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NGHIEN CUU KHA NANG DINH VI BIEM BANG CAMERA CUA
MAY GNSS-RTK HI-TARGET

Tran Thanh Son*, Lé Thj Lién, Hoang Van Tuan
Phan hiéu PH Tai nguyén Méi trirorng Ha Néi tai tinh Thanh héa
* Email: ttson.ph@hunre.edu.vn

TOM TAT

Hé thébng GNSS RTK dinh vi bdng Camera la hé thbng GNSS dét pha, duroc trang bj may énh kép
chuyén nghiép, vRTK la sdn phdm may thu RTK trurc quan, trong luong nhe va sang tao dau tién cua
Hi-Target, khéng chi cho phép khdo sat hinh dnh khéng cén tiép can muc tiéu, virot qua cac rang budc
khéch quan cua céng viéc truéc d6 ma con céi thién tbc do cla viéc theo déi véi chire ndng xac dinh
true tiép (Live View Stakeout). N6 cai thién dang ké hiéu qua cong viéc ctia nguoi dung ky thuat. Day
la dét phé méi trong céng nghé GNSS 2 tan, hién tai chura cé nhiéu nghién ciru vé chirc ndng nay. Bai
béo thuc hién céc khéo sat thuc té nham so sénh, danh gia kha néng dinh vi diém bang Camera tich
hop trén dau thu GNSS 2 tdn s6 nhdm muc tiéu cu thé hda céc tinh ndng duoc gidi thiéu ctiia cac may
GNSS 2 tan Hi-Target, tir d6 dwa ra quy trinh thuc hién, pham vi ép dung cho cac dong méy tuong tu.

T khéa: Pau thu 2 tan sé, dinh vi diém, camera GNSS .

1. DAT VAN DPE
1.1. Tinh hinh nghién ctru trong va ngoai nwéc

Trong cac théng tw quy dinh clia cac bd Ban
nganh (quy pham), céng tac dinh vi diém ciling
dwoc dwa vao quy chuan dé lam can c trién khai
trong cac linh vuc lién quan. Cé thé tbng quan
phwong phap dinh vi diém thanh 2 phwong phap,
dé la phuong phap truyén théng va phwong phap
st dung hé théng dinh vi vé tinh (GNSS). V& tinh
hinh thwc té thi phwong phap dinh vi diém bang
céng nghé dinh vi vé tinh dang cho thay wu diém
vuot troi trong nhiéu pham vi cdng viéc. Tuy
nhién cling khéng thé thay thé hoan toan phuong
phap truyén théng trong diéu kién dia vat bi che
khuét (tan cay, trong nha, dwdng ham...)

Trén thé gi¢i viéc st dung Camera dé xac
dinh toa do diém da phat trién tir rat sém. Cac
céng bd khoa hoc rong rai cta Jensen, John
R(1986) [9], Lillesand T.M & Kiefer RW (1979)
[10] vé bd cdm vién tham va cac phwong phap
gidi doan...

Ngoai ra con rat nhiéu céng bd khoa hoc
nwdc ngoai cé gia tri khoa hoc I&n da tim hiéu vé
van dé nay tv rdt sém nhw Gasparovié, M., &

Gajski, D. (2016), Jung, S. H., Lim, H. M., & Lee,
J. K. (2009)... [5 - 11].

Cac codng bd khoa hoc cho thay kha nang dinh
vi diém bang Camera xuét hién tir sém, ngay
cang cai thién vé tinh tién dung va dd chinh xac.
Tuy nhién, hién nay cac thiét bj gadn Camera dé
c6 thé sir dung rong rai ngoai thyc té dang con
nhiéu han ché, cht yéu x(r dung May bay khéng
ngudi lai (UAV) va cac may quét mat dat chuyén
dung, gia thanh cao va quy trinh x& ly tinh toan
phtrc tap.

Tai Viét Nam ciing rat nhiéu céng bd khoa
hoc, gido trinh bai gidng vé céng nghé do anh
nhw GS Pham Vong Thanh, GS Pham Ngoc
Thach vé cong tac tréc dia anh, vién tham... [1-
3]. Cac nghién clru ké thira va phat trién vé kha
nang dinh vi bang Camera, tuy nhién chi yéu van
l& cac may chup anh mat d4t chuyén dung hoac
trén cac thiét bi bay UAV.

Trong pham vi bai bao chi tim hiéu dén cong
tac dinh vi diém bang Camera mat dat dé bd sung
thém cho cac nghién ctru trén va khdo sat cac
tinh n&ng méi trén cac thiét bi dau thu GNSS 2
tan s6 dang phd bién trén thi truong.
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1.2. Nhirng van dé can nghién ctru, thao luan
Déi vai thiét bi va cong cu st dung Camera
dé xac dinh toa d6 bang anh trén mat déat, trong
trac dia hién nay hang cong nghé Trimble dang |a
cty hang dau trong linh vwc nay. May quét 3D
laser mat dat la mot trong nhirng dong thiét bi
céng nghé cao dang dwoc quan tdm nhiéu hién
nay nhdm hwéng dén muc tiéu “chuyén déi s6”
clia nganh xay dwng va sw phat trién bén virng.

Tuy nhién cdng nghé quét 3D bang Camera
bang may quét mat dat chi phi cao, qua trinh x0r
ly hau ky (x(r ly sau), st dung trong tréc dia van
can hé thdng lwéi (mbc) dwoc xay dwng sén. Yéu
cau dat ra trong tréc dia 1a dinh vi tirc thdi, déng
thoi co toa do khi str dung cac may thu GNSS
RTK. Day la bai toan dat ra ma cac hang cbng
nghé& GNSS RTK hwéng dén.

Dinh vi diém bang cdng nghé GNSS-RTK
theo nguyén ly do déng trong cdng nghé dinh vi
vé tinh dang tr& nén phd bién trong coéng tac trac
dia hién dai. Phuwong phap dinh vi nay dem lai
hiéu qua dang ké khi dinh vi coéng trinh d chinh
xac trung binh (bd tri cdng trinh, tim tuyén, coc
khoan, hd khoan...) ho&c dinh vi thtra dat trong
do dac dia chinh. Tuy nhién, kha nang lién két v&i
cac tram Cors bi han ché trong diéu kién bi che
khuét. Viéc bi che khuét cé thé diém do nam trong
tam bi che phl b&i cac dbi twong nha cao tang,
cay cbi hodc cac diém do nam sau bén trong,
khong thé thong hwéng 1&én bau tréi. Trong nhirng
tinh huéng nhw vay, moét Iwa chon gidi phap khac
dwoc dwa ra 1a st dung ché do dinh vi diém bang
Camera clia may GNSS-RTK Hi-Target.

- Phwong phap dinh vi bdng Camera clia may
GNSS 2 tan s& mé ra nhiéu rng dung mai, khac
phuc dwoc phan nao nhuoc diém ctia may GNSS
2 tan truwdce kia.

- Hé théng GNSS RTK dinh vi bang Camera
la hé théng GNSS do6t pha, dwoc trang bi may
anh kép chuyén nghiép, vVRTK la san phdm may
thu RTK trwc quan, trong lwvgng nhe va sang tao
d4u tién cha Hi-Target, khéng chi cho phép khao
séat hinh anh khéng can tiép can muc tiéu, vwot
qua cac rang bubéc khach quan cla cong viéc
trwérc dd ma con cai thién tdc dd cla viéc theo doi
véi chirc ndng xac dinh tryc tiép (Live View

Stakeout). N6 céi thién dang ké hiéu qua cong
viéc cla ngudi dung k¥ thuat. Bay la dét pha maoi
trong céng nghé GNSS 2 tan, hién tai chwa c6
nhiéu nghién ciru vé chirc ndng nay.

Xuét phat tlr nhirng van dé néu trén, bai bao
tién hanh cac khao sat thuc nghiém va danh gia
kha n&ng dinh vi diém béng Camera tich hop trén
cac dau may thu GNSS 2 tan s, hién dang dwoc
st dung roéng rai ngoai thyc té trong théi gian gan
day, dbi twong khao sat chinh la cac dong may
GNSS 2 tan s6 clia hang céng nghé Hi - Target.
2. PHUONG PHAP NGHIEN cUrU
2.1. Bai toan dinh vi diém
a) Pinh vi diém bang phuwong phép giao hoi

Cac nguyén ly dinh vi diém bang Camera ch
yéu dwa trén cac bai toan giao héi, dworc trinh bay
trong Bai giang Tréc dia co s& clia nhém tac gia
Nguyén Trong San, Dao Quang Hiéu, Binh Céng
Hoa [2].

C6 2 diém da biét toa dd A, B. Can xac dinh
toa do diém P theo phuwong phap giao hdi thuan,
st dung cac thiét bi do goc a, B, canh SAP va
SBP. C6 thé (rng dung nhiéu phwong phap dé
tinh toa do diém P. D& don gidn vé mat toan hoc
cling nhw s dung trong cac bai toan tinh tw
doéng, co thé sir dung cdng thire JUNG, s dung
truc tiép goéc do va toa do 2 diém A, B da biét dé
tinh toa do diém P.

P
X o
A
S AP .-': o8
. _.s;' .“;«g‘SBP
% B |
A A
A Sas B

Hinh 1. Bai toan giao héi

Céng thire IUNG [2]

X :XA.cotangﬂ+XB.cotanga+(YB—YA) (1)

P

cotanga + cotang3
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Y, = Y,.cotangf3 + Y, cotanga + (Y, —Y,) 2)

cotanga + cotangf

Trén thuc té, cac diém A, B dwoc xac dinh
trwc tiép va bat ky bang ky thuat két ndi tram Cors
hodc bang Radio (Tram cb dinh). Khi d6 tai bat
c vi tri ndo quan sat dwoc diém can dinh vi déu
c6 thé xac dinh dwoc toa do, mién 1a quan sat
(chup anh) dwoc dbi twong can dinh vi.

b) Nguyén ly dinh vi diém bdng Camera clia cac
thiét bji bay khéng nguoi l&i (UAV)

Ban chat cta xac dinh vi tri trén anh la viéc
binh sai khdi anh tir cac anh chup c6 cac diém
anh cung tén. Mac du Camera trén may GNSS 2
tan sb dd phan gidi khéng bang Camera trén
UAV, tuy nhién vé nguyén ly 1a nhw nhau. Trong
pham vi dé tai, chi trinh bay nguyén Iy chung nhét,
dwa trén bao cdo téng hop cta TS. Nguyén Dai
DPong [4].

Nén tdng dau tién cla phwong phap tai tao
hinh anh dwa vao chuyén déng SfM duwoc dua ra
b&i S. Ullman. Theo dé, phwong phap tinh toan
vi tri 3D bang cac hinh &nh 2D duwoc st dung dé
xac dinh SfM [4]. Hinh chiéu phang va toa d6 3D
cla cac diém anh dwoc tinh toan, dwa lén man
hinh va dwoc lwu lai trong bé nhd may tinh. Khi
cac hinh try nay xoay, cac toa dé va hinh chiéu
duwoec tinh toan lai d& dwa 1én mat phang.

Qua trinh tim kiém anh song triing

Tim kiém va két
hop céc diém anh
song trung

— L

Hiéu chinh céc
cap anh tring
nhau

Tim kiém cac khu vy triing
nhau & xac dinh cac phép
chiéu hinh

Qua trinh ting cwong tai cau trac

Binh sai tam
giac anh

C

Hiéu chinh

Khéi tao mo Dang ky anh 0
toan the

hinh vao mo hinh

Qua trinh tai xay dwng mat do diém

Hinh 2. Cac qua trinh bén trong cla SfM

Céng tic chudn bi
GIAIDOAN 1 |

Xiy dung, do néi didm tram Base,

diém Khong ché anh, diém kidm tra
¥

Thiét k& tuyén bay

GIATDOAN 2 i

Bay chup anh

—_—
s

‘ Xit I khdp inh }(—{ Binh sai khéi inh ‘

T

Bat Khéng dat

‘ Tao bao cio va kiém tra d§ chinh xdc ‘
I

‘ Tao dim miy diém (Point cloud) ‘

56 hod

S e e

Néi suy dwémg binh Difu v& (nfu cb)

36, chim diém d6 cao

GIAI BOAN 3

| GIAI DOAN 4

| Bién tip ban 86 \
L

‘ In. kifm tra chinh siva. done ebi ‘

Hinh 3. So dd quy trinh thanh Ip ban d6 dia hinh bang anh UAV

Qua trinh binh sai khéi anh kha phre tap, phu
thudc rat nhiéu yéu té nhw: may tinh xt ly, phan
mém, chat lwong anh chup..., do dé khéng thé
xac dinh trwc tiép toa dd cac diém can dinh vi
ngay tai hién trwong.

Phan mém (rng dung di theo dau thu GNSS 2
tan sb cho phép tinh toan va thao tac nhanh
chong, cho thay ngay toa d6 cac diém can tim.

- Phuwong phap so sanh

S&r dung may toan dac dién ttr dé kiém tra toa do
dinh vi diém. Trong trwdng hop nay khéng danh
gia do chinh xac toa do diém gbc, chi tién hanh
so sanh toa d6 xac dinh dwoc clia may toan dac
so v&i toa do6 tinh toan tlr anh cla Camera may
thu GNSS 2 tan sb.
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2.2. So sanh, danh gia do chinh xac

No6i dung danh gia do chinh xac bao gdm
danh gia do chinh xac cua diém toa dd tinh dwoc
trong s6 tay khi tién hanh ché do do bdng Camera
va do léch vé vi tri mat bang ctia diém do so Vo
toa do kiém tra bdng may TDDT va truc tiép bang
may RTK (ché d6 do bu nghiéng). Dé tinh do6
chinh xac dinh vi diém st dung cac cong thirc
sau [3-5]:

oX=Xcam — Xkt

oY=Ycam — Ykr

R = | JoEex | @®)

Ry, = \/{(%)ﬁ[axz + o-Yzﬂ (5)

Trong do: o X, oY, XY - Cac gia tri chénh Iéch
cac thanh phan toa do va vi tri diém; Ry - Sai s6
trung phwong; n tbng sb diém kiém tra; Xcam va
Xk, Ycam Va Ykr: twong trng la thanh phan toa do
clia diém do bang Camera va diém kiém tra.

3. KET QUA VA THAO LUAN
3.1. Vi tri va thiét bi thwc nghiém

Céng tac chuan bj vé co ban gibng nhw cac
nhiém vu do dac ban dd néi chung: bao gém thu
thap cac tai liéu vé khu do, hién trang théng tin tw
liéu vé& hé théng diém toa do nha nuéc...

Trong pham vi nghién ctru clia bai bao, ching
t6i str dung cac div liéu s&n co 1a cac diém toa do
dwoc danh du trén san trwong, cac méc duoc
xay twdng vay van st dung tt. Trong diéu kién
ly twéng, dia diém tién hanh thwc nghiém khéng
bi che khuét nhiéu. Hinh anh tién hanh do dac la
ré nét. Déi voi chat lwong may thu GNSS 2 tan
s6 VRTK da dwoc kiém dinh day du, sé tay dwoc
két ndi tram Cors Cuc Po dac Ban do

(VNGEONET), s6 liéu la hoan toan trung thuc va
khach quan.

Hinh 5. May toan dac HI-TARGET HTS-521L10 va may
GNSS 2 tan vRTK

KEY FEATURES

AR Measuremant Live View Stakeoul mags Survey Full Constellatior

Advanced
Tracking RTK Engine

Image Positioning Technology

The new image survey function achieves non-centact mea

Brand-new Stakeout Experience

veneath enables AR live-view stakeout with an
2cm, saving time and effort in reaching the stake-

Hinh 6. Model vRTK cla Hi-Target

3.2.Tién hanh thwc nghiém

- Chon ché d6 do bang Camera trén sb tay, két
ndi v&i may thu qua giao thirc Bluetooth hodc WF.

Ddi v&i cac dong may clia Hi- Target c6 thé két ndi

qua giao thirc tiép xtc gan (NFC) trén du thu.
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Hinh 7. Giao dién chuong trinh do bang Camera cla
may VRTK (Image Survey)

- Tién hanh do cung ddi twong (chup) tai cac
vi tri khac nhau. Chon déi twong can do, tr cac
anh tiép theo, phan mém sé nhan dién cac diém
twong dong dé goi y cho ngudi st dung. Khi doé
ngudi dung co thé str dung vi tri goi y hodc phéng

(zoom) &nh I&n dé Iwa chon vi tri chinh xac. Dbi
véi model VRTK can chup 5 anh dé cung cép div
liéu tinh toan.

- Do kiém tra lai toa dd mot s diém kiém tra
bang may TDDT Hi-Target HTS-521L10. Trong
trwdng hop nay, chi st dung diém kiém tra duwoc
do bang may RTK két néi Cors Cuc Ban Db
(VNGEONET).

3.3. Két qua thwc nghiém

V& vj tri mé&t bang, so v&i toa d6 do bang RTK,
do léch gitra 2 phwong phap la khdong dang ké
(c& 1-3cm), sai sd nay hoan toan dap ng yéu
cau ky thuat khi thanh lap cac loai ban do ty 1é
I&n. Céc sai sb 1n anh hwéng dén sai s6 téng
hop chi yéu do anh hwéng viéc chon vi tri xac
dinh toa d6, hinh anh ré nét hay khong, khoang
céach chup anh...

Danh gia chung

D0 chinh xac cla toa dé xac dinh tlr anh chup
bang Camera GNSS so v&i toa d xac dinh truc
tiép badng RTK va may TDDT khoang twr 1-3 cm,
sai s6 nay hoan toan dap ng yéu cau ky thuat
khi thanh 1ap céac loai ban dd ty 1& I&n. Ngoai
nhirng tinh nang trén, vVRTK van dam bao la mot
may thu GNSS 2 tin nhiéu wu diém vuot troi voi
tinh nang bu nghiéng, fix tét, phu hop nhiéu loai
dia hinh va kha ndng chéng nwéc va dap.

Tuy nhién th&i gian xac dinh toa do diém bang
chirc nang Image Survey kha lau, thwong tir 5-7
phit cho mét vi tri diém do, chi st dung trong
trwdng hop khéng tiép can dwoc muc tiéu.

Bang so sanh danh gia d6 chinh xac gilra cac
phwong phap dwoc trinh bay trong bang 1, dwa
vao cac cong thirc (3-5).

Bang 1. Két qua so sanh dinh vi diém biang Camera ctia VRTK vé&i TBDDT va RTK

i Chénh Chénh
Toa do tinh toan twr Toa do do dac ttr che Toa dé do true tié gilra gilra
anh chup Camera dd RTK cua may VRTK bina ma 'fBBTp chup anh | chup anh L
GNSS vRTK (Ché dé bu nghiéng) g may vaTPPT | vaRTK | Ghichu
(mm) (mm)
Xcam Ycam XRTK YRTK Xkt Ykt cX1 | oY1 | oX2 | oY2
(7) | (@) | (9) |(10)
(1) (2) (3) (4) (%) (6) 1-6) | @-6) | (1)-6) | @-@) "
2221873.685|589759.821|2221873.695|589759.832|2221873.705|589759.829| -20 | -8 | -10 | -11 Ccohtut;tégg
2221873.859 |589764.367 | 2221873.862|589764.372|2221873.882 | 589764.361| -23 | 6 -3 -5 Sgﬁ
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i Chénh Chénh
Toa do tinh toan twr Toa do do dac ttr che Toa dé do trwe tié gilra gilra
anh chup Camera dd RTK cua may vRTK bina ma fDDTp chup anh | chup anh L
GNSS VRTK (Ché dé bu nghiéng) 9 may vaTPPT | vaRTK | Ghichu
(mm) (mm)
Xcam Ycam XRTK YRTk Xkt Ykt cX1 | oY1 | oX2 | oY2
(7) | (8) | (9) | (10)
(1) 2) (3) (4) (%) (6) 1-6) | @-6) | ()-6) | @-@) !
2221880.648|589751.625|2221880.637 | 589751.618 | 2221880.639 | 589751.612| 9 13 11 7 (t\;:chée;)
R, .R,, (mm) 18| 9| 9 | 8
R, (mm) 21 12

4. KET LUAN VA KIEN NGHI
4.1. Két luan

Model VRTK duwgc trang bi may anh kép,
VRTK 1a s&n phdm may thu RTK trwc quan, nhd
gon va sang tao du tién clia Hi-Target, khéng chi
cho phép khao séat hinh anh khéng tiép xdc, vuot
qua cac rang buéc khach quan cuia coéng viéc
trwérc dd ma con cai thién tdc dd cla viéc theo doi
v&i chirc nang Live View Stakeout (Bé tri trwc
quan) va chirc ndng Image Survey (Do bang hinh
anh). N6 cai thién dang ké hiéu qua codng viéc cho
ngudi dung k¥ thuat tréc dia.

Trong bai bao da thwc hién khao sat tinh nang
xac dinh toa do t&r anh chup béng Camera tich
hop trén dau thu GNSS 2 tan s6 VRTK clia hang
Hi-Target. Két qua cho thdy do chinh xac cla toa
do xac dinh ttr anh chup bdng Camera GNSS so
Vv&i toa d6 xac dinh truc tiép bang RTK va may
TDDT khoéng t&» 1-3 cm, sai s& nay hoan toan
dap &ng yéu cau ky thuat khi thanh 1ap céc loai
ban dé ty 1& 1on.

Khoéng céch dé tién hanh chirc ndng Image
Survey khoang 10-15m, day ciing la giai phap
tam thoi va trong triedng hop khéng con giai phap
thay thé.

4.2. Kién nghi

Két qua thwc nghiém bai bao dwoc ap dung
ngay vao thuc té san xuét hiru ich cho nguoi

dung khi gdp trwong hop bét loi, tiép can ddi
twong khé khan. Tuy nhién thdi gian xac dinh toa
do diém bang chirc ndng Image Survey kha lau,
khéng phu hep cho viéc dinh vi lién tuc ngoai thuc
dia.

T hwéng dan st dung may, cé thé dua
thanh bai gidng dé gitp sinh vién thyc hanh, thuc
tap, tim hiéu day du cac tinh nang trén may
GNSS 2 tan s6 phd bién trén thi truong .

Trong pham vi nghién clru cla bai bao, chwa
thé khao sat dd chinh xac cla viéc xac dinh toa
dd bang Camera GNSS trong cac trudng hop
nhw hinh anh kém, thoi tiét xadu: mua, swong
mu,... Do d6 can tiép tuc nghién cru cac dong
may twong tw dé so sanh, danh gia hiéu qua cua
chic ndng nay. Thém vao dé, trong sai sé cho
phép vé do cao, c6 thé danh gia thém vé do chinh
xac khi xac dinh d& cao bang anh chup cla
Camera GNSS tich hgp trén may thu v&i dd chinh
xac dé cao lwgng giac ctia may TbDT va dé cao
GNSS cutia may thu 2 tan sé khi bat ché do do bu
nghiéng vé&i do chinh xac cta thdy chuan ky
thuat.
5.LOI CAM ON

Téac gid xin chan thanh cdm on Cong ty Co
phan Tap Doan Viét Thanh da hd tro trang thiét
bi thwe nghiém va chuyén giao céng nghé, thiét
bi tai Nha trwong.
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ABSTRACT:

GNSS RTK camera positioning system is a breakthrough GNSS system, equipped with a
professional dual camera, vRTK is Hi-Target's first innovative and lightweight visual RTK receiver,
which not only allows to survey images without approaching thetarget, overcoming the objective
constraints of the previous work, but also improves the speed of tracking withlive identification (Live
View Stakeout). It significantly improves thework efficiency oftechnical users. Thisis a new
breakthrough in 2-frequency GNSS technology, currentlythere is not much research onthis function.
The article conducts practical surveys to compare and evaluate the ability to locate points with the
camera integrated on the 2-frequency GNSS receiver in orderto concretize the introduced features of
the Hi-Target 2-frequency GNSS machines (receivers), therebyproviding the implementation process
and scope applicable tosimilar models.

Keywords: 2-frequency receiver, point positioning, GNSS camera.
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