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Tém tit

Ngay nay v6i su phét trién bung nd trong linh vuc cong nghé thong tin, dic biét 1 ing dung cdng nghé 4.0
vao thuc tién cudc séng dang 12 xu thé ctia thé gidi. Nhidm muc dich gidm thi€u nguy cd tai nan lao dong xay
ra cho cong nhan trén cong trudng xay dung, nghién cifu nay nham thiét lap mot chuong trinh quan ly an toan
lao dong c6 thé tu dong cp nhat vi tri va hanh vi clia ngudi lao dong thong qua hé thdng dinh vi GPS va chip.
Chuong trinh quan ly an toan lao dong la sy tich hgp céc chic ning dinh vi GPS trén dién thoai thong minh,
chip cdm bién dugc gin trén trang bi an toan lao dong va mot sb thiét bi thu thap dit liéu khac. Véi hé thong
nay, cic nguy co mat an toan lao dong do khong tuan thi trang bi an toan lao dong hay do vi tri cong nhan di
vao khu vuc nguy hiém sé dugc canh bdo ngay lap tic dén cic bo phan lién quan. Nghién ciu nay trinh bay
mot ting dung hd trg nha quan ly xdy dung nhdm ngin chin va giam thiéu dudc tdi da nhiing nguy co mét an
toan lao dong trén cong trudng.

Tir khod: an toan lao ddng; GPS; rii ro an toan lao dong; ngudi quan ly cdng nhén; trang bi an toan lao dong.

APPLY GPS LOCATION TECHNOLOGY ON SMART PHONES FOR MANAGING SAFETY IN CON-
STRUCTION MANAGEMENT

Abstract

Nowadays, with the exploded development in information technology, especially the industrial revolution 4.0 is
the world trend. In order to reduce the risk of occupational accidents occurring for workers on the construction
site, this study has developed an occupational safety management program that automatically updates worker’s
location and behavior through the Global Positioning System (GPS), and the sensor chip. The system will
integrate the combined data of the GPS on worker’s smartphones, sensor chips installed in safety equipment,
and some other data collection devices. With this safety system, occupational safety risks caused by not wearing
the right safety equipment, standing near, or walking towards dangerous zones will be alerted immediately to
persons in charge. This study presents an application assisting managers to prevent accidents and minimize
occupational safety risks at the construction site.

Keywords: safety; Global Positioning System; safety risks; worker manager; safety equipment.
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1. Giéi thiéu

MBbi trudng 1am viéc trong linh vuc xay dung 12 méi trudng dic thil, cé cung lic nhiéu hoat dong
dugc thuc hién trén cong trudng nhu cong tic cung cip vat tu, 1ap dit hay hoan thién cic hang muc
thi cong xay dung... Hau hét cdc cong trudng xiy dung déu ton tai rat nhiéu cic nguy co xay ra tai
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nan dén tir nhitng nguyén nhan khic nhau nhu tron trudt, vip ngi, di vat roi tii trén cao. .. Céc nghién
ctiu & khip noi trén thé gidi déu chi ra rang, linh vuc xay dung 1a mot linh vuc rat nguy hiém vi luén
chiém ty 1& tif vong rat cao trong sb tt ca cdc nganh nghé. Tai My, s6 ca tif vong do cdc vu tai nan
lao dong trong linh vuc xiy dung chiém dén 20% trong tdng s6 cic trudng hop ti vong do tai nan lao
dong gy ra [1]; Con sb nay cho thy ct 5 ngudi chét do tai nan lao dong thi c¢6 1 ngudi chét khi dang
lam viéc trong linh vuc xdy dung. Pang chi y, § Hong Kong, 76% sb vu tif vong trong cic nganh
cong nghiép trong nim 2017 xay ra trong nganh xay dung [2]. O cic nudc dang phit trién tai chau A,
trong d6 c6 Viét Nam, tinh hinh tai nan lao dong trong xdy dung cang trd nén phd bién hon. C6 mot
thuc trang & day 1a cc bién phdp an toan dong it dudc chi trong nghién ciiu, didu nay dan dén ty 18 tir
vong cao hon, ciing nhu thuong tich nghiém trong hon cho ngudi lao dong trong nganh xay dung. S6
liéu théng ké tai Viét Nam cho thiy, cii 3 ngudi giip su ¢d tai nan lao dong thi ¢6 1 ngudi bi tai nan khi
dang lam viéc trong linh vuc x4y dung [3]; trong s& d6 65% cac vu tai nan c6 lién quan dén vi tri ma
cdc cong nhan tham gia thi cong xay dung khong an toan va 10% lién quan dén phuong tién c4 nhan
[3]. C4c vu tai nan lao dong trong xdy dung thudng giy thuong tit vinh vién, chét ngudi hay dinh tré
cong viéc. .. tit ci didu nay déu co tic dong tiéu cuc lau dai dén nén kinh té, ngudi st dung lao dong,
ngudi lao dong va ca gia dinh ctia ho [3, 4]. Nhu vay, tai nan lao dong trong xay dung la mot van dé
stc khoe cong dong nghiém trong trén toan cau dang dudc chu trong. Nhitng con s6 tham khdc trén
day cho thiy nhu cAu vé mot hé thdng quén 1y lao dong an toan va hiéu qué trong nganh quén 1y xay
dung 1a that su cip thiét.

Mic dit muc tiéu chinh clia cong tac quan 1y an toan lao dong 12 lam giam thiéu tdi da s vu tai
nan, thuong tich tai noi 1am viéc va thiic ddy moi truong lao dong an toan hon, tuy nhién cong tac
quén 1y an toan lao dong hién nay van chi yéu dugc t6 chiic mot cach bi dong, hinh thic, tip trung vao
cdc cong tac nhu giam sat thii cong hay khoanh viing nguy hiém trén mit bang thi cong. Ngudi quan
1y an toan thudng gidm sat cong nhan trong cdng trudng va ghi lai cac vi pham mot cach thu cong, bi
dong [5]; Nhitng diéu nay khong ddp ting dugc nhu cau vé tinh ty dong va lién tuc trude nhiing nguy
6 ¢6 thé tré thanh mot vu tai nan dién ra trén cong trudng xay dung.

Bai todn dit ra cho cong tic quan ly xay dung 12 1am sao dé€ xy dung dugc mot hé thdng viia c6
thé giam sat, quan Iy hanh vi va vi tri ciia ngudi cong nhén, vita gidp ngudi cong nhan nam bat dudc
thong tin ciing nhu cdc canh bzo kip thdi vé cdc nguy cd tai nan c6 thé xdy ra. Viéc giam sat clia ngudi
quan ly hién nay dudc thuc hién bi dong va thii cong, diéu nay lam giam hiéu qua clia cong tic quan
ly an toan lao dong trén cong trudng xay dung [6]. Phan 16n nhitng hanh vi khong tuan thd trang bi an
toan lao dong ctia cong nhan lao dong khong dugc gidm sat truc tiép, ngudi cong nhan chi tuan thi
trang bi d6 bao hd mot cach ddi phé khi tham gia thi cong trén cong trudng [6, 7].

Khi c6 su gidm sat clia ngudi quan 1y an toan thi ngudi cong nhan sé tuan thii day di trang bi do
béo ho lao dong. Tuy nhién, khi khong c6 sy giam sat ti ngudi quan ly thi viéc tun thu cac qui dinh
vé an toan lao dong d€ ddm bao an toan trong khi 1am viéc hoan toan phu thudc vao y thiic cd nhin
ctia mdi ngudi cong nhan [4, 5]. Viéc di chuyén mot cdch tu do trén cong trudng ciing giy ra cic nguy
c0 mat an toan cho ngudi lao dong tai cong trudng. Khi cdc cong trinh xay dung khong 3 chiic 16i di
an toan, khoanh ving nhiing vi tri nguy hiém va gidm sat hanh vi tuan thd trang bi an toan lao dong
nhu nén bdo hd, diy an toan. .. thi nguy co xdy ra tai nan sé ting 1én. Trong trudng hgp khong c¢6 hd
trg tlr thiét bi cong nghé trong viéc giam sat cac hanh vi tudn thi dd bao hd va vi tri khi lao dong thi
viéc quan ly theo cach thi cong nhu hién nay la tré nén kém hiéu qua. Méi trudng lam viéc tai cong
truong xay dung 12 mdi trudng rat phiic tap, cing mot liic phéi theo doi tit ci cdc d6i tuong va hanh
vi clla ngudi lao dong nén codng tac quan ly an toan lao dong theo cach thi cong khong con hiéu qua

[5].
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Muc tiéu chinh ctia nghién cttu nay 1a xdy dung mot hé théng quéan 1y c6 thé gitip ngudi quan ly
an toan giam sat dudc vi tri ctia cdng nhan mot cach tu dong, bao quat va chi dong cap nhét kip thai
trudc nhiing nguy co tai nan xay ra trén cong trudng. Ngoai ra, hé thdng nay con gitp theo ddi cic
hanh vi khong tuan thii trang bi bao hd khi tham gia lao dong va hd trg ghi nhé s6 1an vi pham cta
tiing cong nhan. Hon nita, hé thdng quan ly ciing dudc xay dung dé gidp cong tic quan ly chim cong
tré nén chinh xdc hon nhim dam bao su cong bing va quyén Igi cho ngudi cong nhin va ngudi st
dung lao dong. Nghién ciiu ndy c6 thé déng mot vai trd quan trong trong viéc thiét 14p cac hé théng
quan ly cdng nhan hiéu qua trong quan ly xay dung tai Viét Nam hién nay.

2. Co s6 Iy ludin va thue tién dé xuét phuong phap quan Iy
2.1. Phdn tich cdc nguyén nhdn va tinh hudéng xdy ra tai nan trén céng trinh

Tai Han Qudc, céc vu tai nan trong nganh cong nghiép xay dung da dudc nghién citu dé€ danh gia
thuong tich nghé nghiép & ngudi lao dong tit nim 2011 dén nim 2015, két qua ctia nghién ctiu nay chi
ra rang s& ngudi bi nga do chénh léch do6 cao va bi di vét roi triing ngudi 14 cic nguyén nhan ding dau
gdy i vong [7]. Theo mot nghién ciiu khac nim 2019, trong tng sd thuong tich nghé nghiép do céc
loai tai nan lao dong gay ra thi cic tai nan nhu nga tit do cao, trugt chan, nga trén mit bang xiy dung
1a c4c nguyén nhan chii yéu din dén chin thuong va s6 luong céc vu tai nan loai ny c6 xu huéng ting
nhanh nhét trong sd cdc nguyén nhan [2]; Pham vi cong trudng ton tai nhiéu nguy co nguy hiém do
thay di cao do ctia mit bang va khong dudc rao chin ky cang 1a nguyén nhan 16n nhét c6 thé xay ra
céc tai nan nhu nga hay di vat roi tif trén cao rdi triing tai Hinh 1. Ngoai ra, két qua phan tich ciing cho
thiy, cdc vu tai nan x4y ra do bi va cham véi thiét bi dang thi cong tai cong trudng, tiép xic véi day
dién hoic bi phéng dién 1a nhitng vu tai nan c6 ty 1é tif vong cao trong sd c4c tinh hudng tai nan ctia

Hinh 1. Mit bing cong trudng ¢6 khu vic nguy hiém do thay déi cao do
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Hinh 2. Mit bing cong truong c6 khu vic nguy hiém do va cham véi thiét bi thi cong

cong nhan xay dung [8] nhu Hinh 2. Viéc 1ap ké hoach an toan khong day di, khong xéc dinh dudgc
cdc mdi nguy hi€ém va mét an toan 12 yéu t6 chinh tao ra céc nguy co cho tai nan xdy ra trong cong
trudng xay dung [9].

Hau hét nhitng tinh hudng xay ra tai nan trén cong trinh déu c6 lién quan dén yéu td vi tri khi di
chuyén ctia ngudi cong nhan [8]. Khong gian di chuyén an toan va viéc tuan tha trang bi an toan lao
dong khi 1am viéc can dudc gidm sat mot cach tu dong, chinh xic va kip thdi d€ 1am gidm nguy co
xdy ra tai nan [6]. Viéc gidm st tu dong va canh béo sém cadc nguy co nguy hiém trong cdng trudng
xdy dung c6 thé cai thién ddng ké mdi trudng 1am viéc an toan nham giam thiéu sb vu tai nan xay ra
trén cong trinh [8, 9].

2.2. Xdc dinh muc tiéu, nhiém vu dé’ting hiéu qud qudn Iy an toan lao déng

Pé nang cao hiéu qua trong quan ly an toan lao dong, tim quan trong cta viéc thiét 1ap mot hé
théng thu thap va luu trit dif liéu tu dong, dong thoi xit ly dit liéu va ra thong bao canh bao nguy hiém
nhanh chéng nhim giam thiéu t6i da nhiing nguy cd giy nguy hiém x4y ra thanh mot vu tai nan lao
dong [9]. Tu nhitng phan tich néu trén, nghién ctiu nay xdc dinh ba muc tiéu can quan ly d€ ting tinh
hiéu qua trong c6ng tac quan ly an toan lao dong trén cong truong xdy dung tai Hinh 3:

- Quan ly vi tri ctia cong nhan khi dang trong qua qu4 trinh lao dong trén cong trudng nham tranh
céc tinh hudng tai nan do cong nhan vo tinh di chuyén vao khu vuc nguy hiém tai cong trudng.

- Quén ly hanh vi cong nhan c6 ddm bao tuin thi ddy dd trang bi an toan lao dong khi di vao
cong trudng; Han ché xay ra trudng hgp tai nan do dd bao ho khong tuén thii qui dinh an toan giy tén
thuong ning dén siic khde ngudi cong nhan.

- Két hop quan 1y va Iuu trit dif liéu cdc hanh vi ciia cong nhan trén cong trudng trong qua trinh
lao dong dé€ hd trg viéc theo ddi chAm cong va théng ké 18i vi pham mot cach chinh xdc d€ ting tinh
hiéu qua trong cong tic quan ly cong nhan trén cong trudng.
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Hinh 3. Céc yéu t6 quan trong trong cong tic quan ly an toan lao dong

2.3. Nén tdng céng nghé hién tai co thédp dung xdy dung hé thong

Ung dung chifc ning ctia nén tang Google Zone Color c6 thé gitip xdc dinh toan bo khu vic cong
trudng cling nhu khoanh vung nhiing khu vuc nguy hi€ém. Google Zone Color 1a mot chiic ning hitu
ich trong cong tac thiét 1ap mit bang cong truvng thi cong. Tt d6, két hop véi dit liéu GPS dé lap trinh
va xay dung hé thong.

Cong nghé GIS di dudgc st dung phd bién trong cong tic quan ly cong trudng xay dung [10, 11],
viéc két hop 2 cong nghé GIS va GPS cho phép thiét 1ap 1 pham vi cong trudng tir dit liéu thiét ké va
nén tang ban dd cta GIS thanh mdt pham vi khoanh viing quan 1y ctia hé thoéng [12] d€ tir d6 c6 thé
theo ddi va gidm sét cac ddi tuong di chuyén bén trong dién hinh 1a ngudi cong nhan.

Su phit trién clia cong nghé truyén tai vién thong dang dién ra nhanh chéng & khip noi trén thé
gidi, trong d6 c6 Viét Nam. Vi cong nghé vién thong 5G sap dudc trién khai & hau hét cac thanh phd
16n tai Viét Nam trong thoi gian t6i, ddy chinh 1 co hoi d€ cai thién téc do dudng truyén va ting tinh
két ndi cho céc thiét bi di dong hién nay.

Céc dng dung phd bién nhu Google map hay Google Earth sé cap nhat chinh xdc toa do tir thiét
bi dén ngudi dung. Sai s6 ctia chiic ning cip nhat dinh vi thudc cac ting dung trén dién thoai sé dudc
cai thién dang k€ trong thdi gian t6i [12].

Cong nghé A-GPS 1a su két hop dinh vi GPS va cic cam bién tin hiéu ctia mang vién thong, tir
d6 suy ra vi tri hién tai ctia thiét bi. Dy 1a cong nghé gitp gia ting téc do tinh todn vi tri va lam cho
chiic niing dinh vi trén thiét bi di dong tré nén chinh xdc hon ciing nhu khé ning cip nhat vi tri mot
cach tuong dbi khi thiét bi di vao viing mét tin hiéu vé tinh GPS [10].

Cic cong nghé dién todn dam may cho phép thu thap, xt Iy va cap nhat di liéu tinh hudng theo
thdi gian thuc té dén tit ca céc thiét bi ngudi dung. Cong nghé nay cho phép xay dung phan mém thu
thap dif liéu va xii ly dé ra thong bao nhanh chéng dén ngudi ding dé dap dng tinh kip thdi trong cong
tac quan ly cong nhén trén cong truong xay dung.

Qua trinh phat trién hé théng sé lién tuc cap nhat phat trién phan mém dé két hop da phuong tién
trén cac thiét bi thu thap dit liéu hon. Céc thiét bi nay sé c6 gid thanh ré, dé kiém hon va thuin tién
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mang theo cho ngudi cong nhan nhu vong deo tay hay dong hod c6 dinh vi GPS . . . hién da thuong
mai héa trén thi trudng.

3. Xay dung hé théng quan Iy An toan lao dong tu dong

Bai bdo nghién cifu nay phat trién mot hé thdng quan ly an toan lao dong Mana Worker dé ng
dung trong quan 1y cong nhan trong xy dung. Hé thdng dugc phit trién trén nén tdng Android Studio
v6i cdc tinh ning thu thap phan tich dif liéu tinh hubng trén cong trudng theo thdi gian thuc, dua ra
cdc canh bao nguy hiém va cung cip cac dit liéu thdng ké hitu ich cho ngudi quén ly. Hé thong cling
sé gilp cho ngudi quan ly du an xy dung kiém sodt va ngin chin tai nan lao dong trén cong trudng
xdy dung hiéu qua hon. Dy ciing 1a mot xu thé méi trong viéc ting dung tri tué nhan tao Al vao cong
tdc quan ly du 4n xay dung trong thdi budi cong nghé 4.0 hién nay.

3.1. M6 hinh ciia Hé thong qudn Iy Mana Worker

M5 hinh quan 1y an toan lao dong ctia hé théng Mana Worker dugc phat trién gdm hai phan chinh
12 phan cing va phan mém. Phan cing 1a cdc trang thiét bi bao hd an toan lao dong va phan mém
dugc viét trén nén tang Android Studio d€ van hanh thong qua App va Web trén cic thiét bi di dong.
Hé théng quan ly Mana Worker véi dif lidéu dugc thu thap va xit ly thong qua nén tang ddm may. Mo
hinh t6ng quan ctia hé thdng quan Iy Mana Worker dugc thé hién trén Hinh 4.

TAvouT Diy bio kb
THIETKE NON CHIP CAN
MATBANG HOR BIEN QUANG
CONG TRUONG CHIP CAY
T BIEN QUANG

. TNPUT )
THU NHAN DU LIEUDAU VA0 HOC

GOOGLE ZONE
COLOR.

GOOGLE API

[ —— - ¥
TOADOBINHVI | ygorsg | [LAYOUTGOOGLEMAP| | 16656 |om bntmod e
GPS IN SMART THIET KE MAT BANG BT o
PHONE CONG TRUGNG e
THIETLAP XULY —
LUU TRU
PHAN TiCH

DULIEU AU VAD

Thidt lip
it If - hrw it d ligw
vio Fircbase

: LAP TRINHXAY DUNG

: : APP HIEN THI .

: ANDROID Tai lén Gizo dién App
: STUDIO Quan I ATLD thong qua vi tri GPS MANA WORKER
: - Quan I Hinh vi tudn thi trang bi ATLB)|

théng qua Chip cam bién quan
- Quin If chém céng théng qua i ligu thu thip dwoc

QUT PUT '
PP QUANLY )
CONGNHAN /|

g dung App Mana Worker
daxh cho ngwi Quin 1§ céng trinh xéy dung

dénh cho cong nhin XD

img dung App Mana Worker ]

_ . DANG NHAP

DANG NHAP - _

. ] [THEO DOI VI TRINHIEU CONG NHAN CUNGLUC |
THEO DOI VI TRI - —— -

- [TEIET LiP DU AN VA CAP NHAT PHAM VI CONG TRUGNG |
CANEBAO ATLD

. . [cA21 BAO ATLD CHO CA NEAN CO NGUY CO QUA AFP |
THEO DOI CHAM CONG

THEO DOI BANG CHAM CONG

THEO DOI VI PHAM

THEO DOI VI PHAM

Hinh 4. S6 d6 van hanh m6 hinh quan ly Mana Worker
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3.2. Quy trinh vén hanh ciia hé thong qudn Iy Mana Worker

Quy trinh van hanh gdm 4 budc nhu sau:

- Thu nhan di liéu dau vao tif cac thiét bi phan cting;

- Luu tri¥, phan tich va chon loc dif liéu dau vao da dugc thu thap;

- Thiét k&, 14p trinh, phan tich di liéu ctia hé théng quan ly Mana Worker;

- Mi héa, xuét céc dit liéu d€ phuc vu quan ly an toan cho cong nhan xay dung.
a. Thu nhan di liéu dau vao

Dit liéu dau vao dudc thu thap gom vi tri dinh vi GPS (vi tri cdng nhan) va cac xung dong tit Chip
cam bién dién tii tai Hinh 5. C4c dit liéu nay sé cung cAp cho hé thdng toa do vi tri clia thiét bi di dong
va cdc cam bién rung dong tir chip cam bién trén cdc trang bi an toan dudc mang theo trén ngudi cong
nhan. Céc dif liéu nay sé dudc thu nhan va chon loc dé cung cép dif liéu dau vao cho viéc 1ap trinh
xay dung nén hé théng quan ly an toan cho ngudi lao dong trén cong trudng xiy dung ma cé thé dap
ting dudc cdc muc tiéu ban dau da dit ra.
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Hinh 5. Thu nhén di liéu dau vao

b. Luu trit dif liéu trén nén tang ting dung ddm may (Firebase)

Céc dit liéu dau vao sé dudc luu trif va xii 1y trén nén tang dién todn dam may Firebase. V6i chiic
ning Realtime Database c6 sin trén nén tang Firebase, cdc dif liéu vi tri va hanh vi clia cong nhan tai
cong trudng dudc Iuu trif va cap nhit theo thdi gian thuc (Realtime Database) dén toan bo céic thiét bi

Dit liéu toa do GPS

Dieu kién
Dit licu duge :élj M > Ch:() dir ligu )
nhat theo thoi can duge thu thip
gian thye vaxwly

CACDULIEU DA
QUA XU LY BUGC
HIEN THI VA LUU
TRU

Dit liéu Rung déng

(Live)

Dit lidu loai ba

Hinh 6. Két ndi chon loc dit liéu trén nén ting dién toan ddm may
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ngudi dung. Céc dit liéu nay sé& dugc chon loc, luu tri va trich xuit thong qua hé thdng Mana Worker
tai Hinh 6.

c. Thiét ké phan mém cho hé théng quan ly Mana Worker

Phan mém cta hé théng quan ly Mana Worker dugc xay dung chii yéu bang cach lap trinh thong
qua tng dung lap trinh Android Studio. Viéc thiét ké phan mém cho hé thdng quan 1y Mana Worker
nham cung cip dén ngudi quan ly an toan cic dif liéu can thiét d€ 1am ting hiéu qua cong tic quan ly
an toan cho ngudi cong nhan trén cong trudng xay dung.

Viéc thiét k& phan mém cho hé théng quan ly bao gdm céc nhiém vu:

- Thiét ké hé thdng xit 1y cc dif liéu dAu vao (vi tri va hanh vi ctia cong nhan) dé€ xuit ra cac di
liéu thong tin hitu ich cho cdng tdc quan 1y an toan trong xy dung;

- Thiét k& hé thong hién thi, giao dién va tuong tic ngudi diing cho phin mém ciia hé théng (bao
gdm ca trén App va Web) nhu & Hinh 7 d€ ngudi quan ly va ngudi cong nhan cé thé sit dung hé théng
quan ly nhu mot tng dung thong thudng trén dién thoai hay may tinh.

- Thiét k& hé thong luu trit dit liéu cho phép truy cap va trich xuét cac dit liéu thdng ké nhu 16i vi
pham hay thoi gian lao dong clia cong nhén trén cOng truong.

= code SR & Desip

woome, s MR L e §7

Hinh 7. Thiét k& giao dién App thong qua ting dung 1ap trinh Android Studio

d. Lap trinh, phén tich va ciu triic ctia hé théng quan ly Mana Worker

Phan mém ctia hé théng quan ly Mana Worker dudgc 14p trinh trén nén ting clia cic ting dung lap
trinh nhu Android Studio, Visual Studio Code va Adobe XD, trong do:

- Chiic ning ctia Android Studio 13 cung cip cong cu dé xay dung hé thdng giao dién va xt ly di
liéu cho App trén hé diéu hanh Android. Android Studio gitp tao dung dng dung va x& 1y phan 16n
céc dif liéu tuong tic ctia hé thdng quan Iy Mana Worker. Dong thdi, Android Studio sé cip quyén
truy cap vao Android SDK cho cic thiét bi ctia hé théng hé théng Mana Worker (xdy dung App, thu
nhén dif liéu, xd 1y va truyén cic thong bdo, canh bio dén ngudi dung). Ngoai ra, Android Studio
ciing cho phép lién két dén céc chiic ning ctia nén ting cong nghé nhu GSI va GPS [10, 11] cho phép
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thiét 1ap xdy dung pham vi cong trudng dé thuc hién cong tic gidm sat va thu thap dit liéu mot cich
ty dong.

- Chifc néng cta Visual Studio Code va Adobe XD: Cho phép viéc lap trinh xay dung nén trang
Web cho hé thdng quan 1y Mana Worker, nhdm muc dich xt 1y va hién thi dit liéu theo giao dién phu
hop trén may tinh va laptop d€ phuc vu cong tdc quan ly cong nhan lao dong tai cong trudng (luu trit
va trich xuét dif liéu vi pham hay hd trg ghi nhé chim cong ctia hé thong).

CAu triic ctia hé thong quan ly cong nhan Mana Worker dugc xay dung theo md hinh MVC (Model
- View - Controller), bang cach chia tich phan giao dién va phan Code cho phin mém ctia hé thong,
ngudi quan 1y xay dung c6 thé tu tao 1ap du 4n, quan ly va bio tri hé théng dé dang sau nay (xem Hinh

8).
Trung tdm
d dieu khién

Xu Iy giao dién

frong tic
hién thi

Hinh 8. M6 hinh MVC (Model-View-Controller) dugc ting dung dé 1ap trinh hé théng quan Iy Mana Worker

Mo hinh MVC gitip xay dung giao dién hién thi cho hé théng quan Iy Mana Worker, tit d6 gitp
cho ngudi quan ly va cong nhan dé dang truy cip vao cac dif lidu ctia hé théng quan ly nhu mot ing
dung thong thudng trén thiét bi di dong va c6 thé chinh sita trong qua trinh phat trién hé thdng quin
ly Mana Worker.

May chu
(thu thap, xtr Iy dir liéu
va luu trir)

Dién thoai di dong va chip gin trén Dién thoai di dong va Laptop
trang bi an toan cua ngwoi cong cua ngudi quan 1y
) {1115111 L (theo ddi cac dit liéu quan Iy an
(Cung cap dit liéu dau vao va tiép toan va tiep nhan thong béo nguy
nhén thong bdo nguy hiém) hiém)

Hinh 9. C4u triic lién két trong hé thdng quan 1y cong nhan Mana Worker

CAu tric chinh ctia hé thng quan 1y cong nhan Mana Worker 12 sy lién két cac dif liéu vi tri, hanh
vi clia cong nhan trén cong trudng va ngudi quan ly an toan thong qua hé thdng may chd trén nén ting
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luu trit dién todn ddm may (nhu Hinh 9) nhu sau:

- Céc trang bi an toan lao dong va di€n thoai di dong (c6 chic nang dinh vi GPS) trén ngudi cong
nhan, dugc két ndi dén hé thong thong qua két ndi internet d€ cung cip dit liéu dau vao tir viéc khai
pha nén tang GPS két hop GIS cho hé théng [10], dong thdi tiép nhan cac thong bao va canh bao nguy
hi€ém dén ngudi cong nhan khi dang 1am viéc trén cong truong [13].

- Mdy cht 12 bo phan tiép nhan, Ivu trit dif liéu va xit 1y cac dif liéu can quan ly trén nén tang luu
trtt di€n toan dam may Firebase.

- Thiét bi di dong ctia ngudi quan ly cho phép truy cip vao hé théng quan ly Mana Worker thong
qua internet d€ cAp nhat di liéu quan ly an toan cho ngudi cong nhan (App trén di dong va Web trén
Laptop).

e. Xay dung chiic ning thiét 1ap du 4n cho hé thong quan ly Mana Worker

Chiic ning thiét 1ap du an cho hé théng dugc xay dung dua trén nén ting clia ctia tng dung Google
Zone Color va két hop véi Layer thiét k& mit bang cong trudng da dugc duyét, dé xac dinh toan bd
khu vuc cong truong ciing nhu khoanh viing nhiing khu vuc nguy hiém theo tiing giai doan ctia du 4n.

Ngudi quan ly vin dé an toan tai cong trudng sé dudc cAp quyén quan ly dé dugc tiép can chic
ning thiét 1ap du 4n, chidc ning nay sé cho phép ngudi dudc phan quyén cap nhat cdc vi tri nguy hiém
tai cong truong theo tiing giai doan cia du. Thong qua viéc cap nhat toa dd cac diém thudc dudng
bao quanh pham vi nguy hiém clia cong trudng, chiic ning ctia Google Zone Color sé cho phép hién
thi pham vi nguy hiém theo diing tinh trang thuc té clia cong truong. Cac cd nhan 13 cdn bd quan ly
an toan sé phdi hop vdi cac can bo ky thudt thi cong dé xdc dinh pham vi thi cong c¢6 nguy cd nguy
hi€m va cip nhat cdc vi tri nay 1én hé thdng, thong qua chic ning thiét 14p du 4n ndy trén App Mana
Worker.

Viéc cap nhat pham vi nguy hi€ém ctia cong trudng sé dugc thuc hién khi vi tri khu vuc an toan
thay doi theo tiing giai doan cta dy 4n. Tuy nhién qud trinh thay d6i pham vi nguy hi€m trén cong
truong 12 mot qua trinh khong dién ra thudng xuyén dén miic phai cap nhat lién tuc, vay nén sau khi
hoan thién hang muc va thay d6i pham vi nguy hiém trén cong trudng thi cdn bo quén 1y an toan hoan
toan c6 du thoi gian d€ phdi hop vé6i can bd ky thuat thi cong dé€ cap nhat khu vuc nay 1én hé théng
Mana Worker va tiép tuc quan ly an toan nhu binh thudng.

Chiic ning thiét 1ap du 4n trén App Mana Worker dudc thiét k& d€ ngudi quan ly an toan c6 thé
cap nhat pham vi cong truong hay pham vi nguy hiém bang cich nhap 1én hé théng céc toa do diém
ctia nhiing khu vuc trén va phan mém sé tham chiéu cac toa do nay 1én bé mit ban d6 nén véi chiic
ndng tuong tu cong cu GIS [13, 14].

Vi tri clia moi cong nhan dudc xdc dinh bdi 2 gid tri (x,y) chinh 1a kinh do va vi do diém ctia c4
nhan dudc cip nhat béi hé théng dinh vi GPS. Thuat to4n ddi chiéu so sanh toa do (x, y) véi 1 khu vuc
c6 dién tich dudc bao quanh bdi mot dudng bao dudc ndi tir cac diém 12 toa do pham vi cong trudng
hay toa do6 pham vi nguy hiém. Ti viéc st dung thuit todn so sanh ddi chiéu ndy, cong tic gidm sat
theo doi ngudi lao dong s€ dugc thuc hién mét cach ty dong ngay tai cong trudng ma khong phai theo
doi truc tiép hay thi cong. Tir d6, cong tic quan ly va giii canh bdo mét an toan dén cho ngudi cong
nhan khi ho di chuyén dén gan khu vuc nguy hiém trén cong trudng xay dung sé dién ra tu dong,
nhanh chéng va chinh xac.

3.3. Phdn quyén truy cdp vao co sé dit liéu ciia hé théng Mana Worker

Giao dién ctia hé thbng Mana Worker dudc nghién ctu phat trién d€ hién thi trén 2 nén tang
(Platform) gdm: App Android va Web va dudc phan quyén truy cip vao co s dif liéu cta hé thong
tiy dbi tuong 1a ngudi quan ly an toan hay ngudi cong nhan trén cong trudng.
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Hé thdng Mana Worker chia ngudi dung 1am 2 nhém déi tuong st dung khac nhau gom ngudi
quan 1y an toan va ngudi cong nhan lao dong. Cic tuong tic vao hé thdng clia cac dbi tugng khic
nhau ciing dugc 1ap trinh d€ hién thi ty muc dich va chic ning sit dung.
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Hinh 10. Hinh anh giao dién trén App Mana Worker bang dit liéu chAm cong va thong ké 15i vi pham
theo tiing ngay, tiing thang ctia cdng nhin

a. Ngudi dung I1a cong nhan

Hé thong quan ly Mana Worker dudc xdy dung dé cho phép ngudi cong nhan truy cip trén nén
tang App Android véi cdc tuong tac trén App nhu diing nhap va két nbi vao hé thong. Khi ngudi cong
nhén lao dong trén cong trudng va két ndi dén hé thong thi dif lidu sé dugc tu dong thu thap dit lidu va
sé hién thi cac thong bdo nguy hiém ctia hé thdng cho ngudi cong nhan khi xuét hién nguy co nguy
hiém. Ngoai ra, giao dién ctia hé théng trén App danh cho ngudi cong nhan ciing hd trg viéc truy cip
cdc dit liéu luu trit nhu 16i vi pham hay bang chAm céng ty dong ctia ngudi cong nhan do.

Céc tuong tac v6i App Mana Worker trén giao dién ctia cong nhan gom:

- Ping ki, ding nhap vao App Mana Worker trén hé thong;

- Tham gia du 4n thong qua su chip thuan ctia quan ly;

- Lién két dén hé thng trong thdi gian lao dong trén cong trinh;
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- Tiép nhan cac thong bdo vé& nguy co nguy hiém cta vi tri cong nhan trén cong trudng;

- Theo do6i dit li€u lich trinh lao dong dugc luu tri va cap nhat hang ngay, hang thang;

- Cap nhit cic thdng ké vi pham do khong tuan thii trang bi an toan lao dong;

- bang ky thong tin ca nhan.
b. Nguoi dung la quan 1y cong nhan

Hé théng quan ly Mana Worker cho phép ngudi quan 1y an toan c6 thé truy cip trén ca 2 nén
tang bao gdm App trén dién thoai di dong va Web trén mdy tinh. Khi ding nhap vao hé thong Mana
Worker, ngudi quéan ly c6 thé theo ddi tAt ca cdc di chuyén clia cong nhan trén cong trudng, danh
sach cic cong nhan da dudc phan loai theo nhiém vu ciing dudc cung cip. Chiic niing theo ddi cong
trinh ctia hé théng cho phép ngudi quan 1y c6 thé quan sét thiy toan bd di chuyén bén trong pham vi
cong trudng, phat hién su di chuyén di vao khu vuc nguy hiém va thong bio dén ngudi cong nhin
d6. Nhitng dit liéu lién quan dén hanh vi khong tuan thi d6 bao ho an toan ciing dudc hé thdng cung
cAp dén ngudi quan Iy mot cach tu dong. Pdng thdi, chiic ning thiét 1p du 4n cta hé théng s& cho
phép ngudi quan ly cong nhan c6 thé thiét 1ap nén cdc dif liéu ctia mot hé théng, diéu chinh hay cap
nhat céc dif liéu pham vi du 4n theo diing tinh hinh thuc té tiing giai doan ctia cong trudng. Ngoai ra,
ngudi quan ly ciing c6 thé truy cip dudc toan bo cac dit liéu thong ké ctia hé thdng gom cac théng
ké vi pham khi di vao khu vuic nguy hiém, céc théng ké vi pham khong tuan thd trang bi an toan khi
thi cong va bang chim cong thoi gian 1am viéc clia cdc cong nhan trén cong trudng. Giao dién clia hé
théng ciing dudc thiét ké dé ngudi quan ly c6 thé dé dang theo ddi cc thdng ké theo tiing ngay, ting
thang cta tiing cong nhan.

Nén tang Web cho phép ngudi quan 1y truy cip va trich xut cac dit liéu théng ké nhu 16i vi pham
hay bang chim cong d€ cong tic quan 1y trd nén hiéu qua hon nhu Hinh 10.

4. Panh gia chuong trinh

Trong qua trinh thuc hién xay dung hé thdng quan 1y Mana Worker, hé théng nay da dudc xay
dung dua trén cdc tinh hudng xi 1y thuc tién tai cdc d6i nhém chuyén thi cong ha ting xay dung céc
cong trinh giao thong tai Thi Thiém, Thanh ph Thi Pic — thanh phd Ho Chi Minh nhu Hinh 11,
cdc muc tiéu dit ra ban dau nhu canh bdo céc cong nhan di chuyén trong pham vi nguy hiém, theo doi
cc hanh vi khong tuan thii an toan lao dong ctia ngudi cong nhin va quan ly thdng ké gio cong lao
dong ctia ngudi cong nhan trén cong trudng da dugc nghién ciiu dé€ 1ap trinh va xay dung trén hé théng
quéan ly Mana Worker. Ngudi cong nhan lao dong dudgc trang bi nén bao ho hay day deo an toan co
gan chip va dudc cai dit App Mana Worker trén dién thoai trong qua trinh lao dong tai cong trudng.
Ngudi quén ly ciing dudc cai dit App dé theo ddi két qua va hoan thién hé théng Mana Worker.

Sau khi hé théng Mana Worker dudc xay dung hoan thién, hé thdng quan ly dudc dua vao chay
thir va kiém tra do chinh xac. Qua trinh chay thir gitip nhém nghién ctu tiép tuc hoan thién hé thong,
dong thoi 4p dung thuc tién trén quy mo rong hon trong qué trinh quéan 1y cong nhén tai cic cong ty
nhu Cong ty c6 phan dau tu xiy dung ciu dudng A, Cong ty TNHH TMDV thi cong xiy dung cau
dudng B va Cong ty ¢d phin Cong trinh giao thong C tai thanh phd HO Chi Minh. O giai doan chay
th, hé thdng quan 1y Mana Worker dudc cung cip gdm toan bd céc trang bi ctia hé théng va dién
thoai di dong c6 cai sdn App Mana Worker dén céc t§ doi thi cong dé kiém tra qua trinh van hanh,
phat hién 16i va hoan chinh hé théng. Cac nhém cong nhan lao dong tai nhiing cong ty nay hoat dong
trong linh vuc thi cong ha tang giao thong nén cic thong sé vé do chinh xac & thdi diém thit nghiém
cho két qua trong pham vi cho phép, trong diéu kién ha tang truyén dn vién thong hién nay.
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Hinh 11. Hinh anh thi cong cong trinh tai Thi Thiém trén hé thdng Mana Worker

Quia trinh chay tht dudc thuc hién tai 4 t6 doi cia 3 cong ty d€ thu thap dit lidu va danh gia két
qua. Céc t6 doi dugc chia 1am 2 nhém chinh 1a thi cong ha tang thodt nudc va thi cong tham bé tong
nhua cho cic du 4n tai Thanh phé Hd Chi Minh. Két qua ctia hé théng cho thiy cdc nhom t& doi dudc
trang bi hé théng quan 1y Mana Worker cho cong nhan & ca hai linh vuc thi cong ha tang cip thoat
nudc va thi cong tham nhua déu cai thién dang ké y thiic vé nguy co tai nan, sd vu tai nan do va cham
v6i thiét bi thi cong cling gidm manh va cic vu tranh chip trong cong tdc chim cong clia td trudng va
cong nhan gan nhu bang khong.

Qua trinh chay thit dudc thuc hién tai 4 nhom t5 doi clia 3 cong ty thi cong ha tang xiy dung ha
tang cong trinh giao thong & Tp. Ho6 Chi Minh dudgc thdng ké trong Bang 1.

MGi t& ddi sé thuc hién cung cip trang bi nén, ddy deo an toan c6 gan chip va cai dit app Mana
Worker cho nhém 1/2 s6 cong nhan trong khi nhém 1/2 s6 cong nhan con lai van tiép tuc lao dong
nhu binh thudng, két qua dudc thdng ké sau mot thdi gian truc tiép tai cong trudng theo tinh hinh thuc
té trién khai cong viéc va cic két qua dugc thong ké lai tai Bang 2.

Sau khi chay tht, két qua cho thiy su hiéu qua trong cong tic quan ly cong nhan biang hé thdng
quéan ly Mana Worker so véi cach quan 1y nhan cong binh thuong hién nay:

- S6 lugt canh bao dén cong nhan khi ¢6 nguy co nguy hiém xay ra 1a: 1018 luot.
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Bang 1. Bang dif liéu qua trinh chay thit ddnh gia hé théng Mana Worker

S6cong S6 Sbca - e .
, ) . Ag Linh vuc Thoi gian  Ghi
Nhom bon vi nhan/td6 du lao ., A ,
N , N chinh thuc hi€én chu
doi an  dong : i
i Cong ty ¢d phan dau tu Tham Bé A
Nhém 1 e’y cophan 8§ 14 488 8 tudn
xdy dung cau dudng A tong nhya
i Cong ty ¢d phan dau tu Duy tu \
Nhém2 '8y cophan g8 12 672 M 12twAn (%)
xdy dung cau duong A duodng bd
, Cong ty TNHH TMDV thi Thi con N
Nhéom3 £ )j N N 8 6 448 R £ R 8 tuan (*)
cong xay dung cau duong B xay dung ke
) Cong ty C& phan Con Du 4n thoat N
Nhém4 o ey oP £ 10 1 840 LT wAn (%)
trinh giao thong C nudc do thi
Bang 2. Bang théng ké dit liéu chay thi danh gia hé thdng quan 1y Mana Worker
Nhém 1 Nhém 2 Nhém 3 Nhém 4
Noi dung Pon vi
Binh Mana Binh Mana Binh Mana Binh Mana
thuong Worker thuong Worker thudng Worker thuong Worker
S6 1an dudc canh bdo Luogt 0 150 0 224 0 224 0 420
nguy hi€ém
S6 14n bi phét hién thdo Luogt 10 80 11 200 15 100 8 180
trang bi bao hd
S6 lan cong nhan di  Luot 68 50 70 48 49 45 85 40
lam tré
S6 vu tai nan tai cong Vu 28 2 42 5 27 6 96 8
trudng do va cham véi
thiét bi thi cong
S6 lan mau thuin do Luogt 14 0 21 0 14 0 21 0
cong tac chim cong
Téng thai gian quén 1y Ca 56 8 84 12 56 8 84 12
cong nhan
Téng s6 du 4n thuc hién DA 14 14 12 12 6 6 1 1
trong thoi gian chay thit
Ty 1€ hoan thanh cong %o 87 92 81 96 80 100 75 90

viéc theo tién do dugc
giao

- S6 phan phat hién cong nhan khong tuan thii trang bi (4o, nén ... ) ting 12,72 lan.

- Ty 1& cong nhan di 1am tré tai cdc nhém dudce quan 1y bing hé théng Mana Worker bang 67,27%
so v6i nhdm céng nhan di lam binh thudng.

- S6 vu tai nan xay ra trén cong truong 1a 193 vu & nhém cong nhan lao dong binh thudng so véi
21 vu tai nhém dudgc quan ly bang hé théng Mana Worker.

- Mau thuln trong cong tac chAm cong 1a 70 vu & nhém cdng nhan lao dong binh thudng va 0 vu
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tai nhém cong nhan lao dong dudc quan 1y biang hé thong Mana Worker.

- Téng s6 1an chim cdng cho cong tac quan ly cong nhan 1a 280 lugt/1224 ca cho ngudi quan ly
nhém cong nhén lao dong binh thudng so véi 40 lugt/1224 ca cho ngudi quan ly nhém cong nhan lao
dong dudc quan Iy bing hé thdng quan Iy Mana Worker.

- Ty 1& hoan thanh cong viéc theo tién do dugc giao 1a 80,75% & nhém cong nhan lao dong binh
thudng so v&i 94,5% tai nhém coéng nhan lao dong dugc quan ly bang hé théng Mana Worker.

Céc dif liéu thu thap ciing cho thiy cdc xu huéng thich nghi lam quen va cai thién cac chi sb an
toan vdi hé thong quan ly Mana Worker dugc dién ra chdm va cang cai thién qua thdi gian dai chay
thit. C4c két qua thu thap trong 2 tuin dau cho thiy su cai thién khong dang ké giita viéc quan 1y cong
nhan binh thudng so véi quan ly bing hé théng Mana Worker, tuy nhién két qua dugc ghi nhan sau
tuan tif thit 6 dén tuan thi 8 tai cic cong trudng da cho thiy su hiéu qué rd rét & cac chi sé nhu s6 lan
di 1am tré ctia cong nhan va giam s6 vu va cham vdi thiét bi thi cong tai cong trudng.

Cic yéu t6 lién quan dén tai va st dung App Mana Worker trén nén tang Android sé& dugc phat
hanh mién phi trén CH Play trong thdi gian sap tdi, cic nha quan ly dang lam viéc trong linh vuc thi
cong xay dung & Viét Nam c6 thé tai vé va st dung dong thdi déng goép thém ¥ kién d€ hoan thién
thém vé hé théng quén ly truc khi dugc phat trién md rong trén nén tang iOS.

5. Két luan

Két qua clia nghién cifu nay 12 tao ra mdt dng dung thuc tién cho quan ly cong nhan, dua cong
nghé 4.0 vio quan ly an toan trong moi trudng xay dung, tao 1ap dudc mot hé thdng quan ly c6 tinh
ing dung ngay vao thuc tién cong tic quan ly an toan lao dong trong quan ly xay dung tai Viét Nam.
Sau khi hé thdng dudc chip thuin ding ti trén nén ting Android qua CH Play duéi tén goi Mana
Worker, tit ca cdc thiét bi di dong st dung hé diéu hanh Android déu c6 thé tai va sit dung mién phi.
Céc déng gép vé hé thdng quan 1y Mana Worker sé dudc ghi nhan va hoan thién trudc khi dudc gisi
thiéu dén cac cong ty xay dung tai Viét Nam.

Nghién cifu niy ciing di hoan thién dudc mot hé thdng quan 1y an toan ti dong gitip cho ngudi lao
dong nhan biét nguy hiém va c6 cach phong tranh kip thoi, dong thdi gidp ngudi quan ly an toan ki€ém
sodt va nam bat kip thdi cac dif liéu v& vi tri va hanh vi clia ngudi cong nhan hoat dong trong cong
truong. Nghién ciiu cling gidp nha quan ly kiém soat chim cong mot cach tu dong dong thdi tao tién
dé cho cdc nghién ciiu sau phat trién ing dung cong nghé thong tin trong quéan 1y xay dung sau nay.
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