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Local-area coverage planning around a base station requires radio-
performance maps rather than only line-of-sight/non-line-of-sight labels.
This study asks how errors in propagation-state estimation affect path-
loss, signal-to-noise-ratio, and data-rate maps under a limited
measurement budget. A three-layer evaluation pipeline is constructed for
blockage-prone urban areas: a geometric layer generates reference
propagation states, sparse samples are processed by a k-nearest-neighbor
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estimator and a k-nearest-neighbor maximum-a-posteriori estimator, and
the inferred labels are connected to a standardized channel model to
obtain radio-performance maps. In the single test scene, the maximum-a-
posteriori estimator increases label accuracy from 88.64% to 95.45%,
reduces path-loss mean absolute error from 1.83 dB to 0.63 dB, and
reduces rate mean absolute error from 6.08 Mbps to 2.10 Mbps. Across
100 Monte Carlo runs, it improves average accuracy from 85.85% to
89.41% and reduces rate-map error from 8.64 Mbps to 6.02 Mbps. The
results show that estimator quality should be validated at the radio-
performance layer, because label errors near blockage boundaries directly
distort the operational coverage map.
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Bén db hiéu ning vé tuyén cuc
bo
Mau do thua

Nhin thing va khong nhin
thing

Moi truong do thi co vat can
Suy hao duong truyén

Bai toan quy hoach phu séng cuc bd quanh mot tram goc can ban do hiéu
ning vo tuyén, thay vi chi can nhan nhin thang hodc khong nhin thang.
Nghién ctru nay dat cau hoi sai s6 o lop udc luong trang thai truyén song
lam méo ban dd suy hao dudng truyén, ty s tin hiéu trén tap am va toc do
dir liéu & miic nao khi ngan sach do bi gi¢i han. Bai bao xay dung mét quy
trinh danh gia ba 16p cho méi truong d6 thi c¢d vat can: 16p hinh hoc sinh
nhin trang thai truyén séng chuin, I6p miu do thua dung bd udce luong K
lang giéng gan nhit va bd udc lugng cuc dai hau nghiém dua trén 1an can k,
sau d6 16p mo hinh kénh chuin héa tao ban db hiéu ning v6 tuyén. Trong
kich ban thu nghiém, b udc luong cuc dai hau nghiém tang d6 chinh xac
tir 88,64% 1én 95,45%, giam sai sb tuyét ddi trung binh ctia suy hao tir 1,83
dB xudng 0,63 dB va giam sai s6 toc do tir 6,08 Mbps xudng 2,10 Mbps.
V6i 100 lan mo phong Monte Carlo, phwong phap nay tang d6 chinh xac
trung binh tir 85,85% 1én 89,41% va giam sai s6 ban do téc do tur 8, 64
Mbps xudng 6,02 Mbps. Két qua cho thay chat lugng bo udc luong can
duoc kiém chung truc tiép o 16p ban d6 hiéu niang, vi 16i nhan quanh bién
bong che co thé lam sai 1éch quyét dinh quy hoach ving phu.
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1. Gi6i thiéu

Trong quy hoach phii séng cuc bd quanh mét tram gbc, dau ra can thiét cho van hanh mang
khong chi 1a nhan hinh hoc cua lién két, ma 1a ban d6 suy hao dudng truyén, ty s tin hidu trén
tap 4m va toc do dir liéu theo vi tri. Cac nghién ctu vé ban dd vo tuyén dd mo ta bai toan nay nhu
mdt dang ban dd pho tir dit liéu do phan b trong khong gian, trong khi cac khao sat gan day cho
thdy yéu cau 1ap ban d6 ngay cang chuyen tr ndi suy tin hiéu sang cac dai lugng c6 y nghia van
hanh [1], [2]. Nt that ky thuat nam ¢ chd ngan sach do trong mot khu vyc do thi thuong hiru
han, con trang thai truyén song thay d6i dot ngdt quanh bién vat can.

Vé 16p vat 1y, che khuét 1am lién két chuyén giita diéu kién nhin thing va khong nhin thang,
kéo theo su thay doi manh ciia nhanh suy hao va téc do kha dung [3]. M6 hinh kénh 3GPP TR
38.901 ciing chuan hoéa riéng hai nhanh suy hao cho diéu kién nhin thang va khong nhin thang
trong dai tﬁn tir 0,5 dén 100 GHz [4]. Vi vay, néu ban db hiéu niang chi dugc dung theo khoang
cach hodc néu trang thai truyen song chi dugc xem nhu mot nhan phan loai dgc 1ap, sai s6 gan
bién bong che co thé lan tryc tiép sang ban do suy hao va ban 6 toc do.

Dé giai quyét bai toan udc lwong trang thai truyén song tir cac kich ban hinh hoc chtra vét can.
Céc tac gia [5] dd xdy dung cac bd ude lugng LOS/NLOS cho hé thdng té bao milimét c6 vat
can, trong do thong tin tién nghiem hinh hoc hd trg quyét dinh cuc bd khi s6 diém do con han
che Bén canh d6, nhém tac gia trong [6] st dung ban d6 tAm nhin thing cho lya chon chuyén
tlep chu dong trong h¢ thong xe két ndi, qua d6 cho thiy ban do trang thai truyen song o gia tri &
tang diéu khién hé thong. Tuy nhién, cac nghién ctru nay da giai quyet t6t 16p trang thai truyén
song, nhung chua do truc tiép d6 méo cua ban d6 hiéu nang vo tuyén.

Mot huéng nghién ctru khac dé giai quyét thach thirc trén 1a di truc tiép vao l4p ban d6 vo tuyén
tir dir liéu thua. Romero va Kim [1] hé thong hoa wéc luong ban d6 vo tuyén nhu bai toan ban dd
phé dya trén dir li€u, trong do6 dau ra co thé la cong suit thu, suy hao hodc cac hé s6 kénh. Cac tac
gia trong [7] khai thdc md hinh hoc sau dé wéc lwong ban d6 méi truong vo tuyén tir cac phép do
thua, trong khi Shrestha va cong sy [8] xem vi€e chon vi tri do béng thiét bi bay khong nguoi lai
nhu mét bai toan khao sat phd chu dong. Cac cong trinh nay di thang vao dai luong dau ra, nhung
bo qua vi€e tach riéng phan sai s6 do nham trang théi truyén song.

Céc nghién ctru gan day tiép tuc mo rong bai toan theo hudng dir liéu va khong gian khao sat
16n hon. Yapar va cong su [9] tong két bai todn du bao ban d6 suy hao trong cudc thi Pathloss
Radio Map Prediction, nhan manh vai trd cua dit liéu khong déy dt va mo hinh hoa theo moi
truong. Chen va cong su [10] nghién ctru ban dd vo tuyén ba chiéu trong d6 thi tir phép do thua,
trong d6 chi phi do va mt d§ mau la rang bugc chinh. Cac ket qua nay cung co nhu cau lap ban
dd hi¢u nang tr dir liéu thua, nhung van dé lai cau hoi mo vé co ché lan truyén sai s6 tir nhan
truyén séng sang ban dd hiéu ning.

Tt cac huong nghién ctru trén, ching ti xac dinh dugc khoang tréng nghién ctru nhu sau.
Cac cong trinh vé LOS/NLOS 1am r6 cach suy ra trang thai truyen song nhung chua do truc tiép
sai 1éch ¢ 1p suy hao va toc do. Cac cong trinh v€ ban dd vo tuyen lam tot ¢ dau ra cu01 nhung
thuong chua chi ra phan sai s6 nao dén tir viéc chon sai nhanh truyén séng. Do do, cAn mot quy
trinh danh gi4 n6i duoc 16p hinh hoc, 16p woc lugng trang thai truyén song va 16p hiéu ning vo
tuyén trong ciing mot chudi xir 1y.

Bai bao nay giai quyét cau hoi dé trong kich ban v6 tuyén cuc bd ngoai troi co vat can. Quy
trinh dugc xdy dyng theo ba 16p: 16p hinh hoc sinh nhan chudn, 16p woc lugng tur mau do thua
suy ra ban d6 trang thai truyen song, va 16p m6 hinh kénh chudn héa chuyén nhan d6 thanh ban
dd suy hao duong truyen ty s6 tin hiéu trén tap am va tdc do. Cach dat bai toan nay cho phép
danh gia bo udc luong bang dd méo cua ban dd hiéu nang, thay vi chi bang d0 chinh xac nhan.

Béng 1 dinh vi k¥ thuat ctia nghién ctru so voi ba nhém cong trinh gan nhat: udc lugng trang
thai truyén song, udc lugng ban dd vo tuyén tir dir liéu thura va phén tich phu séng theo mo hinh
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kénh chuén. Sy khac biét chinh ctia nghién ctru nay 1a khép kin dudng lan truyén sai s6 tir trang
thai truyén song sang cac dai luong van hanh cua lién két vo tuyén.

Muc dich ctia nghién ciru 1a kiém chimg xem mot cai thién ¢ 16p LOS/NLOS co6 chuyén thanh
cai thién do dugc ¢ ban d6 suy hao va ban d6 tdc d6 hay khong. Cac két qua mo phong cho thay
bd ude lugng cuc dai hiu nghiém dua trén lan can k (KNMAP) gitr loi thé so voi k lang giéng gan
nhit (kNN), dic biét khi s6 diém do con thua va bién bong che chi phdi manh quyét dinh lién két.

Bang 1. So sanh dinh vi ky thudt giita cac hwong nghién curu lién quan va bai bdao nay

Huwéng nghién ciru

Pau ra chinh

Piém di giai quyét

Piém con thieu

Ué6c lugng trang thai
truyén song tir hinh hoc
vat can [5], [6]

Udc lugng ban dd vo
tuyén tir dit lidu thua
[1]. [2]. [7]-[10]

Phan tich phu séng theo
md hinh kénh chuan

(3], [4]

Nghién ciru nay

Nhin trang thai truyén
song

Ban dd cong suét thu
hodc suy hao

Ving phu va toc do 1y
thuyét

Ban d6 suy hao duong
truyén, ty sb tin hiéu

Khai thac tt thong tin
tién nghiém hinh hoc

Di thing vao dai luong
van hanh

Lam r6 tac dong vat ly
cua che khuat
Khép kin dudng lan

truyen sal sO tur trang
thai truyen song sang

Chua do tryc tiep do
méo cua ban dd hiéu
nang

it tach riéng vai tro cia
16i trang thai truyén
song

Thudng gia thiét trang
thai truyén song da biét

Péanh gia tryc tiép do
méo ¢ 16p hiéu nang

trén tap 4m va téc do T
p amv ban d0 hi€u nang

2. Phuong phap nghién ciru

Xét mot tram gdc dat tai gdc toa d6 ctia mién khao sat hinh tron A = {x € R? : |)x|l. < R}. Mién
nay biéu dién khu vuc cuc bd can dugc dung ban do hiéu nang. Moi trudng do thi duoc mé hinh
hoa boi tap vat can O = {0 }. V61 mdt vi tri nguoi ding X, nhan chuén y*(x) nhéan gia tri 1 néu
doan ndi tir tram gbc dén x khong cit vat can nao va nhan gia tri 0 trong trudng hop ngugce lai.
Nhan nay la thudc tinh hinh hoc cua canh va dugc dung lam chuén ddi chiéu cho toan bo phan sau.

_Trong thyc té, hé thong khong quan sat dugc day du y*(x) trén toan mién ma chi c6 mot tap
mau do thua D = {(xXn, yn)}. T tap mau nay, bai todn trung tam 1a suy ra ban dd trang thai
truyén song trén ludi truy van G = {g,,,}. Sau do, m01 nhén trén ludi duge nbi véi mo hinh suy
hao theo 3GPP dé tao ra ban do suy hao dudng truyén, cong sut thu, ty sd tin hiéu trén tap am
va te do [4].

PL(A)(gm) = Yagm) * PLios,y) + [1 - Ya(gm ] * PLnLos(dm), 1)

Phuong trinh (1) la ciu ndi tir 16p trang thai truyén song sang 16p hiu nang. Néu b udc
luong d6i nham nhan tai mot diém, nhanh suy hao ding ¢ diém d6 ciing ddi theo.

Prx(g )= P. + Gant — PL(gm) 2
[ rx(gm) Napm (3)

y(gm) = 10
R(gn) = Blog2[1 + y(gm)] (4)

Ba biéu thire (2)+(4) chuyén 16i trang thai truyén song thanh sai 1¢éch cua suy hao duong
truyén, ty sb tin hiéu trén tap 4m va téc do. DAy 1a phin bit budc néu mudn danh gia bd wéc
luong theo nghia hé thng thay vi chi theo nghia phén loai.

Vi bd ude luong k lang giéng gan nhit, nhan cua mdi diém truy van dugc chon theo da 5O
trong K miu gan nhat. Phuong phap nay don gian, dé tai 1ap va chi khai thac céu triic cuc bd ciia
tép do. Trong khi d6, bd udc luong cuc dai hiu nghiém dua trén lan cén k dung thém thong tin
tién nghiém vé mat do va kich thudc vat can. Vi vdy, v6i ciing mot tap do cuc bg, néu mot cau
hinh nhan pht hop hon véi hinh hoc che khuat cta moéi truong thi KNMAP s& nghiéng vé chu
hinh d6 thay vi bo phiéu thuin tiy nhu k-NN. Trong trién khai mé phéng, thanh phan tién
nghiém cia kKNMAP duoc xay dung tir thong ké hinh hoc ciia tip vat can trong mién khao sat,
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bao gdm mét do che khuit cuc bo va kich thude footprint trong ving 1an can diém truy van. Vé
vai tro thuat todn, wu tién nay didu chinh x4c suit hdu nghiém cua nhan LOS/NLOS: viing c6 mat
d6 vat can cao 1am ting trong s6 ciia nhan NLOS, con ving tréng hoic it giao cit lam ting trong
s6 cta nhin LOS. Vi vay, kKNMAP vén str dung ciing tdp mau 1an cdn nhu kNN nhung thay quyét
dinh da s6 thuan tiy bang quyét dinh cé diéu kién theo thong tin hinh hoc ctia méi truong.

acct = (=) Enl{Sagm = ¥ * (9)) ©

) S| M@W@m) — y(EDom)| ©)

MAE{} = (

mesh ,

Trong do, chi tiéu Acc do do chinh xac & 16p nhan, con MAE do tryc ti€p mirc méo ma bd

udc lugng giy ra cho ban dd hiéu ning. Piém mdi ctia bai bio nam & chd khong suy ludn tat tir
Acc sang ban d6 hiéu nang, ma do truc tiép & 16p hiéu ning vo tuyén.

2.1. Thiét Igp mé phéng va div liéu

Céu hinh co so dugc thiét 1p v6i ban kinh khao sat 150 m, s diém do 80, sb 1an can 3, ludi
truy van 12 diém mdi chiéu, tin s6 mang 2,0 GHz, bang théng 10 MHz, cong suat phat 30 dBm,
do loi téng hop 5 dBi, hé¢ ) tap am 9 dB va 100 14n mé phong Monte Carlo. Ngudng nhiéu nén
tuong duong 1a -94,98 dBm, con khoang cach gay ciia mé hinh suy hao 1a 320 m. Méi truong vat
can duoc xay dyung tir bo dir lidu Building Footprints ctia Thanh phd Chicago [11]; day 1a ngudn
dir liéu hinh hoc cong trinh cong khai da dugc dung trong cac nghién ctru xur 1y va phan tich hinh
thai khong gian d6 thi [12]. Hinh 1 minh hoa mién khao sat, cac diém do thua va ving bong do
vat can tao ra, trong khi Bang 2 trinh bay cac tham s mé phong chinh.

Data and shadows

-150 -100 -50 o 50 100 150

Hinh 1. Ban do mé phong véi cac diém do thira va vimg béng do vit can tao ra

Bang 2. Cdu hinh mé phong

Tham s6 Gi tri
Ban kinh vung khao sat 150 m
S6 diém do 80
S 1an cén 3
S6 diém ludi mdi chiéu 12
Tén sb mang 2,0 GHz
Bang thong 10 MHz
Cong suit phat 30 dBm
Do loi tong hop 5 dBi
Hé sb tap &m 9dB
Nhiéu nén -94,98 dBm
Khoéng cach gay 320m

Moi truong vat can
S6 lan m6 phong Monte Carlo

Dit liéu Chicago Building Footprints [11]
100
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Trong md phong nay, tan s 2,0 GHz va bang thong 10 MHz dugc chon dé kiém tra chudi xtr
1y & mot cau hinh co so c6 thé tai tao. Mo hinh khong gia thiét trang thai truyén song da biét trén
toan mién; thay vao d6, nhan LOS/NLOS duoc wéc lugng tir mau do thua roi moi dugc nbi voi
mo6 hinh suy hao theo 3GPP [4]. Cach thlet 1ap nay 1am rd tic dong cia sai sd nhan 1én ban do
suy hao, ty sO tin hi¢u trén tap am va toc do. Trong pham vi bai bao, dir lidu footprint do thi tir
tap mau (Chicago Building Footprints) dugc dung nhu mot bg dit liéu hinh hoc cong khai dé bao
dam kha nang tai l1ap.

2.2. Méi trwong moé phéng va cdu hinh thuwe thi

Cac md phong duge thyc hién offline trén cing mdt moi truong tinh toan cho toan b cac cau
hinh so sanh. O mdi 1an chay Monte Carlo, h¢ thdng giir nguyén mién khao sat, tap vat can va cac
tham s kénh trong Bang 2, sau d6 14y mau thua, udc lwong ban dd trang thai truyén song va suy ra
cac ban dd hiéu ning theo ciing mot chudi xtr Iy. Do bai toan chi gom kiém tra giao cat hinh hoc,
tim lan can, suy ludn nhan va tinh céac biéu thuc suy hao, ty sb tin hiéu trén tap am va tdc do, chi phi
tinh toan chu yéu phu thudc vao sé diém do, do phan gidi ludi, sd vat can va sd lan 1ap Monte
Carlo. Bang 3 trinh bay méi truong mé phong va cau hinh thyc thi nham h tro téi tao két qua.

Bang 3. Méi trieong mé phong va cdu hinh thuec thi

Noi dung Gia tri

Hé di€u hanh Windows 11 64-bit

B0 xtr ly trung tam AMD Ryzen 5 5600H

B0 nhé trong 8 GB

Bo xtr Iy d6 hoa Khong st dung GPU

Ngon ngit m6 phong MATLAB R2024a

Thu vién chinh Built-in MATLAB; Statistics and Machine Learning Toolbox
Hat giéng ngiu nhién C6 dinh bang ham rng trong MATLAB

Thoi gian chay Khoang 4 gio cho 100 1an chay Monte Carlo

Tép dir liéu vat can Chicago.Downtown.BuildingStats.mat

Pé bao dam so sanh cong bang, cac bd wdc luong duge chay trén cung tap mau do trong ting
lan lap Monte Carlo; sy khac biét gitra cac phuong phap chi nam ¢ quy tic _suy luén nhén trang
thai truyén song. Cac két qua trung binh dugc tinh sau khi hoan tit toan bo s 1an lap, con do 1éch
chuén phan anh d6 dao dong do vi tri mau do thua va cAu tric che khuét cuc bd. Cach to chire
nay gitip tach riéng sai 1éch do méi trudng truyén song va sai léch do b udc luong. Thue té thoi
gian mo phong (4 gio) 1a thoi gian cua prototype MATLAB chua t6i wu hoa trén CPU, khong st
dung GPU; gia tri nay bao gém klem tra giao cat hinh hoc, tim 1an cén, suy luan nhén, tinh suy
hao SNR, va lap lai 100 lan thir ngau nhién Monte Carlo. Hat glong ngiu nhién dugc lay tir ham
rng (trong Matlab) dé céc tdp mau thwa va két qua trung binh c6 thé dugc téi lap trong cliing cau
hinh m6 phéng.

3. Két qua nghién ciru va thao luin
3.1. Kich ban thir nghiém

Kich ban thir nghiém duoc thiét 14p dé kiém tra bién bong che va sai 1éch cua ban d6 hiéu
nang duong xuéng. Trong Hinh 2, b udc lugng kNN dat d6 chinh xac 88,64%, trong khi bo udc
lugng cuc dai hau nghiém kKNMAP dat 95,45%. Chénh Iéch 6,81 diém ph?m tram chu yéu xuat
hién quanh bién bong che, tirc 1a nhitng vi tri ma quyét dinh sai lam lién két d6i nhanh suy hao.
Khi do truc tiép trén ban dd hiéu ning & Hinh 3, sai s6 tuyét déi trung binh cia suy hao dudng
truyén giam tir 1,83 dB xudng 0,63 dB, con sai sd tuyét doi trung binh cua toc do giam tir 6,08
Mbps xudng 2,10 Mbps. Quan sat nay cho thay thong tin tién nghiém hinh hoc ¢6 ich vi no giir
dung nhanh suy hao tai cdc diém nhay theo khong gian; do d6, danh gia & 16p dudng xudng la
can thiét thay vi chi suy luan tir 6 chinh xac phan loai. Cac gia tri tinh toan trén duoc trich xuét
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tir mot 1an chay mo phong minh hoa nham tryc quan hoa Hinh 2 va Hinh 3 va khéng dai dién cho
ket qua trung binh Monte Carlo.

150 150

100 100
50
-50

-50

-100 -100

-150 -150
-100 0 100 -100 0 100
Hinh 2. Ban do trang thdi truyén séng dw dodn: (a) bé wée heong kNN; (b) bé woe heong kNMAP

trong mét lan chay don

Téc do dw doan kNN Téc do d doan kNMAP
100 200
—_ m
[ .
je3 o)
0 =3 S
= 1508
© [&]
%) «O
3 2
-100 =
100
-100 0 100 -100 0 100
a) Ban d6 toc d6 du doan kNN b) Ban d6 toc do du doan KNMAP

Hinh 3. Ban do téc dé suy ra tir trang thai truyén séng dw dodn:
(a) kNN; (b) kKNMAP trong mét lan chay don

3.2. Két qud trung binh theo mé phong Monte Carlo

Khi 1ap 100 1an mé phong Monte Carlo, xu hudng trén van giit 6n dinh nhu thé hién trong
Hinh 4. B¢ chinh xac trung binh cua bo udc luong kNN la 85,85% voi do léch chuan 4,31 %,
trong khi KNMAP dat 89,41% voi d§ léch chuan 3,95%. So vo1 kNN, kNMAP glam sai 0
tuyét d6i trung binh cua ban dod suy hao duong truyén tir 2,60 dB xubng 1,81 dB va giam sai sb
tuyét ddi trung binh cua ban d6 toc do tir 8,64 Mbps xubng 6,02 Mbps. Mirc ting 3,56 diém
phan trim vé d chinh xac khong quéa 16n néu chi nhin & 16p nhéan, nhung né tao ra mirc giam
do duoc & 16p hiéu nang. Diéu nay cho thiy quy trinh 14p ban d6 can bam vao diéu kién truyén
song thuc té, nhat 1a tai cac ving d6i nhanh LOS/NLOS. Véi 100 1an chay déc 1ap, khoang tin
cdy 95% xap xi ciia d6 chinh xac trung binh 1a 85,85 + 0,84% dbi voi kNN va 89,41 £ 0,77%
dbi voi KNMAP. Cac khoang tin cdy nay dugc sir dung dé kiém ching muc cai thién & 16p
nhan c6 do 6n dinh théng ké.

O 16p vat 1y ciia mdi truong, thong ké theo nhan chuan trong Bang 4 cho thay khac biét rd
gilta ving nhin thang va ving khong nhin thing. Téc do trung binh ving LOS dat 183,27
Mbps, trong khi vung NLOS chi dat 106,78 Mbps, tuong irng murc sut giam khoang 41,7% (gia
tri téc do trén day dugc tinh theo cong thirc Shannon, khong phai thong lugng trién khai sau
khi xét diéu che ma hoa, 1ap lich, tin hiéu diéu khién va overhead giao thire). Pong thoi, suy
hao dudng truyén & ving NLOS cao hon ving LOS trung binh 22,62 dB. Két qua nay cho thiy
NLOS khéng phai 12 mot nhan hinh thtrc, ma 13 trang thai quyét dinh nhanh suy hao va do dé
quyét dinh ban d6 hiéu ning. Cac gia tri do nay chi ding dé so sanh tuong dbi giita hai dicu
Kién truyén séng trong cting m hinh.
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Monte Carlo Average Precision 9 L&l ludng xubng ti¥ cac nhan du bao kNN va kNMAP
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Hinh 4. Két qua trung binh theo 100 lan mé phong Monte Carlo: (a) do chinh xdc phdn logi trung binh;
(b) loi luong xuong tir dy bdo theo suy hao dwong truyén va toc do

3.3. Anh huéng ciia s6 diém do

D3 chinh xac (Accuracy) theo cac diém do
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Hinh 5. Anh hieong ciia s6 diém do dén chit lwong wéce luong: (a) dg chinh xac; (b) sai léch tuyét doi
trung binh ciia suy hao dwong truyén; (c) sai léch tuyét doi trung binh cua toc do
Thi nghiém trong Hinh 5 va Bang 5 danh gia anh huong cta sé diém do. Khi ting sé diém do
tar 10 1én 120, dd chinh xac cda ca hai phuong phap déu tang, nhung lgi ich bién giam dan sau
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khoang 80 diém. Cu thé, khoang cach gitta KNMAP va kNN giam tir 7,82 diém phan trim tai 10
diém do xudng con 1,64 diém phan trim tai 120 diém do. Xu hudng twong tu xuat hién & sai s6
tuyét d6i trung binh cua ban d6 suy hao dudng truyén va ban do toc do. Khi miu do con thua,
thong tin tién nghiém hinh hoc gitip khoi phuc tét hon céu tric che khuat & ving chua dugc quan
sat; khi tap do da du day, c4u tric 1an can ctia dir liéu da mang nhiéu thong tin hon nén loi ich b6
sung cua tién nghiém hinh hoc giam. Trong céu hinh hién tai, 80 diém do 12 mot mdc vén hanh
hop ly: dudi moc nay, tang diém do hodc dung tién nghiém déu tao ra loi ich r3; vugt mdc nay,
lot ich cén bién giam dan. Riéng hang tmg v6i 80 diém do trong Bang 5 di dugc dong bd vai cau
hinh co s& va két qua trung binh Monte Carlo trong Bang 4. Vi vy, cac gi tri tai hang nay phan
anh trung binh cta 100 lan chay.

Bang 4. Tém tdt két qua theo kich ban minh hoa, trung binh Monte Carlo va tham sé kénh

Chi tiéu Gia tri
A. Ket qua cua kich ban minh hoa mét lan chay
Do chinh xac k-NN ¢ kich ban minh hoa mot 1an chay 88,64%
D6 chinh xdc KNMAP & kich ban minh hoa mét 1an chay 95,45%
Sai s tuyét dbi trung binh ctia ban d6 suy hao & kich ban minh hoa, k-NN 1,83dB
Sai s tuyét d6i trung binh ctia ban do suy hao & kich ban minh hoa, KNMAP 0,63 dB
Sai s tuyét d6i trung binh ctia ban do téc d6 & kich ban minh hoa, k-NN 6,08 Mbps

Sai s6 tuyét dbi trung binh clia ban dd téc do & kich ban minh hoa, KNMAP 2,10 Mbps
B. Keét qua trung binh theo 100 lan mé phong Monte Carlo

Do chinh x4c k-NN trung binh Monte Carlo 85,85+ 4,31%

Do chinh xac KNMAP trung binh Monte Carlo 89,41 +3,95%

Sai s tuyét d6i trung binh cta ban d6 suy hao, k-NN 2,60 dB

Sai s tuyét d6i trung binh cta ban dd suy hao, KNMAP 1,81dB

Sai s tuyét dbi trung binh cta ban d6 tdc do, k-NN 8,64 Mbps

C. Tham s6 kénh theo nhan chudn LOS/NLOS

Téc do trung binh ving LOS 183,27 Mbps

Tbc @6 trung binh ving NLOS 106,78 Mbps

Sut giam tc d6 ving NLOS so v6i LOS 41,7%

Suy hao duong truyén NLOS cao hon LOS 22,62 dB

Bang 5. Két qua theo s6 diém do
S§ Chénh  MAE suy MAE MAE toc MAE tc d¢
diém k(OD(I,)N k'\zc'}/’("fp 1éch hao k-NN suy hao dd k-NN kNMAP

do (diem %) (dB) KNMAP (dB) (Mbps) (Mbps)
10 67,45 75,27 7,82 6,07 4,62 20,17 15,35
20 74,68 81,31 6,63 4,68 3,44 15,54 11,41
40 80,82 85,94 5,12 3,54 2,57 11,75 8,54
80 85,85 89,41 3,56 2,60 1,81 8,64 6,02
120 89,30 90,94 1,64 1,97 1,52 6,54 5,06

Céc két qua mo phong cho thiy rd hai dlem k¥ thuat. Tht nhét, trong bai toan phu séng cuc
bd ngoai troi, cai thién ¢ 16p trang thai truyen song chi ¢6 y nghia van hanh khi n6 lam ban d6
suy hao dudng truyén va ban d6 toc d¢ bam tét hon theo khong gian. Thir hai, loi ich ctia thong
tin tién nghiém hinh hoc manh nhét khi sé diém do con thua; khi s6 diém do tang du cao, bai
toan chuyén dan tir thiéu thong tin hinh hoc sang lgi ich can bién thip cua chi phi do b sung.
Vi véy, sai s6 ctia bai toan l1ap ban d6 hiéu ning vo tuyén cuc bd tir mau do thwa can duge danh
gia ¢ ca 16p nhan va 16p hiéu ndng. Cac mo6 hinh Random Forest, SVM hoac mo hinh hoc séu
s& 12 bai todn m& véi céc thiét ké dic trung, chia tap huén 1uyén/kiém tra va luu két qua trong
phat trién tiép theo.
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4. Két luan

Bai bao dé xay duyng mét khung 1ap ban d6 hi¢u nang vo tuyén cuc bo trong méi truong do thi
c6 vét can tir mau do thua. Khung nay | két nbi truc tiép nhin LOS/N LOS v6i m6 hinh kénh chuan
hoa dé tao ban d6 suy hao duong truyén, ty s6 tin hidu trén tap am va toc do. Két qua mo phong
cho thiy KNMAP giir loi thé so vi KNN & ca 16p phén loai va 16p hiéu ning: d6 chinh xac trung
binh ting tir 85,85% 1én 89,41%, trong khi sai s6 ban d6 toc d¢ giam tir 8,64 Mbps xudng 6,02
Mbps. Két qua quan trong hon 13 gia tri ctia bo wdc luong khong nén két luan tir 6 chinh xéc
nhan don thuan, ma phai dugc xét theo mirc méo ma nd gay ra cho ban dd hiéu ning vo tuyén.
biéu nay phu hgp véi cac tac vu quy hoach phu sé6ng quanh mot tram géc, thiét ké chién dich do
thua va danh gia nhanh ving bong che trong méi truong d6 thi. Hudng nghién ciru tiép theo 1a
mé rong sang dai tin cao hon, md hinh vat can giau hon va 16p hiéu ning c6 xét giao thoa da té
bao. Trong cac budc tiép theo, khung danh gid nay can duoc kiém chimg thém trén dir liéu
footprint d6 thi Viét Nam, cac cAu hinh bang théng/tﬁn sb sat hon véi trién khai thuc té va cac bd
wdc lwong hoc may nhu Random Forest hodc SVM dé tach riéng loi ich ctia du bao hinh hoc khoi
lgi ich ctia m6 hinh phén loai manh hon.
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