Nghién ciru

PANH GIA PO CHINH XAC PQ CAO TREN DU LIEU
GOOGLE EARTH DUA TREN KET QUA PO GPS TINH,
THU'C NGHIEM TAI HA GIANG

P6 Vin Duong, Vwong Thi Hoe
Truong Pai hoc Tai nguyén va Méi truong Ha Noi
Tém tit
Trong bai bao nay, dir liéu do cao trén Google Earth (GE) dwoc tac gia so sanh
véi két qua dé cao do bang céng nghé GPS tinh ciia 68 diém hedi khong ché do vé
tai khu viee thi tran Vinh Tuy, huyén Bdc Quang, tinh Ha Giang. Két qua so sdnh
cho thcfy, tép dir liéu do cao trén GE co do sai léch lon so voi dir lieu do bc%ng GPS
tinh, cu thé: sai s6 trung binh, sai s6 trung phwong va d léch chudn ciia 68 diém
twong ung la 2.254 m, 4.991 m va 4.486 m, dién hinh cé mét s6 diem do léch lén dén
ca chuc mét nhuwe cde diém: VT01 (10.529 m); VT16 (11.576 m); VI26 (14.564 m);
VT47 (14.317 m); VT60 (14.794 m). Két qua nghién ciru khang dinh, dit liéu do cao
trén moé hinh GE khong du do chinh xac vé dé cao dé sir dung cho cac du dan ky thudt
nhuw san ldp mat bang céng trinh (<0.67 m), xdy dwng ban dé6 3D (<0.83 m), ban do
canh bao lii lut ty 1¢ trung binh (<10.0 m), ...tai cdc khu vic co dia hinh doi miii nhw
o Ha Giang, Viét Nam.
Tir khéa: GE (md hinh sb do cao Google Earth); GPS (cong nghé thu tin hiéu
GNSS); GNSS (hé thong dinh vi ddn duong toan cau); ArcGIS.
Abstract
Accuracy assessment of elevation derived from Google Earth data based on static
GPS/GNSS measurement: a case study in Ha Giang province, Vietnam
This study aims to compare elevation data derived from Google Earth (GE) with
the elevation measured by static Global Positioning System (GPS)/Global Navigation
Satellite System (GNSS) at 68 control points in Vinh Tuy town, Bac Quang district,
Ha Giang province. The results showed that elevation data extracted from GE has a
large deviation from data measured by static GPS/GNSS. Mean absolute error, root-
mean-square errvor and standard deviation of 68 points were 2.254 m, 4.991 m and
4.486 m respectively. Some study points were inaccuracy up to more than 10 m, such
as: VI0I (10.529 m), VT16 (11.576 m), VT26 (14.564 m), VT47 (14.317 m) and VT60
(14.794 m). The findings of this study confirm that GE elevation data is not suitable for
engineering projects, such as leveling works (<0.67 m), building 3D maps (<0.83 m),
modelling and building flood maps at medium scale (<10.0 m), ...in mountainous areas
as Ha Giang province, Vietnam.
Keywords: GE (Google Earth elevation digital model); GPS (GNSS receiver
technology); GNSS (Global Navigation Satellite System); ArcGIS.
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Nghién cuu
1. Mé dau

Su phat trién vé kinh té - xa hoi doi
héi can ¢ dit liéu do cao dia hinh chinh
xac ¢ bét ky dau va nhanh chéng. Dit lidu
d6 cao s& rat hitu ich cho nhiing cong viéc
x4c dinh nén dia hinh trong linh vuc xay
dung, giao thong, dién,...va cac rng dung
khoa hoc khéc.

Cong nghé tin hoc va cong nghé vé
tinh vién thdm ngay nay da cung cap cho
chung ta nhiéu bo dit liéu sé do cao, trong
do co dit liéu do cao trén GE. D liéu mo
hinh sé d6 cao trén GE c6 kha ning tiép
can va chiét xudt mot cach dé dang. Tuy
nhién, d§ chinh xac cia mo6 hinh d9 cao
trén GE dang 1a méi quan tam 16n ctia nhiéu
nganh nhu xdy dung, giao thong, trac dia
ban dd,... Nhitng ciu hoi thuong dit ra 1a:
Mre d6 sai s6 d6 cao trén mo hinh toan cau
va cuc bd khu vuc 13 bao nhiéu? O muc sai
s6 nao, dit liéu d6 s& hitu ich cho phép st
dung & pham vi toan cAu va khu vuc

D3 c6 mot s6 nghién ciru trén thé gidi
c6 thé ké dén nhu: Nghién ctru cia Wang va
cong su (2017) [7] da thuc nghiém so sanh
dir li€u do cao cua GE vdi dir liéu do GPS
tinh trén khu vuc cia lién bang Hoa Ky, két
qua cho thdy cac sai s6 trung binh, sai s6
trung phuong va do 1éch chuan tuong tmg
1a1.32m, 2.27 m va 2.7 m. Nghién ctru ctia
Njike CHIGBU va cdng su (2019) [10] da
khao sat do cao cua GE so vdi d6 cao cua
412 diém do may toan dac dién tr trén 10.16
km duong tai khu d6 thi Aba & Nigeria. Két
qua nghién ctru cho théy, sai s trung binh
14 1.65 m, sai s6 trung phuong 14 2.79 m va
d6 1éch chuan 2.27 m.

O Viét Nam, dit liéu do cao ctia GE
d3 duoc mot sb tac gia tng dung trong céc
nghién ctru, nhu: xay dung mo hinh du
bdo thuy van (Pang Thanh Binh, 2012)
[5], dit liéu nén dia hinh xdy dung mé
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phong thanh phd 3D (Quach Pong Thing,
2018) [6]. Tuy nhién, danh gid d§ chinh
xac dir liéu do cao cua GE thi hién tai
chwra ¢6 nghién ctru nao dé cap dén.

2. Khu vyc thwe nghiém va phwong
phap nghién ciru
2.1. Khu vwc thuc nghiém

Khu vuc thuc nghi¢m la dia ban thi
tran Vinh Tuy, huyén Béc Quang, tinh
Ha Giang c6 toa d¢ dia ly vi tri Tay Bic
(22°17°31”B, 104°52°55”D) va vi tri
bong Nam (22°14°30”N, 104°55°03”°D).
Phia Dong gidp tinh Tuyén Quang, céc
phia con lai gidp xd Vinh Hao. Thi tran
¢6 dia hinh doi ndi, nén dja hinh én dinh.

HA GIANG

TUYEN QUANG

Hinh 1: Vi ’trl'd.ia Iy thi trdn Vinh Tuy,

huyén Bac Quang, tinh Ha Giang

2.2. Di¥ ligu kiém chitng

So sanh véi dir liéu do cao GE la tép
dit lidu do cao cua 68 diém khéng ché do
v€ dugc do theo phuong phap GPS tinh
(Hinh 2) phu trum don vi hanh chinh thi
tran Vinh Tuy v&i sai s6 d6 cao ciia diém
16n nhat 14 0.027 m va sai s6 vi tri diém
16n nhit 13 0.014 m. Diém BQ200 c6 cao
d6 16n nhét 78.545 m, diém VTS57 c6 do
cao thap nhét 48.490 m
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;\ *Toa_do va Do_cao_GPS - Notepad — O X 7\ *Toa_do va Do _cao_GE - Notepad = O x

File Edit Format View Help File Edit Format View Help

Ten diem Toa do (X) Toado (Y) Do cao (‘h) Ten diem Toado (X) Toado(Y) Docao(h) »

|
BSATT 2466226334 436542.969 61202 55477 2468226304 436542.969 63.70
66487 2460806875 440080.293 50114 66487 2460806875 440080.293 51.60
66488 2460479.951 435133.042 66.048 66488 2460479951 436133.942 £9.80
BQ200 2463903248 435429.349 78.545 BQ-200 2463903248 436429349 80.90
BQ202 2461962193 438306.799 51489 BQ202 2461962193 438306.799 53.70
BQ203 2461904126 437926716 61551 BQ203 2451904126 437926716 £5.00
VT.01  2466030.498 436423284 54,571 V.01 2466039498 436423284 85.10
VT.02 2465825648 436371.113 54.282 VT-02 2465825648 436371113 £0.40
VTA5 2465429417 437558.932 50,656 VT15 2465420417 437558.932 6340
VTG 2465366401 43707567 53,224 VT-16 2465366401 43707567 64.80
VT.25 2464109613 435943198 5207 VT-25 2464109613 436943.198 5380
\VT-26  2463698.372 436581.252 58.23 V26 2463698372 436581 252 72.80
VT-46 2461822652 438020569 58,308 VT8 2461822552 438020.569 6040
VT-47 2461811772 43784225 61.283 VTAT 2461811772 43784225 75,60
\VT-59 2463062662 436894.11 70.225 VT-50 2463062662 436894.11 P0.90
VT-60 2462918621 437718.128 56.106 VT-60 2462918621 437718128 70.90
VTG 2462920.208 437604553 66.928 VT-61  2462920.208 437604553 73.30
VT-62 2464337697 437183.331 58.268 VT2 2464337697 437183331 15 o
Ln2 Col 84 100% Windows (CRLF) UTF-8 Ln 21, Col 30 100% Windows (CRLF) UTF-8

Hinh 2: File s6 ligu goc do bang GPS tinh va File so ligu twong teng trich xuit trén GE

Dé giai quyét duoc bai toan dit ra, trudc tién s liéu GPS dugc nhéap 1én phan

mém ArcGIS. Sau khi ¢6 két qua vi tri cac diém khéng ché trén giao dién ArcMap,

nhém tac gia str dung cong cu xuat sang dinh dang KML trong b cong cu tién ich Arc

Toolbox cua ArcMap.
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Hinh 3: Tép diém d¢ cao GPS dwoc xuit sang dang KML trén ArcGIS

Tép KML xuét ra sé dugc mo va dit lidu ghi lai trén phan mém GE.
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Hinh 4: File dang KML tép diém dj cao GPS hién thi trén Google Earth

Str dung cong cu Convert & add elevation trén website https://www.gpsvisualizer.
com/elevation dé chiét xuét do cao cac diém do trén dit liéu mo hinh sé do cao cua GE
theo cac budce 1, 2 va 3 (Hinh 5). Két qua ta s€ nhan duoc file toa d§ va dd cao cua cac
diém khéng ché (Hinh 2) duge chiét xuat tir mo hinh s6 d6 cao ciia GE.

Mo 5

https://waww.gpsvisualizer.com/zlevation

Solution #1: DEM database

GPS Visualizer's map, profile, and conversion programs have the ability to instantly add elevation data — from a DEM (digital elevation model) database
to draw a profile, or convert a single data file to plain text or GPX while adding elevation, you can use the simple form right here:

| 3
Upload a flle: | thoose Fiie | KQBS._1.kmi 1 | Convert & add elevation | api Draw elevation profile

Or provide a URL: | Output: [Paintext v| | 5 Units: [ Metric v |

Hinh 5: Cdc budc chiét xuit dp cao GE trén website https://www.gpsvisualizer.com
2.3. Cic chi s6 ddnh gid dj chinh xdc Sai s trung phuong (Root Mean
Quy trinh danh gid do chinh x4c duge  Square Error)

ap d h hién ctru nay tu tu nh 1
ap ung’c onng 1en’cu’u’nay ong tu nhu RMSE = \[EZ?’:KNH)Z @)
trong cac nghién ctru cua [8, 9, 10]. Bao

g(l”)m cdc chi so ve: sai sO tmng binh, sai D6 léch chudn (Standard Deviation)
sO trung phuong, do 1éch chuan cua cac -
diém khao sat. SD = |5 %; (Bh; — ME)? (3)

Dua vao céac cong thuc sau:
Sai s trung binh (Mean Absolute

Error)
ME = =3 (hE - hEMSS) = =3 (Ahy) (1)

Trong dé: N - téng s6 diém khao sat
do cao

h¢E - 46 cao diém khao sat thi 7 trén
mé hinh s d6 cao GE
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hENSS - 46 cao diém khao sat thir i

tuong tng dugc do bang GPS tinh

2.4. Két qud va thio lugn

a. Két qua

Dua trén cac cong 'Ehl'rc tinh chi s do
chinh xdc trén. Ta cd két qua dénI} gia d(}
chinh xdc do cao cua 68 diém khong ché
trac dia trich xuat tir mé hinh s6 do cao

Nghién ciru

GE (lay d6 cao do GPS lam chuén) tai thi
tran Vinh Tuy nhu sau:

Sai s6 trung binh: 2.254 m;

Sai s6 trung phuong: 4.991 m;

Do 1éch chuén: 4.486 m.

bé danh gia truc quan, do cao cua cac
diém trén mo hinh GE va d6 cao cac diém
GPS dugc bicu dién trén Hinh 6 dudi day:

e D3 caD GE

— B cao GNSS

1 3 5 7 9 1113 1517 19 21 23 25 27 29 31 33 35 37 39 41 43 45 47 49 51 53 5557 59 61 63 65 67

Hinh 6: Biéu dé so sdinh d cao ciia diém trén GE va GNSS

b. Thao luan

Tir két qua trén, c6 thé thay rang sai
s6 vé d0 cao cta cac diém trén mé hinh
GE so voi @0 cao GPS do tinh 1a 16n va
khong ddng déu thé hién ¢ cac chi s vé
sai sO trung phuong va dé 1éch chuan cac
diém. Khi danh gia cu thé do léch do cao
cla ting cip diém, nhém tac gia nhan
théiy diém VT30 c6 sai 1éch do cao nho
nhét 0.005 m, diém VT60 c6 sai léch do
cao 16n nhat 14.794 m. Béi chiéu sb liu
trén (Hinh 6) va sb liéu (Hinh 2) nhém
tac gid nhan thdy mot sd diém co sai
léch d0 cao so vdi d6 cao GPS do tinh
ca chuc mét, nhu cac diém: VTO1 (10.529
m); VT16 (11.576 m); VT26 (14.564 m);
VT47 (14317 m); VT60 (14.794 m).

3. Két luan

Nghién ctru da khao sat chat luong
ciia md hinh s6 do cao GE tai thi tran Vinh
Tuy, huyén Bic Quang, tinh Ha Giang

v6i 68 diém khéng ché tric dia do theo
phuong phap GPS tinh. Két qua so sanh
do cao cua diém tuong ung trén GE va
do b%mg GPS cho théy, tép dir liéu do cao
trén GE ¢ d¢ sai 1éch 16n va khong dong
déu so véi dir liéu do b?mg GPS tinh, cu
thé: sai s6 trung binh, sai sb trung phuong
va d6 1éch chuan cua 68 diém tuong tng
14 2.254 m, 4.991 m va 4.486 m. Mot sb
diém d6 1éch dod cao so véi két qua do
GPS tinh 1én dén hon 10 mét nhu cic
diém: VTO1, VT16, VT26, VT47, VT60.
Két qua nghién ctru khéng dinh, dir liéu do
cao trén mo hinh GE khong du do chinh
xac dé s dung cho céac du an k¥ thuat nhu
san lép mat béng cong trinh (<0.67 m) [1],
xdy dung ban dd 3D (<0.83 m) [2, 4], ban
dd canh bao i lut ty 1¢ trung binh (<10 m)
[3],...tai cac khu vuc cé dia hinh ddi nai
nhu ¢ Ha Giang, Viét Nam. Do vay, dé co
dugc do cao chinh xac phuc vu cho céac du
an k¥ thuat, dir liéu do cao trén mo hinh
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GE khong thé thay thé cho phuong an do
dac truyén thong khac nhu GPS hay toan
dac dién tr,...
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