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Tom tit:

Viée xac dinh dwge vi tri chinh xac cia phuong tlen, mady moéc ngoai troi la diéu quan trong hang dau trong cic lmg dung quan
ly, theo d6i, phan tich va diéu khién. Tuy nhién, hau hét cac thlet bi giam sat hanh trinh phwong tién hién nay 6 sai so ¢& tir vai m
toi vai chuc m, khong di dap (ng cho nhirng ing dung yéu cu d9 chinh xac cao. Bai bdo trinh bay vé thiét ké mot thiét bi giam
sat may méc ngoai trdi cé tich hop cong nghé dinh vi chinh xac kiéu dong hoc thoi gian thue real-time kinematic (RTK). Thiét bi
sir dung md dun Zed F9P ciia U-Blox 1am 1i thye hién chirc ning dinh vi chinh xac. Nho tich hop cong nghé dinh vi RTK, thiét
bi c6 thé giam sat vi tri ciia may méc & ngoai troi véi do chinh xac téi mire cm.

Tir khoa: dinh vij chinh xdc, giam sat may maéc ngoai troi, GNSS, NTRIP, RTK.

Chi sé phin logi: 2.2
Pat van de

Vigc giam sat hoat dong cua cac phuong tién, may moc ngoai
troi 1 vin dé quan trong gitip nang cao hiéu qua van hanh, dong
thoi cung cdp céc thong tin hitu ich gitp nha quan ly phéan tich
va ra quyét dinh. Tai Viét Nam, xe 0 t0 kinh doanh van tai hanh
khach, xe ¢ t6 kinh doanh vén tai hang hoa bing cong-ten-no, xe
dAu kéo kéo ro mode, so mi ro modc hoat dong kinh doanh van tai
va xe 6 to kinh doanh van tai hang hoa phai gin thiét bi giam sat
hanh trinh [1]. Tuy nhién, hau hét cac thiét bi gidm sat hanh trinh
trén thi thuong chi c6 d9 chinh xac tir vai m t6i vai chuc m. Trong
nhing (g dung phén tich va diéu khién, do chinh xc vi tri yéu
cau can dat toi mirc cm [2].

C6 2 phwong phap phd bién dé dat dugc do chinh xé4c dinh vi
t6i mirc cm 1a dinh vi diém chinh xac (Precise point positioning
- PPP) va RTK [3]. PPP la dich vu dinh vi chinh xdc toan cau sir
dung tat ca cdc chom sao GNSS ¢6 sin. PPP yéu cau sy sin cd ciia
quy dao vé tinh tham chiéu chinh x4c va céc san pham dong hd sir
dung mang ludi cac tram tham chiéu GNSS dugc phan phéi trén
toan thé gidi (IGS) [4]. Két hop cac vi tri v¢ tinh va déng h6 chinh
xéc voi mdy thu GNSS tan s6 kep, PPP c6 thé cung cap cac glal
phép vi tri cap d6 cm [4]. Hiéu suat do chinh xac tham chi ¢6 thé
tot hon, vi du: cdp do dudi cm, trong xur 1y hiu ky va & ché d¢ tinh
[4]. Nhugc diém ctia PPP 1a thoi gian hoi tu twong ddi dai, khoang
thoi gian dé dat dugc do chinh xac cip dm thuong 1én dén 30 phut
[5]. RTK 1a mot k¥ thuat GNSS vi sai cung cap hiéu suat dinh vi
cao trong ving lan can ctia mot tram tham chiéu gdc (tram base)
[6]. K¥ thuat ndy dya trén viéc st dung cac phep do song mang va
viéc truyén céc higu chinh tir tram tham chiéu g0c, c6 vi trida dugce
biét 10, 161 b0 thiét bi di dong (rover), dé cac 161 chinh dan dén dinh
vi doc lap bi loai bo [6]. Mot tram tham chiéu géc RTK bao phu
mdt khu vue dich vu trai rong khoang 10 hodc 20 km va can c6 mot
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kénh lién lac thoi gian thuc dé két ndi tram gdc va thiét bi di dong
[6]. RTK dat dugc hi¢u suat trong pham vi vai cm, 1a mot ky thuat
thuong dugc st dung trong cac ung dung khao sat [6].

Cong nghé RTK duoc ap dung phé bién trén thé gi6i trong
nhiéu linh vyc, nhu tric dia va do dac ban do, giam sat va diéu
khién mdy moc... [2, 7]. Tai Viét Nam, da co mot so nghién ctru
khao sat vé do chinh xac ctia phuong phap dinh vi RTK va {ng
dung ché tao hé théng dinh vi cong ten no trong cang bién [8, 9].
Tuy nhién, céc nghién ctru trong nude chi yéu st dung hé thiét b
thuong mai, dudi goc nhin cua nhom tac gia thi chua c6 bdo céo
vé vide tich hop cong nghé dinh vi RTK 1én mach in cua thiét bi.

Bing phuong phép ly thuyét két hop véi thuc nghiém, ching
t61 da thiét ké mot thiét bi dinh vi gidm st may moc ngoai troi co
kha nang xc dinh vi tri chinh x4c téi mitc cm. Ni dung bai bdo
ciing trinh bay mot d& xuét vé m hinh hé thong gidm sat may moc
ngoai trdi ¢6 tich hop cong nghé dinh vi chinh xéc RTK, cach thiét
lap tram tham chiéu géc va may chu truyén nhan dit liéu hiéu chinh
qua internet (ntrip caster).

Doi tuong va phuong phap nghién ciiu

Hé thong giam sat hanh trinh thong thuong bao gdm 2 thanh
phan 1a thiét bi gin trén xe va trén may cha dén dir ligu dé xur 1y cac
nghiép vu quan ly. Dé tich hop cong nghé dinh vi RTK, can bo sung
thém 2 thanh phan nita 1a tram co s6 v méy chii truyén nhan di liéu
higu chinh. Chung toi dé xuét mot mo hinh hé thong gism sat may
moc ng0a1 troi tich hop cong ngh¢ dinh vi dong thoi gian thyc (hinh
1) gdm 4 thanh phan: 1) Tram tham chiéu géc hay con goi 1a tram
co s&; 2) Méy chu truyén nhan dit lidu higu chinh (ntrip caster); 3)
Thiét bi gidm st may moc ngoai troi (rover); 4) May chu quan Iy
giam sat may moc ngoai troi.
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Abstract:

Accurate positioning of outdoor vehicles and machinery is of the
top importance in management, tracking, analysis, and control
applications. However, most of the current vehicle tracking devices
have an error of a few meters to several tens of meters, which is
not enough for applications requiring high accuracy. This paper
presents the design of an outdoor machinery monitoring device that
integrates precise positioning technology of real-time kinematic
(RTK). The device uses U-Blox’s Zed FIP module as the core to
perform the high accuracy positioning function. Thanks to the
integration of RTK positioning technology, the device can monitor
the location of machinery outdoors with centimeter-level accuracy.

Keywords: GNSS, NTRIP, outdoor machinery monitoring, precision
positioning, RTK.

Classification number: 2.2
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Hinh 1. M6 hinh hé théng theo dai, giam sat may méc ngoai trovi.

Tram co s 1a mot bo thu GNSS tinh, voi ang-ten thu duge b
dinh trén mot gia d& on dinh voi tam nhin thoang trén bau troi. Toa
d6 cta tram co s¢ cAn duge xac dinh trude rat chinh xac (dén ting
mm). Trong sudt qua trinh hoat dong, tram co s6 s& “ling nghe” tat
ca cac v¢ tinh GPS, Glonass, Galileo, BeiDou va so sanh trong thoi
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gian thuc vi tri ude tinh cua nd thong qua tin hiéu v¢ tinh véi vi tri
thue ciia nd. Két qua thu duoc 1a mot ludng dit liéu (RTCM) s& dugce
glri 16n mot méay chu trung gian dé phan phdi dén cac may thu di
dong khac (rover) dé stra lai vi tri ctia né. Trong md hinh nay, phan
cimg cta tram co s6 gom c6: 1 dng-ten GNSS hai tan so, 1 bo thu
GNSS Zed-FIP cua U-Blox c6 tich hgp nhan xu Iy RTK, 1 may tinh
nhiing Raspberry Pi. Tram co s¢ dugc xdy dung tham khao theo du
4n méd ngudn mé Centipede RTK [10].

Uy ban K§ thuat vo tuyén cho dich vu hang hi da dua ra mot giao
thirc tiéu chudn dé guri dit liéu quan sat vé tinh qua mot lién két vo
tuyén. Vi vdy, m6t tram co sO tir mot nha san xuat c6 thé glii cac quan
sat dén mot rover tir mot nha san xuat khac. Pay duoc goi 1a giao thirc
RTCM, no hién tai dang ¢ phién ban thir 3 [11]. Cac ban tin RTCM tur
tram co s& duoc giri dén rover theo cach truyén thong thong qua kénh
truyén song vo tuyén (ching han nhu LoRa), tuy nhién céch ndy co
han ché 13 pham vi ngén va khong phan phdi dugc cho mot s6 lugng
16n rover. Dé cung cip mot giai phap thay thé tot hon cho RTCM qua
lién két vo tuyén, Bundesamt fiir Kartographieund Geodisie (BKG)
da xac dinh mang van tii RTCM qua giao thuc internet (N TRIP) thay
the lién két vo tuyén bang két ni HTTP qua internet. Diéu nay yéu
cAu tram base va rover phai dugc két ndi voi internet va c6 thé giao
tiép v6i nhau. Pé dat duoc dicu do, mot trong céc thiét bi lién quan
phai co dia chi internet dugc cong b, tirc 14 dia chi IP ¢b dinh va tén
mién. D6 13 muc dich cua caster. Mot caster nhan luu lwgng NTRIP
tir mot hodc nhidu tram base va dinh tuyén n6 dén mot hodc nhiéu
rover. C6 b truyén tin hiéu trung gian c6 nghia Ia ca tram base va
rover déu khong cn bét ky loai két ndi truc tiép nao v6i nhau. Trong
nghién ciru ndy, chung t6i da thué mot may chi va ding ky tén mién,
sau do cai ddt phan mém caster md nguén mé cia BKG [11].

Thiét bi gi4m sat may moc ngoai trdi hoat dong trén nguyén tic
thu thap cac thong tin trang thai hoat dong cua may moc, sau do luu
trit lai trén thiét bi va truyén tin vé mot may chii quan 1y theo d01
Trong pham vi nghién ciru nay, ching t6i tap trung vao thong so
vi tri chinh x4c ciia may méc ngoai troi. Tuy vy, khi thiét ké phan
cimg nhém téc gia van tinh toan dé du phong céc tinh nang mo rong
gém: man hinh oled dé hién thi trang thai hoat dong clia thiét bi, coi
chip dé phét tin hiéu thong bao, canh béo, ddu doc thé RFID dé xac
thue phién hoat dong ciia 14i may, céc cong vao ra sd va ADC phuc
vu viéc md rdng tinh nang dé két ndi dén cam bién, do va didu khién
cac dbi tuong trén xe. Cac khdi phan cimg dugc tich hop va két ndi
v6i nhau trén mot bang mach in duy nhat. Hinh 2 1a so' d6 nguyén ly
két ndi cac khdi phan cimg dugce chup tir phin mém thiét ké mach.

Céc may thu vé tinh GNSS c6 hd trg RTK chuyén nghiép trén thi
truong ¢6 gia thanh rit dit, 1én t6i hang nghin USD. Vi vin dé chi
phi va kha nang tich hop nho gon vao mach in, module Zed-F9P cua
Ublox duge lya chon cho khéi thu GNSS. Dé thugn tién cho thiét ké
tht nghiém, chung t6i st dung bo mach SparkFun GPS-RTK-SMA
da ra chan céc giao dién két ndi cua Zed-FIP co gia 1a 275 USD [12].

Dé thiét bi giam sat may moc ngoai troi ¢o thé két ndi voi
internet mot cach linh hoat, di dong nhit ¢6 thé, giai phap mang di

29



U_[09)- D1+ DO+ ADC
[03]. DI~ DO~ ADC Sehlloe

il ool
[C’; D01 ADC

U_[10]- POWER
£0]. POWER SchDoc

U_{04] - HIGH PRECISION GXSS - RTK
i) - HIGH PRECISION GNSS - RTK $ADox

U_[08] - RTC ~ SHT31 = RS2
0] - RIC - SHT

" o RS
1012F9_SDA
O -

) ESPUARTORX
) s aRTo TX

= s e soA
) 1019 C SCT

U_{05] - ALARM AND DISPLAY
[E5]. ALARM AN o

f AN
RX 18V
= siv sTaTUS
108SIM PURKEY [~

101651V RST [y U_[07) - SIMT6B0CE - INTERFACE
OIS _STATUS ‘ (07 60CE _ INTERFACE S<D:

IDISRR SRR ———— 5 i3 SDUT
= [ v R T8 F--‘

027X IV RX IL‘ _::L‘é Aw;@?
Hinh 2. So’ d6 nguyén ly thiét bj giam sat may méc ngoai trévi.

e

— [0 RX_RFID_TX
= 100\ TX RFID RX

dong 4G duogc lya chon véi phén cung 1a module SIM7600E cua
SIMCOM. Vi diéu khién trung tam sir dung trong nghién ctru nay
la ESP32 - mgt SoC (System on Chip) vira manh mé vira c¢6 gia
thanh ré. Vi diéu khién trung tam chinh 13 hat nhan két ndi tat ca
cac ngoai vi cua thiét bi. Mot thanh phan rit quan trong nita trén
thiét bi 1a khdi nguén. Vi dic thu 1a thiét bi gén trén xe, nguén
dién cho thiét bi dwgc trich ra tir binh dién (ic quy) trén xe két
hop véi ngudn dién tir may phat khi xe nd may. Do trén xe con co
nhitng phu tai khac, va cong suét cap ra phu thude vao tdc do vong
tua ctia dong co, vi vay viéc thiét ké nguén cua thiét bi can dic biét
luu ¥ dé dam bao hoat dong 6n dinh.

May chi quan ly giam sat may moc ngoai troi la mot may chu
web thyc thi cac nghiép vu giam sat, quan ly phuong tién va may
moc. Trong pham vi nghién ciru nay, chung t6i da xay dung mot
phién ban thir nghiém tap trung vao chirc nang dén dir lidu tir thiét
bi dudi hién truong, sau do luu vao co sd dir liéu va vé lai hanh
trinh cung céac thong s hoat dong g6m toa do, the do va do chinh
xac wdc tinh cua két qua dinh vi.

Keét qua

Hinh 3 va 4 thé hién hinh anh mach in thiét bi giam sat may
moc ngoai trdi va tram co sé sau khi thiét ké, gia cong va tich hop.
Mot tram co so duge dat tai Trung tdm Vi dién tir va Tin hoc, Vién
Ung dung Cong nghg, voi phan ang-ten thu GNSS dit trén noc toa
nha C6 - Thanh Xuén Bic, quan Thanh Xuén, Ha Noi. Vi tri chinh
Xéc clia tram co 6 c6 dugce bing phuong phap khao sat tinh PPP va
duoc cai dit vao phan mém tram co s¢ theo hudng dan [10]. Mot
ntrip caster cling dugc nhom cai dit trén may chu v6i tén mién “test.
dinhvichinhxac.online”, cong 2101 véi tén diém gin két (mount
point) 1a IMETO.

Viéc cau hinh tram co s6 va thong ludng dit lidu ntrip caster ¢6
thé duoc kiém tra thong qua phan mém Nitrip Client trén dién thoai
nhu minh hoa & hinh 5. Dé tién hanh danh gia hoat dong thiét bi va
d6 chinh xac dinh vi, ching t6i da thyc hién 2 bai thir nghiém mo
phong tinh hudng str dung thiét bi trong thuc té nhu sau:
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(1) Khéi
ngudn; (2) Khéi SIM7600; (3) Khdi mé rong vao ra sb va ADC;
(4) Khéi thu GNSS Zed-F9P; (5) Module ESP32-WROOM32D; (6)
Khéi ngoai vi m& rong oled, coi chip, RTC, RS232, RFID; (7) Khe

Hinh 3. Mach in thiét bi giam sat may méc ngoai troi.

cam SIM; (8) Pin backup RTC.
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Hinh 4. Tram co’ s&. (1) May tinh nhung raspberry Pi; (2) Module
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Hinh 5. C4u hinh tram co’ s& va kiém tra ludng dir liéu qua
ntrip caster.
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Thit nghiém 1: Thyc hién di chuyén mo phong hanh trinh cia  dao dong tir 0 dén 15 km/h. Trong sudt qua trinh thir nghiém, c6 dén
mdy moc ngoai troi nl}llu’ Xehluy fie ﬁi& {néyl xdc... 11<hi ga;lg 11ém V€ 9294 thoi gian thiét bi dinh vi & ché do RTK fixed, 3% 6 ché do RTK
trén cong truong. Hanh trinh ¢6 ddc diém la co su 1ap di 1ap lai trong o) o 1k an \ 20/ & o1k AA 4: . C A,
mdt khong gian nho. Két qua thtr nghiém thé hién ¢ hinh 6, khu vuc ﬁ(?at, 0%6 CI}e a5 DGE\ISS va s Othe d6 dinh vi d(?n. Fal 50 Vllm
tién hanh thir nghiém 1 tai Khu do thj Vinhomes Smart City (Tay U lugng trén 90% nam trong khodng 1,4-5,1 cm va t6i 93% nam
M3, Nam Tir Liém, Ha Noi). Téc do di chuyén trong thir nghiém trong khoang sai s dudi 10 cm.
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Hinh 7. Thir nghiém thwc té trong néi thanh Ha Noi.
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Thir nghiém 2: thuc hién di chuyén dudng dai trong thanh phd
nhidm danh gi4 tinh 6n dinh va sai s6 vi tri khi xe chay qua cac khu
vuc dong dic va bi che khuat, két qua thir nghiém dugc thé hién ¢
hinh 7. Hanh trinh di chuyén di qua cac con phd & Ha Noi nhu sau:
Khuét Duy Tién - Tran Duy Hung - Nguyén Chi Thanh - Huynh
Thuc Khang - Lang Ha - Giang V4 - Giang Van Minh - Kim Ma -
Nguyén Thai Hoc - Phan Boi Chau - Hai Ba Trung - Lé Duén - Giai
Phong - Truong Chinh - Nguyén Trdi - Vil Trong Phung - Hoang
Pao Thily - Tran Duy Hung - Khuat Duy Tlen Téc do di chuyen
trong thir nghiém trung binh khoang 40 km/h, tdc do cao nhét 1a 56
km/h. Trong sudt hanh trinh, ¢6 67% thoi gian thiét b dinh vi & ché
d9 RTK fixed, 26% thoi gian & ché d6 RTK float, 6% thoi gian ¢ ché
d6 DGNSS va 1% thoi gian & ché do dinh vi don. Sai s6 vi tri uéc
lugng khoang 80% trong khoang 1,4-7,7 cm va khoang 90% nim
trong khoang sai s0 du6i 20 cm.

O Viét Nam hién nay, ¢ mgt vai nhom da nghién ctru ing dung
cong nghé dinh vi GNSS RTK, tiéu biéu trong d6 1a cia Huynh Van
Chuong va cs (2019) [13] da tng dung cong ngh¢ dinh vi chinh xac
RTK trong do dac, thanh 18p ban d0 dia chinh. Két qua thyc nghi¢ém
trén 2 khu do tai xa Ninh Gia va Loc Thanh ctia TP Pa Lat cho théy
sai s toa do diém tir 1 dén 3 cm vdi ban kinh do khoang 10 cm va
str dung cac bo dinh vi GNSS RTK c6 san trén thi truong. Mot nhom
tac gia tai truong Pai hoc Tai nguyén va Mai truong Ha Noi da thuc
hién khao sat do chinh x4c cua cong nghé do GNSS RTK, két qua
sai sO trung binh 1a 4 cm thyc nghiém tai khu vie Ha Noi [14]. Tir
d6 cho thy két qua nghién ciru trong bai bao nay 13 tuong dong véi
cac két qua thir nghiém do dac tric dia tai Viét Nam voi cac bo dinh
vi GNSS RTK thuong mai.

Chuc nang dinh vi chinh x4c trong nghién ctiru nay thuc hién
dugc [a nho b thu Zed-FIP ciia Hang U-Blox, Thuy Si. By thu nay
dugc sir dung rit pho bién trong ca thiét bi thuong mai ldn trong
nghién ciru nh gia thanh ré va hidu ning cao, v6i sai s6 khi sir
dung trong thyc té & ché do RTK fixed la khoang 2,1 cm [15]. T
viée tich hop thanh cong bo thu Zed-FOP vao phan cimg thiét bj va
thir nghiém thanh cong chirc ning dinh vi chinh xéc RTK két qua
nghién ciru c6 thé mo rong va phat trién theo hudng diéu khién xe
tw hanh ciing nhu hd trg dan dudng cho may moc dung trong nong
nghi¢p chinh xéc [7, 16].

Két luan

Bai béo da trinh bay thiét ké ctia mot thiét bi dinh vi chinh xéc
ciing mo hinh hé thong giam sét mdy moc ngoai tro. Bang viéc ap
dung két qua tir nhirmg dw 4n ma nguon mo cta cong dong dinh vi
chinh xdc qudc té, ching t6i da tu thiét 1ap tram co s6, mdy cha
truyen nhén di liéu hiéu chinh, ché tao thiét bi v mo hinh thir
nghiém. Tur céc két qua thir nghiém dugc phan tich cho thiy, hé
théng hoat dong 6n dinh, tinh nang dinh vi chinh xac RTK dat dugc
hiéu sudt cao; diéu kién méi truong co anh huong t6i do chinh xéc
dinh vi RTK. Cu thé, tai cc khu vuc ¢ tim nhin bau troi thoang
dang, thiét bi dé dang dat dugc do chinh xac dinh vi cao nhat & ché
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d0 RTK fixed va duy tri sai s6 chi 1-5 cm. Diéu nay hoan toan phi
hop véi diéu kién hoat dong cua cac adi twong may moc ngoai troi
can dinh vi chinh xac nhu xe Iu, xe ti. O bai thir nghiém di chuyén
dudng dai trong thanh phd, khi di qua cc khu vuc c6 mat do xay
dung cao, thlet bi khong con duy tri dugc trang thai RTK fixed. Tuy
véy, sai s6 dinh vi vdn 6 mtc ¢cm - chinh x4c hon nhiéu so véi dinh
vi thong thuong.

LOI CAM ON
Nghién ctru ndy duoc tai tro boi dé tai cdp Bo “Nghién ciru, thiét
ke, cheé tao thiet bi dinh vi chinh xac s dung trong giam sat may

moc ngoai troi”. Cac tac gid xin chan thanh cam on.
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