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LOI CAM ON

Loi dau tién, toi xin chan thanh cam on quy thiy c¢6 bd mon Tai nguyén va GIS
thudc khoa Moi trudng va Tai nguyén, dic biét 1a PGS.TS. Nguyén Kim Loi — Trudng
bd moén da tan tdm day bdo, truyén dat nhiéu kién thic quy bau lam nén tang hoan
thanh bai tiéu luan. Pdng thoi, toi cling xin guri 161 cam on dén thdy Nguyén Duy Liém
va thay Lé Hoang Ta d tich cuc chi bao, gop ¥ dé c6 bai viét that su tot.

T61 chan thanh cam on Thac si Khuu Minh Canh hi¢n dang cong tac tai Trung
tam tng dung Hé Théng Thong Tin Pia Ly — S& Khoa Hoc va Cong Nghé TP.HCM,
ngudi di tan tinh hudng dan, chi bao, truyén dat nhitng kién thirc va gop ¥ trong sudt

qua trinh thuc hién dé tai.

T6i xin gui 10i cam on sau sac dén nha khoa hoc Ashay Dharwadker, hién dang
nghién ctru tai Vién Toan Hoc An Do, ngudi da thuc hién phan mém Independent Set

Algorithm, dong gép 16n cho qua trinh thyc hién dé tai.

T6i xin gui 10 tri an dén chuyén vién thanh tra quan sy Vién Thong Kién Giang
Lé Cong Hoang - nguoi d danh khong it thoi gian quy bau cung cap nhitng thong tin

thiét yéu phuc vu cho dé tai.

Gia dinh va ban bé ludn 1a ngudn dong luc to 16n vé mit tinh than gitip cho toi

vugt moi kho khan trong hoc tap va cudc séng.
Trwong Pinh Minh Dire
B modn Tai nguyén va GIS
Khoa Mbéi truong va Tai nguyén

Trudong Pai hoc Nong Lam Tp. HO Chi Minh
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TOM TAT

Pé tai nghién ctru “Ung dung GIS hd trg van hanh ti wu mang ludi BTS trén dia
ban thu d6 Ha N6i” dugc thyc hién tai Trung Tam Dia Ly Ung Dung — S& Khoa Hoc
va Cong Nghé Tp.H6 Chi Minh, trong khoang thoi gian tir thang 3/2014 dén 5/2014.
Dé tai dugc thuc hién nham dap tng su phat trién vuot bac cta cong nghé phat séng di
dong, kéo theo sb lugng tram BTS tang vot, phan bd day dac va sy phan bd vé phu
song dia 1y chua hop 1y. Trong su phat trién d6, nhitng van dé t6i wu chat luong phi
song dé phuc vu luon tiém tang. Trong 6, viéc tim kiém 10i giai b tri diéu hudng
phat song BTS 1a diéu can thiét nham tiét kiém nang luong va giam bét nhiéu song,

giam thiéu gdy anh hudng sirc khoe nguoi dan, nhat 1a & cac do thi.

Tt dir 1iéu hon 1600 tram BTS phuc vu dién thoai di dong tai Ha Noi cho théy hé
théng BTS rat day dic va can phat song dia Iy hop 1y. Voi mdi BTS c¢6 ba hudng phat
song, ta can tao ra ba phuong 4n phil song Gng véi timg tram BTS. Trong khi dit liéu
chi & dang diém. Do d6, dir liéu phai trai qua qua trinh xtr 1y bang céng cu phan tich
khong gian trong GIS dé tao ving pha séng theo ba hudng tai mdi tram. Bai toan dit
ra la tor dir liéu duoc xtr 1y 1a chon mot hudng phu séng cua tung tram BTS sao cho
giita hai tram khong tring 1ap qua a% dién tich, mdi BTS chi phat mot hudng. Qua do,

dé tai str dung phuong phap tap bén ving trong (tap doc 1ap-indepent set) dé giai.

Két qua dé tai dat dugc, xay dung dugc phan mém xir Iy tdp bén viing trong (tap
doc 1ap) cua do thi dé mo hinh hoa viée tdi wu duwa trén dinh hudng phat soéng hinh hoc
hai chiéu (2D) nhdam mo hinh héa. Dong thoi, phan mém tich hop hién thi két qua

nham giip cho ngudi quan ly c6 cach nhin truc quan vé mat do lidu.
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DANH MUC CAC CHU VIET TAT

BTS (Basic Transce iver Station): Tram thu phat gbc

MS (Mobile Station): Tram di dong

GIS (Georaphycal Information System): Hé thong thong tin dia 1y
CSDL: Co s¢ dir liéu

HQTCSDLQH: H¢ quan tri co s& dir liéu quan hé

HQTCSDL: H¢ quan tri co s¢ dir liéu
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Chwong 1. Mé Pau

1. Pit van dé

Trong dia ban tai thu do, cac nha doanh nghiép hoat dong trong linh vuc buu chinh
vién thong tap trung kha nhiéu. Do d6, cac thanh phan ha tang tap trung voi do pha
song day dic cung voi chat lugng phuc vu ngdy cang cao, cong nghé ngay cang hién
dai. Nganh buu chinh vién thong da dap tng dwoc nhu cau st dung dich vu cia nguoi
dan, doanh nghiép va cic nha dau tu.

Tuy nhién, trong thoi gian qua, cac di lidu ha ting va thong tin ngay cang tan mat
vé quan 1y va dudi nhiéu dinh dang khac nhau, khong c6 cau trac xac dinh. Céac dit liu
cha yéu ton tai dudi dang cac bai bao céo, s6 liéu thong ke, .... Piéu nay gay khé khin
cho ngudi quan 1y nim duogc thong tin cia cac d6i tuong.

Véi viée gia ting dan cu thanh thi vi thé s6 tram BTS ciing tang nhanh va viéc giai
quyét cac bai toan vé Viéc téi uu van hanh tro thanh van dé kho khan. Trong tinh trang
thuc tai cac tram phat song phan bd day dac dan dén mat do phu song vao kha nhiéu.
Diéu nay gdy anh huong xau dén sic khoe cho ngudi dan trong ving c6 mat do song
day dic. Mit khac, cac tram BTS phat song tap trung vao mot chd gay ra tinh trang rét
cuoc goi (hand over).

Viéc thanh 1ap phan mém quan 1y dit liéu c6 st dung chirc ning ciia GIS c6 thé
giai quyét cac van dé di néu trén. Phan mém GIS c6 vu thé cao hon han so véi viéc
quan 1y dir liéu trén gidy to. Phan mém giup t6 chtc dir liéu thanh mot hé théng rd
rang, kha nang luu trit dir liéu voi dung lugng lén cing véi kha niang truy xuét thong
tin mot cach nhanh chong gitp ngudi quan 1y d& dang nam bit thong tin nhanh chong.
Phan mém tich hop GIS con c6 kha niang hién thi dir liéu mot cach truc quan vé mat
khong gian cta dbi twong trén ban do. Cung cap cong cu giai quyét bai toan toi uu
phat séng nham t6i wu chét lwong phuc vu cia linh vuc Vién Thong.

Di c6 nhidu dé tai ung dung GIS vao linh vuc buu chinh vién thong. Tuy nhién,
cach x4y dung phan mém c6 tich hop GIS c6 thé dam bao cho dit liéu an toan vé mit
an ninh trong linh vyc thong tin 14 hét sirc quan trong.

Vi thé dé tai: “Ung dung GIS hd tro van hanh t6i vu mang BTS trén dia ban thu

d6 Ha No6i” da duoc thyuc hién.



2. Muc tiéu nghién ciu
X4y dung phan mém c6 tng dung céc thuat toan t6i wu khong gian nham hd tro
trong viéc van hanh céac tram BTS. Vi1 cac muc ti€u cy thé:
Quan 1y, t6 chutc dit liéu thanh mét hé théng.
X4y dung phan mém thuc hién mé phong 16p dix liéu phu song.
Giai bai toan tap doc lap dé mé hinh hoa dit liéu tdi uu.

Hién thi dir liéu khong gian 16p phu song cua cac BTS.
3. Poi twong nghién ctru va pham vi nghién ciru

3.1.  DPo6i twong nghién ciru

Cac tram BTS tai thu d6 Ha Noi

3.2.  Pham vi nghién ciru
V& linh vuc vién thong: tng dung mi ngudn dong dé viét phan mém GIS trén nén
hé diéu hanh windows:
e Hé quan tri co so dir liéu: Postgresgl 9.3
e ArcEngine: tich hgp vao Visual Studio 2010 giup hién thi dit liéu khong gian
truc quan cho ngudi ding trén form ma ta da thiét ké

e Ly thuyét do thi

Vé mit khong gian — dia 1y: ing dung cac thuat toan dé tinh toan t6i vu dé diéu
chinh hudng séng phuc vu.

Do cac dit liéu vé tram BTS chu yéu dugc to chire trén gidy to khong dap Gng
dugce nhu ciu cua hién tai 14 phai to chtrc dit liéu thanh mot hé théng va hién thi dir
liéu mét cach truc quan. Bén canh do, su phan bd day dac cac tram BTS gay lo ngai
cho strc khoe va bat 6n cho nguoi dan xung quanh. Vi thé can tng dung cac thuat toan
t6i vu nham diéu khién sy phan bé mat do phu séng mot cach it nhat nhung van dam

bao chéat lwong phuc vu cho nguoi dan trong linh vyc dich vu vién thong.
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CHUONG 2. TONG QUAN

1. Téng quan vé BTS
Khai ni¢m:

BTS la thiét bi tao diéu kién thong tin lién lac khong day giira cac thiét bi
khong ddy. Cac thiét bi khong gian nhu: dién thoai, cac thiét bi két ndi internet
khong day, ...

Cong dung cua BTS:

Thuc hién tat ca cac chirc nang thu phat lién quan dén giao dién vo tuyén
GSM va xu 1y tin hidu & mtc d6 nhat dinh. Vé mot s6 phuong dién c6 thé xem
BTS 14 modem vé tuyén phirc tap nhan tin hiéu vo tuyén duong 1én tir MS ri
bién no thanh dit liéu dé truyén di dén cac may khac trong mang GSM, va nhan
dir liéu tir mang GSM rdi bién d6i n6 thanh tin hiéu phat dén MS. Cac BTS tao
nén vung phil song, Vi tri cua ching quyét dinh dung luong va ving phu cua
mang.

Hinh dang phu song cua BTS:

Hinh dang phu séng cta BTS c¢6 bup song chinh 1a hinh vong cung, gan
gidng voi canh quat c¢6 gan thém hai bup & phia sau. Mdi tram BTS phat song
mot ban kinh xac dinh. BTS phat song theo 3 hudng c¢b dinh: 0°, 120°, -120°.
Bén canh bip song c6 hai nhanh bup séng phu nam ¢ hai huéng chinh tir -90°
dén -150° va 90° dén 150°. Néu khoang cach giita tim phat dén vi tri xa nhét
cua bup chinh 1a 40 don vi dai thi ban kinh trung binh cta hai bap xung quanh

la 15 don vi dai.
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Hinh 2.1. Hinh dang phii song cua BTS

Nguyén ly hoat dong:

Khi ta nhdc may dién thoai di dong dé goi, dién thoai di dong s& phat tin
hiéu song vo tuyén va no s& di dén tram BTS gan noi ta diing nhit, sau qua trinh
xt 1y tai tram BTS d6, tin hiéu duogc truyén di dén tram BTS khéc va cudi cling

truyén dén tram BTS gan voi thué bao mudn goi.

Dién thoai

()

Tram BTS

J

Pién thoar B

Hinh 2.2. Nguyén ly hoat dong
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2.

Khu vue nghién ciru

2.1. Téng quan vé Ha Noi

Thu d6 Ha Noi 1a trung tam kinh té - vin hoa cia Viét Nam, 13 noi tap trung dong

dan cu. Vi thé sy phat trién cua linh vuc truyén thong - thong tin doi hoi phai dugc xay

dung phat trién dap wng nhu cau dugc thong tin lién lac phuc vu ngudi dan.
Vi tri dia 1y ndm trong khoang tir 20°53' dén 21°23' vi d6 Bac va 105°44' dén 106°02'
kinh d§ Dong

Phia Bic giap véi tinh Thai Nguyén, Vinh Phuc.

Phia Nam giap vé&i tinh Ha Nam, Hoa Binh.

Phia Pong giap vai tinh Bac Giang, Bac Ninh, Hung Yén.
Phia Tay giap véi tinh Hoa Binh, Pha Tho.

Véi vi tri dia 1y thuan loi, thu d6 Ha Noi ¢6 co hoi phat trién vé moi mat, ké ca

linh vuc truyén thong.

Sau cudc mo rong dia gioi hanh chinh thang 8 nam 2008, dién tich cia Ha Ngi 1a

3.3324,92 km? ndm & ca hai bén bd song Hong nhung tap trung cha yéu bén hiru ngan.
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Hinh 2.3. Dir ligu vé thii dé Ha Ngi

2.2. Hién trang dbi tuong nghién ctu tai khu vuc
Trong dia ban Ha Noi ¢ tong s luong tram BTS 1a 5700 (29/4/2014). Trong d6

gan 1200 tram dung chung co s& ha tang gitta cic doanh nghiép vién théng véi nhau
hoic thué cac cong ty xdy dung ha tang dung chung. BTS dang hoat dong cia cac nha
mang gom: Viettel, Mobifone, VinaPhone, Vietnam Mobile va G-mobile. Trong d6

cac nha mang Viettel, Mobifone, VinaPhone c6 sb lugng 16n hon ca.
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Bing 2.1. Bing thong ké m@t s6 khu vwec hanh chinh tir dit li¢u thu thip dwgc vé hé
thong BTS Viettel tai Ha Nji

Khu vue So Dién tich (km°) va ti 18
hanh chinh lwgng tram/km2
BTS
Ba binh 105 9.22; ti 1&: 11.38 tram/km?2
Cau Gidy 119 12.04; ti 16: 9.88 tram/km?2
Dbong Anh 61 182.30; ti lé:  0.33tram/km2
Pong Pa 131 9.96; ti 18: 13.15tram/km2
Son Tay 30 113.47;tilé:  0.26tram/km?2

3. Cé so ly thuyét

3.1. Phéan tich khong gian‘ o

Phan tich khong gian bao gom viéc st dung cac phép toan dé sap xEp cac dir li¢u
cling nhu cac thudc tinh co lién quan. Pa sd cac phéan tich khong gian thuong duoc
tmg dung dé giai quyét cac van dé cu thé. Vi du: nhan biét ving c6 tinh an ninh cao,
dua ra cac doan duong can phai tu stra, vi tri thich hop dé kinh doanh... khi d6 cac
phép toan khong gian c6 thé duoc sir dung lién tiép nhau nham giai quyét van dé dat
ra. Mdi phép toan phan tich khong gian s& tao ra san pham dau ra va két qua dau ra 46
c¢6 thé str dung cho cac phép toan khac. Do d6 viéc quan trong ciia phan tich khong
gian 1a Iya chon cac phép todn khong gian thich hgp va ing dung chiing dung trinh tu
thich hop.

Xur 1y thong tin khong gian 1a hoat dong quan trong trong GIS vi n6 cau hinh di
liéu thanh mot dang thich hop cho hién thi va phan tich khong gian.

Hai nhém phuong phép xtr 1y:

e Phan tich don 16p: dé cap dén chic nang ap dung mdi 1an mot 16p dix liéu.
e Phén tich da 16p: dé cap dén chirc ning ap dung cho nhiéu 16p dix liéu.

Pé tai sir dung phuong phap phan tich don 16p Véi cac thi tuc sau:

Thu tuc x6a (erase): Bo di phan giao giita 16p dau vao (input) va 16p clip. Két qua

1a ta duoc phan dau vao.
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OUTPUT
ERASE FEATURE \ /

- 2 ~—
B, T TN

Hinh 2.4. Thu tuc erase trong phdan tich don lop

INPUT

Tao vung dém (buffer): Tao 16p ving dém véi khoang cach cho trude. Két qua dau

ra 1a viing dong khoang céch.
Bé rong cia ving dém 1a mot hiang s6 xac dinh trudng hop ap dung dong loat tat

ca céc ddi tuong hodc dua theo gia tri thude tinh xac dinh.

wr - K ¢

ouTPUT ‘ !
DISSOLVE TYPE:
NONE

DISSOLVE TYPE: T \
ALL ad

RS l'""“. .’ ':)- | ) : ‘ ‘ -'l.‘l’
Hinh 2.5. Anh minh hoa tao viing dém khéng gian

3.2. Ly thuyét do thi
321, Tongquan
C6 2 dang do thi:
B Do thi ¢ hudng:
Mot d6 thi c6 hudng G=(X, U) duoc dinh nghia bai:
+ Tap hop X # @ duoc goi 1a tap cac dinh caa db thi;
+ Tap hop U la tap cac canh cua dd thi;

+ MJi canh UEU duoc lién két véi mot cap dinh (i, j) € X2.
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Vi du minh hoa:

Hinh v& bén 1a minh hoa hinh hoc ctia mét do thi co:
Tap dinh 1a {A, B, C, D}
Tap canh 1a {ul, u2, u3, u4, us, u6}
Anh xa ¢ dinh nghia gom:

+ul va u2 lién két véi cap (A, B)
+u3 lién két véi cap (A, C)
+u4 lién két voi cap (D, A)
+u5 lién két voi cap (C, B)
+u6 lién két véi cap (C, D)

Hinh 2.6. Pé thi ¢é hwéng

Do thi vo huéng:
Néu ta khong phén biét thtr ty cta cap dinh lién két véi mdi canh thi s& c6 duoc d6
thi vo hudng. D6 thi vo hudng G = (X,E) duoc dinh nghia bai:
+ Tap hop X # @ duogc goi 1a tap cac dinh cua do thi.
+ Tap hop E 1a tap cac dinh cua d6 thi

+ Ma@i canh e € E duoc lién két voi mot cap dinh {i, j} € khong phan biét thir tu.

Vi du minh hoa:

Hinh v& duéi 1a minh hoa hinh hoc cta mot dd thi co
Tap dinh 1a {A, B, C, D}
Tap canh 1a {el, e2, €3, e4, e5, €6, 7}
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Anh xa ¢ dinh nghia gdm:

+ ul vau2 lién két véi cap (A, B)

+  u3 lién két vai cap (A, C)

+  u4lién két voi cap (D, A)

+  u5 lién két vai cap (C, B)

+  u6 lién két vai cip (C, D)
. Mot sé tir ngi va quy wdc:

Khi mét canh u lién két véi cap dinh (i, j):
Canh u k& véi dinh i va j( hay noi dinh i va dinh j ké véi canh u)
Ta c6 thé néi u=(i, j), nhu vay c6 lac ta viét u=(i, j) va v=(i, j) nhung lai hiéu u
Vv
Néu d6 thi vé hudng, ta noi hai dinh i va j duoc ndi voi nhau. Néu db thi co
hudng, ta noi dinh i dugc ndi véi dinh j.
Néu d6 thi c6 hudng thi ta ndi canh bat dau tir dinh i va két thuc tai dinh j, ta

cling ndi canh u di ra khoi dinh i va di vao dinh j

Hinh 2.7. Pé thi vé hwéng

3.2.2. Tap bén virng trong (independent set)

Tap bén vitng trong (hay con goi 1a tap doc 1ap) 13 mot tap hop cac dinh trong mot
dd thi khong lién ké nhau. C6 nghia 1a, cho mot tap [ cac dinh trong mot dd thi G,
trong do6 giita hai dinh d6 khong c6 canh lién két hai dinh d6. Twong duong, mdi canh
chtra mét dinh trong tap I. Kich thudc cua mot by doc 1ap 1a s6 dinh no chua. Trong

mot dd thi ¢ nhidu tap doc 1ap va kich thude khac nhau.
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Hinh 2.8. Anh minh hea tdp bén viing trong (Independent set)

Theo vi du trong anh, tip bén virng trong 1 mot tap hop cac diém mau xanh

3.2.3. Téap bén virng trong cwe dai (Maximum Independent set)
Xét trong do thi G, ta goi céc tap Iy, Iy, Is,... 1a cac tap bén viing trong. Tép bén

vitng trong cuc dai 13 tdp chira nhiéu phan tir nhét trong cac tip. Viéc ing dung toi wu
hoa bang phuong phap Maximum Indepent set ludn 1a mot bai toan kho (NP-Non

deterministic Polynomial).

Ta xét vi du sau, cho mot dd thi G co dang:

Hinh 2.9. Vi du vé Maximum Independent set

Ta co cac tap doc lap duoc liét ké trong bang sau:
Bdng 2.2. Tong hop cdc phan tir déc lap

‘ Tén tép l |1 ‘ |2 ‘ |3 ‘ |4 ’ |5 ‘ |6
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Phan tir ah | afhc | ec boh | ebdg | fd
doc lap

Vay ta c6 hai tap |, va Is 1a tap Maximum Indepent set

3.3. Phép bién déi trong khong gian hai chiéu
Mot phép bién ddi hai chiéu s& bién d6i diém P trong mit phang thanh diém mai Q
theo mot qui luat nao d6. Cu thé hon dé 1a phép bién ddi toa d6 diém P thanh toa do
méi Q diéu nay co thé duge mé ta bang phuong trinh sau:
T(Px, Py) = (Qx Qy)
hay T(P) = Q véi P = (Px, Py), Q = (Qx Qy)
Trong do :
T 1a tén phép quay
(Px, Py): 14 toa do diém P
(Qx Qy): & toa do diém Q

Trong khudn kho dé tai, chiing ta chi khao sat cac phép bién doi affine

3.3.1. Phép bién doi affine
Mot phép bién doi affine hai chiéu (2D) c6 tén T s& bién diém P(P,, Py) thanh
Q(Qx,Qy) theo hé¢ phuong trinh sau:
Qx =aPy + CcPy + try
Qy = bPy + dPy +tr,
Viét dudi dang ma trén, ta co:
a b

(Qu Qy) = (Px, Py)(c d) + (trytry)
Hay ¢ dang rt gon hon 1a : Q = PM + tr

Vi Q = (Qx Qy); P = (Px, Py); tr = (try, try) va M 1a ma tran (Ccl Z)

Dé tranh truong hop suy bién, ta gia st a*d # b*c. Do d6, thuc chat phép bién doi
affine 13 phép bién ddi tuyén tinh (linear transformation) nhung c6 thém do doi tr (tr
duogc goi 1a vector offset hay vector tinh tién).

Mot phép bién d6i affine c6 thé duoc xdy dung tir viéc két hop bon phép bién doi
co s& sau: Tinh tién (Translation), Bién doi ti & (Scaling), Quay (Rotation), Bién dang
(Shearing).

Trong pham vi cta dé tai nay, ta chi @ng dung phép Quay.

3.3.2. Phép Quay (Rotation)
Co hai phép quay
Phép quay quanh gdc toa do:

Luc nay vector offset tr =0 va Q = T(P) c6 dang:
Qx = Px * cos(a) — Py * sin(a)
Qy = Px * sin(a) — Py * cos(a)
Gia tri dwong ciia goc a dugc xac dinh theo ngugc chiéu kim dong ho
Ma tran M trong truong hop nay la:
M = ( cos(a) sin(a))

—sin(a) cos(a)
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Hinh 2.10. Phép quay quanh goc toa dé mét géc a

Phép quay quanh mot diém:

Phép lam cho diém P(P,, Py) quay quanh diém V(V,, Vy) thanh Q(Q,, Qy), dugc
xay dung tur nhitng phép bién doi sau:

+ Tinh tién (-Vy, V) (Pua vé truong hop quay quanh géc toa d¢), ta dugc

hai diém P va Q

+ Quay goc a quanh O (gbc toa do)

+ Tinh tién (Vy, V) Vé lai vj tri cii
Ta c6 cong thic bién doi:

Q=FP-tr)M +1tr
Hay: (Qx, Qy) = (Px, P)M + (1 - M)tr

Trong do:
tr=(Vy Vy)
M = ( cos(a) sin(a))

—sin(a) cos(a)
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Hinh 2.11. Phép quay quanh mét diém \ mét géc o

3.4. SQL

La ngon ngit may tinh dugc dung dé giao tiép voi HQTCSDLQH nham gitip cho
nguol quan 1y thao tac véi dir ligu: thém, x0a, sua,... Ngay nay, SQL dugc m6 rong
chtrc nang kha nhiéu, dic biét 1a chirc nang truy van kleu dir liéu khong gian nham dap
g xu thé tryc quan hoa ngay cang cao.

4. Tinh hinh nghién ciru
Co6 nhiéu cong trinh nghién ctru trong va ngoai nudc. Tuy nhién ¢ Viét Nam, cac

cong trinh nghién ctru di sau qua trinh xdy dyng vi thé c6 nhiéu diém BTS duoc xay
dung khong dung tiéu chuan vé khoang cach dat tram.

4}.1. Ngoai nu’():c 9
Nhié€u bai bao céo vé ung dung GIS dé quy hoach quan ly:

Vincenzo Barrile, GIS hd trg quy hoach BTS cho di dong trong bdi canh
do6 thi (GIS supporting the Plan of BTS (Base Transceiver Stations) for mobile
network in urban context), ¢ ltalya: dy an sir dung cong cu va thuat toan GIS dé
t6i wvu van hanh bang cach tim vi tri thich hop dé dit tram BTS, dy an sir dung dit

liu khong gian ba chiéu.
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Kuboye B. M. va Dada O.A., Akinwonmi F.C., ding GIS dé giam sat cac tram géc
GSM (GSM Base Station Location Monitoring), Thuy si: tap hop di liéu phuc vu
quan Iy tram BTS trong khu vuc va hién thi dir liéu mot cach truc quan.

SunZou, Quan 1y co s¢ tram hé théng thong tin dwa trén GIS (The base station
infomation management system based on GIS), Trung Qudc: st dung coéng cu
ARCGIS nhim quan 1y khéi luong 16n thong tin, hd trg phan tich danh gia trén
nén dix liéu khong gian mot cach truc quan va hi¢u qua.

4.2. Trong nu"()’c ’

Ngay cang nhi€u cac tram BTS duoc xay dung phuc vu cho cugc song ngay cang
t6t hon. Tuy nhién ciling c6 vai bat cap trong viéc xay dung vé mit vi tri khong duoc
hop 1y va nhiéu du an Gng dung GIS c6 thé giup giai quyét cac van dé nay. Cac dy 4n
cu thé:

TS.Poan Bao Hung, 2011. Ung dung GIS trong quan 1y ha ting ngam cap vién
thong va quy hoach tram BTS tai Tp. Hué, bao cdo dé tai Khoa Hoc va Cong
Nghé, Bo thong tin truyén thong, Vu Khoa Hoc va Cong Nghé Tp. Hué: str dung
kha ning phan tich khong gian GIS két hop véi cong nghé hién nay nhu: cong
nghé thong tin, 1y thuyét do thi, phuong phap quy hoach d6 thi. Giup viéc quan 1y
tinh trang st dung chung mot dudng cong cap cua nhidu nha mang mot cach hiéu
qua va kha ning chia sé thong tin trong nganh nhanh chong.

Ung dung WebGIS quan 1y co s& ha tang buu chinh vién thong tai Quang Ninh,
cong ty c6 phan cong nghé thong tin dia 1y eK: sir dung cong nghé WebGIS nham
hd tro trong cong tac: quy hoach mang luéi, cap phép vién thong, chia sé thong tin
gitra cac doanh nghiép hoat dong trén dia ban.

Pao Minh Tam, xay dung hé théng quan 1y ha tang Buu chinh — Vién
thong Ung Dung GIS, hoi thao tng dung GIS toan qudc: xay dung phan mém doc
lap bang ArcEngine dé quan 1y dit liéu trén SQL Server 2008 nham hd tro trong
cong tac thiét ké mang ludi, giam sat mang, quan 1y co s ha tang, quan 1y khach

hang.
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5. Toéng quan vé phan mém sir dung trong dé tai

5.1. Postgresql

5.1.1 Giéi thiéu

Postgresql 1a mot hé quan tri CSDL quan hé va ddi twong, mang lich st 1au doi
hon 20 ndm véi du an cua truong Pai hoc California tai Berkeley, My. Ngay nay n6
cung cap mirc do cao su tuan tha véi cac tiéu chuan ANSI-SQL 92/99 va tudn thu day
du voi ACID.

PostgreSQL h tro phan 16n tiéu chuan SQL va dua ra nhiéu tinh ning hién dai:

Céc truy van phuc tap

Céac khoa phu (foreign keys)
Céc trigger

Céc kiéu nhin (view)

Tinh toan ven cua giao dich
_ Kiém soat ¢6ng thoi nhiéu phién ban

Hon nita, PostgreSQL c6 thé duoc nguoi sir dung mo rong theo nhiéu cach thic,

vi du bang viéc bd sung thém mdéi

_cac dang dir liéu

_cac chuc nang

_cac toan tu

_ cac ham tong hop (aggregate functions)

_ céac phuong phéap danh chi s6

_cac ngon ngir thu tuc

Va vi ¢ gidy phép tu do, nén PostgreSQL c6 thé dugc bat Ky ai sir dung, sira doi
va phan phdi mot cach mién phi vi bt ky muc dich gi, du né 14 riéng tu, throng mai
hay han lam.

5.1.2 So sanh Postgresql va cac HQTCSDL kh,éc

Viéc so sanh hé quan tri PostgreSQL véi1 mot soO h¢ quan tri CSDL khac gitp
ching ta c6 cai nhin tong quan vé uu, nhugc diém cua hé quan tri postgreSQL so véi

cac hé QTCSDLQH khac. Thong tin dugc dua ra so sanh nhu: hé diéu hanh hd tro,
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hiéu suat Iuu trir s6 1i€u, so sanh tinh ndng bao mat , su so sanh gitra Posgresql vdi cac

HQTCSDLQH nhu: DB2, Microsoft SQL Server, Oracle, MySQL.

Hé diéu hanh hd tro

Bing 2.3. So sdnh tinh ning hé diéu hanh hé tro

Windows MasOX Linux Unix
DB2 Co Khong Co Co
Microsoft SQL Server Co Khoéng Khong Khong
MySQL Co Co Co Co
Oracle Co Co Céo Co
Postgresql Co Co Co Co
Hiéu suét luu trix
Bing 2.4. So sanh hiéu sudt lwu tri dit lidu
P6 16n CSDL | D 16n bang | D6 lon hang S0 cot toi
t6i da t6i da t6i da da cho
moi hang
DB2 512 TB 512 TB 32677 B 1012
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Microsoft SQL Server Khong gidi
524258 TB 524258 TB 20000
han
MySQL Khong gidi
Y S8 16 TB 64 KB 4096
han
Oracle Khong gidi Khoéng gidi | Khong gidi 1000
han han han
Postgresql Khoéng gidi
Iresd " =& 32TB 16TB 1600
an

Tinh nang bao mat

Bang 2.5. So sanh tinh nang bdo mdt

Ma hc')a‘ mang c6 | Quy dinh matkhau | Chutng nhan
nguon goc phuc tap an toan
DB2 Co Co Co
Microsoft SQL Server Co Co Co
MySQL Co Khong Khong
Oracle Co Co Co
Postgresql Co Khong Co

Ttr cac bang trén cho thay, Postgresql hd tro dugc tat ca cac hé diéu hanh thong
dung, HQTCSDLQH Microsoft SQL, Oracle va DB2 1a cac HQTCSDL mang tinh
thuong mai, trong khi Postgresql 1a phin mém ma nguon mé. DAu vay kha niang luu
trir dit liéu cua Postgresql 1a kha 16n. Vé bao mat, Postgresql du khong day dii bang
cac phan mém QTCSDL thuwong mai nhung van dam bao van dé bao mat vé dit liéu.
Thong qua céac 1y do trén, dé tai chon Iya Postgresql lam phan mém QTCSDL d¢ tién
hanh luu trtr va quan ly CSDL.
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5.2. Postgis
Postgis dugc Refraction Research Inc phat trién, nhu mot du an nghién ciru cong

nghé CSDL khong gian. Postgis hd tro d6i twong dia 1y cho CSDL dbi twong quan hé

PostgreSQL. Postgis “kich hoat kha nang khong gian” cho PostgreSQL, cho phép
PostgreSQL sir dung nhu mot CSDL khong gian phu trg cho GIS. Do Postgis dugc st
dung nhu mot CSDL khong gian, nén nd bao gdm tit ca cac dic diém cua CSDL

khong gian. Ngoai ra, n6 con nhitng dac trung nhu:

Cac kiéu dir liéu hinh hoc nhu Point, Linestring, Polygon, Multipoint,

multilinestring, multipolygons va Geometrycollection. Cac kiéu dir liéu hinh

hoc nay dugc luu trir nhu nhitng ddi tuong hinh hoc.

Cung cép cac toan tir ap dung trong dé tai:

+ ST _Difference: tra vé phan khong giao nhau giira I16p ddi twong A va 16p
d6i twong B.

+ ST_Geomfromtext: tra vé I6p ddi tuong hinh hoc(geometry).

+  ST_Buffer: tao ving dém cho ddi tuong hinh hoc.

+ ST Rotate: xoay ddi tuwong theo chiéu nguoc chiéu kim dong hd twong

ung vai tam.

5.3. ArcGIS
5.3.1 Gidi thiéu

ArcGIS 1a dong san pham hd trg trong GIS cta ESRI. Tuy muc do dang ky ban
quyén ma ArcGIS s& & dang ArcView, ArcEditor, ArcInfo. Trong d6 ArcInfo ¢ chi

phi ban quyén 16n nhét va nhiéu chirc niang nhat.

5.3.2 Cac dong hg chinh
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ERSI c6 nhitng san pham chu yéu sau:

ArcGIS gdm céc ing dung chinh ArcMap, ArcCatalog, ArcToolbox.
ArcIMS ding dé dua dit liéu GIS 1én Web.

ArcPad dung cho céc thiét bi Mobile.

ArcSDE dung [am cau ndi truy xudt vao cac hé quan tri co s¢ dir ligu.
ArcExplore dung truy cap ngudn dit liéu trén Web.

ArcGIS server hd trg cac chitc nang bén phia server ciing nhu trién khai céc
ung dung qua mang.

5.3.3 Kha niang

ArcGIS hd tro nhiéu phan mé rong goi 1 cac Extension, mdi Extension hd tro mot
s6 chic niang chuyén biét nhu: phan tich khong gian (spatial analyst), phan tich
3D (3D analyst), phan tich mang (Network analyst), xir 1y dit liéu, théng ké khong
gian, ...

ArcGIS hd tro doc dugce nhiéu dinh dang dir liéu khac nhau (khoang 300 dinh
dang) nhu shapefile, geodatabase, AutoCad, Raster, Coverage, ...

Ngay nay ArcGIS duogc sir dung rong rai trong cac tng dung trong Hé thong thong
tin dia Iy nhu: quan 1y Méi trudong, DAt dai, X4 hoi, Kinh té, ...

5.4. Arc Engine

ArcGIS Engine 13 phan mém phat trién dé tao ra cac tmg dung GIS dua trén yéu
cau cy thé va duoc chay trén Desktop. ArcGIS Engine 13 bo 16i bao gdm cac hop phan
dé xay dung cac san pham ArcGIS Desktop. V&i ArcGIS Engine, ban c6 thé xay dung
mot Gmg dung riéng biét hoic phan mé rong cua nhirng ing dung san c6 dé cung cap

giai phap khong gian cho ca ngudi dung GIS 1an ngudi khong sir dung GIS.

ArcGIS Engine cung cap nhiing giao dién lap trinh nhu (APIs) cho COM, .NET,
Java, va C++. APIs khong chi bao gdbm nhiing tai liéu chi tiét ma con c6 hang loat cac
hop phan 1am cho cic nha 1ap trinh vién dé& dang hon trong viéc xay dung mot img

dung ArcGIS.

ArcGIS Engine cung cép:

Céu trac GIS chuan, ArcObjects, trén do6 ho phén mém ArcGIS dugc xay dung
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Tiét kiém chi phi trong khi st dung: chi mét license ArcGIS Engine Runtime
hay mot ArcGIS Desktop trén mdt may

Nguoi phét trién dé dang diéu khién trén ActiveX, NET va Java

Ngon ngir chudn nhu COM, NET, Java, and C++ va nén Windows, Linux,
Solaris

M6 hinh d61 tugng, tién ich, mau va tai liéu cho nguoi phap trién

5.5. Independent Set Algorithm

La san phém tor du an cua Ashay Dharwadker thuc hién tai vién toan hoc An b6
duoc viét trén nén tang C++. Phan mém dugc st dung dé tim céac tap bén viing cuc dai
v6i tap cac dinh dugc xay dung thanh ma tran. Két qua duoc xuit ra twong g véi cot

cla ma tran.

[ = | The Independent Set Algorithm =

Input File Output File Visualizer Examples Help

DEMONSTRATION PROGRAM

THE INDEPENDENT SET ALGORITHM

COPYRIGHT @ 2006 ASHAY DHARWADKER

hitp ffwww.dharwadker.org/independent_set

k= || Find independent sets of size at least k
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Hinh 2.11. Giao dign phan mém

6. Tong quan vé bai toan hd tre van hanh tram BTS

6.1. Phan tich bﬁfli toan ’

Bai toan phat bi€u bén trén tuong duong mot bai toan t6 hop chon k BTS (co
huéng phat) tr m BTS v6i mdi BTS ¢6 v hudng phat. Nhu vy, gia sir v 1a s6 khong
d6i v6i m BTS, ta c6 sb luong nghiém t6i da 1a s6 t6 hop chép k tir (mv) phan tir. Do

d6, dé dang thiy rang s6 nghiém c6 thé la:

(mv)! A .
K| = (”}(”) = oo (Cong thirc 1)

Vi dy: gia str, ta ¢6 s6 m 12 100 BTS, v = 3 hudéng va trong trudng hop chon dugce

300!

. Tat nhién, cang nhiéu s6 lugng BTS
701230! '

k=70 BTS thi s lwong nghiém co thé la:

dugc chon va thoa tiéu chi rang budc vé viing phu tring thi ving phu séng cang 16n.
Do d6, dinh hudng bai toan sé tim viing phu séng 16n nhat thong qua viée tim kiém tap

BTS (bao gdm hudng mdi BTS) 13 16n nhat.
6.2. Mo hinh héa bai toan

Bai toan cua dé¢ tai thuc hién gém hai rang budc:

Rang budc thir nhét 1a vé hudng phat séng, mdi BTS chi dugce chon mét hudng
phat séng duy nhit trong ba hudng phat song. Pay 1a rang budc chit ché va
khong thé thay thé.

Rang budc thir hai 1a vé chon hudng phii séng khi c¢6 hai BTS cung pha vao
mot khu vuc . Piéu kién rang budc nay c6 thé dugce xac dinh theo chuyén gia
cling nhu thuc té sur dung va luc chon. Cac tham s c6 thé 1a: dién tich phu
song, cong suat, sb luwong cudc goi tai khu vuc,... . Trong pham vi dé tai tiéu
luan nay s& chon dién tich lam tham sé rang budc hai, véi chi s6 dugc nhap vao

tiy theo yéu cau ngudi quan 1y.
Hai rang budc c6 thé dugc mo ta bang cac phuong trinh

Xi huémg 0 d6 T Xihuwomg 120 d6 T Xihwémg-120 ds = 1 (rang budc 1, phuong trinh (2))
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in,]-,xk,]- € X: (xl-’k =1A xj,l = 1) =S (f(xi'k),f(xj,k)) <l g(xi,k),g(xj,k) [

(rang budc 2, phuong trinh (3))

x;; = 1,néu chon BTS i phat hwéng i .. )
, , V01 x; ; € N (phuong trinh (4))

x;j = 0,khong chon BTS i phat hwdng i
Voi:
Xjk la BTS thtt i ¢6 hudng k, k = {0, 120, -120}
f(xik), f(Xjx) 1a dién tich vung khong gian cua X; va x; c6 cung hudng k
S(f(Xix), f(Xjx)) 1a dién tich ving chung gitra hai BTS x; va x;

llo(Xik), 9(X;)ll 1a tiu chuan dién tich phan chung dit ra

Tir nhitng phan tich trén, néu goi mdi ving phéat song theo ting hudng cua ting
tram BTS 1a mot dinh ctia d6 thi (graph) va canh cta d6 thi v6i hai dinh twong tng 13
cac vung pht song giao nhau. Khi d6, mot d6 thi phang hai chiéu duoc hinh thanh. Va
chung ta c6 thé ap dung bai toan tim tap doc lap cuc dai (max independent set) dé giai
quyét. That vay, theo dinh nghia, gia sir ta c6 mot dd thi G voi tap canh va dinh. Khi
d6, mot tap doc 1ap cuc dai 1a tap sd luong phan tir dinh cuc dai thoa diéu kién: hai
diém ké nhau (c6 canh chung) trong G thi khong thé xuat hién trong tap doc lap. Do
do, tap doc lap sé 1a tap nghiém thoa cac diéu kién rang budc, va phﬁn chon nghi¢m s&

13 phan tinh toan dya trén cac thudc tinh cua tap nghiém.
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Chuong 3. Dir liéu va phwong phap nghién ctiru

1. Dir li¢u thu thap

1.1, Mb ta dir ligu

Dt liéu nén:

shapefile Ha Noi, trong d6 chira théng tin vé tén quan/huyén va cot kiéu dir liéu khong

gian.

Bing 3.1. Bing dit ligu nén

Tén truwong cua

bang dir liéu

Kiéu dix liéu

Chu giai

Id Serial Ma quan/huyén ctia Ha Noi
Quan_huyen Character varying Quan/huyén

Ten Character varying Tén quan/huyén

geom Geometry(polygon) Chtra thong tin khong gian

Dit liéu cac tram BTS: Dir liéu dugc 1y tir du an “Ung dung WebGIS trong quan 1y co

s& ha tang buu chinh Vién Thong” cta doi ngii ekgis chi yéu 1a vi tri dia Iy ciia BTS

Bang 3.2. Bang dii liéu tram BTS

Tén truwong caa bang dir liéu Kiéu dir ligu | Chu giai
malienket Character varying | Ma lién két
madoituong Integer Mai dbi twong
kinhdobts Double precision

Toa @0 cua tram bts trén
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vidobts Double precision | ban d6

loaitram Character varying | Loal tram

Vitribts Geometry(point) | Chtra thong tin khong gian

Dit liéu thong sb k¥ thuat:

Dit lidu ciing duoc ldy tir dy 4n “Ung dung WebGIS trong quan 1y co sé ha ting buu
chinh Vién Thong” cua doi ngii ekgis, bang chii yéu chira dit liéu vé cac thong sé: ban

kinh phat song, cong suat hoat dong ciia BTS,...

Bing 3.3. Bing di¥ liéu vé cdc thong sé ky thugt

Tén trudng caa bang dir Kiéu dir liéu Chu giai
ligu
Chieucaoangten double precision Chiéu cao cua cot BTS
Congsuat double precision Cong suat hoat dong cua tram BTS
Tansothuphat double precision | Tan s6 thu phat tram BTS
Tamphusong double precision Bén kinh phat song cua tram BTS

1.2.  DPong b dir liéu

Trong pham vi dé tai, dir liéu thu thap chua dugc that sy ddng bo. Ta can chuyén doi
dir liéu ban kinh phét séng tir mét sang do thap phan (Decimal Degrees). Cach chuyén

duoc tinh nhu sau:
Ban kinh chuyén d6i = Ban kinh thu thap * 9.7982 / 1100000

1.3. Dirli¢u phi song

Bang dir li¢u nay c6 dugc thong qua qua trinh xur 1y dir liéu thu thép
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Bang 3.4. Bang dii liéu phu song

Tén truedong caa Kiéu dir liéu Chu giai _
i Dir liéu khéng gian
bang dir liéu
madoituong double precision M3 dbi twong
kinhdobts double precision Toa do cua
- - tram bts trén
vidobts double precision .
ban d6
kinhdo_a double precision Toa do cua
: _ diém A
vido_a double precision
kinhdo_b double precision Toa do diem B
vido_b double precision
kinhdo _i double precision Toa do tam i
vido_i double precision
bankinh double precision Ban kinh phat
song
phu_song_0 Geometry(polygon) | Song phat R
hudng 0 do
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phu_song_120 Geometry(polygon) | Séng phat P
huéng 120 do

phu_song_am_120 | Geometry(polygon) | Song phat o
huéng -120 do

2. Phwong phap nghién ctiru

2.1. Noi dung thwe hién dé tai

Thu thap dir liéu dau vao: toa do dia 1y cac tram BTS, ban d6 nén Ha Noi,... va
dua vao hé quan tri CSDL Postgresql dé quan 1y.

Ung dung SQL khéng gian dé thuc hién viéc truy van cac dir liéu khong gian - dia
Iy, ddng thoi ciing xur 1y dit liéu thu thap duoc.

Thiét ké phan mém thyc hién quy trinh xdy dung mé hinh phu séng, mé hinh hoa
mang ludi phu song BTS, khung nhin dit li¢u khong gian.

Giai toan doc lap cuc dai (independent set).

Chon nghiém tir két qua da giai va hién thi di liéu khong gian.

2.2.  Quy trinh thuc hién

Tur nhitng phéan tich trén, vdi mot rng dung ban dau, quy trinh dugc dé xuéat thuc hién

nhu sau nham giai quyét bai toan trén khong gian phu séng hai chiéu:
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Budc 1: Thu thap dit liéu m diém phat song BTS, bao gdm: vi tri kinh vi do
(lon/lat) — tdm I; ban kinh phat séng (R); cudng do phat song (W); va cau
hinh/hinh dang phat song: s6 lugng hudng phat, hinh séng phat ra tir mot BTS.
Budc 2: Xap xi hinh hoc dang phét séng.
Bude 3: Xay dung mo hinh 16p dir liéu khong gian phu song trén tat ca cac
huéng cia m diém phat song BTS.
Budc 4: M6 hinh hoa 16p pha song thanh d6 thi (graph) véi:

+ Cac dinh dai dién cho cac vung phu song;

+ Céac dinh ving phu song cung 1 BTS s& két ndi véi nhau trong do thi;

+ Cac ving phu song c6 chung ving phii s& 1a cac dinh c¢6 canh ndi véi nhau

trong d0 thi;

Budc 5: Giai bai toan tap doc 1ap cuc dai (maximum independent set) cho d6
thi

Budgc 6: Chon nghiém, anh xa sang ban d6 tap nghiém tim duoc & bude 5
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So db quy trinh thuc hién dé tai

Thu thap dir licu

-

Xép xi hinh hoc

-

Xay dung mo hinh phu song

-

Giai bai toan ddc 1ap cuc dai

-

Chon nghiém va hién thi
khong gian

2.3. Chi tiét quy trinh thuc hién
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2.3.1. Thu thap dir liéu
So luong dir li¢u thu thap 1a 1682 BTS Viettel. Loai BTS duoc sir dung 1a loai

AGISSON DX-890-960-65-18i-0F.

+ Hinh dang song phat cua BTS (theo loai BTS)
+ Céc thong tin vé BTS vé: ban kinh phii séng.

+ Dt ligu khong gian dugc thu thap véi thong tin kinh vi do

2.3.2. Xap xi hinh hoc dang phit séng phii
M&i BTS c¢6 mét tam hoat dong theo ban kinh nhat dinh. M6t cach tam thoi, chung

ta c6 thé phan loai thanh 3 dang: dang song phu tdi da (best case), dang thong thuong
(normal case) va dang song phu tdi thiéu (worse case). Dang tdi da 13 song phu xa nhat
va dang ti thiéu 13 séng phu gan nhat. TAm hoat dong dua theo cac yéu td vé thoi tiét,
d6 am va cac yéu té vé mdi trudng khac nhu: bui, khi thai,... va ciing theo thoi gian
BTS dugc dua vao st dung. Trong pham vi dé tai, ta gid dinh tam hoat dong cua song
1a truong hop tdi thiéu (worse case) do Ha Noi 1a noi ¢6 nhiéu hoat dong c6 thé giy
giam chit luong song.
Véi dang BTS tai Ha Noi duoc khao sat & phan trén, chiing ta chon xap xi hinh
hoc nhu sau ddi v6i viung phu séng (ving sdm) nhu sau:
+ Tu tam I, noi dat BTS, dén vi tri phat song xa nhét c6 thé chia thanh 08 phén
bang nhau (tong 08 phan 1a tam hoat dong cua song);
+ Vung phu xem nhu 13 mot phan cung tron 16n véi tam i dat tai diém cach tam I
mot khoang theo hudng Dong la: (8 - %) zz phan, (mdi phan la é ban
kinh R);
+ Phan cung tron duoc gigi han boi hai duong thiang tir tim I va 1an luot c6 goc 1a

150 d6 va -150 do (nhu hinh);
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Hinh 3.1. Xdp xi hinh hoc cho viing phii séng

Viéc xap xi hinh hoc véi dang hinh hoc twong duong va thay cac hinh song phirc
tap bang cac duong thang s& lam giam viéc tinh toan. Pong thoi, & mot mat khéc, viéc
chon xr 1y trong trudng hop tim song pha ngan nhit (worse case) s& dam bao viéc xap
xi hinh hoc khong vugt ving phu thuc té, nhung van ddm bao dugc viée tinh todn. Bén
canh do, viéc xép xi hinh hoc cling 1a co s& tinh toan cac gia tri khac tur hai dai luong
hinh hoc 14 tdm I va ban kinh phu séng ban dau R, d6 1a:

+ Tu tam 1 cua cung tron song;

+ Ban kinh r ciia cung tron tam 1

+ Vi tri toa do chi tiét cia tam giac déu IAB, voi mot dinh I va 2 dinh thuoc
duong tron tim I, chan ¢ cac goc 150 do va -150 do.

Céc bude cu thé duoc thuc hién trong quy trinh

Tir dit liéu thu thap sau khi da dong bo, cac budc thuc hién duge trinh bay cy thé
nhu sau:

Budc 1: Tao Buffer cho timg diém BTS (tam I), ban kinh ctia buffer twong Gng V4i

tirng dong trong dir liéu bén bang . Két qua ta c6 duoc nhu hinh sau:
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Hinh 3.2. Buffer cia tirng diém BTS
Budc 2: Tao diém A va B. Trong do, diém A va B duoc tao ra bﬁng cach:
+ Diém A:
: A 4R . A o . V3
kinh @6 diém A= kinh d§6 BTS — ban kinh phu song * -
vi 6 diém A= vi d6 BTS — ban kinh pha song * 0.5
+ DiémB
: A 1:R : A I . V3
kinh 6 diém B = kinh d6 BTS — ban kinh phu song * -

vi 46 diém B = vi 46 BTS + ban kinh phu song * 0.5
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Chu thich
e diem_b
+ diem_a
e bts
buffer_bts i
¥ .)
2
© O
) )
©® ..
|’I ° \'l FY

Hinh 3.3. Piém A, B va diém BTS

Budc 3: Ta tao Polygon tir 3 diém polygon vira tao duoc. O budc nay ta ding toan
tir ST_Geomfromtext. Két qua, ta co duoc:
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Chu thich

¢ diem_b
¢ diem_a
¢ bts

Hinh 3.4. Tam giac IAB

Budc 4: Ta tao diém i 1am tdm cta cung tron thé hién dang hinh hoc phu séng cho

BTS
+ Kinh d6 i = kinh do ctia bts + ban kinh phu song * %

+ Viddi=vidod cua bts
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Chau thich

tam_i

diem_b
diem_a

bts
tam_giac_|IAB
buffer_bts
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Hinh 3.5. Két qua tao diém i

Budc 5: Tao buffer cho diém i
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Chu thich

e tam_li

e diem_b

¢ diem_a

* bts
buffer_i
tam_giac_I|AB
buffer_bts

Hinh 3.5. Tao buffer ciia diém i

Budc 7: Tao ving phul song ciia tirng BTS trén ban d6 bang cach dung toan tir
ST_Different nham lay phan buffer i khong giao véi tam giac IAB. Mdi tram c6
ba hudng xoay, do d6 mdi dong s& c6 twong (tng ba cot dir liéu kiéu geometry:

phu_song_0, phu_song_ 120, phu_song_am_120
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Chu thich

- o bts
P
b phu_song
o ] 0 !
o =N
> ) 1
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Hinh 3.6. Piém BTS va hwéng phit séng 0°

2.3.3. Xay dung md hinh 16p dir liéu khong gian phii séng trén tit ca cac
hwéng ciia m diém phat séng BTS
Tir quy trinh xap xi hinh hoc trén va cac hudng xoay c6 thé ctia mot BTS, chung ta
c6 thé xay dung mot co so dit liéu khong gian vé cac ving phu c6 thé cuia mang ludi
BTS. Do khi xoay hudng, BTS phu song s& khong thay d6i vé mit hinh hoc ma chi
thay d6i vé hudéng. Do d6, viéc xay dung co so dit liéu s& bat dau tir viéc xay dung mot
huéng cho tat ca cac BTS va sau do thyuc hién phép xoay.

Véi loai BTS dugc xéc dinh ¢ dia ban Ha Noi, chiing ta c6 thé xoay theo 2 hudng:

= va =~ (twong tmg xoay 120 dd; va -120 d¢ hodic la 240 d9). Do cac BTS phét séng
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ding hudng nén viée dinh ving pht séng chi can xac dinh va tinh toan d6i voi mot
huéng va ving phu ciia hai huéng con lai s& thu duoc bang phép xoay hinh hoc nhu

Sau:

e Tam xoay: tam I cua BTS;
e Gécxoay: = va —" trong tmg Véi viéc xoay 120 do hozc -120 do (240 do)

V&1 phép xoay trén, ta c6 ma tran xoay la (voi k=+2 tuong ing véi viée xoay 120

do hoac -120 do):

T , s T , s
|/COS(k§) —sin(k §) (1.0 — cos(k §))x, + Sm(kg)y,)\

yis vis T T
\sin(kg) cos(kg) —sin(kg)x, + (1 —cos(kg)y,)/
0 0 1

Trong do: k g, k=+2
Mo hinh héa mang ludi phu song BTS

Mo hinh hoa mang ludi phu séng BTS thanh d6 thi (graph). Xay dung db thi bang
ma tran k&. Ma tran ké hai chiéu a[,] dugc dinh nghia 13 hai dinh i va j cta d6 thi c6
ndi v&i nhau thi gia tri af1 ,j] = a[j,i] =1, con lai gia tri s€ béng 0. Va do do, gia tri

duong chéo bang 0, nghia 1a a[i,i] = 0.

2.3.4. Giai bai toan doc lap cuc dai trong do thi

Trong pham vi dé& tai nay, ta str dung gbéi phan mém Independent Set Algorithm da
dugc gidi thidu & chuwong 2 dé chon ra phuong an hudng phét song cho tig BTS.

Tir két qua ma tran dugc xay dung & quy trinh trude do, ta thuc hién chuong trinh
Independent Set Algorithm dé giai. Két qua cubi cung, ta c¢6 thé c6 nhiéu nghiém, ta

chi chon mot nghiém dé thyc thi vao bang dit lidu.
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sets.txt - Notepad =
File Edit Format View Help

1. Independent Set ( 27 ): 1 5 7 11 17 27 35 37 42 43 49 56 66 67 78 81 84 85 89 98 100 108 119 121 126 141 142

Hinh 3.7. Két qud gidi bai todn tdp dpc
Vi du mot két qua chay thir nghiém nhu trong hinh. Trong do:
_ S4 tht ty nghiém 1., 2., 3.,... twong tng Véi s6 dong, mdi dong 1a mot nghiém
_Independent set (27): s6 cot lay duoc tir ma tran c6 duoc tir quy trinh trén, &
day l1a 27 cot

1571117 ...:sb tha ty cac cot ma tran tinh tir trai sang
2.3.5. Hién thi dir liéu khong gian

Chon ra mét nghiém trong tap nghiém tu két qua giai toan dé hién thi 1én khung

nhin.

Tap nghiém 1a cac phuong an kha thi. Tir tdp nghiém kha thi, bang viéc sip xép
cac thudc tinh dugc chon ta s& thu duoc két qua nghiém t6t nghiém. Céc tidu chuan

nghiém nhu:

Nghiém cé tong cong suat P 16n nhat;
Nghiém c6 dién tich ving phu I6n nhét;
Nghiém c6 tong khach hang phuc vu 16n nhat: bang cach thuc hién viéc chong

I6p (overlay) vai co sé dir ligu khong gian vi tri khach hang.
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B £ layers
o @ BTS
®
= @ Phu_song
O
= M Ha_noi
O

Hinh 3.8. Hién thi di¥ liéu khong gian trén Form

Anh xa ban d6 duoc thuc hién trén cac phan mém GIS tich hop. Cac phin mém s&
doc nghiém tuong tmg véi cac hinh phu cia cac BTS va thyc hién viéc thé hién 1én
ban do.

Hinh 3.8 13 két qua cta phan mém dugc viét trén nén tang ArcEngine. Hién thi 16p
phu séng cua timg tram BTS. Trong pham vi cta dé tai ndy ta chi xét tiéu chuan

nghiém dién tich ving phi1 1én nhat. Cy thé cac bude thuc hién nhu sau:

Budc 1: Budc chuan bi, nhap cac thong s6 vé phan trim p dién tich can xét, tén
cac truong dir liéu, sé luong dinh do thi.

Budc 2: Vvung phi i, lay da giac phu va dién tich phu, gia tri a[i,i] = 0;

Budc 3: Vvung pht j, néu hai ving phu cing mot BTS thi gia tri a[i j]=a[j,i]=
1, thuc hién budc 2 véi viung pha j mai;

Budc 4: Lay da giac va dién tich phu j;

Budc 5: Thuc hién phép tinh giao (Intersection) giita hai da gidc dé tim da giac
giao. Néu da giac giao rong thi a[ij]=a[j,i] = 0; quay v& budc 2 véi ving ph j

moi;
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Budc 6: Kiém dién tich da giac giao thoa 16n hon min(dién tich phu i, dién tich
phti j)p%. Néu sai thi a[ij]=a[j,i] = 0; quay v& budc 2 véi ving phu j mai;
Budc 7: Gia tri a[i,j]=a[j,i]= 1, thuc hién budc 2 véi ving pha j méi

Budc 8: Xuat ma tran ké ra tap tin pht hop véi tim nghiém doc 1ap.
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CHUONG 4. KET QUA VA THAO LUAN

1. Két qua

1.1. Xay dung chwong trinh thuc thi

Vi¢ce xay dung dd thi sau khi co s& dit liéu khong gian dugc xay dung hoan thanh.

Mot tram BTS c6 3 hudng phu, do do6 trong co s& dir li¢u khong gian phai c6 ba noi

Iru trit ba ving phii cia mot BTS. Trong nghién ciru nay, ba truong kiéu geometry

(trong Postgres/PostGIS) dugc tao ra nham don gian hoa viéc xay dyng mi chuong

trinh (thay vi mot truong va ta thuc hién phép xoay khi tinh toan).

CSDL Postgres/PostGIS (CSDL Dich)

Méy chii két nGi llocalhost
Tén cd s6 dil liéu |bts

Céng két néi 3:"432
Bang nhéap i;postgres
Mat kh&u [remeanans
Bang phu séng

Trang thai két nGi

X ly tao ma trén

+ 86 ludng trudng hinh hoc trong bang (tudng dudng s6 hudng xoay BTS) ‘ 3 ‘
+ Danh séch tén trudng (céch nhau bdi d&u phay ","). Vi du: phusong1,phusong2,phusong3

‘phu_song_O,phu_song_l20.phu_song_am_120 \

+S6 ludng dong dil ligu trong bang | 1682 |

+ Tilé overlap (v& dién tich) dudc tinh la giao (vi du: 50, nghia la 50%) ‘ 1 ‘

+ Tén tap tin ma trén ké sé xuét ra {gffph.hﬂ ‘ |7¥E,E§£€!E§ﬂ‘ié ‘

1
‘ 2. Thuc hién phét sinh ma trén ‘ ‘ 3. Tim céc tap bén viing trong ‘ ‘ 4. Két qua ‘

+ Tén tap tin chda tép nghiém sets.ixt \ D liéu tric quan ‘ Xuét ra shapefile

lis

Danh sach phudng &n Di liéu
Boc Nghiém
’Wém‘ Tiéu chitim kiém v‘ | |
x|
Phudng/xs | | Kinhao [ ]
Loai tram | v‘ e
Mg file ma trén Mg file nghiém _ |7‘ Guanhuyén ‘ i !L‘

Hinh 4.1. Giao dién phan mém da dwoc thiét ké

Thuc hién budc phat sinh ma tran sau khi da két ndi co so dir liéu dé mo hinh héa

16p phu song.
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File Edit Format View Help

bo4s
0110001000000000001111000000000000000000000000000000000000000000000000000000000000000000000000000¢
0000000000000000000000000000000000000000001000000111000000000111000000000000000000000000000000111¢
0000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000¢
0000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000¢
0000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000¢
0000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000¢
0000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000¢
0000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000¢
0000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000¢
0000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000¢
1010001110001000001111110000000000000000000000000000000000000000000000000000000000000000000000000¢
0000000000000000000000000000000000000000001000001111000000000111000000000000000000000000000000111¢
0000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000¢
0000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000¢
0000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000¢
0000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000¢
0000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000¢
0000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000¢
0000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000¢
0000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000¢
1100001010001000001111110000000000000000000000000000000000000000000000000000000000000000000000000¢C ,
< >

Hinh 4.2. Mé hinh héa cdc 16p phii séng ciia 1682 diém BTS

Tiép d6, chay chuong trinh Independent Set Algorithm da duoc tich hop trén form
sau khi da thuc hién phat sinh ma tran s€ tim tap nghiém sau khi dd thi duoc xay
dung. C6 thé s& c6 nhiéu nghiém do d6 ngudi dung s& chon mot nghiém bang cach mo

file nghiém va Iuu lai nghiém minh chon.

File Edit Format View Help

h.MdependentSeN1114y21319435274961111241361391661711721751781821861871951962002052082132212252262322392412452522542562612&
211123 1127 1130 1132 1135 1139 1142 1144 1149 1150 1154 1156 1159 1162 1169 1171 1175 1178 1181 1184 1187 1189 1192 1210 1229 1240 1254 1281 1286 1289 1314
333 2346 2353 2400 2409 2414 2434 2438 2447 2451 2453 2460 2464 2477 2485 2496 2499 2536 2540 2545 2550 2553 2554 2557 2570 2574 2580 2586 2589 2592 2597 260
3258 3260 3263 3267 3269 3272 3274 3278 3281 3284 3288 3290 3293 3295 3298 3302 3304 3309 3310 3313 3317 3320 3323 3325 3329 3333 3335 3337 3341 3343 3348 33
4013 40154018 4028 4030 4033 4039 4044 4046 4053 4055 4057 4063 4071 4080 4082 4092 4093 4097 41024107 411341154118 4122 4123 4133 4135 4140 4141 4144 41
4843 4848 4849 4852 4860 4862 4864 4867 4872 4875 4876 4879 4882 4887 4890 4892 4929 4931 4933 4936 4941 4943 4946 4948 4952 4955 4962 4965 4967 4971 4972 49

Hinh 4.3. Mgt nghiém sau khi chagy Independent Set Algorithm

113

Trén hinh 4.3, ta thdy duoc mot dong nghiém twong tmg voi sé “ 1. ” bén trai ngoai

cung. Nghiém gom 1114 cot, cic con sd & bén phai dau  : ” twong tng véi sd thir tu
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cot dit liéu geometry trong bang phu sdng chay tir trai qua phai, tir trén xudng dudi. Vi

du nhu hinh sau:

Hinh 4.4. chon hwong tir bang di liu cdac phwong dn phii song

bankinh
double precis geometry

.003562981 0101-0000000 01030-000000 01030030000 1853
.0035629¢1 0103009@000 0103005.)0000 010ﬁ000000 259
.003562981 0103000&300 01030083000 01@0000000 1651
.003562981 0103000q€@3 01030000000 01030000000/1660
.0035629E1 01030000000/01030000000 01030000000 1675
.003562981 01030000000/01030000000 01030000000 283
.003562981 01030000000/01030000000 01030000000 272

|geometry

phu_song_0 | phu_song_12 phu_song_ an?id
| geometry

| serial

Két hop hinh 4.3 va 4.4, ta s& c6 bang hudéng phat séng cua ting tram 1a: 2,

13,..

khong phat song.

.tuong Ung sb thr tu duoc danh dAu. Nhiing ma sb tram nao khong dugc chon s€

Sau khi da chon dugc hudng phat song, ta s€ anh xa nghiém tuong ing vao bang

két qua cubi cung. Pay la bang lam dit liéu hién thi ra khung nhin (Mapcontrol) trén

form.

gid id bts_id bts direct |bts_power bts area bts_ radlus geom

[PK] integer double precis| character vai| character vai| double precis| double precis| double precis| character vai geometrv(Mtj
1 |1 1 1 +120 0 3.6e-005 |0.003563 01060000000
2 |2 2 5 0 0 3.6e-005 |0.003563 01060000000
3 |3 3 7 0 0 3.6e-005 |0.003563 01060000000
a |4 4 15 0 0 3.6e-005 |0.003563 01060000000
5 |s 5 18 0 0 3.6e-005 |0.003563 01060000000
6 |6 6 25 +120 0 3.6e-005 |0.003563 01060000000
27 7 32 -120 0 3.6e-005 |0.003563 01060000000
8 e 8 37 -12 0 3.6e-005 |0.003563 01060000000
9 |9 9 42 0 0 3.6e-005 |0.003563 01060000000
10 |10 10 46 0 0 3.6e-005 |0.003563 01060000000
11 |11 11 47 0 0 3.6e-005 | 0.003563 01060000000
12 |12 12 56 0 0 3.6e-005 |0.003563 01060000000
13 |13 13 57 -120 0 3.6e-005 |0.003563 01060000000
14 |14 14 58 0 0 1.4e-005 |0.002227 01060000000
15 |15 15 59 0 0 1.4e-005 |0.002227 01060000000
16 |16 16 60 0 0 1.4e-005 |0.002227 01060000000
17 |17 17 61 +120 0 1.4e-005 |0.002227 01060000000
18 |18 8 62 -120 0 1.4e-005 |0.002227 01060000000
19 |19 19 63 0 0 1.4e-005 |0.002227 01060000000
20 |20 20 65 -120 0 1.4e-005 |0.002227 01060000000
21 |21 21 66 0 0 1.4e-005 |0.002227 01060000000
2 |22 22 67 +120 0 1.4e-005 |0.002227 01060000000
3 | 23 69 0 0 1.4e-005 |0.002227 01060000000

23

Hinh 4.5. Bang két qud cudi cing dé hién thi vao khung nhin truc quan
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Mot diéu luu v 12 khi dit liéu bi thay ddi thi ta phai x6a bang két qua va bat dau qua

trinh tinh toan lai.

1.2. Két qua thye thi
Két qua thyc thi s¢ dugc hién thi trén Form da thiét ké gom khung nhin tryc quan va

cac cong cu tuong tac voi ban do. Dé tai thiét ké phan mém trén nén tdng ArcEngine

QM & = & & [1:841.90 vigedbpHdD

= = layers
=] BTS
.
=] Phi séng
=]
=] Ha Néi
=

4

Hinh 4.6. Két qud cudi ciing
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1.3. So d6 hoat ddng ciia phin mém

— Kiém tra
Keét noi CSDL 5t ndi \ ;
(Ding nhp vio ket noi Mo hinhhoad | Ma tran Chay phin mém
phan mém) —_— liéu phu song —— Indepent Set
D liéu Cac
dau vao nghiém
Béng dit liéu thay d6i Két qua luu vao bang
. bts_allocation
Kiém tra
két noi
D liéu
dau vao
Thao tac voi dir
3] licu(thém, stra, x6a)
A 4
I Hién thi khong gian

2. Thao luan
Nhin chung céc du an vé dé tai BTS chu yéu dung lai & mirc quan 1y vé mat co s¢

ha tang. Viéc két hop voi cong cu GIS va dir litu dugc luu trit trong cac
HQTCSDLQH gitp viéc quan 1y dugc truc quan. Tuy nhién, cic van dé ton dong nhur:
suc khoe cong déng, nang lugng hao phi, tinh trang cudc goi bi ngét,. .. chua duoc dé
cap va giai quyét, trong khi cong nghé vién thong phat trién ngdy cang ting, sd luong
tram s& con ting, nham phuc vu cho linh vuc truyén thong thong tin. Tir diéu dé cho
thdy, cac van dé bat on trong khu vuc dan cu séng trong nhiéu ving phi tram BTS,
hao phi ning lugng cao, tinh trang cudc goi bi ngat... Tat ca diéu do chic chin s& xay
ra.

Pé tai nay duoc thyc hién nham khic phuc cac khiém khuyét d6. Thong qua viéc
su dung thuat toan tap doc 1ap trong cuc dai két hop tién chuan dién tich giao gitra hai

ving phi song. Két qua 1a ta chon ra duoc huéng phat séng thich hop cho ting tram
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BTS va két qua s& dugc hién thi truc quan chtr khong phai chi ndm trén gidy. Qua do,
cic van dé ton dong: strc khde cong déng, hao phi nang lugng, cudc goi bi ngét,...

duogc giai quyét mot cach chinh xac va truc quan hon.
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CHUONG 5. KET LUAN VA KIEN NGHI

1. Kétluin

1.1. Két ludn muc tiéu ciia dé tai

Dé tai da thyc hién viéc luu trit dir lidu vao Postgresql nham xay dung va quan 1y
dir liéu cac tram BTS. Két hop véi cac cong cu hd trg trong linh vuc GIS xay dung 16p
dir li¢u phu séng cua cac tram lam dir li¢u dau vao cho phf?ln mém d3 duoc thiét ké

trong qua trinh thuc hién dé tai.
Céc chtc nang chinh cia phan mém nhur:

Mo hinh hoéa cac 16p dir liéu phua song.

Giai bai toan tap doc lap tr mo6 hinh da xay dung va chon ra cac phuong an phat
song cho tirng tram.

Anh xa két qua cta nghiém di chon vao bang két qua va hién thi khung nhin

truc quan.

Phuong phép gidi quyét bai toan bang cach st dung mé hinh hoa dang dd thi va
giai tim tap doc lap 1a mot trong nhitng phuong phéap twong ddi phd thong. Phuong
phap s& Gmg dung tot néu nhu dau vao bai toan rd hon thong qua cac danh gia tiéu chi
dé xay dung db thi.

1.2. Y nghia thyec tién

Viéc quan ly dir liéu trén HQTCSDLQH Postgresql gitip cho viéc quan 1y mang

ludi cac tram dugce dé dang, tiét kiém dugc thoi gian thao tac va xu ly dir liéu

Giai quyét van dé tdi uu trong cong tac van hanh mang luéi BTS 1a chon ra huéng
phat song cho timg tram BTS. Qua d6, dé tai di giai quyét vin dé&: giam thiét hai strc
khoe cho nguoi dan séng trong ving c6 nhiéu tram phat soéng vao cing mét hudng,

tranh trinh trang r6t cudc goi, tiét kiém nang luong,...
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2. Kién nghi

Tu nghién ctru trén, mot s6 hudng nghién ctru mé rong dugc dé nghi nhu:

Nghién cttu mé rong ddi véi trudng hop 3-chiéu;

Nghién cru mé rong tao cac kich ban, hudng xoay BTS sin dé phuc vy nguoi
sir dung theo thoi gian trong ngay (dua theo cac danh gia vé muc sir dung tin
hiéu theo cac thoi diém: sang, trua, chiéu, t6i, cac thong ké vé dan sé va khach
hang trong vung dich vu);

Thu thap thém cac dir liéu vé phan bd dan cu, cac cong trinh phan bd trong khu
vuc, dia hinh,... day la cac vat can tré song lam gidm ban kinh song. Ta cé thé

thém céc rang budc nay nham cé két qua tinh toan mong mudn nhat.
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