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Céch mang cong nghiép 4.0 dang 1a xu thé tt yéu va di hién hitu trong nhiéu linh vuc
cuia hoat dong san xuit va doi séng kinh té - x& hoi. Céng nghé sd, chuyén d6i s6 la nhirng phét
trién tat yéu 1a dong luc tang truong cua nén kinh té quéc gia trong d6 linh vuc Dia khong gian.
Vi muc tiéu chia sé co hoi, phét huy tiém ning wng dung cta nghién ciu khoa hoc trong doi
sbng s6 4.0, Khoa Tric dia - Ban d6 va Quan 1y dét dai, Truong Dai hoc Mé - Dia chit va mot
s6 don vi trong nudc té chie Hoi nghi khoa hoc toan qudc vé Cong nghé Bia khdng gian trong
Khoa hoc Trai dat va Mai truong (National Conference on Geospatial Technology in the Earth
science and Environment - NCGEE 2021). Hoi nghi dugc t6 chirc vao ngay 15 thang 10 nim
2021 tai Trudng Pai hoc Mé - Dia chat, Ha Noi.

Hoi nghi 1a dién dan dé cac to chirc, ca nhan dang hoat dong trong cac linh vyc lién quan
dén Cong nghé Dia khong gian cing nhau thao luan, trao d6i hoc thuat va chia sé kinh nghiém
vé chién luoc, ky thuat va khoa hoc cong nghé, dé cd nhimg budc phat trién bén viing hién dai
nhét, hidu qua nhat, déng gop cho nén khoa hoc va kinh té quéc gia. Hoi nghi dugc t6 chuc véi
su phdi hop hiéu qua cua cac don vi: Hoi Tric dia - Ban do va Vién tham Viét Nam; Cuc Po
dac, Ban d6 va Thong tin dia Iy Viét Nam; Cuc Ban do, Bo Tong tham muu; Cuc Vién tham
Qudc gia, Bo Tai nguyén va Méi trudng; Truong Pai hoc Khoa hoc, Pai hoc Hué; Vién Khoa
hoc Po dac va Ban do, Bo Tai nguyén va Moi Truong; Trung tim Tu van Tric dia va Xay dung,
Vién Khoa hoc Cong nghé Xay dung, Bé Xay dung va mot s6 don vi khéc.

Hoi nghi duoc t6 chiic thanh 3 tiéu ban gdm: (1) Xu ly dit liéu sé trong quan trac cong
trinh, tréi dat va méi trudng; (2) Cong nghé mai trong vién tham va dia tin hoc; (3) Quan Iy dia
khong gian théng minh. Hoi nghi da nhan duoc trén 100 bai bao khoa hoc, trong d6 55 bai dugc
lya chon ding trong tuyén tap nay. Ban t6 chirc tin rang Tuyén tap cac cong trinh cia Hoi nghi
khoa hoc toan quéc vé Cong nghé Dia khong gian trong Khoa hoc Trai dat va Mai trudng sé 12
mot an pham khoa hoc ¢6 chét lugng, cap nhat tong thé nhitng tién bo gan déy trong linh vuc
dia khéng gian.

Cuébi cuing, thay mat Ban to chuc, toi chan thanh cam on Bang uy, Hoi dong truong, Ban
Giam hiéu Truong Pai hoc Mo - Dia chét va cac don vi ¢6 lién quan da tao moi diéu kién thuan
loi, gop phan vao thanh cong caa Hoi nghi. Bic biét, tran trong cam on cac tac gia bai bao, cac
phan bién, cac nha khoa hoc va cac nha tai tro da c6 dong gop quan trong vi sy thanh cong
chung cua Ho6i nghi.

Thay mat Ban t6 chirc
Truong Khoa Trac dia - Ban d6 va Quan ly dat dai

PGS.TS Lé bwc Tinh
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THE INTEGRATION OF GLOBAL NAVIGATION SATELLITE
SYSTEM KINEMATIC POSITIONING AND INERTIAL
MEASUREMENT UNIT FOR HIGHLY DYNAMIC SURVEYING AND
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Abstract: Global Navigation Satellite System with Realtime Kinematic Positioning
(GNSS RTK) is now widely applied for land-based surveying to provide positioning solution
at centimeter level. However, for highly dynamic surveying and mapping applications such as
UAV photogrammetry, hydrographical surveying and mobile mapping that require a high
frequency and continuous navigation solution, GNSS RTK only is insufficient. To overcome
this issue, we propose a system that integration of GNSS RTK and Inertial measurement Unit
(IMU) to provide navigation solution including position, velocity and attitude. For this scheme,
Extended Kalman Filter is used for data fusion. The conducted field test indicated that the
proposed system and solution is enable to provide navigation solution of frequency up to 50Hz
with positional accuracy of centimeter in open sky view and decimeter in GNSS hostile
environment.

Keyword: GNSS, IMU, Kalman Filter, Integration.
1. Introduction

For collecting geo-spatial data, mobile mapping system (MMS) is widely used today.
Various types of MMSs have been developed for different applications; land-based MMSs use
land vehicles to carry the MMS (EI-Sheimy, 1996. Airborne MMSs refers to MMSs whose
mapping sensors are mounted on airplanes or Unmanned Aviation Vehicles (UAVS) (Bossler
and Schmidlay, 1997). With the development of direct geo-referencing (DG) systems, the
transformation parameters in an MMS can now be directly determined using a DG system. DG
is the determination of time-variable position and orientation parameters for a mobile mapping
system in a certain reference frame (Bossler, 1993; El-Sheimy, 1996). The most common
technologies used for this purpose today are satellite positioning with Global Positioning
System (GPS) and the Inertial Navigation System (INS) using an Inertial Measuring Unit
(IMU). Although using either technology alone could determine both position and orientation
in principle, they are usually integrated in such a way that the INS is the main orientation sensor
while the GNSS receiver is the main position sensor (Huang, 2009). Tuan Li (2017) proposed
a Tightly-Coupled Integration of Multi-GNSS Single-Frequency RTK and MEMS-IMU for
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Enhanced Positioning Performance. The positional accuracy can archive centimeter lever for
this scheme, However, the Tightly coupled with GNSS signal intervention is not easy for certain
equipment. Sudha (2020) introduce a Dual-frequency PPP GNSS and MEMS-IMU Integration
for Continuous Navigation in Obstructed Environments. The horizontal accuracy of this scheme
can reach to centimeter level. This disadvantage of this strategy is that it is only suitable for
post-processing application.

Considering the high cost and large size, high quality IMUs are restricted to commercial
MMSs. The Micro-Electro-Mechanical System (MEMS) IMU with its small size, low cost, and
low power consumption is now widely applied, particularly for UAV and portable MMSs where
the payload is limited. However, their performance is still considered poor for certain
applications. Park and Gao (2008) demonstrated that the quality performance of MEMS-based
inertial sensors is not yet quite acceptable for land vehicle application for longer periods of GPS
signal outrage. In the 10-second GPS position measurements updates of loosely coupled
schemes, the maximum position error reached about 60 meters. However, for the large-scale
mapping and precise navigation, decimeter to centimeter lever of accuracy is required.

The main objective of this study is to design an integration scheme that using GNSS RTK
technology and low-cost MEMS IMU with embedded Extended Kalman Filter for real-time
solution.

2. Integration strategies
2.1. System design
The integration of IMU and GNSS proposed in this research is described in the Fig. 1.

[ GPS Base ] [GPS Rover] MU

Pseudo-range Pseudo-range
Carrier phase Angular rate

Carrier phase
Specific force

Ambiguity
Resolution

INS
mechanization
Carrier
phase Position
Velocity
Attitude

True

Position

Estimated
Position,
Velocity,
Attitude

Fig. 1 The integration scheme.
First, the outputs of the IMU, the angular rates sensed by gyroscopes and the specific
forces sensed by accelerometers are processed by the INS mechanization to obtain navigation
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solutions, which are the position, velocity and attitude in the navigation frame. The pseudo-
range and carrier phase, the raw measurements from the Rover and Base GNSS receivers, are
pre-processed in the ambiguity resolution to get high accuracy positions. The EKF is used as
an estimator for data fusion to obtain estimated navigation solutions.
2.2. Model Design for Estimation

The system and measurements models are required for data fusion using an estimator
such as EKF. With a high sampling rate and a seamless output, the INS is used to form the
system model. GPS measurements and other external aids are used to build the measurement
model.

The system model is the discrete form of the INS mechanization derived from the
equation (1). The state vector is:

X21x1 = [7" v Tbb b Sgsa] 1)

Where !, v, and r} are position, velocity, and attitude of the system in the local level
frame; by, by, 54, and s, are the biases and scale factors of the gyroscopes and accelerometers,
respectively.

For the system model is designed following Huang and Chiang (2009) as below:

x=Fx+ Gu 2)
Where
ore F, Fi, 0 0 0 SfP
x=[6vC];F= Fyy Fpy Fp|;6=|[Ch O ;u=[ bl 3)
Y 0 0 F33 0 &y Owiy

The aiding measurements are position and velocity provided by the GPS receiver. For the
EKF, the measurement model is as follows:

_ [TINS v’;;G:SS] [0 4 ] [ (4)

Where H,. = H,, = I35 are mapping matrices, dr¢ is the position error vector, §v° is the
velocity vector expressed in the ECEF (or e-frame), and &, and &, are the position and velocity
noise, respectively. Identical to the system noise, the measurement noises vector € = [g,., &,]7
is not directly estimated but is accounted in the EKF by a representation of the measurement
noise model R, where R is modeled based on the GPS position and velocity uncertainty.

After some transformations, the measurement model can be expressed in a form required
by the EKF:

Zy = Hypxy + &, 5)

Since the system model and measurement model are established, extended Kalman Filter
is applied for estimation to provide navigation solution including position, velocity and attitude
of the system. The procedure of the EKF can be found in the Huang and Chiang (2009).

2.2. Hardware design
The hardware design of the GNSS RTK/IMU system composes of five main components
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including Microcontroller Unit (MCU), GNSS module, IMU, communication port and power
supply module. Microcontroller unit Using ARM-32 bit LPC1768FBD100, to receive the
command from user, receive the signal, data from sensor such as GNSS receiver and IMU,
synchronization and process the integration data. GNSS module is the dual frequency, multi
chancel GNSS signal Ublox Neo-F9P module. IMU is the 6-degree freedom Xsens-MTi-3. The
system use 3-5 VDC-2A power supply. The diagram of the system design shown in the figure
2, main board and the enclosure shown in the figure 3.

MicrosD card . Buttons & LED
SPI
I
MU LM317 Lipo Battery
' —spi—
#sens-MTi-3 STM32F07IGTE 3.3V Regulator 3c2200mah
I I |
GPS receiver ART LM 7805
Ublox Meo-F9P SV Regulatar

Figure 2: Diagram of the system design.

Figure 3: main board and the enclosure of the system.

3. Experiment and discussion

For the test, three systems were used to evaluate the proposed method. The first is the
dual frequency RTK GNSS receiver, Leica viva GS16 that connect with VNGEONET CORS
network for getting RTK fixed solution. The second system is the single frequency GNSS
receiver, Ublox Neo-M6T EVK with single point positioning solution (SSP). The third system
is the integration of the GNSS RTK receiver, Ublox NEO-M8P and Xsens-MTi-3. Three
systems ware setup on a car for data collection (Figure 4). To evaluate accuracy, ground control
points with geodetic surveying ware built along the testing trajectory for reference. The
coordinate of the control points ware measured using total station, connect with the third order
geodetic national control network, the accuracy is guaranteed at level of millimeter.
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The testing data sets were collected under two environment scenarios, in open sky view
and under the bridge areas in Hanoi, Vietnam. The testing trajectory is shown in the Figure 5.

For visual analysis, the enlargement of two typical scenarios including in the open sky view
and under bridge view as shown in Figure 6 and 7. The numerical analysis can be seen in the

table 1 and table 2.

Figure 4: Testing platform.
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Figure 5: Testing trajectory.
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Figure 6 Enlargement of scenario open sky view area
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Figure 7: Enlargement of under bridge area
Table 1: numerial result in the open sky view area
Availability (%) Min(m) Max(m) Mean(m) Std. Deviation(m)

SSP GNSS 99  0.450 9.610 2.400 1.560
RTK GNSS 95  0.002 0.720 0.030 0.026
RTK GNSS+IMU 99  0.003 0.810 0.040 0.035

Table 2: numerial result in the under bridge area
Availability (%) Min(m) Max(m) Mean(m)  Std. Deviation(m)

SSP GNSS 72 0.120  20.600 4.650 5.560
RTK GNSS 0 - - - -
RTK GNSS+IMU 99 0.015 1.530 0.240 0.340
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The test result indicated that in the open sky, all three systems can provide continuosly
solution with the availability from 95 to 99%. Both the RTK GNSS and RTK GNSS+IMU
provide centimeter level of accuracy with RTK fixed solution. The accuracy of the SSP GNSS
is about 2.4m for mean and 1.5m for standard daviation.

In the under bridge environtment, most of time, the GNSS RTK did not provide RTK
fixed solution. The SPP provide solution with 72%, however, the accuracy is low, about 5m for
mean and max error can reach to 20.6m. In contrast, the integration of RTK GNSS and IMU,
the availability still at 99%. Although it can not provides RTK fixed solution, the positional
accuracy is about 0.2m for mean and 0.34m for standard deviation.

4. Conclusions

This research has proposed an integration scheme that combines the GNSS RTK and
IMU. A compact board is designed with embedded Extended Kalman Filter in the MCU for
real-time solution output.

A field test with two environmental scenarios ware implemented to evaluate the
performance of the proposed method in comparison with the GNSS SSP and the GNSS RTK
solution.

The result from the testicated that the GNSS RTK/IMU integration outperforms in
availability compared with the GNSS RTK and much betteretter SSP GNSS in accuracy. In
addition, the proposed scheme not only provides position, but also provides attitude including
roll, pitch and heading for many applications.
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TOM TAT
HE THONG TiCH HOP GIUA GNSS RTK VA CAM BIEN QUAN TINH
CHO CAC UNG DUNG PO BPAC TOC BO CAO
VA LAP BAN BO TU BONG

Dwong Thanh Trungl, Dwong Vin Tuan2 Hoang Anh Tuan?
YTrieong Pai hoc M6 - Dja chat

2.Cong ty c6 phan cong nghé ha tang co sé Aitogy

Téc gia lién h¢: duongthanhtrung@humg.edu.vn

Ngay nay, cong nghé dinh vi vé tinh do dong thoi gian thuc (GNSS RTK) dang duoc su
dung rong réi cho cac tng dung do dac mat dat dé cung cap théng tin toa d6 véi do chinh xac
¢& cm. Tuy nhién, voi cac tng dung c6 toc do di chuyén cao nhu cac hé théng 1ap ban d6 tu
dong hay hé théng may bay khong nguoi 1ai, GNSS RTK 1a chua dap tng du. Bé khic phuc
van dé nay, chiing t6i dé xuat, thiét ké mot hé thong tich hop, trong d6 két hop gitta GNSS RTK
va cam bién quan tinh (IMU) dé cung cap cac thong tin dinh vi bao gém vi tri, van tdc va tu thé
cua hé thdng mang. Phép loc Kalman mé rong duoc sir dung dé xu ly s6 liéu tich hop. Két qua
thuc nghiém cho thay rang hé thong d& xuét co thé lién tuc cung cp thong tin dinh vi ¢ tan sb
50Hz. Trong mdi truong thong thoang, do chinh xac dat dén cm va trong méi truong khuat
nhiéu tin hiéu vé tinh, 6 chinh xac vé vi tri van cd thé dat duoc d6 chinh xac ¢& dm trong khi
van duy tri dir liéu ra.

Tir khda: GNSS, IMU, Loc Kalman, Hé thng tich hop.
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