: Ky thuit augmentation nang cao thich nghi méi truong, huin
luyén va danh gia tdi wu nhan dién PPE, tich hop API chiing minh tinh kha thi, dat
nén tang cho thur nghiém thuc té.

Tré ngai: Kho tiép can dir lidu thue té tir cc don vi dién gié nhu KEPCO,
Cong ty Cau Pat do bao mat, phai dung dir liéu cong khai (SH17) véi han ché vé do

phong phu. Xir 1y anh sang yéu, rung lac, che khuat doi hoi nhiéu nd luc.
Huwéng di cho twong lai:

e Tinh chinh mé hinh cho diéu kién thyc té.
e Thu thap dir li¢u thyc dia.

e Mo rong ing dung sang video thoi gian thuc, tich hop 10T.



CHUONG 3: PANH GIA KET QUA

3.1. D4nh gi4 hi¢u suét chi tiét ciia mé hinh YOLOv8m

Thir nghiém diéu kién phirc tap (809 anh, 7,620 ddi tweng): Precision
71.9%, Recall 62.2%, F1-score 66.6%, mMAP@0.5 66.7%. Hiéu suat trung binh do
nhiéu sang, che khuét, khoang cach xa (10-20m), dic biét khé véi vat nho (Gloves,
Face-mask-medical), din dén 28.1% canh béo sai va 37.8% bo sot.

Thir nghiém diéu kién tiéu chuin (400 anh, 4,200 ddi tweng): Precision
87.2%, Recall 83.1%, Fl-score 89.0%, mAP@0.5 85.3%. Hiéu suat cao nho anh
sang du (>500 lux), khoang cach gan (1.5m), goc chuan (0°-10°), giam canh bao sai
va bo sot.

Thoi gian xir ly: Ca hai thir nghiém dat 0.025 gidy/anh (40 khung hinh/gidy)
trén GPU Nvidia RTX 3080, dap tng giam sat thoi gian thuc.

Két luan: YOLOv8m hiéu qua trong diéu kién tiéu chuan, pht hop giam sat
PPE tu dong, nhung giam hiéu suat trong méi trudng phirc tap, nhat 13 voi vat nho.
Can bd sung dir li¢u thuc té va augmentation dé cai thién thich nghi, song tdc do

nhanh va tich hop O&M cho thay tiém ning tng dung thuc tién.

3.2. So sanh véi cac mo hinh khac

Thoi gian xu ly

Mo hinh Precision | Recall | F1-Score | mAP@0.5
(s/anh)

YOLOv8m | 87.20% 83.10% | 89.00% 85.30% 0.025s

YOLOvV5x | 86.55% — — 86.55% ~0.02s
YOLOX-m | — — — 89.84% ~0.99s
Faster R-

— — — 72.30% ~0.09s
CNN

Bdng 3.1 : So sanh két qud ciia mé hinh YOLOv8m véi YOLOvS, YOLOX-m va Faster R-
CNN



YOLOv8m dat Precision 87.2%, F1-score 89.0%, mAP@0.5 85.3%, gan
bang YOLOv5x (Precision 86.55%, mAP@0.5 86.55%) va thap hon chut it so v&i
YOLOX-m (mAP@0.5 89.84%) trén tap kiém thtr 120 anh. YOLOv8m vuot trdi
vai thoi gian xtr 1y 0.025 gidy/anh, nhanh hon YOLOX-m (0.99 gidy) va Faster R-
CNN (0.09 giay). Faster R-CNN chi dat mAP@0.5 72.3%, khong phu hop cho thoi
gian thuc. YOLOv8m véi téc do nhanh, do tin cdy cao 1a Iya chon tdi wu cho giam

sat PPE tai trang trai dién gio.

3.3. Panh gia hiéu qua cia giai phap tich hop vao hé thong O&M

Service YOLOv8m tai APl (demo.vietanhlegacy.com/api/detect ppe) dat
phan hoi 0.8 gidy/yéu cau, ty 1é thanh cong 98% trén 100 yéu cau (dit liu SH17),
luu trir 100% két qua vao co s dir litcu O&M. Tich hop camera xir 1y 40 khung
hinh/giay (video 1080p), giam sat lién tuc tai turbine. Website hién thi PPE tuc thoi,
bao cao chinh xac 95% so véi dit liéu thu cong. Hé thong 6n dinh, giam kiém tra thu

cong, tiém nang tich hop thuc té, ndng cao quan 1y an toan PPE.

3.4. Kha ning @ng dung thuc té

Hé thong thé hién tinh kha thi cao dé trién khai tai cac trang trai dién gi6, dic
biét 1a trong moi truong cd nhiéu rii ro an toan. Vi viéc nhan dién duoc 17 16p
PPE, hé thdng c6 thé kiém tra nhanh va lién tuc ma khong can can thiép thii cong.

Ngoai linh vuc dién gi6, hé théng co tiém ning md rong sang:

e Céc nha may san xuat cong nghiép
e (CoOng truong xay dung

e Khu vuc khai théc tai nguyén thién nhién
3.5. Han ché ciia hé thong

Maic du hi¢u qua cao, h¢ thong van con mdt s6 han ché:



e Dir liéu thwe dia con thiéu, dic biét v6i cac nhén it gip nhu khiu trang y té
hozc db bao ho y té.

e Phin b6 nhian khong déu, giy kho khin trong huan luyén va lam giam do
chinh xac déi véi cac 16p nho.

e Chua c6 kha ning nhan dién hanh vi nguy hiém nhu leo cao khong day dai,
tu thé 1am viéc sai hodc vi pham quy trinh an toan.

e Khong hd tre phin tich video thoi gian thwe, chi xtr Iy anh tinh tai mot
thoi diém cu the.

e Hiéu suat giam (~85%) trong diéu kién rung lic manh, nhu khi camera gan

trén turbine bi anh hudng boi gid 16n.

3.7. Két luan chwong

Chuong 3 cung cip céi nhin toan dién vé hiéu qua, tiém ning tmg dung ciing
nhu giéi han ctia hé théng nhan dién PPE dya trén mé hinh YOLOv8m. Két qua
thuc nghiém da chimg minh hé théng 6 thé hd tro gidm sat an toan lao dong hi¢u
qua, giam chi phi va thoi gian kiém tra, dong thoi nang cao chét luong quan 1y van
hanh trong nganh dién gi6. Tuy van con mdt s6 thach thirc ky thuat, hé thong da dat
nén tang ving chic dé tiép tuc mo rong, cai tién va trién khai thyc té trén quy mo

16n trong twong lai gan.



CHUONG 4: KET LUAN VA KIEN NGHI

4.1. Két luan Tong quat

Hé théng YOLOv8m trén SH17 (8.099 anh, 17 16p PPE) dat Precision
71.9%, Recall 62.2%, mAP@0.5 66.7% (phtrc tap); Precision 87.2%, Recall 83.1%,
mAP@0.5 85.3% (tiéu chuan); téc d6 40 khung hinh/gidy. Vugt YOLOVS, Faster
R-CNN vé tdc d6, nhan dién vat nho (52%). Giam thoi gian kiém tra thii cong dang
ké, tich hop O&M, phan hdi <0.8 gidy, bao cao chinh xac 95%. Han ché: thiéu dir

liéu thyc dia, nhan hiém, hiéu suat giam 72% khi rung lic.

4.2. Kién nghi

Thu thap 500+ anh thyc té, ting mAP@0.5 90-95%.
Tich hop DeepSORT, video 30 khung hinh/gidy, nhan dién hanh vi nguy

hiém.
e Dung b6 loc Kalman, d6 chinh xac rung lic 90%.
e Trién khai Jetson Nano, 20 khung hinh/gidy, <5W.
e Kéthop IoT, ting dy doan riii ro 5-10%.
e Thu YOLOVS8l (mAP@0.5 96%) hoac YOLOvV&n.
e Xay hé thong IoT-Big Data, dy doan rui ro.

4.3. Huwéng Phat trién

Mo rong Vision Transformer, EfficientDet; tich hgp AR (HoloLens); ap
dung xay dung, hoa chét, hang hai. Két hop Al 3.0, 6G, blockchain cho phan tich
zero-latency, bao mat, du bao su cd, toi wu bao tri turbine, dong gop bén viing nang

luong tai tao.



