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Nghién ciru, thiét ke hé thong giam sat thoi gian thye xe ning hang
trong nha mdy sir dung cong nghé bang thong siéu rong
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Tom tat:

H¢é thong dinh vi thoi gian thuc (real-time locating system - RTLS) dwoc ing dung rong rii trong cic nha may gitup
xac dinh, theo d6i va giam sat thoi gian thwe vi tri khong gian ciia cic thuwe thé dwoc gin thé bén trong nha may.
Bing cach cung cép dir liéu thoi gian thwe, RTLS ning cao quy trinh ra quyét dinh, cho phép phén ing nhanh hon
v6i cac diéu kién thay ddi va cai thién an toan trong mai trwdmg san xuit. Bai bao trinh bay vé nghién ctru va thiét ké
hé théng quan 1y, theo déi thoi gian thye cac phwong tién di chuyén tai kho hang trong nha may sir dung cong nghé
bang thong siéu réng ultra-w1deband (UWB) d9 chinh xac cao. Trong nghién ciru nay, he phﬁn clirng va phén mém
dwgc nhom nghién ciru tién hanh thiét ke va xay dung. Hé thong phan cu’ng dinh vi bao gom cac b xi ly trung tam
(anchor) va cac thé (tag) dinh vi duge gan trén vat can giam sat. Phian mém quan ly glam sat dugc xay dung trén nén
tang web c6 chirc ning giam sat thoi gian thye vat thé di chuyen, hién thi lich s, tan suit di chuyen va canh bao khi
thiét bi di vao ving cam. Két qua thir nghiém cho thay, hé thong hoat dong on dinh véi dién tich viing thir nghiém
12 400 m? (v6i 4 anchor) va 1.200 m? (véi 8 anchor), sai s6 vi tri nhé hon 50 cm.

Tir khéa: bing thong siéu rong, hé thong dinh vi thoi gian thue, xe ning hang.
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Abstract:

Real-time locating system (RTLS) is widely used in factories to identify, track, and monitor the real-time spatial
location of tagged entities within the factory premises. By providing real-time data, RTLS enhances decision-
making processes, enabling faster responses to changing conditions and improving safety within the manufacturing
environment. This article presents the research and design of an advanced system for managing and monitoring the
real-time movement of vehicles within a factory’s warehouse using ultra-wideband (UWB) technology, known for its
high precision in positioning applications. In this study, the authors designed and built both hardware and software
components. The hardware system comprises central processing units (acting as anchors) and positioning tags
attached to the monitored items. The management software, built on a web platform, includes functions to monitor
the real-time movement of objects, display history, track movement frequency, and issue alerts when devices enter
restricted areas. Test results show that the system operates stably in a test area of 400 m* (with 4 anchors) and 1,200
m? (with 8 anchors), with a position error of less than 50 cm.

Keywords: forklift, real-time locating system, ultra-wideband.
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1. Dt van de

Ngay nay, viéc ung dung cong nghé vao quan ly tap trung
va s6 hoa nha may cong nghiép da va dang giup ning cao ning
suat vuot trdi voi cac don vi ap dung. Trong do, giai phap cong
nghé dinh vi thoi gian thuc RTLS (real-time locating system)
duogc ung dung rong rai vi nhitng hiéu qua mang lai nhu: cép
nhat thong tin mot cach truc tiép va nhét quén, nang cao cong
tac quan 1y nha may, ddc biét & cac khau san xuat va luu kho bai
nho viéc theo doi thoi gian thue céc d6i tuong trong mt pham
vi nhét dinh, tir d6 c6 dwoc théng tin chinh x4c vé vi tri va tinh
trang ctia di tuong can theo ddi, phat hién ra cic diém nghén
trong quy trinh san xuat dé kip thoi céi tién. Theo thong ké, chi
phi bdc d& hang hoa trong kho 16n danh cho xe nang chiém dén
hon 55% tong chi phi van hanh ciia toan bo nha kho [1, 2]. Dac
bi¢t trong nhirng nha kho c& vira va 16n (di¢n tich trén 3000
m?), ngoai viéc theo ddi va quan 1y dugc sb luong nhap va xuat
kho, viéc tim kiém chinh xéc vi tri hang hoa can bdc dd, tranh
sai st trong qua trinh xuét nhap ciing dugc quan tim dic biét.

Trong viéc quan ly kho hang tai nha may hién nay, cong
nghé RTLS dugc dung dé quan ly vao/ra, di chuyén cua mot
d6i tuong (vi du nhu xe nang, xe ty hanh, nguoi lao dong) trong
mot khong gian xac dinh. Cac thong tin dugc dinh danh véi
dbi tuong d6 khi dugc phat hién vao vung hoat dong cua thiét
bi RTLS s& dugc cap nhat 1én hé thdng quan 1y tap trung. Viéc
giam sat di twong di chuyén trong kho hang ctia nha méay (nhu
xe nang, xe tw hanh...) 1a vin d& quan trong gitip nang cao hiéu
qua giam sat, giam tiéu hao va ning cao hiéu suat lao dong [1].

Hién nay, mét $6 cong ngh¢ xac dinh vi tri chinh xac trong
nha da dugc ap dyng, nhu cong nghé dinh vi dua vao cuong do
song (received signal strength indicator - RSSI) bang cach ting
dung song Wi-Fi, song Bluetooth,... Phuong phap nay sir dung
hé thong dinh vi dya trén Wi-Fi xéc dinh vi tri cua cc thiét b
c6 Wi-Fi dugc kich hoat (vi du: dién thoai thong minh, may
tinh bang) va thé Wi-Fi. D chinh xac khi st dung cong nghé
RSSI dé dinh vi chi dat + 3-5 m trong diéu kién Iy tuong trong
nha [3]. B¢ chinh xac dinh vi cé thé dat dugc phu thudc vao
cac diéu kién nhu phan xa trong hanh lang va sy che chin cta
tin hiéu tir cac birc twong hodc co thé cua chinh ngudi dung.
Do d6, cong nghé nay khong phi hop dé ap dung tao ra mot h¢
RTLS doi hoi d6 chinh xéc cao va chéng nhiéu tot. Bén canh
cac phuong phap di néu, hé thong dinh vi trong nha cricket
ciing dugc nhiéu nhém quan tim nghién ctru [4-6]. Cricket
12 mot dich vu hd tro dinh vi két hop gitra song RF va song
siéu 4m. Hé thong cricket do khoang cach giita thiét bi phat
tin hiéu khong ddy, ¢ dinh (beacon) va thiét bi nhan tin hiéu
(listener) dya trén ky thuat do thoi gian chénh 1éch cua tin hi¢u
dén (TDOA - time difference of arrival) giita tin hidu radio
(RF) va tin hiéu siéu am va tinh toan toa do cta ddi tugng. Voi
phuong phap nay, hé théng nay c¢6 thé dat dugc do chinh xac
dinh vi nho hon 10 cm. Tuy nhién, hé théng cricket c6 han ché
hon vé kha ning mo rong hé thong so v6i cong nghé dinh vi
st dung UWB.
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Viéc tng dung UWB trong dinh vi, gidm sat xe nang hang
hodc xe ty hanh (AGV - automated guided vehicle) trong nha
may c6 nhiéu vu diém nhu: tde do truyén dan cao, tiéu thu
nang luong thip va kha ning mién nhiém da duong cao [7].
Nhiéu nghién ctru da chi ra viéc ing dyng cong ngh¢ dinh vi
UWRB trong gidm sat xe nang, AGV c6 thé gitip giam sat thoi
gian thyuc thiét bi va gitip dam bao an toan trong nha may san
xuat [2, 8]. Trong nghién ctru nay, nhom nghién ctru tap trung
vao thiét ké, ché tao hé thong bao gdbm phan mém va phan
ctmg thiét b dinh vi st dung cong nghé bing thong rong UWB
va phuong phap dinh vi TWR (two way ranging). Hé thong
duoc tién hanh thir nghiém va danh gia do 6n dinh, d¢ chinh
xac trong diéu kién moi truong khong co vét can va trong moi
truong nha may.

2. Dol tuong va phuong phap nghién ciiu
2.1. Phwong phap dinh vi TWR

Trong cic phuong phap dinh vi hién nay, c6 bén phuong
phép thudng dugc st dung la PDOA (phase difference of
arrival), TDOA (time difference of arrival), TWR (two way
ranging) va RSS (received signal strength). Trong do, phuong
phap PDoA va TDoA cho ra vi tri chinh xac va 6n dinh hon
phuong phap TWR. Tuy nhién, dé thyc hién hai phuong phap
trén can c6 phan cing t6t hon va dam bao dong bo chinh xac
thoi gian ¢ cac thiét bi. Bén canh dé, viéc tinh toan va xu ly s€
phuc tap hon. Vi vay, trong nghién ctru ndy, nhom nghién ctru
lya chon phuong phap dinh vi TWR va st dung b loc Kalman
dé xur ly dir liéu.

Phuong phap TWR sir dung thoi gian truyén séng ciia mot
tin hiéu giira hai thiét bi thé (tag) va thiét bi mé neo (anchor),
nguyén 1y hoat dong dugc thé hién & hinh 1. Qua trinh giao tiép
duoc chia ra 1am hai phé‘m: (1) Tag thuc hién giri mdt ban tin
truy van (poll) dén mot hodc nhiéu anchor; (2) Anchor sau khi
nhén dugc ban tin poll s& phan héi lai ban tin (ban tin resp) cho
tag. C4c mdc thoi gian khi bat dau truyén va nhan cc ban tin s&
duoc luu lai dé tinh duoc thoi gian bay cua ban tin, sau d6 nhan
voi the d6 cuia 4nh sang dé thu dugc khoang cach gitra hai thiét
bi: d = ToF X c. Trong do, d 1a khoang cach; ToF 1a thoi gian
truyén dit liéu tin hiéu tir tag dén anchor; ¢ 1a toc d¢ anh sang.
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Resp
Time of Flight (ToF) =
T — T

- Poll round reply
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round Trcnlr
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: Resp (T,

Hinh 1. Minh hoa hoat déng ctiia TWR [9].
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Phuong phap nay chi yéu cau cac thiét bi xéc dinh dugc thoi
gian truyén nhan tin hiéu chinh xéc, khong yéu cau céc thiét bi can
dong b6 thoi gian voi nhau. Khi biét duoc it nhat ba khoang cach
to1 ba anchor khac nhau, tag ¢ thé tinh duoc toa do ctia nd béng
phuong phép trilateration (hinh 2).

Actual User
position

2

&

Hinh 2. Phwong phap trilateration.

Trong truong hop 1y tudng, khoang cach do dugc chinh xac
giao diém cta ba duong tron chinh 14 vi tri can tim. Con trong
truong hop c6 sai sd, ba duong tron s& khong cit nhau tai cing ma
diém ma ct nhau ting doi1 mot. Luc nay, vi tri cla vat nam trong
ving giao nhau giita ba dwong tron. Pé chon dugc toa do trong
ving nay ta s& tién hanh bién d6i hé phuong trinh dudng tron sang
hé phuong trinh duong thang (hinh 3). Két qua ciia hé phuong
trinh sé 14 toa do can tinh.

—

Hinh 3. Minh hoa tinh toan cuia phwong phap trilateration.

Gia sir vi tri ciia ba mdc dat cung dg cao co toa do 151} luot la
ALY, zo) A(X, ¥, 7)), AJ(X,, V3, 7). Khoang cach tir doi tuong
den ba mdc lan luot la r,, 1, 1. T d6 thu dugc h¢ phuong trinh:

(x—x)?+ =y + (z2-2)* =1
(=) + (V=) + (z—2)* =713
(=232 + (Y —y3)*+ (z2—20)* =715

Khai trién hé phuong trinh (1) ta thu dugc phuong trinh dudng

thing i giao diém ctia cac duong tron:

{Zx(xl —x3) +2y(y1 —
2x(xy — x3) + 2y(y1 —

M

vi +yi
i+t

_ 2_ .24 .2
Vo) =15 —rf —xf +xf -

22 .24 .2
y3) =715 —1f —x5+x{ —

)

Giai hé phuong trinh (2) bang phuong phap Cramer ta dugc
phuong trinh (3):
{Ax +By=C

3
Dx+Ey=F ©)
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Nhu vay toa d6 ciia dbi tuong la:
CE — FB

“EA-BD
CD — AF

Y= BD—AE

)

2.2. Phwong phdp da truy cdp nguwoi dung (time division
multiple access - TDMA)

Hé théng dugc thiét ké voi nhidu tag va anchor truyén nhan dix
liéu bang phuong phap TWR. Do d6, tai mdi thoi diém, mdi tag s&
chu dong gui cac goi tin request dén anchor cu thé, thu thap céc
tin hiéu phan hoi vé tir cac anchor d6 va giri dén hé thong server
& tinh toan vi tri. Do céc tag va anchor cung hoat djng trén mot
dai tan s6 giong nhau, nén dé hoat dong dong thoi, tranh xung
dot duong truyén din dén 161 goi tin, gay nhidu va giam do chinh
xéc, nhom nghién ctru da tién hanh giai quyét vin dé trén bang
cach st dung phuong phap TDMA. TDMA st dung trong thiét ké
nay nhdm chia sé tai nguyén thoi gian trén cing mot kénh truyén,
diéu phdi hoat dong ciia timg thiét bi theo timg khoang thoi gian
quy dinh. Tir d6, tai mdi thoi diém chi co mot thiét bi dugc phép
truyén/nhfm dir ligu. Giﬁp khic phuc hoan toan vén dé xung dot
duong truyen gitp h¢ thong ¢6 thé mo rong kha nang hoat dong
dong thoi nhidu thiét bi.

Phuong phép ny quy dinh tit ca cac thiét bj trong mang phai
hoat dong theo mot khung truyén chinh (superframe - SF) duogc
giit nhip boi mot thiét bj anchor chinh (hinh 4). Cac khung SF nay
dugc chia thanh céc khe thoi gian nho (slot) va mdi slot duoc quy
dinh chitc nang, do dai cu thé va dugc cac thiét b dang ky. Céc
thiét b sau khi d& dang ky slot méi dugc phép truyén/nhan goi tin
trong mang. Trong do, khoang thoi gian cac anchor dugc phép
truyén/nhan céc gbi tin dé dong bo thoi gian véi anchor chinh
dugc goi la beacon slot (BCN slot), khoang thoi gian cac tag duge
phép truyén/nhdn cac goi tin TWR véi cac anchor duge goi 1a
TWR slot.

109 ms
ey * . Esous .
' —
POLL RESPD RESP1 RESPZ RESP3 Loc

. ; »

4.7 ms . H

T EB0us -

Beacon TWR Poll Response gc  ocation
shot slot POEL slot slot slot

Hinh 4. C4u tric khung truyén chinh ctia hé thong.

Trong thiét ké nay, cac khung SF dugc gitt mot do dai ¢b dinh,
can c theo tan sd cap nhat cua hé thong, thong thudng 1a 100 ms
voi tan s6 cap nhat 13 10 Hz. Gia sir 46 dai thoi gian t6i thiéu cua 1
BCN slot va TWR slot lan luot 1 Ty (ms) vaT, . (ms), s0 luong
tag va anchor lan luot la N, VaN . tacod thé tinh duoc tan so

(F) cap nhat cia hé thong theo phuong ‘trinh:
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F 1000
Nanchor X Tgen + Nrag X Trwr ©)
2.3. Bj loc Kalman
OUTPUTS INPUTS
TRANG THAI DU BOAN
HIEP PHUONG SAI 56 DU BOAN KH{l TAD THAM S8
KALMAN FILTER !
INPUTS N E
CAP NHAT

DY BOAN —‘

Thong thuong, dit liéu tinh todn vi tri cua tag khong 6n dinh
do anh huodng cua nhiu va vat can. Do d6, bd loc Kalman don
gian dugc st dung dé xur ly lai toa d9 cua tag, nhdm nang cao do
chinh x4c va 6n dinh cta két qua do. Cu trac ctia b loc Kalman
don gidn dugc mo ta trong hinh 5.

—-——
CAC THAM 58 80 BUTC |

Hinh 5. So dd khéi ctia bd loc Kalman [10].

CHU Ki LAY MAU
] neny) [*

Nguyén 1y hoat dong cuia bo loc Kalman don gian [10] duogc
thé hién thong qua ba qua trinh chinh. Qua trinh khdi tao bo loc
duoc thiét lap mot lan duy nhét khi bt dau sir dung, vai viée
thiét lap cac gia tri ban dau cho céac bién trang thai va ma tran
hi¢p phuong sai. Tiép theo, trong giai doan du doan, bd loc dua
trén trang thi hién tai va m6 hinh chuyén dong dé du doén trang
thai tiép theo, ddng thoi cap nhat ma tran hiép phuong phuong
sai dya trén thong tin hién tai va cta qua trinh chuyén doi. Cu01
cung, trong qua trinh cdp nhat, bd loc tich hop dir liéu do thuc té
v6i cac du doan trude do dé cai thién woc luong trang thai. D loi
Kalman dugc tinh toan, st dung dé didu chinh wéc luong trang
thai va cap nhat ma tran hiép phuong sai nhdm tang d¢ chinh xac
va on dinh cta két qua do luong.

Trong thiét ké nay, bg loc Kalman dugc st dung nhdm 6n dinh
gia tri tinh toan vi tri cua tag thong qua phép tinh trilateration cta
phuong phap TWR. Cac tinh toan vi tri bang trilateration va bo
loc Kalman don gian dugc chay trén Server cta hé théng.

2.4. Thiét ké hé thong

Mo hinh hoat dong cua hé théng (hinh 6) gom hé thiét bi
phan cting (bao gdom anchor va tag) va phan mém quan ly giam
sat. Trong do, tag duogc gin trén doi tuong hodc ngudi can duge
theo ddi vi tri. Thiét bi dinh vi giao tlep véi anchor va tinh toan vi
tri cua chung dua trén thoi gian truyén nhan dit liéu cua tin hiéu.
anchor 1a cac thiét bi cd dinh trong khong gian, dugc dat ¢ vi tri
da biét trude va duoc sir dung giao tiép voi tag xung quanh. Céc
anchor duoc dit sao cho ving phu song UWB chong lan, du dé
¢6 thé x4c dinh vi tri cua thiét bi dinh vi va han ché anh huéng
clia vat can nhét co thé. Dir liéu tir cac tag va anchor dugc gui
dén hé thng xr 1y va phan tich dé tinh toan vi trf thoi gian thyc.
Két qua ¢6 thé dugc hién thi trén giao dién ngudi ding, ban do
hoic tich hop véi cac hé thong khac.
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Hinh 6. M6 hinh hoat déng hé théng str dung cong nghg UWB.

Hinh 7 thé hién so d6 khdi ciia thiét bi anchor. Trong thiét
ké nay, m6 dun DWMI1000 st dung chip DW1000 cua Qorvo
duoc lya chon dé st dung cho viéc tmyén nhan tin hiéu UWB.
DWM1000 ho trg hai phuong phap dinh vi 1a TWR va TDOA
cho d9 chinh xéc 1én dén 10 cm. Module h trg 4 kénh truyén tir
3.5 GHz dén 6.5 GHz va giao tiép v6i khi xtr 1y trung tAm qua
giao thire SPI. Vi xur ly STM32F407VET6 dugc lya chon st dung
dé phuc vu tinh toan, xir ly dit liéu tir module DWM1000 tra vé.
Bén canh d6, thiét bi anchor ¢ sir dung dong thoi két ndi Wifi va
Ethernet cho viéc truyén nhan dit liéu 1én Server. Nguon dién cung
cap cho thiét b 1a nguén mot chiéu 12 V.

/

()

|
b.(E‘E

O -

(wown |5 @

KHOI
QJCHOR A

Hinh 7. So’ d6 khéi thiét bi anchor.

!

Hinh 8 thé hién so do khdi cua thiét bi tag. Trong thiét ké
nay, khéi UWB sir dung module DWM1000, vi xir 1y trung tim
STM32F407VET6 duoc lwa chon 14 khéi xu ly trung tam (MCU)
cho thiét bi tag. Thiét bi tag sir dung ngudn pin ¢6 chirc ning sac
xa tich hop trén mach.
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Hinh 8. So’ db khéi thiét bj tag.

TAG

Trong hé thong nay, phan mém quan 1y va giam sat dugc thiét
ké trén nén ting WEB APP va sir dung giao thitc message queuing
telemetry transport (MQTT) lam giao thiic truyén nhan dir li¢u tir
anchor vé server. Phan mém c6 cac chirc nang hién thi ban d6 nha
may, vi tri lép dat cua cac anchor; hién thi vi tri thoi gian thyc céac
tag; hién thi lich sir quang duong di chuyén cta tag trén ban do.

< Lo -
3. Ket qua va ban luan

Hinh 9 va 10 thé hién ban v& mach in, ban v& thiét ké 3D
va thiét bi anchor, tag dugc nhom thiét ké va ché tao. Hinh
11 thé hién giao dién phan mém theo doi, giam sat va quan
1y tai trung tam.

(A) (B)

RTLS
ANCHOR

(A) (B) ©

Hinh 10. Hinh anh mach in (A), thiét ké 3D (B), thiét bi tag (C).

&EOH%H%%E 66(10DB) 10.2024

s Khoa hoc Ty nhién | Khoa hoc may tinh v& thang ti; Khoa hoc Ky thudt va Cong nghé | Ky thuét dién, ky thut dién t, kj thuét thang tin; K§ thudt oo khi ché tao mdy

= imet %, Project > Dy &n IMET Binh vi chinh xdc > ACIT = IMET Imet
@ Dashboard
Account Management ¥ 0 0
Customer
@ Devices g C |T
Device settings L Ko
hang
[ togs 4 Q Q
8 6is
K8
hang
Q Q
K
Ké hang

nang

[C]
(€]
e . O

Hinh 11. Giao dién phan mém theo dbi, giam sat va quan ly.

3.1. Thir nghi¢m 1: Thir nghiém danh gid sai sé ciia thiét bi
tag ¢ trang thdi tinh, trong moi truong khong vit cin

Trong thu nghiém nay, nhom tién hanh la“ip dat 4 anchor tai 4
g6c cta hinh vuong co kich thude 20x20 m, cadch mét dat 1,5 m.
Céc thiét bi tag sau do duoc di chuyén dén cac diém do tinh theo
cac duong hinh vudng kich thude 19x19 m, dong tim voi hinh
vudng dit 4 anchor, mdi diém cach nhau 3 m. Thuc hién tién hanh
do 05 1an cho cac diém do va ghi nhan két qua tra vé tir phan mém.
Hinh 12 v 13 thé hién két qué tra vé giira gia trj do duoc va gia
tri thue. Két qua thu nghiém cho théy, sai sb 16n nhét cua vi tri do
thiét bi tra vé v6i vi tri thuc té khong vuot qua 20 cm.
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Hinh 12. Két qua hinh vé thé hién twong quan giira gia tri vi tri tag tra vé
(ch&m mau dé) va vi tri thwe té (chAm mau xanh).
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Hinh 13. D4 thi danh gia sai s6 vi tri gitra thiét bi tra vé va vi tri thwc té.

3.2. Thir nghi¢m 2: Thir nghiém danh gia sai s6 ciia thiét bi
tag ¢ trang thdi di chuyén, trong moi truong khong vit cdin

Trong thir nghiém nay, nhom tién hanh danh gia sai s6 cua
thiét bj khi di chuyén. Tién hanh lip dit 4 anchor tai 4 goc cia
hinh vudng c6 kich thudc 20x20 m va cich mit dat 1,5 m. Thiét b
tag dugc di chuyén theo duong ké sin 1a cac canh hinh vuéng kich
thude 19x19 m, df‘mg tam voi hinh vudng dat 4 anchor. Gid tri thoi
gian thuc dit liéu tra vé dugc nhom ghi nhan va tién hanh danh gia
sai s6 ctia h¢ thong.

Hinh 14 va 15 thé hién két qua va sai s giita thiét bi tra vé va
gia tri tham chiéu. K&t qua cho thdy, khi tag di chuyén theo duong
tham chiéu cb dinh, thiét bi tra vé c6 sai sb khong qua 25 cm.
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Hinh 14. Két qua hinh vé thé hién twong quan giiva gia tri tra vé tir thiét bj
tag (dweng mau xanh) va dwong tham chiéu (dwéng mau do).
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Hinh 15. Sai sé vi tri khi thiét bi tag di chuyén.
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3.3. Thir nghiém 3: Tién hanh thiv nghiém danh gia hoat
dong hé thong trong moi truong nha kho

Nhém nghién ctru tién hanh thir nghiém hé thong tai nha
kho T3, Cong ty Co phan Ky thuat Cong nghiép A Chau
(AICT) tai L6 CN1-11B-3, khu CNC1, Khu Céng nghé cao
Hoa Lac, huyén Thach Thét, TP Ha N¢i. Vi tri lap dt 8 anchor
duoc lfip dat nhu trén hinh 16. Cac anchor dugc dat cach nhau
1an luot 20 m, pham vi dinh vi 1a 20x60 m. Chiéu cao anchor la
5 m. Thiét bj tag dugc gan trén cot cao 1,5 m va di chuyén theo
duong bién dd dinh sin trén san. P6i voi thir nghiém xe nang
hang, thiét bi tag dugc gin trén ndc xe nang hang va di chuyén
trong nha may véi téc do nho hon 5 km/h. Két qua vi tri dugc
thé hién trén phﬁn mém quan ly.
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Hinh 16. Ban d6 mat bang nha kho T3.

Nhan xét: két qua thir nghiém khi di chuyén tag theo dudng
tham chiéu mau cam (hinh 17) va dd thi sai s gitra thiét bj tra
vé v6i duong tham chiéu (hinh 18) cho thay trong méi truong
nha xuéng, ¢ vat can va khong gian rong thi sai s6 vi tri 1on
nhat dat 45 cm. Khi tién hanh ldp dat 1én xe nang di chuyén
v6i tbe do nho hon 5 km/h, theo ddi trén phﬁn mém, hé théng
hoat dong 6n dinh (hinh 19). Trong mot s6 trudng hop, voi cac
ké hang cao trén 1,5 m, che chan tm nhin gitra tag va anchor
thi két qua tra vé vi trf chdm va ¢6 sai 1éch nhiéu so véi vi tri
thue té.
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Hinh 17. Hinh anh twong quan giiva két qua dinh vi tra vé (dwong mau
xanh) v&i dwong thie nghiém tham chiéu (mau cam).
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Hinh 18. Sai s6 giira gia tri thiét bi tra vé so véi dwong thir nghiém tham
chiéu.
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Hinh 19. Lap dat vi tri tag I&n xe nang va theo déi di chuyén trén phan
mém.
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4. Két luan

Bai bao trinh bay vé nghién ciru, thiét ké hé thong dinh vi thoi
gian thyc cho xe nang hang st dung cong ngh¢ dinh vi UWB.
Hé thong duoc thir nghiém trong modi truong khong ¢6 vt can
va trong moi truong nha may cho két qua hé théng hoat dong on
dinh, dién tich bao phi dat dén 400 m? (vi 4 anchor) va 1.200 m?
(vi 8 anchor). Sai s6 i tri thir nghiém nho hon 50 cm. Két qua
thir nghiém cho thay, hé thong hoan toan dap img dé tmg dung vao
quan Iy xe nang trong nha méy, giup hd tro tot hon cong tic quan
1y, van hanh xe nang. Trong thoi gian t6i, nhém nghién ciru s& tiép
tuc phét trién céc thuat toan xir Iy trong truong hop ¢ vt can va
nghién ciiu sir dung phuong phap dinh vi TDOA dé nang cao do
chinh xac, kéo dai thoi gian hoat dong cho thiét bi tag.

Nghién ctru nay duoc tai trg bdi deé tai cép B6 Khoa hoc va
Cong nghé¢: “Nghién ctu, img dung cong nghé¢ bang thong siéu
rong (ultra-wideband - UWB) d9 chinh xac cao trong quéan ly
theo doi giam sat thoi gian thuc cac phuong tién di chuyén tai kho
hang trong nha may” theo Hop ddng sb 12/2023/HP-DTCB ngay
20/02/2023. Cac tac gia xin trdn trong cam on.
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