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MO PAU
1. Ly do chon dé tai
- Trong x4y dung, thong thudng bd tri tong mit bang thi céng mang tinh dinh tinh,
dua trén kinh nghiém thi cong, mbi lién h¢ gitta cac dbi tuong nhung khong dua ra
phan tich danh gid cu thé. Su chinh x4c va hiéu qua cua viéc bd tri mat béng thi
cong c6 thé anh huong dang ké dén an toan lao dong, chi phi van chuyén, tién do thi
cong.
- Khi cong nghé ngay cang phat trién, viéc sit dung phan mém két hop voi thuat
toan dé t6i wu hoa tong mat bang thi cong khong chi gitp ting hidu qua ma con
phan anh sy hién dai va linh hoat trong cong trinh xay dung.
- Ttr nhitng 1y do trén, hoc vién di lya chon dé tai “Nghién ctru @ng dung thuit
toan tdi wu héa da muc tiéu trong bd tri tong mit bang thi cong” dé tmg dung
thuat toan Non-Dominated Sorting Genetic Algorithm I (NSGA-II), Multi-
Objective Particle Swarm Optimization (MOPSO) ciing nhu thuat toan lai két hop
trong viéc bd tri tong mat bang thi cong, toi wu hoa giai phap, gitp nang cao hiéu
qua bd tri tong mit bang, tir d6 day nhanh tién d6 thi céng va an toan cho cong trinh
xay dung noi chung.
2. Muc dich nghién ctru
- Nghién ctru tng dung ciia cac thuat toan tbi uu hoa.
- So sanh muc d6 hiéu qua, ng dung cua thuat toan NSGA-Il va NSGA-II lai
MOPSO dé ti wu hoa viéc bd tri tong mit bang cong truong voi 2 muc tiéu 1a
khoang cach di chuyén va an toan lao dong.
- Tl co s& Iy thuyét cua thuat toan NSGA-11, MOPSO c¢6 thé ap dung vao nhiéu vén
dé t6i uu hoa khac trong tuwong lai.
3. Pdi twgng nghién ciru va pham vi nghién ciu
- P6i tuong nghién ciru: Tong mat bang thi cong cong trinh x4y dung, bao gom: cac
hang muc theo ban vé thiét ké, cac hang muc phu trg nhu can truc thap, bai tap két
vat liéu, thiét bi, 1an trai va moi quan h¢ gitra cac hang muc nay vé khoang cach di

chuyén va an toan lao dong.



- Pham vi nghién ctru: Str dung thuat toan NSGA-11, NSGA-II lai MOPSO dé tbi vu
hoa viéc bd tri tong mat bang thi cong bang phan mém MATLAB, ddi v6i dang
cong trinh x4y dung dan dung hinh chir nhat st dung phwong phap thi céng truyén
théng db tai chd va thi cong 1ap ghép, trong giai doan thi cong phan than.

4. Phwong phap nghién ciu

- Phuong phap thu thip, nghién ctru tai liéu vé& cach thirc tdi vu cua thudt toan
NSGA-II, MOPSO va cach lap trinh bang phan mém MATLAB.

- Phuong phép phén tich, so sanh, tong hop cac két qua nghién ctru cua cac bai bao
t6i wu tong mat bang thi cong.

5. Co sé khoa hoc, thuc tién ciia dé tai

- Co so khoa hoc: Thuat toan NSGA-II dugc phat trién boi Kalyanmoy Deb va cong
su [1], MOPSO dugc phat trién boi Carlos A. Coello Coello, Maximino Salazar
Lechuga [2], ca 2 thuat toan nay déu duogc trinh bay tai to chirc cong nghé toan cau
Institute of Electrical and Electronics Engineers (IEEE) vao nam 2002.

- Tinh thyc tién: Bang cach ap dung thuat toan t6i uu trong bd tri tong mit bang thi
cong, c6 thé toi wu hoa thoi gian van chuyén vat liéu xdy dung, thiét bi va an toan
lao dong. Pic biét 1a trong cac du an x4y dung 16n, noi ma quan 1y tai nguyén va tdi
vu hoa khong gian 1a rat quan trong. Ngoai ra, tong mit bang thi céng cling c6 thé
dugc diéu chinh nhanh chong dé dap ung cac thay doi tir thiét ké trong qua trinh thi
cong. Két qua ciia nghién ctru c6 thé duoc phét trién va ap dung cho nhiéu loai du
an xay dung khéc nhau, tir cac du 4n dan dung dén céac du 4n cong nghiép va co s&
ha tang.

6. Két qua dat dwoc va van dé con ton tai

- Két qua dat dugc: Nghién ctiru da thanh cong trong viéc bd tri tong mat bang thi
cdng bing cach ap dung thuat todn tdi wu héa da muc tiéu. Két qua cho thiy thuat
toan NSGA-II lai MOPSO mang lai c4c giai phap Pareto tét hon so vi NSGA-II.

- Van dé con ton tai: Pham vi &p dung con gigi han cho cac cong trinh c¢6 hinh dang
chir nhat, chi ap dung mé phong twong tu cho cac céng trinh c6 hinh dang phuc tap

nhu da giac khong déu, duong cong.



Chuong 1 - TONG QUAN PE TAI NGHIEN CUU
1.1. Gi6i thiéu dé tai nghién cieu
- B4 tri tong mat bang thi cdng 1a mot trong nhitng yéu té quan trong quyét dinh
hiéu qua cta qué trinh xay dung. Mot mit bang duoc sap xép khoa hoc khéng chi
gilp téi wu hoéa khéng gian stir dung ma con gop phan giam chi phi, ning cao ning
suit lao dong va dam bao an toan trén coéng trudng. Tuy nhién, do su da dang vé
quy mé, dia hinh va yéu cau ky thuat cua ting du an, viéc bd tri hop Iy céc hang
muc phu tro nhu nha kho, bai vat liéu, bai gia cong hay can truc van 1a mot bai toan
phuc tap.
- B4 tri tong mat bang thi cong khong chi don thuan la viéc sip dat cac hang muc
trén mot khu vuc ¢d dinh ma con phai dap wng nhiéu rang budc khac nhau, bao gom
khoang cach di chuyén, kha ning tiép can, an toan lao dong va tién do thi cong. Néu
mat bang khong duoc bd tri hop ly, cac hé luy co thé xay ra nhu lang phi dién tich,
phét sinh chi phi khong can thiét, giam hiéu suat 1am viéc va ting nguy co tai nan
lao dong.
- Trong nhitng nam gan day, cac phuong phap téi uvu hoa di dwoc ap dung dé giai
quyét bai toan bé tri mat bang thi cong. Cac thuat toan ti uu héa don muc tiéu nhu
Genetic Algorithm (GA) hay Particle Swarm Optimization (PSO) da duoc sir dung
dé tim kiém phuong an bb tri hiéu qua dua trén cac tiéu chi nhat dinh. Tuy nhién, do
dic thl cua bai toan nay lién quan dén nhiéu yéu t6 c6 thé mau thuin véi nhau, cac
thuat toan tdi wu da muyc tiéu nhu Non-Dominated Sorting Genetic Algorithm I
(NSGA-I1) hay Multi-Objective Particle Swarm Optimization (MOPSO) dang dan
trg thanh xu huéng nghién ctiu pho bién.
- Viéc tng dung cé4c thuat toan toi vu da muc tiéu khdng chi giup tim ra cac phuong
an bd tri hop ly ma con hd tro viéc dua ra quyét dinh hiéu qua hon. Nhitng mé hinh
t6i wu ndy c6 kha ning xem xét dong thoi nhiéu yéu té nhu khoang cach di chuyén
gitta cac khu vuc, mirc do an toan trong thi cong. Pac biét, ddi véi cac cong trinh c6
quy md 16n va yéu cau khit khe vé tién do, sy phdi hop chat ché gitta cac hang muc

trén cong trudng c6 thé anh huong tryc tiép dén tong thé duy an.



- Bén canh d6, sy phét trién manh m& cua cdng nghé tinh toan va mé phong di tao
ra nhiéu co hoi dé nang cao hiéu qua téi uvu hoa bd tri mat bang thi cdng. Cac cong
cu phan mém nhu MATLAB va nhiéu phan mém mé phong chuyén dung khac da
gilp viéc thir nghiém, danh gia va lua chon phuong 4n bd tri ti uu tro nén dé dang
hon, tiét kiém thoi gian va chi phi hon so vé6i cac phuong phap truyén thong.

1.2. Téng quan c4c nghién ciru trude day

- Viéc t6i uu hoa tong mit bang thi cong da duoc nghién ctru trude ddy. Cac nghién
clru nay tap trung vao viée tim ra cac phuong phap bd tri téi wu nhim giam chi phi,
tdng hi¢u suat 1am viéc va dam bao an toan lao dong trén cong truong.

- T6i wu hoa bd tri tong mat bang thi cong don muc tiéu nhu nghién ciu cua
Vacharapoom Benjaoran va Vachara Peansupap (2019) [3] da ap dung Particle
Swarm Optimization (PSO) dé tinh toan khoang cach di chuyén giita cac hang muc
trén cong trudng, so sanh v4i thuat toan Genetic Algorithm (GA) va cho thiy PSO
dat hiéu qua cao hon. Tuy nhién, nghién ctru sir dung Excel 2013 dé mo phong, giy
kho khan trong viéc md phong cac mit bang thi cong, cac nghién ciru trong twong
lai can tap trung vao viéc nang cap mod phong bang ngdn ngir lap trinh khac nhu
MATLAB dé nang cao tinh linh hoat va d¢ chinh xac cia mo6 hinh. Nghién ctru cia
Dung-Nhan Nguyen Bui va Nang Duc Bui (2023) [4] ciing da so sanh cac thuat
toan PSO, GA, Ant colony optimization (ACO) va chi ra rang PSO cho két qua t6t
hon. Tuy nhién, bai todn gip van dé vé toc do hoi tu cia PSO do cac tham sd nhu
do 16n cua trong $6 quan tinh w va cac yéu td hoc tap C1, C2 chua duogc tdi wu hoa,
can thém cac nghién ctru bd sung dé xac dinh cac hé sb toi vu, cai thién kha ning
ho1 tu cua thuat toan.

- T6i wu hoa bo tri tong mit bang thi cong da myc tidu nhu nghién ctru cia Mustafa
Oral va cac cong su (2018) [5] gidi thi€éu mot phuwong phap st dung MOPSO da
muc tiéu dé tdi vu hoa vi tri cac hang muc tam thoi trén cong truong, dua trén vige
giam thiéu rii ro an toan va khoang cach di chuyén giita cac nguén lyc. Tuy nhién,
nghién ctru nay chi giéi han & céng trudng don gian véi mot cu thap, chua phi hop

v6i cac cong trudng c6 hinh dang va quy mé khac. Do d6, huéng nghién ctru tiép



theo can mo rong mo hinh nay cho cic cong trudng véi nhidu cau thap, dong thoi
tich hop cac yéu t6 an ninh va moi truong. THi uu héa cho van dé trao doi gitra thoi
gian va chi phi xay dung nhu nghién ctru cia Hong Zhang va Heng Li (2010) [6]
phat trién mot phuong phap da muc tieu MOPSO dé can bang thdi gian va chi phi
thi cong dya trén t6i uvu hoa Pareto. Tuy nhién, nghién ctru con gip kho khin trong
viéc xac dinh tham sé dau vao cho thuét toan. Cac nghién ctru s€ tap trung vao viéc
xdy dung nén tang dit liéu nham cai thién kha nang xir 1y dit liéu thu thap va xem
xét thém cac yéu t6 khong chic chin nhu thoi gian va chi phi xay dung ciing nhu
chat lwong cong trinh. Su danh d6i giita an toan va chi phi trong bd tri cong trudng
xdy dung cling da dugc trinh bay bdi Khaled El-Rayes (2005) [7]. Mac du an toan
trong xay dung 14 mot trong nhitng muc tiéu uvu tién hang dau nhung thuc té van
giap phai cac tai nan nghiém trong. Nghién ctru nay di phat trién mot mo hinh t6i uu
hoa bo tri cong trudong khong chi tdi wu hoa chi phi di chuyén cia nguén lyc ma con
dam bao an toan cho céng nhan va thiét bi. Bai bao da trinh bay cac khai niém va
tiéu chi hiéu suat dé do ludng su an toan va chi phi di chuyén. Tuy nhién bai bao
chua dua ra duge co s& lya chon céac hé sb quan trong cua tiéu chi an toan can truc,
tiéu chi kiém soat nguy hiém, tiéu chi giao diém.

- Trong bd tri mit bang thi cong, viéc lua chon giai phap t6i wu doi hoi dong thoi
xem xét hai yéu t6 khoang cach di chuyén va an toan lao dong. Quad trinh nay Ia tim
ra cach sdp xép cac hang muc tam thoi theo nhiéu muc tiéu c6 thé mau thuin voi
nhau, dong thoi phai tudn thii cac rang budc vé tinh hop 1y, khong chong chéo 1én
nhau hodc vuot ra khoi khu vuc thi cong. Viéc lap ké hoach bd tri mat bﬁng cong
truong dudi dang t6i wu héa din dén mot bai toan phi tuyén véi nhiéu muc tiéu
xung dot can dat duge. Cac nghién ctru chi ra réng céc thuat toan tdi wu t6 ra rét
hiéu qua trong viéc giai quyét cac bai toan t6i uu hoa phiic tap dang nay nhu nghién
clru cia Vacharapoom Benjaoran va Vachara Peansupap (2019) [3], Hong Zhang va
Heng Li (2010) [6], Dung-Nhan Nguyen Bui va Nang Duc Bui (2023) [4].

- Thuét toan NSGA-1l1 va MOPSO 14 thuit toan t6i wu da muc tiéu duoc st dung

phd bién trong viéc giai quyét bai toan phan bo nghiém trén bién Pareto. Mdi thuat



toan déu c6 mit vu diém riéng, dd c6 nhiéu nghién ctru so sanh vé 2 thuit toan nay.
Nghién ctru cia Rachmat Parayoga va Anna Maria Sri Asih (2021) [8] da chi ra
rang NSGA-II ¢6 hiéu suit tbt hon MOPSO & s6 luong giai phap Pareto, thoi gian
tinh toan. Tuy nhién, ddi véi chi sé da dang, MOPSO van tét hon. Nghién ctru caa
Mohamad Izdin Hlal va cac cong su (2019) [9], phuwong phap NSGA-II ¢6 hiéu suit
manh mé hon, trong khi phuvong phap MOPSO nhanh hon trong viéc thuc hién tdi
uu hoa.
1.3. Co sé ly thuyét cac thuat toan tdi wu hoa
1.3.1. Thuat toan Genetic Algorithms (GA)
- Thuat toan di truyén GA 1a mét thuat toan t6i vu dua trén co ché tién héa tu nhién,
st dung cac nguyén 1y chon loc tir nhién, lai ghép va dot bién dé tim kiém cac giai
phap t6i wu cho cac bai toan t6i wu hoa.
- Thuat todn GA thuong duoc st dung cho cac bai toan t6i uu khong ¢ ciu tric rd
rang, cac bai toan c6 khong gian tim kiém 16n hodc khong thé giai quyét bang cac
phuong phap toan hoc c6 dién. Sau day 1a mot thuyét minh chi tiét vé cach thirc
hoat dong cua thuit toan GA.
- Cac thanh phan co ban cia thuat toan GA:
+ Quan thé: 1a tap hop céc ca thé, mdi c4 thé dai dién cho mot giai phéap tiém
nang cta bai toan t6i wu. Quan thé nay duoc khéi tao ngau nhién va mdi ca
thé trong quan thé c6 mot chudi ma hoa (dudi dang nhi phan hodc ma hoa s6
khac) dé biéu dién cac tham s cua bai toan.
+ Nhiém sic thé: Mot ca thé trong GA dugc biéu dién dudi dang mot chudi
nhiém sic thé. Mdi nhiém sic thé c6 thé dugc ma hoa dudi dang chudi nhi
phan, s6 nguyén, hodc cac ciu trac khac, phu thudc vao loai bai toan can giai
quyét.
+ Ham muyc tiéu: 1a ham danh gia mac do tot cia mot ca thé trong quan thé,
tire 1a n6 danh gia kha ning ciia ca thé dé trong viéc giai quyét bai toan. Muc
tiéu cta thut toan GA 13 t6i da hoa (hodc téi thiéu héa, tiy vao bai toan) gia

tri ctia ham thich nghi cho céc cé thé.



- Thuat toan GA bao gébm mdt chudi cac bude lip di lip lai, qua d6 tim ra cac giai

phap t6i wu cho bai toan. Quy trinh thuat toan GA duoc md ta trong hinh 1.1.

Khoi tao quan thé

A 4

bénh gid ham muc tiéu

A

A\ 4

Chon loc

A 4

Lai ghép

A\ 4

Dot bién

\ 4

Loc quan thé

A 4

Kiém tra di€u kién dung

A\ 4

Xuat két qua

Hinh 1.1. So d thuat toan GA
+ Khéi tao quﬁn thé: Mot quén thé ban dau duoc tao ra ngau nhién véi mot
s6 luong ca thé nhat dinh. Cac ca thé trong quan thé nay s& duoc mi hoa
duéi dang cac chudi nhiém sic thé.
+ Panh gia ham muc tiéu: Mdi c4 thé trong quan thé dugc danh giad bang
ham thich nghi, dé xac dinh mtrc do t6t ctia né d6i v6i bai toan can tdi uu.
Ham thich nghi co thé do luong sai s6 hodc hiéu suét cia ca thé dya trén cac
tham sd da chon.
+ Chon lgc: 1a qua trinh lya chon céc ca thé tot dé nhan giéng va tao ra thé hé
tiép theo. Phuong phap chon loc phé) bién 1a "chon loc theo ty 1¢ thich nghi".
Céc ca thé co gia tri ham thich nghi cao ¢6 xac suat dugc chon loc cao hon,
nhung khong phai 1 chic chin. Piéu nay giup giit lai sy da dang trong quan
thé.



+ Lai ghép: Sau khi chon loc, cac cip cé thé s& duoc két hop v6i nhau qua
mot qua trinh goi 12 lai ghép. Lai ghép tao ra cac ca thé con bang cach trao
d6i mot phan thong tin giita cac ca thé cha me. Thong thuong, lai ghép s&
xay ra & cac diém ngau nhién trong chudi nhiém sic thé cua cac ci thé cha
me. Muc tiéu cua lai ghép 1a tao ra nhitng ca thé con c6 kha ning tét hon
hoic twong duong cac ca thé cha me trong qua trinh tbi wu.
+ Dot bién: Dot bién 14 qué trinh thay d6i ngiu nhién mot phan cia nhiém
sdc thé cua c4 thé con sau khi lai ghép. Diéu nay giup duy tri sy da dang di
truyén trong quan thé, tranh viéc cac ca thé tré nén dong nhit va roi vao cuc
tri dia phuong.
+ Loc quan thé: Sau khi tao ra cc ca thé con qua lai ghép va dot bién, quan
thé s& dugc cap nhat. Co thé gitr lai toan by hodac mot phﬁn cac cé thé tur quﬁn
thé hién tai va két hop voi cac ca thé con dé tao ra quan thé tiép theo.
Phuong phap giir lai ca thé tot nhat gitip dam bao rang chit lwong quan thé
khong bi suy giam trong qua trinh tién hoéa.
+ Durng thuat toan: Thuat toan sé dirng lai khi mot trong cac diéu kién dung
sau dugc thoa mén: S6 vong lap dat dén giéi han, ham thich nghi cta ca thé
tdt nhat dat mot gia tri thoa man, cac ca thé trong quén thé khong thay doi
nhiéu qua céc thé hé.
1.3.2. Thuat todn Non-Dominated Sorting Genetic Algorithm 11 (NSGA-I1)
- NSGA-II dya trén co sé thuat toan GA duoc phat trién bai Kalyanmoy Deb va céc
cOng su (2002) [1], st dung dé giai quyét cac bai toan toi wu da muc tiéu.
- NSGA-II dugc thiét ké dé tim ra tap cac giai phap Pareto t6i uu trong khong gian
nhiéu myc tiéu. Cac giai phap Pareto t6i wu 1a nhiing giai phap ma khong co giai
phap nao trong tap tim dugc cai thién mot muc ti€u ma khong lam gidm mdt muc

tiéu khac. So do cia NSGA-II dugc trinh bay ¢ hinh 1.2.



Khéi tao quan thé

\ 4
Séap xép quan thé

A

\4

Tinh khoang cach dong duc

\4

Lua chon

\4

Lai ghép

\ 4
Dot bién

\ 4
Ghép ndi quan thé cha, con

A 4

Kiém tra di€u kién dung

v

Xuat két qua
Hinh 1.2. So d6 thuat toan NSGA-II
- C4c budc ctia NSGA-II:

+ Khoi tao quén thé: Tao mot quén thé ban dau ngﬁu nhién.

+ Sap xép khong troi: Chia quan thé thanh cac bac dua trén quan hé khong
troi. Nghiém nao khong bi troi boi nghiém khéc sé thudc bac 1. Cac nghiém
tiép theo duoc Xép vao cac bac 2, 3,...

+ Tinh khoang cach dong dtc: Tinh khoang céch gitra cdc nghiém trong cung
mot bac dé dam béo da dang nghiém trén bién Pareto.

+ Luwa chon: Chon cac ca thé tir quén thé hién tai dua trén bac khong trdi va
khoang cach dong duc.

+ Lai ghép va dot bién: Tao ra thé hé con bang phép lai va dot bién.

+ Két hop quan thé cha-con: Két hop sau d6 chon ra quan thé tot nhat dya

trén sap xép khong troi va khoang cach dong duc.
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- NSGA-II ¢6 nhitng dic diém sau:
+ Pam bao khong c6 su vu tién vé muc tiéu nao (tic 1a khong co trong sb
gifra cdc muc ti€u).
+ Duy tri sy da dang trong quan thé, gitip tranh viéc hoi tu qua sém vao mot
ving cu thé cuia khong gian giai phép.

- Su khéc nhau gitta GA va NSGA-II dugc trinh bay ¢ bang 1.1.

Bang 1.1. So sach thuét toan GA va NSGA-II

GA NSGA-II
Muc tiéu Tbi vu don muc tiéu Tbi vu da muc tiéu
Phan loai nghiém Khong phan loai bac Séap xép khong troi

nghi¢m

Khong ¢6 co ché duy tri da | Sir dung khoang cach dong

Da dang nghiém dang dac

Dua trén bac sip xép khong

Luwa chon ca the Dua trén ham 1 muc ti€u N , . o >
: : tro1 va khoang cach dong dtc

Hoi tu vao 1 nghiém tdt

z Tao ra bién Pareto dong déu
nhat

Phan b6 nghiém

Do phurc tap Thap Cao

1.3.3. Thuat toan Particle Swarm Optimization (PSO)

- PSO la thuat toan vu hoa ngiu nhién dwa trén mot quan thé gdm nhiéu cé thé dé
tim ra nghiém t6i wu bang cach cap nhat cac vi tri tét nhat. M6 phong hanh vi tim
kiém thirc an ctia dan ca hodc bay chim. Mdi ca thé caa bay dan duoc dic trung boi
hai tham s 12 vi tri va van téc. Mot ca thé ludn tim kiém trong khong gian tim kiém
ctia chinh né dé thay thé vi tri cii bang vi tri méi tét nhat.

- M phong qua trinh tim kiém thuc an ciia bay dan dugc dién ta ¢ hinh 1.3, trong
khong gian tim kiém thirc an luc nay 1a toan b khdng gian ba chiéu. Tai thoi diém
bat dau tim kiém ca dan bay theo mot hudng nao do, cé thé 1a ngau nhién. Tuy
nhién sau mot thoi gian tim kiém mot s6 ca thé trong dan bat dau tim ra dugc noi co
chua thire dn. Tuy theo sé lwong thie n vira tim kiém, ma cé thé guri tin hiéu dén

c4c cac ca thé khac dang tim kiém & vang 1an can. Tin hiéu nay lan truyén trén toan
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quan thé. Dya vao thdng tin nhian dugc mdi ca thé s& diéu chinh huéng bay va van
téc theo hudng Vé noi cé nhiéu thic dn nhat. Co ché truyén tin nhu vay thudng
dugce xem nhu 13 mot kiéu hinh cua tri tué bay dan. Co ché nay gilp ca dan chim
tim ra noi c¢6 nhiéu thic dn nhat trén khdng gian tim kiém vé cung rong 16n. So do

thuat toan duoc thé hién & hinh 1.4.

Thong tin___

-

Hinh 1.3. Canh dan chim tim kiém mdi

Khoi tao quan thé

A 4

Danh gia ham myc tiéu |«

Y
Tim gid tri ca nhan to6t nhat

A 4

Tim gi tri quan thé t6t nhat

A 4

Cap nhap van toc, vi tri

A 4

Kiém tra diéu kién dimng

A 4

Xuét két qua

Hinh 1.4. So d thuét toan PSO
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- Céc budce chinh ciaa PSO:
+ Khai tao sé lwgng cac ca thé ngau nhién trong khéng gian tim kiém, sb
lwong ca thé phu thudc vao quy md khong gian tim kiém. Gan vi tri x va van
téc v cho tirng cé thé.
+ M0 ta qua trinh di chuyén cua ca thé duoc thé hién & hinh 1.5. Mdi c4 thé
th i s& di chuyén theo 2 yéu té:
e Vi tri tot nhét ctia ca thé i timg di qua P:
Pi :(Rl’ Pi2""’ Pij""Rn)
e Vi tri tot nhat ctia dan G:
f(G) =min[f (P)] hodc f(G)=max[f(R)]
+ Vi tri va toc d6 ciia mdi ca thé dugc cap nhat nhu sau:
e Van toc mai cua ca thé:
Vi (t+1) =wxv; (t) + ¢, x 1 x (B (t) — X () +¢, x 1, x (G(t) — x (1))
e Vi tri méi cua cé thé:
X(t+1)=x(t)+v,(t+1)
Véi:  W: Hé sé diéu chinh mirc do git lai van toc ban dau
¢, : Hé sé gia toc ca thé
c,: Heé sé gia toc quan thé
I, T, : Bién s6 ngau nhién tir 0 dén 1
wx V; (t): Thé hién quén tinh, ty I vai van toc
¢, xhx(P(t)—x(t)): Nhan thuc, ty 1¢ voi sai khac gitra
vi tri tét nhat cia mdi P; va vi tri tac thoi x; cua né.
c, x I, x(G(t) —x(t)) : X& hoi, ty I¢ véi sai khac giita vi

tri tot nhat cua dan G va vi tri tac thoi xi caa con thi .
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crilpxi ()] /’

/
’

x(t+1)

rd

wy, (1)
x.i'(r) -

Hinh 1.5. M6 ta qua trinh cap nhap vi tri va van tc [10]
- Trong qua trinh tim kiém, dya vao thdng tin nhan duoc vé vi tri ctia ca dan, cac ca
thé ludn cap nhat van toc di chuyén va vi tri cia minh. Qua trinh tinh toan s& duoc
l3p lai cho dén khi dat dugc diéu kién dirng nhat dinh nhu s6 1an lap t6i da, gia tri
ham muc tiéu da nho hozc khi cac cé thé khong thay doi nira.
1.3.4. Thuat todn Multi-Objective Particle Swarm Optimization (MOPSO)
- MOPSO 13 mot bién thé ciia PSO nhu hinh 1.6, dugc thiét ké dé giai quyét cac bai
toan t6i wu nhidu muc tiéu. Khi c¢6 nhiéu hon mot muc tiéu, thay vi tim mot nghiém
t6i wu duy nhét, thuat toan tim tap hop cac nghiém Pareto tdi uu.
- Cac buoc khai tao quén thé, danh gid ham muc ti€u, tim gia tri ¢4 nhan tdt nhét,
tim gia tri quan thé t6t nhat twong ty thuat toan PSO.
- Viéc chon cé thé din dau rat quan trong, vi né quyét dinh huéng di chuyén cua céac
hat va anh hudéng truc tiép dén sy hoi tu cling nhu tinh da dang cua tap nghiém
Pareto t6i wu. Hat dn du gitip huéng dan ting hat di chuyén vé phia cac ving tiém
nang trén bién Pareto. Co thé lwa chon hat din dau dua trén co ché 6 ludi hodc co
ché khoang cach dong duc. Cac ca thé méi duge thém vao kho luu trit néu chung

khong bi chiém wu thé.
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Khéi tao quan thé

A 4

Danh gia ham muyc tiéu

A

Tim gia tri c4 nhan tbt nhat

A 4

Tim gia tri quan thé tt nhat

A 4

Lua chon ca thé dan dau

A 4

Cép nhap vi tri, van toc

A\ 4

Céap nhap kho luu triv

4

Kiém tra di€u kién dung

4

Xuat két qua

Hinh 1.6. So d6 thuat toan MOPSO

1.3.5. Thuat todn NSGA-I1 lai MOPSO

- B¢ giai quyét hiéu qua bai toan t6i uu hda da muyc tiéu, tac gia dé xuit thuat toan
lai két hop gitta NSGA-II va MOPSO. Muc tiéu cta phuong phap dé xuét la tim
duoc tap nghiém tiém can bién Pareto vdi d6 hoi tu cao va dong thoi duy tri duge su
da dang trong khong gian nghiém. Cu thé, NSGA-II dam nhiém vai tro duy tri tinh
da dang thong qua co ché phan loai khong bi chi phdi va tinh toan khoang cach dam
dong, trong khi d6 MOPSO dam nhén chirc ning khai thac cuc bo dé ting cuong
kha nang hoi tu tai cac ving 10 giai tiém ning. Viéc két hop hai thuat toan nay giap
tao ra mot quy trinh tim kiém can bang giira thim do va khai thac, tir d6 nang cao

hiéu qua cua thuat toan toi1 uu.
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- Hinh 1.7 minh hoa quy trinh thuc hién thuét toan NSGA-II lai MOPSO. Mot quﬁn
thé cac nghiém duoc khoi tao ngiu nhién va dénh gia thong qua cic ham muc tiéu.
Céc c4 thé trong quan thé sau d6 dugc xép hang dua trén co ché phan loai khong bi
chi phéi két hop voi tinh toan khoang cach dam déng nham dam bao sy da dang cua

quan thé.

Khéi tao quan thé

\4

Xép hang tat ca cac nghiém dya trén Phan loai
khong bi chi phoi va Khoang cach ddm dong

<
<
y

A
Chia quan thé thanh hai phan
Phan ntra tot nhat va phan ntra con lai

[

v v
Phan ntra tot nhat Phan nira con lai
tinh theo NSGA-II tinh theo MOPSO
| I
+
Hop nhat hai phan nira

Ap dung Phan loai khong bi chi phéi va
Tinh khoang cach dam dong

Kiém tra di€u kién dung

A 4

Xuat két qua
Hinh 1.7. So d6 thuat toan NSGA-II lai MOPSO

- Sau budc danh gia, quan thé duoc chia thanh hai nhém con bing nhau: mot nua tét

nhat bao gdm cé&c nghiém cé chit luong cao hon, va mot nira con lai gom cac ca thé
it wu viét hon. Mdi nhom duoc tién héa theo mot chién lugc riéng biét. Nhom tét
nhit dugc tinh todn theo NSGA-II, bao gdm lai ghép nhi phan mé phong va dot
bién da thuc, nham kham phé thém khong gian nghiém. Trong khi d6, nhom it wu

viét hon duoc tinh toan theo MOPSO, céc cé thé dugc xem nhu cac hat di chuyén
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theo cong thuc cap nhat van tdc va vi tri dwa trén nghiém tét nhat c& nhan va
nghiém tét nhat toan cuc.

- Sau khi hai nhém duoc tién hoa doc lap, ching dugc hop nhat dé tai tao lai quan
thé maéi. Toan bo quan thé sau khi hop nhat tiép tuc dugce danh gia lai theo co ché
phan loai khong bi chi phdi va tinh khoang cach dam déng. Qua trinh chia nhom,
tién hoa va hop nhit duoc Iap lai lién tuc qua cac thé hé cho dén khi dat dén tiéu chi
dirng 1a s6 vong lap téi da duoc xac dinh trudc. Két thic qua trinh, tap nghiém
khong bi chi phdi trong quan thé cubi cung duoc trich xuit va xem nhu 14 bién
Pareto tiém can cua bai toan tdi wu.

1.4. Phuwong phap nghién ciru

Xem x¢€t va danh gia cac nghién cuu trudce day

A 4

Xac dinh muyc tiéu nghién ctru

4

Lua chon phuong phap nghién ctu

/\

. e Phuong phap phan tich,
Phuong phap thu thap dir licu . o
danh gia két qua
! /\
o xs1ea A, . So sanh két So sanh voi
Céc tai liéu nghién curu trong va . e . ,
o0l NUGC qua gitra 2 loai phuong an
& thuat toan thuc té

Hinh 1.8. So dd phuong phap nghién cru
- So @b phuong phap nghién ctru duoc thé hién & hinh 1.8. Qué trinh nghién ciru bat
dau bang viéc tong hop va phan tich céac tai liéu khoa hoc lién quan dén téi wu hoa
bd tri tong mit bang thi cdng va céc thuat todn tdi wu héa da muc tiéu. Cac nghién
ctru trude day dugc xem xét theo phwong phép truyén théng dua trén kinh nghiém,
m6 hinh thuat toan téi vu nhu GA, PSO, ACO va cac phuong phap tbi uu héa hién

dai khac trong bd tri mat bang. Nhitng han ché cua cac nghién ciu trude day nhu
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phan 16N tap trung vao bai toan don muc tiéu thay vi da muc tiéu, chua tich hop day
du cac yéu td thuc té nhu an toan lao dong, chi phi van hanh, méi trudng..
- Dua vao phéan tich cac nghién ctru truede day, nghién ctru nay dat ra cac muc tiéu:
+ Phéat trién md hinh téi wu héa bd tri tong mat bang thi cong da muc tiéu
gitta khoang céach di chuyén va an toan lao dong.
+ P& xuat va cai tién thuat todn t6i wru héa, cu thé 1a so sanh NSGA-II va
NSGA-II lai MOPSO, nham nang cao kha ning tim kiém nghiém Pareto toi
uu hon.
+ Ap dung mé hinh vao bai toan thuc té, sir dung dit liéu tir cac dy an xay
dung dé kiém ching tinh kha thi cia phuong phap dé xuat.
- Dt liéu phuc vu nghién ctru dugc thu thap tur cac du 4n xay dung nhu:
+ Thong tin vé mat bang xay dung, diéu kién dia hinh.
+ Danh sach cac hang muc tam thoi: van phong diéu hanh, kho chira vat liéu,
tram bé téng, can truc thap, bai tap két vat licu. ..
+ Quéng duong di chuyén gitra cac hang muc.
- Sau khi xay dung mé hinh va chay thuat toan téi uu, két qua s& dugc phan tich,
danh gié theo hai huéng:
+ Panh gia cac giai phap tdi vu tim duoc giita hai thuat toan NSGA-II va
NSGA-II lai MOPSO.
+ So sanh, phan tich véi dix liéu thuc té dé phan anh mutc d6 hiéu qua cua bai
toan toi wu hoa b tri mat bang thi cong.
1.5. Tong két chwong 1
- Chuong 1 da trinh bay tong quan vé dé tai nghién ctu, nhan manh vai trd quan
trong cua viéc toi uu hoa bd tri tong mat bang thi cong trong xay dung. Viéc sap
xép hop Iy cac hang muyc tam thoi khdng chi anh huéng dén chi phi va tién do ma
con tac dong dén hiéu qua van hanh va an toan lao dong.
- C4c thuat toan téi uvu don muc tiéu van con nhiéu han ché, chua phan anh day du
cac yéu té thuc tién. Do d6, huéng tiép can da muc tiéu, diac biét véi céc tiéu chi

nhu khoang cach di chuyén va an toan lao dong, ngay cang duoc quan tm. Chuong
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da gidi thiéu cac thuat toan tdi vu nhu GA, PSO, NSGA-1I, MOPSO va NSGA-II
lai MOPSO. NSGA-II ¢6 wu diém trong viéc duy tri tinh da dang nghiém, con
MOPSO c6 kha niang hoi tu nhanh va khai thac tét vang 1an can nghiém tét. Viéc

két hop hai thuat toan nay c6 thé mang lai hiéu qua téi vu hon.
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Chuwong 2 - XAY DUNG MO HINH TOI UU HOA MAT BANG THI CONG
2.1. Khai quét cac hang muc phu tr¢
- Can tryuc thap 12 thiét bi chinh dé ning ha vat liéu xdy dung nhu bé tong, thép, van
khuon va cac cdu kién ning. Vi tri lap dat can dam bao tim véi bao quat cac khu
vuc quan trong nhu bai tap két cau kién duc sin, bai tron bé tong, bai tap két thép va
cac hang muc theo thiét ké. Phai dugc lép dat & vi tri an toan, co nén mong chéc
chan va khong bi can tré bdi cac cong trinh 1an can. Can truc thap ciing phai dam
bao kha ning xoay chuyén linh hoat va tdm véi t6i wu dé giam thiéu thoi gian di
chuyén vat liéu.
- Bai tap két cdu kién dtc sin la noi luu trit cac cdu kién bé tong duc san nhu dam,
cOt, tim san. Can dugc bd tri gén khu vyc thi cong va trong tam hoat dong cua can
truc thap dé thuan tién cho viéc nang ha. Bai tap két phai dam bao mat béng rong
rdi, thong thodng. Phai c6 bién phap bao vé cac cau kién khoi tac dong cua thoi tiét
va hu hong co hoc.
- Bai tap két cat, da, xi mang la noi luu trir cac vat liéu xay dung co ban phuc vu
cho tron bé tong va vira. Can gan bii tron bé tong dé giam thiéu chi phi va thoi gian
van chuyén. Cat, da phai duoc phan loai rd rang va bao quan ding quy cach dé
tranh tinh trang nhiém ban. Xi ming phai dugc bao quan trong kho kin dé tranh 4m
uot.
- Bai tron bé tong, vira la noi thuc hién trdn bé tong va vira phuc vu cong trinh. Can
gan bai tap két cat, d4, xi miang va nim trong tdm hoat dong cla can truc thap. Bai
tron can c6 hé théng cap nude 6n dinh va hé thdng thoat nudc dam bao.
- Bii tap két thép 1a noi luu trir thép nguyén liéu phuc vu gia cong. Can gin bii gia
cong thép va thuan tién cho viéc di chuyén bang xe nang hoic can truc. Thép can
dugc phén loai va sip xép gon gang dé dé dang kiém soat sd luong va chat lugng.
- Bai gia cong thép la noi cat, udn, gia cong thép trudc khi lap dat. Nén bd tri gan
bai tap két thép dé dam bao tién do gia cong.
- Bai tap két gian gido van khuon la noi luu trir gian gido va van khuén phuc vu

cong tac cop pha. Nam gan khu vuc thi cong dé dé dang van chuyén va lap dat.
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- Kho thiét bi 14 noi bao quan céc thiét bi xay dung, can bao dam an toan va gan khu
vuc thi cong dé kip thoi cung tng thiét bi khi can.

- Kho chira nhién liéu la noi luu trit xang, dau phuc vu may moc thiét bi. Phai dat xa
cac khu vuc dé chay va c6 bién phap an toan phong chay chira chay.

- May phat dién dy phong dé dam bao ngudn dién lién tuc cho cong trudng khi xay
ra su c¢d mat dién. Dat gﬁn khu vuc can cung cép dién 6n dinh nhu bai tron bé tong,
can truc thap. Phai thuong xuyén bao tri d¢ dam bao hoat dong 6n dinh.

- Nha bao vé |a noi kiém soat an ninh cho cong trudong. it gin cong ra vao cong
trinh dé kiém soat nguoi va phuong tién.

- Nha lam viéc can bd k¥ thuat la noi lam viéc, quan 1y cua d6i ngl k¥ thuat. Nén
dit ¢ vi tri trung tdm dé dé dang giam sat cong trinh.

- Nha xe ¢6ng nhan la noi dé xe cho cong nhan va can bd k¥ thuat. Can gan cong ra
vao va cac hang muc thi cong dé thuan tién cho viéc di chuyén.

- Lan trai nghi ngoi la noi nghi ngoi ctia cong nhan. Nén dit xa khu vyc thi cong dé
giam tiéng on.

- Nha v¢ sinh phuc vu nhu cau sinh hoat co ban cua cong nhan, can b tri ¢ khu vuc
phtt hop dé dam bao vé sinh va tién loi.

- Céc hang muc phuy trg trén cong truong cod mbi quan hé mat thiét v6i nhau, doi hoi
su sap xép khoa hoc va hop 1y dé dam bao tién d6, an toan va hiéu qua trong qua
trinh thi cong. Viéc quan 1y, gidm sat va bao tri cac hang muc nay 1a yéu té then
chdt gop phan vao thanh cong cua du an.

2.2. Cac gia dinh ciia mo hinh

- Kich thuéc mat bang thi cdng hinh chit nhat dugc tich hop véi toa do Oxy, diém O
nam & goc dudi cling bén trai. Mdi hang muc phu trg mang 3 an sé can tbi uu gom
toa d6 theo truc x, toa do theo truc y va hé sé goc xoay r, khdng xoay véi r =0va
xoay 90° voi r =1.

- Bé han ché mic d6 phuc tap trong qua trinh tinh toan nhung van dam bao tao ra

c4c giai phap téi vu, quing duong di chuyén gitra 2 hang muc djj 1a dudng thang
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ngin nhat tir tim hang muc thtr i dén tdm hang muc thi j, duoc tinh nhu cong thirc
2.1).

2 2
du:\/(xi_xj) +Hyi-y) (2.1)
2.3. Céc rang bugc cia md hinh

2.3.1. Rang buéc vé pham vi khu dat

Ay
Yc |
|
YA < Ih
w'
|
|
|
— >
O X X X

Hinh 2.1. Rang budc khu dét
- Trong qué trinh tdi uu, cic hang muyc phu trg c6 thé di chuyén ra ngoai pham vi
khu dat do viéc khéi tao ngﬁu nhién vi tri ban dau hodc trong qua trinh tim kiém
nghiém nhu hinh 2.1. DPé dam bao cac hang muc phu trg khong vuot ra ngoai ranh
gidi khu dat, rang budc vé toa do duoc st dung dé dam béo réng hang muc th i khi
di chuyén s& lu6n nam trong pham vi khu dat thi céng. Rang budc nay duogc thé hién

0 cong thuc (2.2).

=

i) min(ic )+ () 20|
2.2)

yA(i)e{min(yc)+@;max(yc)_@}

2

Trong do xA(i), YA(i) 1a toa d6 trong tam theo phuong X va y cua hang muc



22

thir i. Xc, Yc 1 toa do bién cta khu dit thi cong. w(i), h(i) I chiéu rong va chiéu dai
cua hang muyc thtr i theo phuong x va phuong .

2.3.2. Rang budc vé pham vi hoat ddng can truc thap

Ay
| o
| pe SO 4 s
| / N z h
y A | f// / 2N 17‘_*‘2+
| T W
yT ! [ T . |
| |
| \
| “'\‘\\ //“
| '
| \\\ - //
|
ob——————————L—— »
XT XA X

Hinh 2.2. Rang budc pham vi can tryc thap
- Can truc thap 12 mot trong nhitng thiét bi quan trong va phd bién nhat tai cac cong
trinh xdy dung cao ting va quy mo lén. Kha ning van chuyén, nang ha vat liéu va
thiét bi caa can truc thdp phu thudc vao ban kinh hoat dong cua no. Vi vay, cac
hang muc phu tr¢ yéu cau nang ha béng can truc thap can dugc b tri sao cho dam
bao nam trong pham vi ban kinh nay nhu hinh 2.2. Rang budc nay duoc thé hién ¢
cong thuc (2.3).
Max(dd1,dd2,dd3,dd4) <rT (2.3)

Trong d6 dd1, dd2, dd3, dd4 la khoang cach tur can truc thap dén 4 dinh cta

hinh chir nhat. dd(i) dugc tinh bang cong thirc (2.4); rT 13 ban kinh can truc.

dd (i) = (% (D) £ WD) X, ) +((Ya () £h(i)) - vy ) (2.4)
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2.3.3. Rang budc trung lip va khoang céch téi thiéu gitra cac hang muc

Ay
da )
dx(0)

yali) ér% /  7 Ih(])

| y
10 R

‘(i)
0 a) %) X

Hinh 2.3. Rang budc trung 1ap hang muc va khoang cach tdi thiéu
- Trong qua trinh di chuyén dé toi wu vi tri, cdc hang muc phu tro phai duoc sap xép
sao cho khong dugc tring ldp vi tri nhau va dam bao khoang cach tdi thiéu giita cac
hang myc nhu hinh 2.3. Bé dam bao rang budc nay thi min(XVij,YVij) =0, XVij va
YVij dugc trinh bay theo cong thire (2.5), (2.6).
 ®-%(0)
WO W) max(d, )0, (1)

XVij = max(0,1— ) (2.5)

PO 25

YVij = max (0,1~ s prs
h(');h(J)ijaX(dA(i)’dA(j))

Trong d6 da(i), da(j) 1a khoang cach téi thiéu ctia hang muyc thi i, j dé dam
bao 16 di chuyén tdi thiéu.
2.4. Cac ham muc tiéu caa mé hinh
2.4.1. Ham muc tiéu tdi wu héa khoang cach di chuyén
- Viéc ti uu khoang cach di chuyén gitta cac hang muc gitip nang cao hiéu qua hoat
dong trén cong truong xdy dung. Muc dich ctia ham muc tiéu nay 1a gia trj tong

quing dudng di chuyén cua vat liéu, thiét bi, nhan lyc phai nho nhat, tir d6 tiét kiém
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thoi gian, chi phi va ting ning suit lao dong. Vacharapoom Benjaoran va Vachara
Peansupap (2019) [3], Mustafa ORAL va cac cong su (2018) [5], Chakrey Duong
(2023) [11] dd nghién ctru vé cach tinh ham muc tiéu khoang cach di chuyén nhu
cong thie (2.7).

C :i_nzl(dij X W ) (2.7)

i1 j-ir

Trong d6 n 1a tong sb lugng cac hang muc trén cong trinh bao gdm ca hang muc
theo thiét ké va hang muc phu trg. dij 1a khoang cach giita hang muc tinh tir tim
hang muc thir i dén tdm hang muc thtr j theo cong thirc (2.1). Trong sé wij thé hién
mirc do gan giii gitra hai hang muc i va j dugc thé hién ¢ bang 2.1.
- Ti€u chi lgya chon trong ) wij dua trén tan suat van chuyén gitra hai hang muc.
Trong s6 nay phan anh mirc d6 di chuyén cia vat liéu, thiét bi hodc nhan lyc.
Nhitng cip hang muyc c6 tan suit van chuyén cang cao thi nhu cau bé tri gan nhau
cang 16n, nhim rat ngin quing dudng di chuyén, giam thoi gian van hanh va han
ché phat sinh chi phi khong can thiét. Nguoc lai, nhitng cidp hang muc c6 tan suat
van chuyén it c6 thé duoc b tri xa hon, do tac dong ciia khoang cach dén hiéu qua
thi cong 1a khong dang ké.

Bang 2.1. Trong s6 vé mirc d6 gan giii Wij

STT | Mirc d9 gin giii giira cic co s& Wij
1 Khong mong mubn 6°
2 Khoéng quan trong 6!
3 Sy gan gili binh thudng 62
4 Quan trong 6°
5 Dic biét quan trong 6*
6 Cuc ky can thiét 6°

2.4.2. Ham muc tiéu t6i wu héa an toan lao dong
- Bén canh viéc giam thiéu khoang cach di chuyén, myc tiéu an toan lao dong ciing
phai dugce dam bao. Khi khoang cach di chuyén cang giam thi mic d6 an toan ciing

giam va it an toan hon. Vé4n dé an toan khi b tri mat bang thi cong ciing da duoc
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nghién ctru boi El-Rayes K, Asce M, Khalafallah A (2005) [7], Xin Ning, Jingyan
Qi, Chunlin Wu, Wenjuan Wang (2018) [12]. Trong dé an nay, ham muc tiéu an
toan lao dong MSC theo cong thirc (2.8) can dat duoc gia tri 16n nhat gom 3 yéu td
1a an toan pham vi hoat dong can tryc thap CSC, an toan hang muc nguy hiém
NHCC, an toan giao diém tuyén duong dong duc IPC.
MCS =w, xCSC +w, x NHCC +w, x IPC (2.8)

Trong d6 w1, Wz, W3 13 cac hé sd twong ¢ng, phan anh mirc do vu tién cua
ting yéu t6 an toan. An toan tir hoat dong ctia can truc thap CSC thuong duoc gan
hé s6 16n nhat vi pham vi hoat dong cua can truc thap c6 anh hudng truc tiép dén rui
ro tai nan nghiém trong, bao gém va cham, roi thiét bi, vat liéu. Yéu t5 an toan cua
cac hang muc nguy hiém NHCC va an toan tai giao diém tuyén dudng dong duc
IPC giit vai tro quan trong thap hon. El-Rayes K, Asce M, Khalafallah A (2005) [7]
da dé xuét hé sb naylaw,=0,6; w,=0,2; w,=0,2.
2.4.2.1. An toan tir hoat dong can truc thap CSC
- Can truc thap 1a thiét bji pho bién dé nang va van chuyén vat liéu, thiét bi ning.
Tuy nhién, an toan lao dong lién quan dén pham vi ban kinh hoat dong ciia can truc
12 mot van dé can dugc cha trong dé dam bao su an toan cho cong nhan va cac
phuong tién lam viéc trong khu vuc thi cong. Céc tai nan lién quan dén can truc
thap bao gém roi vat liéu, dat cap, sap do can tryc. Cac vung nguy hiém cua can
tryc dugc thé hién trong hinh 2.4. Ving 1 1a khu vyc ndm trong pham vi hoat dong
ctia can truc, co nguy co cao nhét do véi vat roi tir can truc trong qua trinh hoat
dong. Vung 2 nam giita ving 1 va ving 3 dai dién cho muc d6 rui ro do cac tai nan
can truc ¢ xac suat thap nhu nghiéng hodc sip can truc. Ving 3 ndm ngoai cac khu
vue nguy hiém cia can truc, do d6 mirc d6 an toan ctia né khong bi anh huéng boi
hoat dong ctia can truc. Gia tri an toan can truc thap CSC duoc tinh theo cong thirc
(2.9).
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T 4,
hT
dy, L

i
A 7
VT2 + hT?
. 1
L Vung 1 L Vung 2 ] Viing 3
4 7

4
CS,> CS,’

Hinh 2.4. An toan lién quan dén can truc thap

(2.9)

Trong d6 K 1a tong sb lwong can truc thap. | 1a tong s6 luong hang muc phu
trg. CS; 1a hiéu suat an toan can truc thir k cho hang muc phu tro thir i dugc tinh
theo cong thue (2.10).

0%
CS;. =| 25%
50%
d, —rT
JIT24hT2 =T

CSZ =|CS2 = (100—CS x[ JJrcsilk (2.10)

CS? =100%

Véi CSilk la mirc d6 nhay cam trong ving hoat dong cta can truc thap, do

nhay cam cao 1a 0%, d§ nhay cam trung binh la 25%, d§ nhay cam thép la 50%.
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CSii 13 mirc 6 nhay cam trong ving c6 rui ro do cic tai nan can truc ¢ xac sut
thip nhu nghiéng hoic sap can truc. d, la khoang cach tur can tryc tht k dén diém
goc gan nhat cua hang muc phu tro tht i. rT 13 ban kinh can tryc. hT 14 chiéu cao
can tryc. CS. 1a mirc d6 nhay cam trong viing nam ngoai cac khu vuc nguy hiém
clia can tryc thap.

2.4.2.2. An toan tir hang muc nguy hiém NHCC

- Nhitng hang muc nguy hiém thuong gap trén cong trinh bao gém vat liéu dé chay
va cac chat doc hai. Vat liéu dé chay nhu nhién liéu cho may mac, thiét bi can dugc
dat cach xa cac ngudn dién, thiét bi tao tia lra hoic nhiét 6 cao dé giam thiéu nguy
co chay nd. Cac chat doc hai thi can duoc cach xa khu vuc dong ngudi dé toi wu an
toan vé sic khoe. Gia tri an toan hang muc nguy hiém NHCC duoc tinh theo cong
thac (2.11).

NHCC = —1¢C = HCCh, (2.11)
HCC,_, —HCC, ..
n-1 n
HCC =) > (HCW, xd,) (2.12)
i=1 j=i+l

Trong d6 HCC Ia tiéu chi kiém soéat rai ro dugc tinh theo cong thuc (2.12).
HCCrin 12 gi4 tri t6i thiéu thu duoc tir tat ca cac bd tri cong truong di tao. HCCax
la gi4 tri toi da thu dwoc tir tat ca cac b tri cong trudng di tao. dij 1 khoang cach
gitta hang muc tinh tir tim hang muc thir i dén tdm hang muc tht j theo cong thic
(2.1). HCW;j; la trong s6 kiém soét rai ro duge thé hién trong bang 2.2, biéu thi mirc
d6 nguy co tai nan c6 thé xdy ra trén cong truong néu cac co so i va j khong dugc
tach biét diy du. Pdi v6i nhitng hang muc c¢6 nguy co chay nd cao nhu kho nhién
liéu cho may thi cong khi bd tri gan cic hang muc co kha ning phat sinh tia lira
hodc nhi¢t do cao, gia tri HCWjj s€ dugc chon ¢ muc rat cao 100% nhim nhin manh
yéu cau bd tri tich biét. Trong khi d6, cac mdi quan hé tiém an nguy co trung binh
dugc gan gia tri trong sb trung binh 50%, phan 4nh mitc 46 yéu cau tach biét vira

phai. Nhimng cip hang muc hau nhu khong ton tai nguy co tai nan nhu nha diéu
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hanh va bai tap két vat liéu khong nguy hai, s& dugc gan trong sé thip hodc bang
0% dé khong anh huong dén ham muc tiéu.

Bang 2.2. Trong s6 kiém soat rai ro HCWj;

STT Mirc dd modi nguy HCWi;
1 Rét cao 100%
2 Cao 75%
3 Trung binh 50%
4 Thap 25%
5 Khéng c6 mbi nguy 0%

2.4.2.3. An toan tai giao diém tuyén dwong déng dic IPC

- Trong qua trinh thi cdng, sy di chuyén thudng xuyén caa cac nguon luc nhu lao
dong, vat liéu va thiét bi cd thé lam ting nguy co xay ra tai nan khi cac tuyén duong
di chuyén giao nhau. Nhiing diém giao nhau giita cac tuyén duong cé luu lwong cao
thuong tiém an rai ro 16n do kha ning va cham va sy ¢6 ting cao tai Cac vi tri nay.
Vi vay, viéc téi uu héa bo tri mat bang cong truong nham giam thiéu sb luong diém
giao nhau gifra cac tuyén duong cé luu luong cao 1a mot giai phap quan trong dé cai
thién an toan. Vi du, trong hinh 2.5, b tri 11 mang lai mac d6 an toan cao hon so
Vv6i bé tri | vi nd loai bo cac diém giao cat khong can thiét. Tiéu chi diém giao nhau
IPC dugc tinh nhu cong thac (2.13).

IPC =£1— | IP jxlOO% (2.13)
P :—NRX(;'R_D (2.14)

Trong d6 IP 1 tong sé diém giao nhau trén cong trinh duoc tao ra giita tat ca
c4c tuyén duong c6 luu luong di chuyén cao. 1Pmax 1a s6 diém giao nhau tdi da c6
thé c6 giita tat ca cac tuyén duong cé luu luong cao, dwoc tinh theo cong thuc

(2.14). NR 1 tong s tuyén duong co luu lwong cao trén cong trudng.
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Hinh 2.5. Cac diém giao nhau giira cac tuyén duong co luu lwong di chuyén cao

2.5. Khai ni¢m tdi vu Pareto

- Trong qué trinh bd tri tdi vu tong mat bang thi cong, viéc sip xép cac hang muc
nhu kho vt li¢u, may modc, khu vuc lam viéc anh hudéng truc tiép dén hiéu qua thi
cong va an toan lao dong. Hai muc tiéu chinh mau thuan véi nhau 1a ham muc tiéu
khoang cach di chuyén va ham muc tiéu an toan lao dong. Khoang cach giira cac
hang muc cang ngén thi viéc van chuyén vat liéu va thiét bi cang thuan tién, giam
chi phi va thoi gian thi cong nhung khong t6i wu vé an toan. Khoang cach gitra cac
hang muc cang xa thi nguy co xdy ra tai nan lao dong cang giam. Vi vay can tim céc
giai phap Pareto t6i vu 1a tip hop céac giai phap bd tri ma khong thé cai thién khoang
cach di chuyén ma khong 1am giam an toan lao dong va nguoc lai. Cac giai phap

duogc goi 13 t6i uu Pareto dugc trinh bay trong hinh 2.6.
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Ham muc tiéu
an toan lao dong
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e Giai phap téi uu Pareto khoang cich di chuyén
© @Giai phap chua toi uvu Pareto

Hinh 2.6. M6 ta tdi uu Pareto
2.6. M6 hinh héa bai toan bang phan mém MATLAB
- MATLAB la mét phén mém manh mé duoc st dung rong rai trong cac linh vuc k¥
thuat, khoa hoc va toan hoc, cung cip méi truong lap trinh 1y tuong dé tinh toan sb
hoc, phan tich dir liéu, phat trién thuat toan, mo phong hé théng. Trong bai todn toi
wu tong mit bang thi cong nay, phan mém MATLAB duoc st dung dé giai quyét
cac van dé tdi wu hoa c6 nhiéu muc tiéu, dic biét 1a khi ap dung cac thuat toan tdi
vu nhu NSGA-Il, MOPSO. Code 1ap trinh thuat toan ti wu tong mat bang thi cong
NSGA-II va NSGA-II lai MOPSO dugc trinh bay ¢ phu luc 01.
2.7. Tong két chwong 2
- Chuong 2 da trinh bay qua trinh xay dung mé hinh t6i uu héa bb tri tong mit bang
thi cong, trong d6 1am rd dic diém va vai tro ctia cac hang muc phu trg nhu can truc

thap, bai tap két vat liéu, nha diéu hanh, 1an trai nghi ngoi va cac khu vyc chtic nang
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khac. Cac hang muc phu trg nay co mbi quan hé chat ché va anh hudng truc tiép
dén hiéu qua t6 chtrc thi cong, chi phi van hanh va mirc d6 an toan lao dong.

- Chuong di xac dinh cac gia dinh, ddng thoi thiét 1ap hé thdng rang budc khong
gian, bao gém gi61 han dién tich mét bé“mg, pham vi hoat dong cua can truc thap va
khoang cach tdi thiéu nham tranh chong lap giira cic hang muc. Hai ham muc tiéu
chinh ctia mé hinh bao gdém tdi thiéu hoa tong khoang cach di chuyén va téi da hoa
mic d6 an toan lao dong. Trong d6, ham muc tiéu vé an toan duoc tinh théng qua
ba ti€u chi rai ro tir hoat dong cua can truc thap, tir cac hang muc nguy hiém va tai
cac giao diém tuyén duong doéng dic. M6 hinh huéng t6i toi wu hoa da muc tiéu
theo khai niém Pareto, nham thu dugc tap nghiém khong bi chi phéi 1an nhau.

- Cudi cuing, bai toan duwoc md hinh hoa va lap trinh trén phdn mém MATLAB, lam
co sO cho viéc ing dung va dénh gid hi¢u qua mo hinh trén cac truong hop trong

chuong tiép theo.
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Chuwong 3 - UNG DUNG MO HINH TOI UU HOA MAT BANG THI CONG

3.1. Ap dung mé hinh cho céng trinh 1

- M6 hinh thi céng 1 mé phéng so d6 tong thé Green Park CT15 Viét Hung nhu
hinh 3.1. T4i wu tong mat bang thi cong trong giai doan phan than véi cac thdng tin
0 bang 3.1. Cac toa nha tu s6 1 dén sb 6 duoc bd tri theo thiét ké, do d6 vi tri cua
chung la ¢ dinh. Can truc thap duoc lua chon vi tri va $6 luong cu thé, dam bao
dap ung yéu cau vé tam voi va kha ning ning tai. Cong ra vao cong trinh ciing da
duoc xac dinh vé kich thudce va vi tri. Di véi cac hang muc phu trg con lai, viéc bd
tri s& dugc tién hanh theo hudng t6i uu nham nang cao hiéu qua sir dung mat bang
va phuc vu thi cong thuan loi nhét. Cac bai tap két cau kién duc san duoc dung cho
toa nha sd 1, 2, 3, ddi véi toa nha sb 4, 5, 6 sir dung phuong phap thi cong do tai
chd. Bang 3.2 1a trong s6 gan gili giita cac hang muyc dé tinh ham muc tiéu khoang
cach di chuyén. Bang 3.3 1a trong s6 kiém soat rili ro giira cac hang muc, dugc tinh
bang %, dung dé tinh khoang cach an toan gitta cac hang muc nguy hiém. Bang 3.4
thé hién mat do di chuyén gitra cac hang muc, 0 1a mat d¢ di chuyén thép, 1 1a mat
d6 di chuyén cao, dé tinh an toan giao diém giira cac hang muc c6 mat do di chuyén
Cao.
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Bang 3.1. Thong tin cac hang muc cia m6 hinh thi cong 1

Toa do Kich . Hg¢ so
trong tam thwéc Khozing hu
T n ns cich tdi | P © | CS;,
Tén hang muc 2 thuoc
T X y w h thiéu R (%)
can
(m) | (m) | (m) | (m) | (m) ¢
ruc
1 | Toéanhal 17 | 36 | 24 | 45 3 - -
2 | Toanha2 60 | 74 | 25 | 34 3 - -
3 | Toanha3 103 | 36 | 24 | 45 3 - -
4 | Toanha4 204 | 80 | 33 | 19 3 - -
5 | Toanhas 204 | 20 | 33 | 19 3 - -
6 | Toanha6 239 | 50 | 19 | 72 3 - -
7 | Cong 140 | 100 | 7 | 80 1 - -
8 | Can truc thap 1 60 | 44 | 6 6 4 - -
9 | Can tryuc thap 2 217 | 50 | 6 6 4 - -
10 | Nha bao vé - - 4 4 1 - 25
11 | BAi cau kién duc san 1 - - 5 5 3 1 25
12 | Béi cau kién duc sin 2 - - 5 5 3 1 25
13 | Béi cau kién duc san 3 - - 5 5 3 1 25
14 | Kho thiét bi - - 6 6 2 - 50
15 | Kho chtra nhién liéu - - 5 5 2 - 50
16 | May phat dién du phong - - 3 5 2 - 50
17 | Bai tap két gach - - 5 5 2 2 0
18 | Béi tap ket cat - - 5 5 2 - 0
19 | Béi tap két da - - 5 5 2 - 0
20 | Bai tap két xi mang - - 5 5 2 - 0
21 | Bai tap két cot thép - - | 12| 5 2 2 0
22 | Béi gia cong cot thép - - 12| 12 2 2 0
23 | Béi dan gido, van khuén - - 5 5 2 2 25
24 | Béi tron bé tong, vira - - 5 5 2 2 0
25 | Nha vé sinh - - 2 2 2 - 25
26 | Nha dé xe - - 6 | 12 2 - 25
27 | Lén trai nghi ngoi - - 5 10 2 - 0
28 | Nha lam viéc can bo - - 6 3 2 - 25
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Trong sb gan gili giita cac hang myuc mé hinh thi cong 1
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- Tién hanh chay bai toan t6i vu bang phan mém MATLAB véi cac tham sb dau

vao nhu bang 3.5.

Bang 3.5. Tham s6 dau vao cho md hinh thi cong 1

TT Tham s6 diu vao Thuat toan -
NSGA-II NSGA-II lai MOPSO
1 | S6 vong lap tbi da 300 300
2 | Kich thuéc quan thé 200 200
3 | Ty 1¢ lai ghép NSGAII 0,7 0,7
4 | Ty lé dot bién NSGAII 0,4 0,4
5 | Hé sb gitr lai van tdc ban dau w - 0,9
6 | Heé s gia toc ca thé ¢ - 10
7 | Hé s6 gia toc quan thé ¢, - 1
8 | Ty lé dot bién MOPSO - 0,2
b ‘ | ‘ ‘ |

Distance

x10°®

Hinh 3.2. Biéu d cac giai phap Pareto mé hinh thi cong 1

- Sau khi chay thuat toan t6i wu hoa bang phan mém MATLAB duoc biéu do cac

giai phap nhu hinh 3.2. Biéu d6 thé hién médi quan hé giira khoang cach di chuyén

Distance va hé sé an toan Safety cua hai thuat toan téi uvu hoa: NSGA-11 va NSGA-
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IT lai MOPSO. Céc diém trén dudng cong dai dién cho cac nghiém khdng bi chi
phdi Pareto twong ng vai tirng thuat toan.
- Két qua cho thy thuat toan NSGA-11 lai MOPSO (duong nét lién) cho tap nghiém
Pareto t6i uu hon so v6i NSGA-II (duong nét dut). Cy thé:
+ V6i cung mic d6 khoang céch, cac nghiém cua NSGA-II lai MOPSO c6
hé s an toan cao hon so vi NSGA-II.
+ V§i cuing gia tri an toan, NSGA-I1 lai MOPSO dat duoc tong quing duong
di chuyén nho hon.
+ Puong cong cua NSGA-11 lai MOPSO phan bb déu va co xu hudng tiém
can bién trén cua do thi, phan anh kha nang duy tri tinh da dang va khai thac
nghiém tét hon.
+ Ngoai ra, thuat toan lai cling cho sb lugng nghiém Pareto nhiéu hon (19
nghiém so véi 18), cho thay kha ning tim kiém giai phap tét hon.
- Pbi véi thuat toan NSGA-II, tir giai phap sé 1 dén giai phéap sé 10 gia tri khoang
cach di chuyén tang it nhung gié tri an toan ting dang ké, tir giai phap sé 11 dén
giai phap sb 18 gia tri khoang céach di chuyén ting manh nhung gié trj an toan ting
it, ¢ thé chon giai phap s6 10 dé bé tri tong mit bang.
- Béi véi thuat toan NSGA-11 lai MOPSO:
+ Giai phap s6 1 c6 gia tri khoang cach tdi thiéu duoc thé hién ¢ hinh 3.3.
Bai tap két cat, da, xi mang duoc dit gan bai tron bé téng, vira. Bai tap két
cbt thép va gia cong cdt thép duoc dit canh nhau. Céc bai tap két gach, dan
gido van khuoén, bai gia cong cot thép va bai tron bé tong déu duoc dat sat
Vvao can truc thap 2 va cach déu tda nha 4, 5, 6 dé téi wu van chuyén. Bai tap
két cau kién duc san sb 1, 2, 3 dugc dit sat vao can truc thap 1 va tda nha 1,
2, 3.
+ Giai phap s6 19 ¢ gia tri an toan téi da dugc thé hién & hinh 3.4. Cac hang
muc phu trg khdng can van chuyén bang can tryc nhu cat, da, xi miang duoc
dit hoan toan bén ngoai pham vi anh huéng cua can truc dé dam bao an toan.

Cac hang muc phu trg can sy van chuyén caa can truc nhu bai tron bé téng,
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vira, bai tap két va gia cong thép, dan gido, van khuén, gach, bai tap két cau
kién duc san van duoc dat gan can truc dé dam bao téi vu van chuyén. Hang
muc nguy hiém nhu kho chtra nhién liéu va may phat dién dy phong da duoc
dat cach xa nhau va cac hang muc con lai.

+ C6 thé chon giai phap s 9 dé bé tri khi gia tri khoang céach di chuyén ting
it nhung van dam bao gia tri an toan khdng qué thap nhu hinh 3.5. C4c hang
muc phu trg nhu cat, d4, xi ming da dugc dat bén ngoai pham vi nguy hiém
nhat cua can truc va nam trong ving nguy hiém the 2 dé dam bao khoang
cach dén béi tron bé tong, vira khdng qua xa.
Distanlce: 2114552; Salfety: 66
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Hinh 3.3. Mat bang mé hinh 1, giai phéap sb 1, thuat toan NSGA-11 lai MOPSO
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3.2. Ap dung md hinh cho céng trinh 2

- M6 hinh thi cong 2 m6 phong mot phan mat bang cua td hgp chung cu Eco Green
Sai Gon nhu hinh 3.6. Téi vu tong mit bing thi cong trong giai doan thi cong phan
than véi cac thong tin duogc trinh bay & bang 3.6. Toa nha sd 1 va sb 2 dugc giir
nguyén vi tri theo thiét ké. S6 luong va vi tri cia hai can truc thap cling da duoc lya
chon ¢ dinh, dam bao yéu cau vé tdm voi va kha ning nang tai. Cong ra vao cong
trinh duoc xac dinh vé kich thuée va vi tri. Cac hang muc phu trg con lai s€ dugc bd
tri theo hudng t6i wu nham ning cao hiéu qua st dung khoéng gian va phuc vu tét
cho qua trinh thi cong. Vi tri sb 3, sd 4 1a khu vuc han ché dién tich thi cong do
vuéng cong trinh hién trang va dién tich dat thi cong. Bang 3.7 1 trong s6 gan giii
giita cac hang muc dé tinh ham muyc tiéu khoang cach di chuyén. Bang 3.8 1 trong
s6 kiém soat riii ro giita cic hang muc, dugc tinh bang %, dung dé tinh khoang cach
an toan gitta cac hang muc nguy hiém. Bang 3.9 thé hién mat do di chuyén giita cac
hang muyc, 0 13 mat do di chuyén thap, 1 1a mat d6 di chuyén cao, dé tinh an toan

giao di€ém gilra cac hang muc c6 méat d di chuyén cao.
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Hinh 3.6. Mat bang m6 hinh thi cong 2
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Bang 3.6. Thong tin cac hang muc caa mé hinh thi cong 2

Toa d9 Kich . Hé sb
T A trong tam thudc gl:l)la%gi ph}:l CSk
T Tén hang muc « y w h thidu tl;gl(,:c (%)
(m) | ) | m) | m | M ] e

1 |Toéanhal 60 | 58 | 80 | 38 - - -
2 | Toéanha?2 125 | 58 | 50 | 38 - - -
3 | Khu vuc han ché thi cong 110 | 81 88 6 - - -
4 | Khu vuc han ché thi cong 122 | 13 66 26 - - -
5 | Cong 3 0 6 | 40 - - -
6 | Can truc thap 1 60 | 80 | 6 6 - - -
7 | Can truc thap 2 125 | 36 | 6 6 - - -
8 | Nha bao vé - - 3 3 1 - 25
9 | Kho thiét bi - - 3 6 1 - 50
10 | Kho chra nhién liéu - - 4 4 1 - 50
11 | May phat dién dy phong - - 2 3 1 - 50
12 | Bai tap két cat, da - - 7 4 2 - 25
13 | Bai tap két xi mang - - 4 4 2 - 25
14 | Bai tap két, gia cong thép 1 | - - 6 | 12 2 1 0
15 | Bai tap két, gia cong thép 2 | - - 6 | 12 2 2 0
16 | Bai tron bé tong, vira 1 - - 3 3 2 1 0
17 | Bai tron bé tong, vira 2 - - 3 3 2 2 0
18 | Nha vé sinh - - 1 2 1 25
19 | Nha dé xe - - 3 5 1 - 25
20 | Lén trai nghi ngoi - - 4 6 1 - 0
21 | Nha lam viéc can by - - 2 5 1 - 0




43

Bang 3.7. Trong s gan giii gitra c&c hang muc mé hinh thi cong 2

TT 67 9(10|111|12|13|14|15|16|17|18|19|20|21
1 11673 1| 1 (674 1 |674] 1 (6"2|6"3|6"3|6"3
2|0 11673 1| 1| 1|6M| 1 |6"4(6"2|6"3|6"3|6"3
30 O 1111111 |1}j1(1|1|1]1
410 0 O 1j1(1j1(1|1|1}j1(1|1|1]1
50 0 0 O 1] 1|673]6"3(6"2|16"2| 1 | 1|1 |67"2| 1 [6"3
6(0 0 0 O 116”31 (1(6M116M 11111
7(0 0 0 O 1167311 (116M4116M 11|11
g8l1 1 1 1 16M 1(1(1|1|1]1|6M|6"3 16”3
9163673 1 1 1111111 |1}j1(1|1|1]1
0/{1 1 1 1 1 1 1 1 1 6031111111111
1116367 1 1 1 6"36"36M 1 673 1)1 62 11111
121 1 1 168 1 1 1 1 1 1 M 11111
13)17 1. 1 168 1 1 1 1 1 6M 11111
1416 1 1 1664 1 1 1 16721 116M| 1 (6"3| 1
1511 6M 1 162 16M1 1 16721 116" 1 (673| 1
664 1 1 1 16 1 1 1 1 6M26M6M 1 11673 1
17116 1 1 1 16M 1 1 16"726M6M 1 1 11673 1
862672 1 1 1 1 16M 1 1 1 1 1 6M67M6M6M 1 1673|672
916036/ 3 1 162 1 168 1 1 1 1 1 1 1 1 1 1
2006068 1 11 1 1 1 1 1 1 1 1 6"36"36"36"36"3
211636083 1 1603 1 168 1 1 1 1 1 1 1 1 167
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Bang 3.8. Trong s kiém soat rai ro mé hinh thi céng 2

0 [75]50

0

0

0

0

0 [50|50|50(50|75|75| 75|75

0
0

0
0
0

9 |10(11)12|13(14|15|16|17|18|19|20 |21

0 (500
0|50 ]| 0

0|75]|0
0|75]|0
0 (500

0 75 75 50 75

0

0

0

0 5 0
0 5 0
0 50 0

0
0
0

0
0

0 75 0 O
0
0

0

0 75 75 0
0 50 75 0

0
0

0

10|50 50 O

11
12
13
14
15
16
17
18
19
20
21




45

I3
A

ong 2

at do di chuyén mo hinh thi c6

A

¢ sOm

Bang 3.9. H

0(0(0]|O
0(0|0]|O

1
1

0/(0{0|0]0O|O

1
1

1

0

1

1

1

819(10(11|12|13|14|15|16|17(18|19|20|21

7

3/4|5|6

o,0;6040j0(0j0j0O|j0|0O|j0O|0O|0O|0O|O|0O|O|OfO]O

ofo0j0jo0jo0ojo0jo0jo0fo0j0fo0jo0f0|0f0j0O0j0O|O0]|O0

ojo0j0(0|0f0|j0j0OjO}jO|O|O|O|O|lOjO|O]O

oj0y0(0j0j0j0O0|0|0O|0OjOfO|J0OJ0O]O]O0O]O0

0/0{0|0]0}O

ofojofo0jo0ofo0jo0jo0jo0jo0jo0jo0r0j0¢|o0

0O 0 0 0 O

cjo0(0fo0j0f0|0f0O|j0f0Oj0Oj0O|0]|0O0

0O 0 0 0 0 O

of0(0f0j0j0j0|0|]0|0j0Oj0O|O0

ofojojojojo0j0j0j0j0|107J0

cjo0jo0f0j0f0|0f0j0j0]O0

0(ojofojofojojoj0jo0

0100

0 0 0 0 0 O

1
1
1
1

0 0 0 0 0 0 O

0/0;(0(0|0(0]O0

0O 0 0o 0o 0O 0O 0 O

0(0{0|0]0O|O

0O 0 0 0 000 0O

0(0|0|0]O

1 0
1

1
1

0({0(0|0O0

0 0 O

410 0 O

5(0 0 0 O

6
7

8(0 0 0 0 O O O
9/0 0 0 0 0O O O O

10/0 0 0 0 0 0 0 O O

110 0 0 0 0 0 0 O O O

1210 0 0 O
130 0 0 O
1410 0 0 O
150 0 0 O

6{0 0 0 0 0 0 0 0O 0 O O

1710 0 0 0 0 0 0 O O O O

88/0 0 0 0 OO O O OO O OOOOTU OTDO

%90 0 0 0O 000 OO O0OO0OOTOOOTOTGOTUDO

2000 0 OO O OOOOOOUOTUOTGOOOTGOTG OTUDO

2#¢0 0 0O 0O OO O OOOT OO OT OO OO OUOTU OO OTG OTU®O




46

- Tién hanh chay bai toan t6i vu bang phan mém MATLAB véi cac tham sb dau

vao nhu bang 3.10.

Bang 3.10. Tham sb dau vao cho md hinh thi cong 2

TT Tham s6 diu vio Thuat todn -
NSGA-II NSGA-II lai MOPSO
1 | S6 vong lap tbi da 300 300
2 | Kich thuéc quan thé 200 200
3 | Ty 1é lai ghép NSGAII 0,7 0,7
4 | Ty lé dot bién NSGAII 0,4 0,4
5 | Hé sb gitr lai van tdc ban dau w - 0,9
6 | Heé s gia toc ca thé ¢ - 10
7 | Hé s6 gia toc quan thé ¢, - 1
8 | Ty lé dot bién MOPSO - 0,2

Distance

<10°

Hinh 3.7. Biéu d cac giai phap Pareto md hinh thi cong 2

- Sau khi chay thuat toan t6i wu hoa bang phan mém MATLAB duoc biéu db cac

giai phap nhu hinh 3.7. Biéu d6 thé hién mdi quan hé giira khoang cach di chuyén
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Distance va mirc d6 an toan Safety cua hai thuat toan dugc so sanh la NSGA-II (nét
dut) va NSGA-11 lai MOPSO (nét lién). Quan sét biéu do hinh 3.7 cho thay:
+ Puong bao Pareto cua NSGA-II lai MOPSO vuot troi hon so voi NSGA-II
tai moi vuing gié tri. O mdi muac khoang cach, NSGA-11 lai MOPSO ludn dat
duoc hé sé an toan cao hon, véi cling muc an toan, khoang cach ma NSGA-
Il lai MOPSO dat duoc ludn thip hon.
+ Tap nghiém caa NSGA-II lai MOPSO rong hon (22 nghiém so vai 21 cua
NSGA-I1), cho thay kha ning tim kiém nghiém da dang va toan dién hon cua
thuat toan lai.
- Péi véi thuat toan NSGA-II, cac giai phap tim duoc trén biéu do thay doi déu ca
vé gia tri khoang cach va gi4 tri an toan, tdy vao lya chon cta ngudi bb tri tong mat
bang c6 thé lva chon 1 trong 21 giai phap tbi vu Pareto.
- D6i véi thuat toan NSGA-11 lai MOPSO:
+ Giai phap s6 1 c6 gia tri khoang cach tdi thiéu dugc thé hién & hinh 3.8.
Bai tap két cat, da, xi mang dugc dat ¢ gitra 2 bai tron bé téng, vira. Bai tap
két, gia cong cot thép 1 dugc dit sat toa nha sé 1 nhung khong niam sat can
tryc thap 1 vi dién tich xung quanh can truc 1 khong du. Bi tap két, gia cong
cbt thép 2 duoc dat gan can truc thap 2 va tda nha 2.
+ Giai phap c6 gia tri an toan tbi da duoc thé hién o hinh 3.9. Cac hang muc
phu tro nhu bai tron bé tong, bai tap két va gia cong cét thép cho mdi toa nha
dugc dit sat vao mdi can truc, khong dat trong pham vi chong dién tich anh
huong cua 2 can truc dé dam bao an toan. Hang muc nguy hiém nhu kho
chtra nhién liéu va may phat dién du phong da duwoc dat cach xa nhau va céc
hang muc con lai.
+ C06 thé chon giai phap s6 9 dé bé tri khi gia tri khoang céach di chuyén ting
it nhung van dam bao gia tri an toan khéng qua thap nhu hinh 3.10. Lang trai
nghi ngoi noi tap trung nhiéu nguoi dugce dat ra khoi pham vi anh huong

chung cua 2 can truc. Nha dé xe di duoc dit ra khoi pham vi anh huéng cua
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can truc. Hang muc nguy hiém nhu kho chira nhién liéu ciing dugc dat cach
xa cac hang muc khac hon giai phap so 1.

Distance: 1312737; Safety: 54
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Hinh 3.8. Mat bang mé hinh 2, giai phéap sb 1, thuat toan NSGA-11 lai MOPSO

Distance: 1617884; Safety: 78
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Hinh 3.9. Mat bang mé hinh 2, giai phap sé 22, thuat toan NSGA-I1 lai MOPSO
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Distance: 1360783; Safety: 66
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3.3. Ap dung mé hinh cho cong trinh 3

- M hinh thi cong 3 md phong tong mat bang bé tri cong trinh cua du 4n Simona
Heights & Quy Nhon. Hinh anh thyc té tai cong trinh theo hinh 3.11 duoc md phong
lai nhu hinh 3.12. Tién hanh bé tri tong mat bang thi cong trong giai doan thi cong
phan than vai théng tin cac hang muc dugc trinh bay ¢ bang 3.11.

- Céc hang muc c6 dinh bao gom xay dung 4 tda nha, 2 can tryc thap, 2 cong ra vao
duoc ¢ dinh vi tri theo mat bang hién trang. Cac hang muc phu trg con lai nhu nha
bao vé, phong ban chi huy, nha kho, nha vé sinh, khu vuc tap két, gia cong thép,
khu vuc tap két van khuén, xa ban, bai dé xe, 1an trai cdng nhan s& dugc bé tri theo
huéng t6i vu nham nang cao hiéu qua khoang cach di chuyén va an toan lao dong.
Cac bang 3.12, bang 3.13, bang 3.14 |a bang gia tri khao sat y kién caa 1 chi huy
trudng cong trinh, 1 can bo ky thuat xay dung theo phu luc 02.
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Hinh 3.11 Mat bang thuc té bé trinh thi céng du 4n Simona Heights
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Bang 3.11. Thong tin cac hang muc cua mo hinh thi cong 3

Toa dd Kich . | Hésd

troﬁg tam thwoe K’hoanA’g. pilu 1
T Tén hang muc . cacl.lxtm thu{;c CSi
T X y W h thieu cin (%)

(m) [ (m) | (m) | (m) | (M) truc
1 | Toéanhal 17 | 34 | 17 | 51 - - -
2 | Toanha 2 46 | 18 | 41 | 19 - - -
3 | Toéanha3 75 | 58 | 52 | 20 - - -
4 | Toanha4 92 | 30 | 18 | 36 - - -
5 | Cong ravao 1 7210 8 | 54 - - -
6 | Cong ra vao 2 0 | 35| 16 | 8 - - -
7 | Can truc thap 1 28 | 48 | 4 4 - - -
8 | Can tryuc thap 2 81 | 28 | 4 4 - - -
9 | Nhabao vé 1 - - 3 2 1 - 0
10 | Nha bao vé 2 - - 3 2 1 - 0
11 | Phong ban chi huy - - 3 10 2 - 0
12 | Nha kho - - 4 6 1 - 50
13 | Nha vé sinh - - 2 2 1 - 25
14 | Tap két, gia cong thép 1 - - 5 | 12 2 1 0
15 | Tap két, gia cong thép 2 - - 5 | 12 2 1 0
16 | Tap két, gia cong thép 3 - - 5 | 12 2 2 0
17 | Tap két, gia cong thép 4 - - 5 | 12 2 2 0
18 | Tap két van khuon 1 - - 4 2 2 1 50
19 | Tap két van khuon 2 - - 4 2 2 2 50
20 | Tap két xa ban - - 4 4 2 - 50
21 | Bai dé xe - - 4 | 12 2 - 0
22 | Lan trai cong nhan - - 3 10 2 - 0
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Bang 3.12. Trong sb gan giii giita cAc hang muc mé hinh thi céng 3

13

14

15

16

17

18

19

20

21

22

23

1
1 6”2
672 62
6"5 1
1 675
1 1
1 1
6"3 1
1 673
1 1
1 1
1 1

1
6”2
6”2
1
1
6”5
1

6”3

1
6”2
6”2
1
1
1
6”5
1

6”3

6”2
6”2
6”2
672
6”2

6”2

6"2
6”2
6”2
672
6”2
6”2
6”3
6”3
6"3

6”3
6”3
6”3
6”3
6”3

6”3

6”3

12 (13 |14 |15| 16 (17 (18 | 19| 20| 21 | 22
116726705 1| 11631 (1(|1]1
672|672 1 (6M5 1| 1| 1(6M3( 1|11
672|672 1 (1 (6°%5) 16731 (1|11
672|672 1| 1|1 (675 1|60 1] 1|1
1] 1 |6M2(6"2]|672|6"2(6"2]|672| 1 1| 1
1] 1 |672(6"2]|6"2|6"2(6"2|6"2|6"3|6"3|6"3
1] 1|6M3(6"3|6"3|6M3(6"3|6"3| 1 (1 | 1
1] 1|6M3(6"3|6"3|6M3(6"3|6"3| 1 (1| 1
6|1 (1)1 )1(1]1]1(1]1]1
11 (1(1|1]1]1|1f1]|6M3 1
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Bang 3.13. Trong sb kiém soét rai ro md hinh thi cong 3

210 0 0 0 0 O O o o o0 o0 o0

o

25 25 25 25 0 O O 0

23/0 0 0 0 O0O O O O o o O O 5 0 0 0 0 0 o0 50
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Bang 3.14. Hé s6 mat do di chuyén mé hinh thi cong 3
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- Tién hanh chay bai toan t6i vu bang phan mém MATLAB véi cac tham sb dau
vao nhu bang 3.15.

Bang 3.15. Tham sb dau vao cho md hinh thi cong 3

TT Tham s6 dau vao Thuit toan NSGA-11 lai MOPSO
1 | S6 vong lap tbi da 400
2 | Kich thudc quan thé 400
3 | Ty I¢ lai ghép NSGAII 0,7
4 | Ty 1é dot bién NSGAII 0,4
5 | Hé sb gitr lai van tdc ban dau w 0,9
6 | Hé sd gia toc ca thé ¢1 10
7 | Hé s6 gia téc quan thé ¢, 1
8 | Ty Ié dot bién MOPSO 0,2
Pareto
62 T T T 5
61 « 8 1
60 | .7 -
59 r *6 1
2
E:; 58 I -5 1
]
n
57 =4 1
56 =3 1
b5 + 2 1
54 4 | i | i
1.65 1.7 175 1.8 1.85 1.9
Distance %108

Hinh 3.13. Biéu d6 cé4c giai phap Pareto mé hinh thi cong 3
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- Hinh 3.13 trinh bay tap nghiém Pareto thu dugc khi 4p dung thuat toan NSGA-II
lai MOPSO. Tap nghiém gém 9 phuong an Pareto phan bé déu thé hién mdi quan
hé danh ddi gitta hai muc tiéu. Cu thé, khi khoang céach di chuyén ting dan tur
khoang 1,66x10° dén 1,853x10¢, hé s an toan ciing ting tir 54% 1én dén 62%. Piéu
nay cho thay dé dat muc d6 an toan cao hon, can chip nhan phuong an cé tong
quing duong di chuyén I6n hon. Nguoc lai, néu wu tién rit ngidn khoang cach, mic
do¢ an toan sé giam tuong ung.

- Giai phap s6 1 nhu hinh 3.14 c¢6 khoang céach di chuyén it nhit va mic do an toan
thap nhat. Giai phap sé 9 nhu hinh 3.16 c6 khoang cach di chuyén nhiéu nhat va
mutc d6 an toan cao nhat. Giai phap sé 4 nhu hinh 3.15 duoc cai thién mac do an
toan nhiéu nhung khoang cach di chuyén ting it.

- Ca 3 giai phéap s 1, s6 4, s6 9 déu bd tri nha bao vé, tap két xa ban, lan trai ¢ gan
cong ra vao gidng nhu b tri mat bang thuc té, van phong ban chi huy dugc ¢ gan
cong ra vao sb 5 gitp quan sat cong trinh duoc bao quat hon, nha kho cua giai phéap
t6i wu va bd tri thuc té déu duoc bd tri gan nha truc bao vé dé dam bao an toan va
gan cong ra vao dé thuan tién cho viéc van chuyén. Bai dé xe dugc dit gan cong ra
vao va nha bao vé dé dam bao an toan.

- Khu vuec tap két, gia cong thép o giai phap sé 1, sé 4 dd duoc dit sat vao ting toa
nha thi cong. Doi véi giai phap s6 9, khu vuc tap két, gia cong thép 4 di duoc téi wu
hon. Khu vuc tap két van khudn & giai phap sé 1 gan vi tri thi cong nhung it dam
bao an toan hon so véi giai phap s6 4, s6 9. Nha vé sinh & giai phap sé 1 va bb tri
thuc té déu dugc bd tri trong khu vuc nguy hiém cua can truc thap 1, ¢ giai phap s6
4,56 9 vi tri d3 duoc tdi vu ra khoi pham vi anh huéng nguy hiém nhét caa can truc
thap 1.
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MinDistance - Distance: 1659662; Safety: 54

o i W SN

0 20 40 60 80 100
Hinh 3.14. Mt bang md hinh 3, giai phap s6 1, thuat toan NSGA-11 lai MOPSO

Dlstance 1665322; Safety: 57
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Hinh 3.15. Mt biang mé hinh 3, giai phap s6 4, thuat toan NSGA- 11 lai MOPSO
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MaxSafety - Distance: 1853237; Safety: 62
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Hinh 3.16. Mt bang mé hinh 3, giai phap s6 9, thuat toan NSGA-I1 lai MOPSO

3.4. Tong két chwong 3

- Trong qué trinh nghién ctu va &ng dung, ba md hinh mat bang thi cong da duoc
xay dung dé danh gia hiéu qua cua thuat toan. Céac két qua thu dugc cho thay & mo
hinh céng trinh 1 thuat toan NSGA-II lai MOPSO cho gi4 tri tong khoang céch di
chuyén thap hon tir 1% dén 6% so véi NSGA-II khi cing muc gid tri an toan, & md
hinh céng trinh 2 muc cai thién nay 1én dén 11%, ching minh kha ning khai thac
khong gian giai phap cua thuat toan NSGA-II lai MOPSO tét hon NSGA-II thuan
tay.

- P4i voi md hinh ¢ong trinh 3, chi 4p dung thuat toAn NSGA-II lai MOPSO dé tao
ra 9 phuong an so sanh véi phuong an bé tri mat bang thyc té. Vé mat khdng gian
bd tri ca ba giai phap 1, 4, 9 déu c6 céc bd tri trong dong va bé tri ti wu hon so véi
phuong an bd tri thuc té nhu cac hang muc nhu nha bao vé, khu tap két xa ban, lan
trai déu dugc dat gan cong ra vao tuwong tu phuwong an thuc té, tao diéu kién thuan
loi cho quan Iy va kiém soat cong trinh, kho vat tu va bai dé xe duoc dat gan cong

va khu bao vé, thuan tién cho van chuyén va ting cudng yéu té an toan. Cac khu
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vuc nhu gia cong thép, tap két van khuén, nha vé sinh déu dugc tdi vu an toan nam
ngoai tam hoat dong cuia can truc thap trong mot sé phuong an.

- Nhu vay, viéc ang dung thuat todn NSGA-Il lai MOPSO bing phan mém
MATLAB d3 chitng minh dugc sy hiéu qua trong bé tri mit bang thi cong, khong
chi rat ngin quing dudng van chuyén, ting mirc do an toan, ma con gidp tao ra
nhiéu phuong 4n b tri linh hoat, tir 46 hd trg k§ su lya chon giai phap ti vu phu

hop diéu kién cong truong.
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KET LUAN VA KIEN NGHI
Két luan
Dé an di xay dung thanh cdng md hinh téi wu hoa bd tri tdng mit bang thi cong dua
trén hai muc tiéu toi thiéu hoa khoang cach di chuyén va téi da hoa muac do an toan.
Hai thuat toan NSGA-11 va NSGA-II lai MOPSO dugc &p dung dé téi wu hoa, tir 6
so sanh hiéu qua. Két qua cho thay thuat toan NSGA-II lai MOPSO cho tap nghiém
Pareto chat lwong hon, da dang hon so véi NSGA-II. Viéc 4p dung md hinh ti wu
nay khéng chi cai thién hiéu qua sir dung khong gian ma con hd tro ban diéu hanh
cong trinh c6 thém nhiéu phwong an hop 1y dé lya chon bd tri mat bang.
Kién nghi
Mo hinh dé xuét da chtrng minh hiéu qua trong viéc tdi wu mat bang cho céc cong
trinh ¢6 dang hinh hoc don gian, nhung khi ap dung cho cac cong trinh co6 hinh dang
phtc tap nhu hinh tam giac, hinh tron thi d6 chinh x&c cua thuat todn giam do chua
moé phong ding hinh dang thyc té. Trong nghién ctu tiép theo, can phat trién thém
mé hinh biéu dién mat bang linh hoat hon, tich hop thém yéu t6 thay d6i mat bang

theo ting giai doan thi cong nham phu hop véi thuc tién trién khai.
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PHU LUC 01
1. Phin chwong trinh chinh thuit toan NSGA-11

clc;
clear;
close all;
global 1b ub
global nD nG nT nA
%% Problem Definition
CreateModel;
CostFunction=@(x)tf1(x); = % Cost Function
nObj=2;% Number of Objective Functions
%% NSGA-II Parameters
MaxIt=300; % Maximum Number of Iterations
nPop=200; % Population Size
pCrossover=0.7; % Crossover Percentage
nCrossover=2*round(pCrossover*nPop/2); % Number of Parnets (Offsprings)
nCrossover=round(nCrossover/2);
pMutation=0.4; % Mutation Percentage
nMutation=round(pMutation*nPop); % Number of Mutants
nMutation=round(nMutation/2);
mug=0.01; % Mutation Rate
sigma=0.1*(ub-Ib); % Mutation Step Size
%% Initialization NSGA-II
empty_individual.Position=[];
empty_individual.Cost=[];
empty_individual.Rank=[];
empty_individual.DominationSet=[];
empty_individual.DominatedCount=[];
empty_individual.CrowdingDistance=[];
pop=repmat(empty_individual,nPop,1);
%%
for i=1:nPop
pop(i).Position=inittf1;
pop(i).Position=Ichecktf1(pop(i).Position);
pop(i).Cost=CostFunction(pop(i).Position);
end
[pop, F]I=NonDominatedSorting(pop);% Non-Dominated Sorting
pop=CalcCrowdingDistance(pop,F);% Calculate Crowding Distance
[pop, F]=SortPopulation(pop);% Sort Population
%%
for it=1:MaxIt
% Crossover
popc=repmat(empty_individual,round(nCrossover/2),2);
for k=1:round(nCrossover/2)
il=randi([1 nPop/2]);
p1=pop(il);
i2=randi([1 nPop/2]);
p2=pop(i2);
[popc(k,1).Position, popc(k,2).Position]=Crossover(pl.Position,p2.Position);
popc(k,1).Position=Ichecktf1(popc(k,1).Position);
popc(k,2).Position=Ichecktfl(popc(k,2).Position);
popc(k,1).Cost=CostFunction(popc(k,1).Position);
popc(k,2).Cost=CostFunction(popc(k,2).Position);
end
popc=popc(:);
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% Mutation
popm=repmat(empty_individual,nMutation,1);
for k=1:nMutation
i=randi([1 nPop/2]);
p=pop(i);
popm(k).Position=Mutate(p.Position,mug,sigma);
popm(k).Position=Ichecktf1(popm(k).Position);
popm(k).Cost=CostFunction(popm(k).Position);
end
% Merge
pop=[pop
popc
popm];
% Non-Dominated Sorting
[pop, F]=NonDominatedSorting(pop);
% Calculate Crowding Distance
pop=CalcCrowdingDistance(pop,F);
% Sort Population
pop=SortPopulation(pop);
% Truncate
pop=pop(1:nPop/2);
% Non-Dominated Sorting
[pop, F]l=NonDominatedSorting(pop);
% Calculate Crowding Distance
pop=CalcCrowdingDistance(pop,F);
% Sort Population
[pop, F]=SortPopulation(pop);
% Store F1
Fl=pop(F{1});
%Rearrange in the final loop
if it==MaxIt
uniqueCosts=zeros(0, 2);
uniqueF1=[];
for i=1:numel(F1)
cost=F1(i).Cost';
if ~ismember(cost, uniqueCosts, 'rows')
uniqueCosts=[uniqueCosts; cost];
uniqueF1=[uniqueF1, F1(i)];
end
end
F1 = uniqueF1;
% Sort F1 in ascending order of f2
bValues = arrayfun(@(x) x.Cost(2), F1);
[~, sortedldx] = sort(bValues);
F1 = F1(sortedldx);
end
disp(['Iteration ' num2str(it) ': Number of F1 Members = ' num2str(numel(F1))]);
% Plot F1 Costs
figure(1)
PlotCosts(F1,it,MaxIt);
title("Pareto™)
xlabel("Distance");
ylabel("Safety (%)");
PlotSolution(F1);
pause(0.01);
end
datal={};



66

datal{l, 1}='F1";
datal{2, 1}='Distance’;
datal{3, 1}="'Safety(%)";
data2={};
data2{1, 1}='F1";
startNum=nD + nG + nT + 1;
endNum=nD + nG + nT + nA,
data2(1, 3:(3 + (endNum - startNum))) = num2cell(startNum:endNum);
row=2;
for i=1:numel(F1)
datal{1,1+i}=i;
datal{2,1+i}=F1(i).Cost(1);
datal{3,1+i}=F1(i).Cost(2);
data2{row,1}=i;
data2{row,2}='x’;
data2(row, 3:(2+nA)) = num2cell(round(F1(i).Position(1:nA), 2));
row=row+1;
data2{row,2}="y";
data2(row, 3:(2+nA)) = num2cell(round(F1(i).Position(nA+1:nA*2), 2));
row=row+1;
data2{row,2}="r";
data2(row, 3:(2+nA)) = num2cell(round(F1(i).Position(nA*2+1:nA*3), 0));
row=row+1;
end
filename = 'output.xIsx’;
if isfile(filename)
delete(filename);
end
writecell(datal, filename, 'Sheet’, 'Sheet1);
writecell(data2, filename, 'Sheet’, 'Sheet2');
fprintf('Data has been exported to the file:', filename);

2. Phan chwong trinh chinh thuat toan NSGA-II lai MOPSO

cle;

clear;

close all;

global 1b ub

global nD nG nT nA

%% Problem Definition

CreateModel;

CostFunction=@(x)tf1(x); = % Cost Function
nObj=2;% Number of Objective Functions

%% NSGA-II Parameters

MaxIt=300; % Maximum Number of lterations
nPop=200; % Population Size

pCrossover=0.7; % Crossover Percentage
nCrossover=2*round(pCrossover*nPop/2); % Number of Parnets (Offsprings)
nCrossover=round(nCrossover/2);

pMutation=0.4; % Mutation Percentage
nMutation=round(pMutation*nPop); % Number of Mutants
nMutation=round(nMutation/2);

mug=0.01; % Mutation Rate
sigma=0.1*(ub-Ib); % Mutation Step Size

%% MOPSO Parameters

nRep=100; % Repository Size

w=0.9; % Inertia Weight

wdamp=0.99; % Intertia Weight Damping Rate\
c1=10; % Personal Learning Coefficient
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c2=1; % Global Learning Coefficient
nGrid=10;

alpha=0.2; % Inflation Rate

beta=0.5;

gamma=2; % Deletion Selection Pressure
mu=0.2; % Mutation Rate

%% Initialization NSGA-II
empty_individual.Position=[];
empty_individual.Cost=[];
empty_individual.Rank=[];
empty_individual.DominationSet=[];
empty_individual.DominatedCount=[];
empty_individual.CrowdingDistance=[];
pop=repmat(empty_individual,nPop,1);
%% Initialization MOPSO
empty_particle.Position=[];
empty_particle.Velocity=[];
empty_particle.Cost=[];
empty_particle.Best.Position=[];
empty_particle.Best.Cost=[];
empty_particle.IsDominated=[];
empty_particle.GridIndex=[];
empty_particle.GridSubIndex=[];
popul=repmat(empty_particle,nPop/2,1);
%%
for i=1:nPop
pop(i).Position=inittf1;
pop(i).Position=Ichecktf1(pop(i).Position);
pop(i).Cost=CostFunction(pop(i).Position);
end
[pop, F]=NonDominatedSorting(pop);% Non-Dominated Sorting
pop=CalcCrowdingDistance(pop,F);% Calculate Crowding Distance
[pop, F]=SortPopulation(pop);% Sort Population
% Truncate and divide into two halves
popull=pop((nPop/2)+1:nPop);
pop=pop(1:nPop/2);
%%
for it=1:MaxIt
% Crossover
popc=repmat(empty_individual,round(nCrossover/2),2);
for k=1:round(nCrossover/2)
il=randi([1 nPop/2]);
pl=pop(il);
i2=randi([1 nPop/2]);
p2=pop(i2);
[popc(k,1).Position, popc(k,2).Position]=Crossover(pl.Position,p2.Position);
popc(k,1).Position=Ichecktfl(popc(k,1).Position);
popc(k,2).Position=Ichecktf1(popc(k,2).Position);
popc(k,1).Cost=CostFunction(popc(k,1).Position);
popc(k,2).Cost=CostFunction(popc(k,2).Position);
end
popc=popc(:);
% Mutation
popm=repmat(empty_individual,nMutation,1);
for k=1:nMutation
i=randi([1 nPop/2]);
p=pop(i);
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popm(k).Position=Mutate(p.Position,mug,sigma);
popm(k).Position=Ichecktf1(popm(k).Position);
popm(k).Cost=CostFunction(popm(k).Position);
end
% Merge
pop=[pop
popc
popm];
% Non-Dominated Sorting
[pop, F]=NonDominatedSorting(pop);
% Calculate Crowding Distance
pop=CalcCrowdingDistance(pop,F);
% Sort Population
pop=SortPopulation(pop);
% Truncate
pop=pop(1:nPop/2);
% Non-Dominated Sorting
[pop, F]l=NonDominatedSorting(pop);
% Calculate Crowding Distance
pop=CalcCrowdingDistance(pop,F);
% Sort Population
[pop, F]=SortPopulation(pop);
% Store F1
Fl=pop(F{1});
%% MOPSO
for i=1:nPop/2
popul(i).Position=popul1(i).Position;
popul(i).Velocity=zeros([1 nA*3]);
popul(i).Cost=popull(i).Cost;
% Update Personal Best
popul(i).Best.Position=popul(i).Position;
popul(i).Best.Cost=popul(i).Cost;
end
% Determine Domination
popul=DetermineDomination(popul);
rep=popul(~[popul.IsDominated]);
Grid=CreateGrid(rep,nGrid,alpha);
for i=1:numel(rep)
rep(i)=FindGridIndex(rep(i),Grid);
end
%% MOPSO Main Loop
for i=1:nPop/2
leader=SelectLeader(rep,beta);
popul(i).Velocity = w*popul(i). Velocity ...
+c1*rand([1 nA*3]).*(popul(i).Best.Position-popul(i).Position) ...
+c2*rand([1 nA*3]).*(leader.Position-popul(i).Position);
for j=1:nA*3
popul(i).Position(j) = popul(i).Position(j) + popul(i).Velocity(j);
end
popul(i).Position=Ichecktf1(popul(i).Position);
popul(i).Cost = CostFunction(popul(i).Position);
% Apply Mutation
pm=(1-(it-1)/(MaxIt-1))(1/mu);
if rand<pm
NewsSol.Position=Mutatetf1(popul(i).Position,pm,lb,ub);
NewsSol.Position=Ichecktf1(NewSol.Position);
NewsSol.Cost=CostFunction(NewSol.Position);



if Dominates(NewSol,popul(i))
popul(i).Position=NewSol.Position;
popul(i).Cost=NewSol.Cost;
elseif Dominates(popul(i),NewSol)
% Do Nothing
else
if rand<0.5
popul(i).Position=NewSol.Position;
popul(i).Cost=NewSol.Cost;
end
end
end
%Assign the best value to the personal coefficient
if Dominates(popul(i),popul(i).Best)
popul(i).Best.Position=popul(i).Position;
popul(i).Best.Cost=popul(i).Cost;
elseif Dominates(popul(i).Best,popul(i))
% Do Nothing
else
if rand<0.5
popul(i).Best.Position=popul(i).Position;
popul(i).Best.Cost=popul(i).Cost;
end
end
end
% Add Non-Dominated Particles to REPOSITORY
rep=[rep
popul(~[popul.lsDominated])];
% Determine Domination of New Resository Members
rep=DetermineDomination(rep);
% Keep only Non-Dminated Memebrs in the Repository
rep=rep(~[rep.IsDominated]);
% Update Grid Indices
for i=1:numel(rep)
rep(i)=FindGridIndex(rep(i),Grid);
end
% Check if Repository is Full
%  numel(rep)
if numel(rep)>nRep
Extra=numel(rep)-nRep;
for e=1:Extra
rep=DeleteOneRepMemebr(rep,gamma);
end
end
% Damping Inertia Weight
w=w*wdamp;
popl=repmat(empty_individual,nPop/2,1);
for i=1:nPop/2
if i<=length(rep)
popl(i).Position=rep(i).Position;
popl(i).Cost=rep(i).Cost;
else
popl(i).Position=popul(i-length(rep)).Position;
pop1(i).Cost=popul(i-length(rep)).Cost;
end
end

pop2=[pop
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pop1];
% Non-Dominated Sorting
[pop2, F]l=NonDominatedSorting(pop2);
% Calculate Crowding Distance
pop2=CalcCrowdingDistance(pop2,F);
% Sort Population
[pop2, F]=SortPopulation(pop2);
% Truncate and divide into two halves
pop=pop2(1:nPop/2);
%Rearrange in the final loop
if it==MaxIt
uniqueCosts=zeros(0, 2);
uniqueF1=[];
for i=1:numel(F1)
cost=F1(i).Cost';
if ~ismember(cost, uniqueCosts, 'rows")
uniqueCosts=[uniqueCosts; cost];
uniqueF1=[uniqueF1, F1(i)];
end
end
F1 = uniqueF1;
% Sort F1 in ascending order of f2
bValues = arrayfun(@(x) x.Cost(2), F1);
[~, sortedldx] = sort(bValues);
F1 = F1(sortedldx);
end
disp(['Iteration ' num2str(it) ': Number of F1 Members = ' num2str(numel(F1))]);
% Plot F1 Costs
figure(1)
PlotCosts(F1,it,Maxlt);
title("Pareto™)
xlabel("Distance");
ylabel("Safety (%)");
PlotSolution(F1);
pause(0.01);
end
datal={};
datal{1, 1}="F1";
datal{2, 1}='Distance’;
datal{3, 1}="Safety(%)";
data2={};
data2{1, 1}="F1";
startNum=nD + nG + nT + 1;
endNum=nD + nG + nT + nA;
data2(1, 3:(3 + (endNum - startNum))) = num2cell(startNum:endNum);
row=2;
for i=1:numel(F1)
datal{1,1+i}=i;
datal{2,1+i}=F1(i).Cost(1);
datal{3,1+i}=F1(i).Cost(2);
data2{row,1}=i;
data2{row,2}='x’;
data2(row, 3:(2+nA)) = num2cell(round(F1(i).Position(1:nA), 2));
row=row+1;
data2{row,2}='y";
data2(row, 3:(2+nA)) = num2cell(round(F1(i).Position(nA+1:nA*2), 2));
row=row+1;
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data2{row,2}='"r";
data2(row, 3:(2+nA)) = num2cell(round(F1(i).Position(nA*2+1:nA*3), 0));
row=row+1;
end
filename = 'output.xlIsx’;
if isfile(filename)
delete(filename);
end
writecell(datal, filename, 'Sheet’, 'Sheetl");
writecell(data2, filename, 'Sheet’, 'Sheet2");
fprintf('Data has been exported to the file:', filename);

3. Cac ham chuong trinh con function

3.1. Ham tinh khodng cach dong duc
function pop=CalcCrowdingDistance(pop,F)
nF=numel(F);
for k=1:nF
Costs=[pop(F{k}).Cost];
nObj=size(Costs,1);
n=numel(F{k});
d=zeros(n,nObyj);
for j=1:nObj
[cj, so]=sort(Costs(j,:));
d(so(1),j)=inf;
fori=2:n-1
d(so(i),j)=abs(cj(i+1)-cj(i-1))/abs(cj(1)-cj(end));
end
d(so(end),j)=inf;
end
fori=1:n
pop(F{k}(i)).CrowdingDistance=sum(d(i,:));
end
end
end

3.2. Ham tao luéi phan chia khong gian muc tiéu
function Grid=CreateGrid(pop,nGrid,alpha)
c=[pop.Cost];
cmin=min(c,[],2);
cmax=max(c,[],2);
dc=cmax-cmin;
cmin=cmin-alpha*dc;
cmax=cmax-+alpha*dc;
nObj=size(c,1);
empty_grid.LB=[];
empty_grid.UB=[];
Grid=repmat(empty_grid,nObj,1);
for j=1:nObj
cj=linspace(cmin(j),cmax(j),nGrid+1);
Grid(j).LB=[-inf cj];
Grid(j).UB=[cj +inf];
end
end
3.3. Ham nhap dir li€u mo6 hinh bai toan
function CreateModel()
global xC yC

global xD yD wD hD dD nD
global xG yG wG hG dG nG
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global XT yT wT hT dT rT zT nT
global wA hA dA nA sen Tn

global a hcw edges

global 1b ub

%% Initialize the initial fixed items
% Coordinates of the site for the construction master plan
xC=[0 254 254 0];

yC=[0 0 100 100];

% ltems according to the design
xD=[17 60 103 204 204 239];
yD=[36 74 36 80 20 50];

wD=[24 26 24 33 33 19];

hD=[45 34 45 19 19 72];
dD=[333333];

% Gate

xG=[140];

yG=[100];

WG=[7];

hG=[40*2];

dG=[1];

% Tower crane

XT=[60 217];

yT=[44 50];

wT=[6 6];

hT=[6 6];

dT=[4 4];

rT=[65 50];

zT=[40 40];

% Mobile item

WA=[4 5556 5355505121255 2 6 5 6]

hA=[4 5 556 55555551255 2 12 10 3];

dA=[1 3 33 2222222222222 272;

sen=[2525 25 2550 50 50 0 0 0 0 0 0 250 2525 0 25];
Tn=[0111000200022220000];

%Proximity weight

a=[

00000O0OO0OOT16M6M6M6M1 611111111 6"26"26"26"2
00000O0O0OO0OT116M6M6M6M721 611111111 6"26M26"26"2
00000O0OO0OOT16M6M6M6M1 6"1 1111111 6"26"26"26"2
0000000001111 616361 1 1 6"36"36"36"36"26"26"26"2
0000000001111 61 6361 1 1 6"36"36"36"36"26"26"26"2
0000000001111 61 67361 1 1 6"36"36"36"36"26"26"26"2
0000O0O0O0OO0O 6M"M6M6M6M6MEMNE6MEMN26M26M26M26M21 67021 1 671 673
0000000001 6M6M6M0116M111111111111
00000000011 11116e6M6M1116M6M026M6"721 111
1111116M1101116M711111111111¢6"211
6M6M6M1 1 16M6M0°21 1011 1111111111111 11
6M6M6M1 1 16M6M0°21 1101 1111111111111 11
6M6M6M1 1 16M6M0°21 1110111111111 111111
67"26726726M26M26M26M1 16021 1101111111111 1111
1111116M111111106M72111111111111
6"36"36"36"36"36"36M.6M6M1 1 11 16M011 1116216721111
1116MM6M6M6721621111111011111111111
111111621 1111111110111116M1111
1111116211111111111011116M1111
111111621 111111111110111631111
111660606721 621111111111106M4111111
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1116M6M8M6M1 1621111116721 1116MM0111111

1116M6"6M67216721111111111111011111

1116M6M6M1 1672111111621 636M6M"31 1101111

6"26726M267267267%21 1 1111111111111111016"21

6"26726M26M26M26M26M1 1621 1111111111111 1011

6726726M26M26M26M"21 1111111111111 11116M21001

6726726M26"26726M26"31 1 1111111111111111110

].

%Hazard coefficient between items

hew:

[

00000000OO00O0O0OO0O0OO0O0T75000000000O0O00O0

00000O0O0O0OO0O0OOOO0OO0OT75500000000O0O0O0O00O0
0000O0O0O0O0OO0O0OOOO0OO0OT7550000000O0O0OO0OO0O0O0
000000O0O00OOO0COOOTT500000000000O00O0
0000O0O0O0O0OO0O0OOO0OO0OO0OT7550000000O0O0OO0OO0O0O0
0000000O00O0ODO0OOOOOT5000000000000
000O0O0O0OOOOOOOOOOOOOOOOOOOOOOO

000000OO0O0OO0COOOOOOOOOOOOOOOOOOO
00000O0OO0OOOOOOOOOOOOOOOOOOOOOO

00000000OO00O0O0OO0OO0OO0OS500000000000O00O0

0000000OOOOOOOOOOOOOOOOOOOOOO

00000O0OO0OOOOOOOOOOOOOOOOOOOOOO
00O000OO0O0OO0OO0COOOOOOOOOOOOOOOOOOO

00000000O000O0O0O0O0OS5000000000O0O00O0

7575757575750 0 05000050 10000000750 25257575050

50 50 50 50 50 50 0 0 0 50 0 0 O 50 1000 0 0 0 0 O 50 0 50 25 75 75 50
00000000O0OO0O0OO0OOO0OOOOOOOOOOOOOOOO
0000000OOOOOOOOOOOOOOOOOOOOOO

00000O0OO0OOO0OOOOOOOOOOOOOOOOOOOO
00O000OO0OO0OOO0OOOOOOOOOOOOOOOOOOOO

00000O0OO0OOOOOOOOOOOOOOOOOOOOOO

00000000O0O00O0O0OO0OO0O0T75000000000000O0
00000O0OOOOOOOOOOOOOOOOOOOOOOO

000000O00OO00O0O0OO0OO0OO0255000000000000
00000O0O0O0OO0O0O0OOO02525000000000000
000000O00O0OO0O0OOOO0T70000000000O00O0
000000O000O0O00O000OO0O077575000000000000
00000000O0O000O0OO0O0O0OO0OS5000000000O0O00O0

I

%Intersecting items

htr

00OO0OO0O0O00O0O0O0O00O0D0OO0OOOOOOOOOOOOOOOOODO

00000O0OO0OOOOOOOOOOOOOOOOOOOOOO

000O0O0O0OOOOOOOOOOOOOOOOOOOOOOO
000O0O0O0OOOOOOOOOO1O0O0OOOOOOOOO

00000O0OO0OOOOOOOOOO10O0O0OOOOOOOOO

000O0OOOO0O0O0OO0OOOOOOO10OOOOOOOOOO

000O0O0O0OOOOOOOOOOO1111100001C00

000000OO0OO0OOOOOOOOOOOOOOOOOOOO
000O0O0O0OOOOOOOOOOOOOOOOOOOOOOO

000O0OOOOOOOOOOOOOOOOOOOOOOOOO
000O0OOOOOOOOOOOOOOOOOOOOOOODOO
000O0O0O0OOOOOOOOOOOOOOOOOOOOOOO
000O0OOOO0OO0O0OO0OOOOOOOOOOOOOOOOOOO

000000OO0OOO0OOOOOOOOOOOOOOOOOOOO
00O0000O00O0OO0O0ODO0OOOOOOOOOOOOOOOOO
00000O0OO0OOO0OOOOOOOOOOOOOOOOOOOO

000O011110000000000000000O0OO0OO0OO0O
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000O0OOO100O0OO0OO0O0O0O0O0OO0OOOO
000000O10000OO0OO0OOO0OOOCOOO0OO
000O0OO0OO0O1000O0000O0OOOOOOO
0000001 0000OO0OO0OO0OOO0COOO0OO
000O0OOOOOOOOOOOOOOOOO1
00O0OOOOOOOOOOOOOOOOOOO
000O0O0O0O0OOOOOOOOOOOOOLII1I10
00O0OOOOOOOOOOOOOOOOOOO
0000001 0000OO0OO0OO0OOOCOOO0OO
000O0OOOO0OO0OO0OO0OOOOOOOOOOOO
0000O0O0OOOOOOOOOOOOOOOO

I
%%
nD=numel(wD);
nG=numel(wG);
nT=numel(wT);
nA=numel(wA);
%% Calculate the number of high-density routes
edges =[];
fori=1:nA
forj=i+1l:nA
if htr(i, j)==1
edges = [edges; i, j];
end
end
end
%% Preliminary limit
Ib=[min(xC)*ones(1,nA) min(yC)*ones(1,nA) 0*ones(1,nA)];
ub=[max(xC)*ones(1,nA) max(yC)*ones(1,nA) 1*ones(1,nA)];
end

3.4. Ham lai ghép
function [y1, y2]=Crossover(x1,x2)
alpha=rand(size(x1));
yl=alpha.*x1+(1-alpha).*x2;
y2=alpha.*x2+(1-alpha).*x1;
end

3.5. Ham x0a 1 phan tir khéi kho luu trir
function rep=DeleteOneRepMemebr(rep,gamma)
% Grid Index of All Repository Members
Gl=[rep.GridIndex];
% Occupied Cells
OC=unique(Gl);
% Number of Particles in Occupied Cells
N=zeros(size(OC));
for k=1:numel(OC)
N(k)=numel(find(G1==0C(k)));
end
% Selection Probabilities
P=exp(gamma*N);
P=P/sum(P);
% Selected Cell Index
sci=RouletteWheelSelection(P);
% Selected Cell
sc=0C(sci);
% Selected Cell Members
SCM=find(Gl==sc);

OO OO0 O0OO0OOoOFr OoOoOo

[eNeNelNoelNolNololollollollo]

OO OO0 OO0 OO0OkFr kKK

O OO OO0 O0OOo oo

[eNeNelNeNollelNolNollolNo o)

OO OO OO0 o oo

O OO OO0 OoOo oo
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% Selected Member Index
smi=randi([1 numel(SCM)]);
% Selected Member
sm=SCM(smi);
% Delete Selected Member
rep(sm)=[I;
end
3.6. Ham xac dinh ca thé bi troi
function pop=DetermineDomination(pop)
nPop=numel(pop);
for i=1:nPop
pop(i).IsDominated=false;
end
for i=1:nPop-1
for j=i+1:nPop
if Dominates(pop(i),pop(j))
pop(j).IsDominated=true;
end
if Dominates(pop(j),pop(i))
pop(i).IsDominated=true;
end
end
end
end

3.7. Ham so sanh troi
function b=Dominates(x,y)
if isstruct(x)
x=x.Cost;
end
if isstruct(y)
y=y.Cost;
end
b= (x(1) <= y(1) && x(2) >= y(2)) && (x(1) <y(1) [| X(2) > y(2)) && X(2)>0 && y(2)>0;
end

3.8. Ham xac dinh chi so 6 luéi
function particle=FindGridIndex(particle,Grid)
nObj=numel(particle.Cost);
nGrid=numel(Grid(1).LB);
particle.GridSublndex=zeros(1,nObj);
for j=1:nObj
particle.GridSublndex(j)=...
find(particle.Cost(j)<Grid(j).UB,1, first');
end
particle.GridIndex=particle.GridSublIndex(1);
for j=2:nObj
particle.GridIndex=particle.GridIndex-1;
particle.GridIndex=nGrid*particle.GridIndex;
particle.GridIndex=particle.GridIndex+particle.GridSubIndex(j);
end
end
3.9. Ham khéi tao vi tri ngau nhién ban dau
function [x]=inittfl
global xC yC
global wA hA nA
%% Random position
xA=zeros(1, nA);
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yA=zeros(1, nA);
rA=rand(1, nA);
for i=1:nA
XA(i) = min(xC) + wA(i)/2 + (max(xC) - min(xC)-wA(i)/2) * rand();
YyA(i) = min(yC) + hA(i)/2 + (max(yC) - min(yC)-hA(i)/2) * rand();
end
X=[xA yA rA];
end
3.10. Ham kié€m tra va rang bugc ca thé
function [x]=Ichecktf1(x)
global xC yC
global xD yD wD hD dD nD
global xG yG wG hG dG nG
global XT yT wT hT dT nT rT
global wA hA dAnA Tn
XA=x(1:nA);
yA=X(nA+1:nA*2);
rA=x(nA*2+1:nA*3);
theta=round(rA)*pi/2;
w=cos(theta). *wA+sin(theta).*hA,;
h=cos(theta).*hA+sin(theta).*wA,
ns=nD+nG+nT+nA,
xs=[xD xG xT xA];
ys=[yD yG yT yA[;
ws=[wD wG wT w];
hs=[hD hG hT h];
ds=[dD dG dT dA];
d=zeros(ns,ns);
%Non-overlapping constraint
for i=nD+nG+nT+1:ns
for j=1:ns
if i~=j
DELTA=max(ds(i),ds(j));
XVij=max(0,1-abs(xs(i)-xs(j))/((ws(i)+ws(j))/2+DELTA));
YVij=max(0,1-abs(ys(i)-ys())/((hs(i)+hs(j))/2+DELTA));
if XVij>0 && YVij>0
if xs(i)>=xs(j) && ys(i)>=ys(j)
dx=xs(j)+(ws(i)+ws(j))/2+DELTA-xs(i);
dy=ys(j)+(hs(i)+hs(j))/2+DELTA-ys(i);
if dx>=dy
ys(i)=ys(i)+dy;
elseif dx<dy
xs(i)=xs(i)+dx;
end
elseif xs(i)>=xs(j) && ys(i)<ys(j)
dx=xs(j)+(ws(i)+ws(j))/2+DELTA-xs(i);
dy=ys(i)-(ys()-(hs(i)+hs(j))/2-DELTA);
if dx>=dy
ys(i)=ys(i)-dy;
elseif dx<dy
xs(i)=xs(i)+dx;
end
elseif xs(i)<xs(j) && ys(i)>=ys(j)
dx=xs(i)-(xs(j)-(ws(i)+ws(j))/2-DELTA);
dy=ys(j)+(hs(i)+hs(j))/2+DELTA-ys(i);
if dx>=dy
ys(i)=ys(i)+dy;
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elseif dx<dy
xs(i)=xs(i)-dx;
end
elseif xs(i)<xs(j) && ys(i)<ys(j)
dx=xs(i)-(xs(j)-(ws(i)+ws(j))/2-DELTA);
dy=ys(i)-(ys(j)-(hs(i)+hs(j))/2-DELTA);
if dx>=dy
ys(i)=ys(i)-dy;
elseif dx<dy
xs(i)=xs(i)-dx;
end
end

end

end

end
end

XA=xs(nD+nG+nT+1:end);
yA=ys(nD+nG+nT+1:end);
%% Constraint within the tower crane radius
fori=1:nT
for j=1:nA
if Tn(j)==i

if XAG)<XT(i) && yA(§)<yT(i)
dd=norm([XT(i)-(xA®1)-w()/2) yT(i)-(yAG)-h()/2)]);
if dd>rT(i)
dx=(XT(i)-(xAQ()-w(j)/2))*(dd-rT(i))/dd;
dy=(yT(i)-(yAG)-h(1)/2))*(dd-rT(i))/dd;
XA()=xA(j)+dx;
YA()=yA()+dy;
end
elseif XA(J)>=xT(i) && yA()<yT(i)
dd=norm([xT(i)-(xAG)+w()/2) yT(i)-(YAG)-h()/2)]);
if dd>rT(i)
dx=(-xT(i)+(xAg)+w(j)/2))*(dd-rT(i))/dd;
dy=(yT(i)-(yA@)-h()/2))*(dd-rT(i))/dd;
XA@()=xA()-dx;
YA()=yA(j)+dy;
end
elseif xA(j)<xT(i) && YA(J)>=yT(i)
dd=norm([XT(i)-(xA®1)-w()/2) yT(i)-(yAG)+h()/2)]);
if dd>rT(i)
dx=(XT(i)-(xAG)-w(j)/2))*(dd-rT(i))/dd;
dy=(-yT(i)+(yAl)+h(i)/2))*(dd-rT(i))/dd;
XA(J)=xA(j)+dx;
YA()=yA()-dy;
end
elseif XA(j)>=xT(i) && yA(j)>=yT(i)
dd=norm([xT(i)-(xAQ)+w()/2) yT(i)-(yAG)+h()/2)]);
if dd>rT(i)
dx=(-xT(i)+(xAg)+w(j)/2))*(dd-rT(i))/dd;
dy=(-yT(i)+(yA()+h()/2))*(dd-rT(i))/dd;
XA()=xA(j)-dx;
YA()=yA()-dy;
end
end

end

end
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end
%% Constraint within the site area
fori=1:nA
xA(i)=min(max(xC)-w(i),xA(i));
xA(i)=max(min(xC)+w(i),xA(i));
YA(i)=min(max(yC)-h(i),yA(i));
yA(i)=max(min(yC)+h(i),yA(i));
end
X=[xA yA rA];
end
3.11. Ham d¢t bién nhiéu gia tri
function y=Mutate(x,mu,sigma)
nVar=numel(x);
nMu=ceil(mu*nVar);
j=randsample(nVar,nMu);
j=randsample(nVar,1);
if numel(sigma)>1
sigma = sigma(j);
end
y=X;
y(§)=x(j)+sigma.*randn(size(j));
end
3.12. Ham d¢t bién m{t gia tri
function xnew=Mutatetf1(x,pm,VarMin,VarMax)
nVar=numel(x);
j=randi([1 nVar]);
dx=pm*(VarMax-VarMin);
Ib=x(j)-dx;
if Ib<VarMin
Ib=VarMin;
end
ub=x(j)+dx;
if ub>VarMax
ub=VarMax;
end
XNeW=X;
xnew(j)=Ib(j)-((1b(j)-ub(j))*rand);
end
3.13. Ham sap xeép khong troi
function [pop, F]l=NonDominatedSorting(pop)
nPop=numel(pop);
for i=1:nPop
pop(i).DominationSet=[];
pop(i).DominatedCount=0;
end
FA3=0;
for i=1:nPop
for j=i+1:nPop
p=pop(i);
q=pop(i);
if Dominates(p,q)
p.DominationSet=[p.DominationSet j];
g.DominatedCount=g.DominatedCount+1;
end
if Dominates(q.Cost,p.Cost)
g.DominationSet=[q.DominationSet i];
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p.DominatedCount=p.DominatedCount+1;
end
pop(i)=p;
pop(j)=q;
end
if pop(i).DominatedCount==0
FA}=[F{1}i];
pop(i).Rank=1;
end
end
k=1,
while true
Q=
for i=F{k}
p=pop(i);
for j=p.DominationSet
a=pop(j);
g.DominatedCount=g.DominatedCount-1;
if g.DominatedCount==0
Q=[Qjl;
g.Rank=k+1;
end
pop(j)=a;
end
end
if isempty(Q)
break;
end
F{k+1}=Q;
k=k+1;
end
end

3.14. Ham vé cac diém Pareto
function PlotCosts(pop,it,MaxIt)
Costs=[pop.Cost];
plot(Costs(1,:),Costs(2,:),'r.",' MarkerSize',8);
if it==MaxIt
numLabels = arrayfun(@num2str, 1:numel(pop), 'UniformOutput’, false);
text(Costs(1,:)+5000, Costs(2,:), numLabels, 'FontSize', 10, 'Color', 'b");
end
grid on;
end
3.15. Ham vé bo tri mat bang thi cong
function PlotSolution(F1)
global xC yC
global xD yD wD hD nD
global xG yG wG nG
global XT yT wT hTrT zT nT
global wA hA nA
if numel(F1)>1
figure(5);
idx_min_a=1;
idx_max_b=1;
min_a = F1(1).Cost(1);
max_b = F1(1).Cost(2);
for i = 2:numel(F1)
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if F1(i).Cost(1) < min_a
min_a = F1(i).Cost(1);
idx_min_a=1i;
end
if F1(i).Cost(2) > max_b
max_b = F1(i).Cost(2);
idx_max_b =1i;
end
end
F1s(1) = F1(idx_min_a);
F1s(2) = F1(idx_max_b);
% Draw the item according to the design
for a=1:2
subplot(2,1,a)
Colorc=[1 0.5 0.5];
for i=1:nD
XD=[xD(i)-wD(i)/2 xD(i)+wD(i)/2 xD(i)+wD(i)/2 xD(i)-wD(i)/2];
YD=[yD(i)-hD(i)/2 yD(i)-hD(i)/2 yD(i)+hD(i)/2 yD(i)+hD(i)/2];
fill(XD,YD,Colorc);
hold on;
text(xD(i),yD(i),num2str(i),...
'FontSize',10,...
'FontWeight','bold',...
'Horizontal Alignment','center’,...
'Vertical Alignment','middle’);
end
% Draw gate
for i=1:nG
plot([xG(i)-(WG(i)/2) xG(i)+(WG(i)/2)], [yG(i) yG(i)], 'r-, 'LineWidth', 4);
hold on;
text(xG(i),yG(i),num2str(nD+i),...
'FontSize',10,...
'FontWeight','bold',...
'Horizontal Alignment','center’,...
‘Vertical Alignment','bottom");
end
% Draw the tower crane
Colort=[10.50];
fori=1:nT
XT=[XT(@)-wT(i)/2 XT(i)+wT(i)/2 XT(i)+wT(i)/2 XT(i)-wT(i)/2];
YT=[yT(@i)-hT(i)/2 yT(i)-hT(i)/2 yT(@i)+hT(i)/2 yT(i)+hT(i)/2];
fill(XT,YT,Colort);
hold on;
text(xT(i),yT(i),num2str(nD+nG+i),...
'FontSize',10,...
'FontWeight','bold',...
'Horizontal Alignment','center’,...
‘Vertical Alignment','middle’);
rectangle(‘Position’, [XT(i) - rT(i), yT(i) - rT(i), 2*rT(i), 2*rT()], ...
‘Curvature', [1, 1], ...
‘EdgeColor’, Colort, ...
‘LineWidth', 0.6);
rectangle('Position’, [XT(i) - sqrt(rT(i)"2+zT(i)"2), yT(i) - sqrt(rT(i)"2+zT(i)"2), 2*sqrt(rT(i)"2+zT(i)"2),
2*sqrt(rT(i)"2+zT(i)"2)], ...
‘Curvature', [1, 1], ...
'‘EdgeColor’, Colort, ...
‘LineWidth', 0.3);
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end

% Draw the mobile item

ColorA=[110];

xA=zeros(1, nA);
yA=zeros(1, nA);
rA=zeros(1, nA);

for i=1:nA

xA=F1s(a).Position(1:nA);
yA=F1s(a).Position(nA+1:nA*2);
rA=F1s(a).Position(nA*2+1:nA*3);
theta=round(rA)*pi/2;
w=cos(theta).*wA+sin(theta).*hA,;
h=cos(theta).*hA+sin(theta).*wA,
XA=[XA([)-w(i)/2 xA@)+w(i)/2 xAi)+w(i)/2 xA(i)-w(i)/2];
YA=[yA(i)-h(i)/2 yA(i)-h(i)/2 yA(i)+h(i)/2 yA(i)+h(i)/2];
fill(XA,YA,ColorA);
hold on;
text(xA(i),yA(i),num2str(nD+nG+nT+i),...
'FontSize',7,...
'FontWeight','bold',...
'Horizontal Alignment','center’,...
‘Vertical Alignment','middle’);
end
axis equal;
grid on;
xlim([-10 max(xC)+10]);
ylim([-10 max(yC)+10]);
plot([xC, xC(1)], [yC, yC(1)], 'k-', 'LineWidth', 2);
ifa==1
title(sprintf('MinDistance - Distance: %d; Safety: %d', F1s(a).Cost(1), F1s(a).Cost(2)));
elseif a==2
title(sprintf('MaxSafety - Distance: %d; Safety: %d', F1s(a).Cost(1), F1s(a).Cost(2)));
end
hold off;
end

end
end

3.16. Ham chogn lgc banh xe roulette

function i=RouletteWheelSelection(P)

r=rand;
C=cumsum(P);
i=find(r<=C,1,first’);

end

3.17. Ham lya chon ca thé linh dao

function leader=SelectLeader(rep,beta)

% Grid Index of All Repository Members

Gl=[rep.GridIndex];

% Occupied Cells

OC=unique(Gl);

% Number of Particles in Occupied Cells

N=zeros(size(OC));

for k=1:numel(OC)
N(k)=numel(find(G1==0C(k)));

end

% Selection Probabilities

P=exp(-beta*N);
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P=P/sum(P);
% Selected Cell Index
sci=RouletteWheelSelection(P);
% Selected Cell
sc=0C(sci);
% Selected Cell Members
SCM=find(Gl==sc);
% Selected Member Index
smi=randi([1 numel(SCM)]);
% Selected Member
sm=SCM(smi);
% Leader
leader=rep(sm);
end
3.18. Ham sap xép quan thé dua vao khoang cach va cap bac
function [pop, F]=SortPopulation(pop)
% Sort Based on Crowding Distance
[~, CDSO]=sort([pop.CrowdingDistance],'descend");
pop=pop(CDSO);
% Sort Based on Rank
[~, RSO]=sort([pop.Rank]);
pop=pop(RSO);
% Update Fronts
Ranks=[pop.Rank];
MaxRank=max(Ranks);
F=cell(MaxRank,1);
for r=1:MaxRank
F{r}=find(Ranks==r);
end
end
3.19. Ham tinh gia tri ham muc tiéu
function z=tf1(x)
global xD yD wD hD dD nD
global xG yG wG hG dG nG
global XT yT wT hT dT rT zT nT Tn
global wA hA dA nA sen
global a hcw edges
xA=x(1:nA);
yA=x(nA+1:nA*2);
rA=x(nA*2+1:nA*3);
theta=round(rA)*pi/2;
w=cos(theta).*wA+sin(theta).*hA,;
h=cos(theta).*hA+sin(theta).*wA,;
%% Distance objective function
ns=nD+nG+nT+nA,;
xs=[xD xG XxT xA];
ys=[yD yG yT yA[;
ws=[wD wG wT w];
hs=[hD hG hT h;
ds=[dD dG dT dA];
d=zeros(ns,ns);
fori=1:ns-1
for j=i+1:ns
d(i.j)=norm([xs(i)-xs() ys(i)-ys());
d@.i)=d(i.j);
DELTA=max(ds(i),ds(j));
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XVij=max(0,1-abs(xs(i)-xs(j))/((ws(i)+ws(j))/2+DELTA));
YVij=max(0,1-abs(ys(i)-ys(j))/((hs(i)+hs(j))/2+DELTA));
V(i,j)=min(XVij,YVij);
V(.)=V(ij);
end
end
v=mean(V(.));
alpha=1e13; %av=alpha*v;
ad=a.*d,;
SumAD=sum(ad(:));
fl=round(SumAD+alpha*v);
%% Safety objective function
%Tower crane safety
cs=zeros(nT,nA);
fori=1:nT
for j=1:nA
if Tn(j)==i
cs(i,j)=0;
else
RT=norm([xT(i)-(xAG)+w()/2) yT(i)-(yA()+h()/2)]);
RB=norm([xT(i)-(xA®})+w())/2) yT())-(yAG)-h()/2)]);
LT=norm([XT(i)-(xAG)-w()/2) yT(i)-(yAG)+h()/2)]);
LB=norm([xT(i)-(xAG)-w(j)/2) yT(i)-(YA()-h()/2)]);
dd = min([RT RB LT LB]);
if dd<=rT(i)
cs(i,j)=sen(j);
elseif dd>rT(i) && dd<=hypot(rT(i),zT(i))
¢s(i,j)=(100-sen(j))*(d(nD+nG+i,nD+nG+nT+j)-rT(i))/zT(i)+sen(j);
else
cs(i,j)=100;
end
end
end
end
rScs=sum(cs, 2)/nA;
CSC=mean(rScs);
%Safety from hazardous items
hcc=sum(sum(hcw.*d));
persistent hccmax heemin;
if isempty(hccmax)
hcemax = hec;
else
hcemax = max(hcemax, hec);
end
if isempty(hccmin)
hcemin = heg;
else
hcemin = min(hcemin, hec);
end
if hccmax==hccmin
nhcc=0;
else
nhce=((hcc-hcemin)/(hcecmax-hcemin))*100;
end
%Safety at pathway intersections
IP=0;
nedges = size(edges, 1);



for i = 1:nedges
for j = i+1:nedges
x1 = xA(edges(i, 1));
y1 = yA(edges(i, 1));
x2 = xA(edges(i, 2));
y2 = yA(edges(i, 2));
x3 = xA(edges(j, 1));
y3 = yA(edges(j, 1));
x4 = xA(edges(j, 2));
y4 = yA(edges(j, 2));
dl=(x3-x1)*(y2-yl)-(y3-yl) *(x2 - x1);
d2 = (x4 - x1) *(y2 - yl) - (y4 - y1) * (x2 - x1);
d3 =(x1-x3) *(y4-y3) - (yl-y3)* (x4 -x3);
d4 = (x2 - x3) * (y4 - y3) - (y2 - y3) * (x4 - x3);
if (d1*d2<0) && (d3 *d4 <0)

IP=1P+1;

end

end

end

IPmax=nedges*(nedges-1)/2;

IPC=(1-IP/IPmax)*100;

if v==
f2=round(0.6*CSC+0.2*nhcc+0.2*IPC);

else
f2=v*(0.6*CSC+0.2*nhcc+0.2*IPC);

end

z=[f1; 12];
end

84
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PHU LUC 02

1. Panh gia cha chi huy trwéng Luu An Long, lam viéc tai Cong ty TNHH Xay
dung va Diu tw
Bang 1. Danh gia trong s6 gan giii cua Luu An Long
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2. Panh gia cia can by ky thuat xay dung Vo Van Tai, lam viéc tai Cong ty
TNHH Xiy dung va Pau tu
Bang 1. Panh gia trong s6 gan giii cua V6 Van Tai
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