VIEN HAN LAM CONG HOA XA HQI CHU NGHIA VIET NAM

KHOA HQC VA CONG NGHE VN Poc lap — Tu do — Hanh phiic
TRUONG PAI HOC KHOA HQC
VA CONG NGHE HA NOI
Sb: 235 /QP-BPHKHCN Ha Ngi, ngay U Y théng 4 nim 2020
QUYET PINH

V/v Phé duyét danh muc va kinh phi dé tai KHCN cip co s& ciia
Truwong Pai hoc Khoa hoc va Cong nghé Ha Noi giai doan 2020-2022

‘ HIEU TRUONG ‘
TRUONG PAI HQC KHOA HQC VA CONG NGHE HA NOI

Cén c(r\Quyét dinh s6 2067/QD-TTg ngay 09 thang 12 nim 2009 cta Thi tuéng
Chinh phu vé viéc thanh 1dp Truong Dai hoc Khoa hoc va Cong nghé Ha Noi;
Cén clr Quyet dinh sb 2557/Qb-TTg ngay 30 thang 12 ndm 2016 cla Thu tudng

Chinh phu vé viéc ban hanh Quy ché t chirc va hoat dong ctia Truong Dai hoc Khoa
hoc va Cong nghé Ha Noi;

Can ctr Quyét dinh sb 2595/QD-VHL ngay 31 ‘théng 12 ndm 2019 cua Ch tich
Vién Han 1am Khoa hoc va Cong nghé Viét Nam vé viéc giao chi tiéu ké hoach nim
20205

Cin ctr Quyét dinh sé 153/QD-DPHKHCN ngay 26 thang 3 nam 2019 cua
Hi¢u truéng Trudng Dai hoc Khoa hoc va Cong nghé Ha Noi v€ viéc ban hanh Quy
dinh v& quan 1y va thuc hién céc dé tai khoa hoc cong nghé cép co so;

Cén cu Bién ban hop cia Ban giam hiu ngay 29 thang 4 nam 2020 vé viéc phé
duyét cac dé tai KHCN cap co s& ndm 2020;

Xét d& nghi ciia Trudng Ban Nghién ciru, D6i méi va Chuyén giao Cong nghé,

QUYET PINH:

Piéu 1. Phé duyét thuc hién 05 d& tai KHCN cép co sé trong thoi gian tir
15/5/2020 dén 14/5/2022 cta Trudng Dai hoc Khoa hoc va Cong nghé Ha Noi véi
tong kinh phi 14 1.350.000.000 ddng (Bang chit: Mét ty ba tram ndm muoi triéu dong).

Pidu 2: Kinh phi thuc hién d& tai dugc trich tir ngudn chi thudong xuyén clia
Truong Dai hoc Khoa hoc va Cong nghé Ha Nai.

Danh séch d tai va kinh phi dugc phé duyét kém theo Quyét dinh nay.

Pidu 3. Céac chi nhiém dé tai va Trudng khoa chuyén mén lién quan cé trach
nhiém t6 chirc trién khai dé tai theo thuyét minh da dugc phé duyét va theo cic quy
dinh hién hanh.



Piéu 4. Quyet dinh nay c¢ hi€u lyc tir ngay ky. Truong Ban Nghién curu, Pbi
méi va Chuyén giao Cong nghé, Trudng phong K& toan-Tai chinh, Chi nhiém dé tai
va cac khoa chuyén mén lién quan chiu trach nhiém thi hanh Quyét dinh nay./.
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VIETNAM ACADEMY OF SOCIALIST REPUBLIC OF VIETNAM

SCIENCE AND TECHNOLOGY Independence — Freedom — Happiness
UNIVERSITY OF SCIENCE AND
TECHNOLOGY OF HANOI
N°: 235 /QD-DHKHCN Hanol, A‘/“{f H.,2020
DECISION

On approving the list and budget of institutional S&T projects in period 2020-2022

RECTOR OF
UNIVERSITY OF SCIENCE AND TECHNOLOGY OF HANOI

Pursuant to Decision No. 2067/QD-TTg dated 9" December 2009 of Prime
Minister on establishing University of Science and Technology of Hanoi (USTH);

Pursuant to Decision No. 2557/QD-TTg dated 30" December 2016 of Prime
Minister on issuing Organization and Operation Regulations of USTH,;

Pursuant to Decision No. 2595/QD-VHL dated 31% December 2019 of President
of Vietnam Academy of Science and Technology on assigning the target of 2020
annual plan;

Pursuant to Decision No. 153/QD-DHKHCN dated 26 March 2019 of Rector of
USTH on issuance of Regulation on management and implementation of institutional
S&T projects;

Pursuant to Minutes of meeting of Rector Board dated 29" April 2020 on
approving USTH S&T projects implemented 2020;

Considering request from Director of Research, Innovation and Technology
Transfer,
DECIDES:

Article 1. To approve 05 institutional S&T projects implemented from
15/5/2020 to 14/05/2022, with total amount of VND 1.350.000.000 (Zn word: One
billion, three hundred and fifty million dong).

Article 2: Funding for these projected will be taken from USTH Regular
Budget. List of projects and budget is attached.

Article 3. Principal investigators (PI) and Directors of related research
departments are responsible for implementing the projects in accordance with
approved proposals and the current regulations.

Article 4. This Decision takes effect from signing date. Director of Research,
Innovation and Technology Transfer, Director of Accounting-Finance Department,
Principal investigators and Directors of related research departments shall be in charge
of implementing this Decision./. 7975~
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Total
approved
No Project title Project code PI budget
(million
VND)
Coupling Radar interferometry and Unmanned
1 | aerial vehicle techniques to monitor the changes of | USTH.WEO.01/20-22 | Dr. Dao Thanh Duong 350
mangrove forest
Coupling Radar interferometry and Unmanned )
2 | aerial vehicle techniques to monitor the changes of USTH.SA.01/20-22 Dr. Tong Si Son 300
mangrove forest
Study on the genetic network involved in the .
3 | molecular signaling pathway in myeloprolifeative | USTH.BIO.01/20-22 Dr. Nguyén Thy Ngoc 350
neoplasms
Study on the genetic network involved in the - .
4 | molecular signaling pathway in myeloprolifeative | USTHICT.01/20-22 ot 300
neoplasms &
TOTAL (In words: One billions, three hundred million dong) 1300
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2. Project type 2 (Implementation time: 01 year, from 15/5/2020 to 14/5/2021)

Total
i . ) approved
No Project title Project code Pl budget
(million VND)
Investigation on effect of doping Fe on structure and magnetic
1 | properties of rare earth free magnetic material MnAIC USTH.élE 01720 Dr. Nguyen Van Tang 50
oriented for aviation application
TOTAL (In words: fifty million dong) 50




VIETNAM FRANCE UNIVERSITY

BIEN BAN GIAI TRINH CHINH SUA
Vé viéc hoan thién ho so diing Ky tuyén chon dé tai KHCN cip co sé giai doan 2020-2022
ADJUSTMENT EXPLANATION
On finalization of a full proposal of institutional S&T project period 2020-2022

I. THONG TIN CHUNG (GENERAL INFORMATION)

1. Khoa (Department): Space and Applications

2. Tén dé tai (Title of project):

- Tiéng Viét (In Vietnamese) : Nghién ctru két hop k¥ thuat xtr 1y anh radar va anh may bay
khong nguoi 14i trong quan trac bién dong rimg ngap man

- Tiéng Anh (In English): Coupling Radar remote sensing and Unmanned aerial vehicle
technique to monitor the changes of mangrove forest

3. Loai d@ tai (Project type): Institutional S&T project (Type 1)

4. Chi nhiém d@ tai (Principal investigator): TONG Si Son

5. Thaoi gian thuc hién (Implementation time): 15/5/2020-14/5/2022

II. NOI DUNG CHINH SUA (4DJUSTED CONTENTS)
Chii nhiém dé tai can trinh bay r6 cac noi dung da tié'p thu chinh sita theo két lugn cia Héi
dong. Cdc néi dung dé nghi giit nguyén can néu ré Iy do khéng chinh sita (PI has to indicate
adjusted contents according to recommendation of the Evaluation Council. For contents are asked to
remain the same, please indicate your reason)

No Y Kién ciia Hoi dong thAm dinh Tiép thu giai trinh

(Recommendation of the Evaluation Council) (Adjustment)

- Objectives of the proposal have been
revised according to the comments: This
- Clarify the time frame of the research study aims to characterize the variation of
canopy height of mangrove forests in
Xuan Thuy national park using UAV and
SAR data from 2014 to 2020. Besides, a
method to extract the canopy height of
mangrove forests from DSMs generated
by UAV and SAR data is developed in the
study.

1 - Summerize objectives into 2 clear items.

- Focus on forest height only instead of the
growth of mangrove

- The time of data in use have been added
to the method section (Figure 2): UAV
data are acquired in 2014 and 2020. The
TerraSAR-X data acquired in 2016 or
2017.

- Indicate the time of data using in the study

2 - Method align with the contents - The method section has been revised
according to the comment in the new
version of the proposal: Rearrange the
paragraphs in the method section/
Detailed field measurement method, tools
for surveying/ Provide more information




about using data/

- Add the more scientific and applicative value
of the study following the environmental issue

- The ‘necessity to conduct research”
section has been added more messages:
Canopy height and its variation are key
parameters to calculate the aboveground
biomass as well as to estimate the
greenhouse gas absorption especially in
the context of climate change.

- The proposal focuses much on the technique.

- The title is revised for more feasible and
focus on the mangrove: Coupling Radar
remote sensing and Unmanned aerial
vehicle technique to monitor the changes
of mangrove forest

- Carefully check the expense for purchasing
data. field measurement and publishing a paper
in a scientific journal

- The publication is changed to 0]
Qualified international journals™ due to
the cutting down budget.

- Adjust provisional budget for some items
10 adapt the approved budget '

- Review grammar and citations

The proposal has been carefully checked
the grammar and citations.

Truéng Khoa
(Director of Department)

NGO DUC THANH

Chii nhiém dé tai
(Principal investigator)

e

//

TONG SI SON

Xdc nhén cia Hyi dong thim dinh
(Confirmation of Evaluation Council)

Phén bién 1
(Reviewer 1)

)

Phén bién 2
(Reviewer 2)
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@TH THUYET MINH

VIETNAM FRANCE UNIVERSITY

PE TAI KHOA HQC VA CONG NGHE CAP CO SO
(FULL PROPOSAL OF INSTITUTIONAL S&T PROJECT)

I. THONG TIN CHUNG (GENRAL INFORMATION)
1.1. Khoa (Department):

[[] Khoa hoc vat liéu tién tién va Coéng nghé Nano (Advanced Material Science and
Nanotechnology);

[ ] Nang lugng (Energy);

[[] Céng nghé Thong tin va Truyén théng (Information Communication Technology);

[] Cong nghé Sinh hoc Néng Y Duoc (Pharmacological, Medical, Agronomical
Biotechnology);

[ ] Nuéc — Méi trudng — Hai duong hoc (Water-Environment-Oceans);

DX Vii tru va Hang khong (Space and Aeronautics);

[ ] Khoa hoc co ban (Fundamental Applied Sciences);

[] K§ thuat Hang khong (Aeronautical Engineering).

1.2. Tén dé tai (Title of project):

- Tiéng Viét (In Vietnamese) : Nghién cau két hop ky thuat xir Iy anh radar va anh may
bay khong nguoi l4i trong quan trac bién dong rirng ngap man

- Tiéng Anh (In English): Coupling Radar remote sensing and Unmanned aerial vehicle
techniques to monitor the changes of mangrove forest

1.3. Thoi gian thuc hién (Implementation time): 24 months
1.4. Loai hinh & pham vi nghién ciu (Research types & scopes):
a) Logi hinh nghién cizu (Research type):
X Co ban (Fundamental);
[] Ung dung (Prototype and/or applied research);
[ ] Trién khai (Finalized products).
b) Pham vi nghién cizu (Scopes of research):

[ ] CONG NGHE SINH HOQC: tng dung trong néng hoc, y hoc, ché bién thuc pham, ...
(BIOTECHNOLOGY: applied in agronomy, medicine, food processing, ...);

[] CONG NGHE THONG TIN VA TRUYEN THONG: Hoc may, Nhan dang va X |i
van ban, giong ndi, hinh anh, ... (INFORMATION AND COMMUNICATION
TECHNOLOGY: Machine Learning, Identification and Processing of text, voice, images,

o)

[ 1 MOI TRUONG: Hai duong hoc, Thity van, Xt 1y nuéc, Quan 1y tai nguyén (dat, nudc,
khoang san...) (ENVIRONMENT: Oceanography, Hydrology, Water treatment, Resource
management (soil, water, minerals ...);

[ ] NANG LUONG: Ning luong mat troi, Sinh khdi, Ludi dién thong minh (ENERGY:
Solar, Biomass, Smart grid);


https://usth.edu.vn/en/programusth/bachelor/bachelor-aeronautical-maintenance-and-engineering-operations-148.html

[] VAT LIEU TIEN TIEN VA CONG NGHE NANO: dinh huéng tmg dung trong chuyén
hoa va tich trir nang luwong, moi truong, cham soc sitc khoe (ADVANCED MATERIALS
AND NANO TECHNOLOGY: orientation of application in energy metabolism and storage,
environment, health care);

[X] KHOA HQC VU TRU: Vién thdm va md phong trai dat, Cong nghé vé tinh, Vat ly
thién van SPACE SCIENCE: Remote Sensing and Earth Simulation, Satellite Technology,
Astrophysics.

[ ] HOA HOC: Xuc tac, Dién hda, Héa hoc cac qué trinh tich trit va chuyén hoa ning
luong (CHEMICAL: Catalyst, Electrochemistry, Chemistry of energy storage and
metabolism processes.

[[] HANG KHONG: béo tri (dw phong, do bén vat ligu...), kiém soat khong luu, chuyén
doi ky thuat so (dix liéu lon, thong diép dir liéu va tiéu chuan API...) (AERONAUTICS:
maintenance (predictive, material-process-durability...), air-traffic control, digital
transformation (big data, data messaging and API standards...)

[ ] Khac (Others) (Néu ré néu co/please indicate if any)...

1.5. Chii nhiém dé tai va cAc thanh vién tham gia dé tai (Principal Investigator &
project’s members ):

*) Principal Investigator
Ho tén (Full name): Tong Si Son
Chtrc danh (Title) : Doctor
DT & Email (Contact): 0912828380; tong-si.son@usth.edu.vn

*) Thanh vién tham gia dé tai (Project’s members)

N° | Ho va tén (Full Pon vi (Organism) Lién hé (Contact)
name)
1 | Tong Si Son University of Science | Tong-si.son@usth.edu.vn
and _Technology of 0912828380
Hanol

2 | Phan Thanh | University of Science | phan-thanh.hien@usth.edu.vn
Hien and Technology of
Hanoi

3 | Pham Duc Binh | University of Science | phamducbhinhk51fetbk@gmail.com
and Technology of
Hanoi

4 | Bui Van Tuan University of Science | tuanbv53@gmail.com
and Technology of
Hanoi

5 | Pham Thi Lan Hanoi University of | phamthilanhd123@gmail.com
Mining and Geology

6 | LeVanCanh Hanoi University of | levancanhhumg@gmail.com
Mining and Geology



mailto:Tong-si.son@usth.edu.vn
mailto:levancanhhumg@gmail.com

I1. GIOI THIEU TONG QUAN (PROJECT DESCRIPTION):

Gidi thiéu tom tat vé deé tai (néu vdn de, muc tiéu va phirong phdp nghién ciru, khong qua 300
ter) (Brief introduction of project (context, objectives and research methodology) maximum 300
words).

Mangrove forests are among the most productive ecosystems on Earth since they act as
major biogeochemical links between upland and coastal regions. Mangrove develops on
coastal wetlands which suffer tide regime (submerged during high tide and exposed during
ebb tide), muddy, soft ground. It is difficult to investigate mangrove forests due to short
exposure time to be reached in the field. Only remote sensing technique with the advantages
of rapidly collecting information of objects, multi spatial, multi-temporal resolutions allows
instantaneously mapping such a target as mangrove forests.

Canopy height of mangrove forests can be measured using Lidar, Optical satellite image,
and Synthetic Aperture Radar (SAR) data. The SAR data using for constructing a digital
surface model (DSM) can be based on two techniques Radargrammetry and INSAR. The
INSAR based on the phase differences between two acquisitions while the Radargrammetry
uses the disparity between two intensity images to generate a DSM. These techniques are
useful methods to directly generate DSM of the forests and the surrounding area. However,
the DSM simulates the elevation of the top of trees, not the tree height. Therefore, it is
necessary to accurately simulate the ground elevation to calculate the canopy height of
mangroves, but these techniques always face the challenges to solve this problem.

This study aims to develop a method to accurately estimate the canopy height from DSM
extracted from SAR data and UAV images. Consequently, the method will be applied for
multi-temporal remote sensing data to monitor the height variation of the mangrove forest. A
digital terrain model (DTM) with an extremely high resolution extracted from UAV images
will be used to validate the results estimated from SAR data.

I1l. TONG QUAN TINH HINH NGHIEN CUU VA SU CAN THIET TIEN HANH
NGHIEN CUU (STATE OF THE ART AND NECESSITY TO CONDUCT RESEARCH)

3.1. Tinh hinh nghién ciru trong va ngoai nwéc (Research context in Vietnam and abroad):

- Néu rd nhizng nghién cizu do cac nha khoa hoc nuwée ngodi, trong nwéc tién hanh theo
hwéng nghién citu ciia dé tai va cac két qud dat dirge, dong thoi nhdn xét vé nhiing két qua da
néu (Indicate the research framework in Vietnam and abroad of the research project, achieved results
and comments on these results).

Four remote sensing approaches have been implemented to investigate mangrove forest
height: Airborne light detection and ranging (LIDAR), stereo optical images, radargrammetry
and Interferometric Synthetic Aperture Radar (INSAR). The LIDAR technique directly
measures ground and canopy elevations with the most accuracy and highest spatial resolution
comparing to other methods (Zhang, 2008). However, the method is costly for a small area.
Using pairs of overlapped optical images to generate DSM has been popularly done for a long
time (Lucas et al., 2002, Cao et al., 2018, Otero et al., 2018). DSMs of mangrove canopies can
be obtained at a spatial resolution of 0.85 m and a height resolution of 0.5 m from color aerial
photography (Lucas et al., 2002). During the past few years, the application of stereo optical
images captured by lightweight UAV to generate DSM of mangrove forests has been
implemented in a few studies (Cao et al., 2018, Otero et al., 2018). The improvements in
hardware and photogrammetric algorithms such as structure-from-motion (SfM) allow
processing hundred to thousand overlapped UAV images to generate DSM with the capacity
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to detail the vegetation at the centimeter level. Thus, it was suggested that UAV data were
most useful for retrieving canopy height and biomass from forests (Otero et al., 2018).
Although digital photogrammetry from UAVs leads to good estimations of mangrove forests
parameters, it is costly for wall-to-wall large-scale forest inventories (Navarro et al., 2019).
Also, in areas of low contrast (mudflats, open water), erroneous values were generated as the
technique for generating DSMs tends to fail in the areas of the image with low contrast or
texture. In general, the automatic DSM generation is not well suited to remnant water bodies
due to the lack of contrast or irregular contrast caused by reflections from the waves or, in the
worst case, a mirror reflection of the sun over-exposing an area on the photograph (Lucas et
al., 2002).

The InSAR technology uses two or more synthetic aperture radar (SAR) images to generate
maps of digital elevation, using differences in the phase of the waves returning to the satellite.
Shuttle Radar Topography Mission (SRTM) is a global DSM generated by the INSAR with 90
m spatial resolution, was used to investigate the tree height of dense mangrove forests in
Africa (Fatoyinbo and Simard, 2012). TanDEM-X InSAR (TDX) data with a spatial
resolution of 12 m obtained by Polarimetric Synthetic Aperture Radar Interferometry (Pol-
INSAR) was used to survey the canopy height of mangrove forest (Lee et al., 2015, Lee and
Fatoyinbo, 2015, Lagomasino et al., 2016). However, global DEMs have been extracted for
the only time on a global scale. Several studies have applied the INSAR for very high spatial
resolution SAR data as TerraSAR-X, COSMO-SkyMed to generate the multi-temporal DSM
for forest area (Perko et al., 2011, Persson and Fransson, 2014, Solberg et al., 2015). The
radargrammetric technique calculates the disparity between two intensity SAR images with
the advantage of less affected by temporal and atmospheric decorrelation. Moreover, X-band
SAR sensors can be more effective for monitoring the canopy height and forest biomass since
they are independent of cloudy conditions (Sinha et al., 2015). The canopy height extracted
from TerraSAR-X data using the InSAR and radargrammetric techniques has been
successfully implemented in two test sites Burgau and Seiersberg (Perko et al., 2011) or in
Lardal in southeast Norway (Solberg et al., 2015), or Swedish test sites (Persson and
Fransson, 2014). However, the mangrove forest seems to be ignored in the application of
these techniques.

It is noted that the LIDAR, Stereo optical images, shorter wavelength Radargrammetry and
INSAR techniques usually measure the elevation of the canopy height (the leaf layer) and they
produce the DSMs. The aboveground biomass of mangrove forest is based on the tree height
which is the result of subtracting the DTM from DSM (Figure 1). However, the DTM is
usually lacking in the intertidal zone. Thus canopy height is achieved from DSM by
subtracting a fixed value which was determined by visually inspecting the relative height of
the open areas (Otero et al., 2018). The canopy height was also estimated by subtracting the
ground (water) phase directly from the TDX interferogram with the assumption that the
underlying topography over mangroves is negligible and flat due to the unique environment in
which mangroves grow (i.e., near the water mean level) (Lee and Fatoyinbo, 2015,
Lagomasino et al., 2016). The topography of the dense mangrove forest is inhomogeneous.
Thus, using only one elevation value to represent the DTM increases the uncertainty of the
canopy height estimation.

In Vietnam, the horizontal variation and classification of mangrove forests using remote
sensing data were more preferred as seen in studies (N. T. Son et al., 2015, Van et al., 2015,
Pham and Yoshino, 2016, Portengen, 2017). SAR data and optical satellite data have been
used to estimate the aboveground biomass of mangrove forests in Vietnam (Pham and
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Brabyn, 2017, LUONG et al., 2018, Pham et al., 2018). These studies used ALOS Palsar 2
satellite images integrating in-situ data to estimate the total biomass of mangrove forests.
Several studies used INSAR technique to monitor the ground subsidence in Hanoi and Ho Chi
Minh city (Tran et al., 2015, Ho et al., 2019). However, no reports about the application of
SAR and UAYV data for characterizing the canopy height have been found in Vietnam.

- Néu muze do cap nhdt cua cac nghién cizu trong nuwdc so voi cac nghién cizu ma cac nha
khoa hoc Ciia cdc nieéc tién tién dang tién hanh theo ciing hwéng nghién cizu. Nhiing té chirc
khoa hoc dang tién hanh nhizng nghién cizu lién quan (Indicate a comparison of the project with
respect to Vietnamese and foreign context).

The canopy height extracted from TerraSAR-X data has been successfully used in two test
sites Burgau and Seiersberg (Perko et al., 2011) or in Lardal in southeast Norway (Solberg et
al., 2015), or in Swedish test sites (Persson and Fransson, 2014). However, Using the
TerraSAR-X data to monitor the height variation of mangrove forests in Vietnam has never
been done before.

- Néu nhizng két qua nghién cizu cua chu nhiém dé tai da dat dwoc theo hiréng nghién cizu cua
dé tai (Indicate achieved results of the Pl with the same orientation of the project).

Synthetic Aperture Radar (SAR) remote sensing was rarely used in the past due to the lack of
data. Sentinel-1 SAR data has been used in the PI’s PhD study for estimating roughness and
soil moisture of tidal flats. The detailed steps of processing SAR data were successfully
operated in the study which was published as a book chapter a Springe book. In the fact that
the processing steps of the TerraSAR-X data are a bit different from the previous study but the
knowledge about basic processes of SAR data is similar.

3.2. Sw can thiét tién hanh nghién cieu (Necessity to conduct research):

Néu rd vdn dé ma dé tai tap trung gidgi quyét; phan tich tinh mdi, tinh thoi sw, ¥ nghia khoa
hoc va sy can thiét cia van dé can nghién cizu (Indicate issues that the project focuses on;
analyze the novelty, timeline, scientific value and necessity of the research issues).

This study focuses on three main issues; 1/ Using TerraSAR-X data to construct DSMs in a
specific mangrove forest in the Xuan Thuy national park located in the Red River estuarine. 2/
Developing a new method to accurately estimate the canopy height of mangrove forest from
DSMs constructed by the TerraSAR-X data. 3/ Coupling SAR and UAV data to monitor the
height variation of mangrove forests in the study area. All of the three items have never been
found in previous studies.

The results of the study will provide a new solution for characterizing mangrove forests for
not only on the scientific field but also the local environment. Canopy height and its variation
are key parameters to calculate the aboveground biomass as well as to estimate the
greenhouse gas absorption especially in the context of climate change.

This experiment is the preparation for a new radar system that will be launched next several
years by scientists in VAST following the LOTUS project.

Using radar remote sensing is the trend for future applications of environmental studies due to
the ability to penetrate through cloudy weather which is the biggest obstacle of using optical
remote sensing data. Moreover, radar data are freely sufficient available. This study will
provide lessons, practices for both lecturers, and students.

Besides, this study is the opportunity to increase the cooperation between the SA department
with researchers, experts in other institutes and/or universities in France. Consequently, we
5



(lecturer and researchers) in the SA department can enhance the skills and techniques by
exchanging knowledge.

IV. MUC TIEU CUA PE TAI (OBJECTIVES)

N&u rd muc tidu can dat dwot Ciia dé tdi, lam co sé xde dinh néi dung nghién cizu va ké hoach
trien khai (Indicate main objectives, research contents and implementation plan).

This study aims to characterize the variation of canopy height of mangrove forests in Xuan
Thuy national park using UAV and SAR data from 2014 to 2020. Besides, a method to extract
the canopy height of mangrove forests from DSMs generated by UAV and SAR data is
developed in the study.

V. CACH TIEP CAN & PHUONG PHAP NGHIEN CUU (APPROACHES & RESEARCH
METHODS)

M@ ta chi tiét cach tiép cdn, phwong phdp nghién ciru, ki thugt sir dung phil hop Véi ting ngi
dung cuia dé tai nham dat dwoc muc tiéu cia dé tai (Detailed description of approaches, research
methods, techniques of each research content).

Two approaches are used for this study
1/ Multidisciplinary approach

Mangrove develops on the salty water and suffering the tide regime. Thus, the flooding tide
prevents people from accurately measuring the height of mangrove trees even the field survey
or remote sensing techniques are carried out. This study develops the method to extract
canopy height using SAR data and UAV data which must be mentioned in the condition of
low tide, low wind speed, and meteorological conditions.

2/ Multi-temporal remote sensing approach

Monitoring the variation of mangrove forests faces a huge challenge in the field measurement.
Only remote sensing with multi-temporal, multi-resolution can provide information about
mangrove on a large scale. This study uses the multi-temporal approach to investigate the
vertical and horizontal variation of mangrove. TerraSA-X data with the spatial resolution of 3
m and UAV photos with around 0.1 m resolution acquired at different times will provide a
detailed variation of the mangrove species.

Research method

The key point of this study is the method to construct the ground elevation model so-called
digital terrain model (DTM) from DSM. The TerraSAR-X sensor uses an X band with a
wavelength of around 2.5 cm which can be backscattered from the top of leaves. Thus, the
results of processing SAR or UAV data are DSM (Figure 1). The accuracy of the canopy
height model (CHM) depends on the accuracy of DTM. This study determines the elevation of
open areas (area without vegetation), this set of elevation is the data for the interpolation of
DTM. This method is based on the assumption that the elevation of the ground is gradually
varying according to the elevation of the surrounding area. The example of the method is
shown in Figure 3. To apply this method, all the images using in the study must be acquired at
the lowest water level. Overall, this method is firstly used for estimating the canopy height of
mangrove forest, thus it is necessary to evaluate the simulated results by in-situ data. The flow
chart of processes using in this study is illustrated in Figure 2. Techniques using in the
research are indicated below.



Interferometry SAR (InSAR) is one of the methods to construct the DSM of mangrove forests.
To successfully apply the InSAR method, it is required that two images using for
interferometry must be well coherence. The coherence is based on various factors as the phase
contribution of the flat earth, the elevation, the displacement of the ground, atmosphere
condition. It is best if two images are acquired at the same time. TerraSAR-X data may be
appropriate for this task due to the only one day difference between two acquisitions but at
different incident angles. Pairs of TerraSAR-X data processed at the single look complex
(SLC) level and acquired in 2016 or 2017 will be used to calculate the interferometry and
radargrammetry.

Radargrametry is an effective method to generate DSMs based on the disparity between two
intensity SAR images with the advantage of less affected by temporal and atmospheric
decorrelation. Both of the radargrammetry and InSAR techniques are tested for TerraSAR-X
data in the study area to define the better method.

The UAV photogrammetry method using low-cost UAV handing an optical camera to capture
images of mangrove forest at low elevation flights. This method provides the accurate DSM
and orthophoto of the study area with very high resolution. To process the UAV image, it is
necessary to use a powerful computer and complex methods.

Real-Time Kinetic GPS (RTK GPS) is applied to measure the ground control point network
and the referent data for evaluating the DTM extracted from the UAV and INSAR method.
This method allows surveying coordinates with the centimeter level of accuracy and taking a
very short time at around 3 seconds each point.

Field measurement. The field study will be carried out to measure the canopy height at some
samples. Besides, the elevation of terrain along cross-sections in mangrove forests will be
surveyed for calibration and accuracy assessment of DTM extracted from DSM. A laser tool
will be used to measure the canopy height, and the RTK GPS devices are to survey ground
elevation. Field measurement plays a critical role in the success of the study. Thus, this task
will be carefully prepared and planned before implementing it.



X-band

CHM = DSM - DTM

Figure 1: The interaction between the electromagnetic wave and canopy, and the
concept of Digital survey model (DSM), Canopy height model (CHM) and Digital terrain
model (DTM).

TerraSAR-X pair images
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UAV photos
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Constructing the Constructing DSM
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Investigating the height Classification of forest/non-
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Calculating the canopy height
at various times

The vertical variation
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Figure 2. The flow chart of processing steps
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Figure 3. Example of estimating canopy height from DSM

VI. NQI DUNG NGHIEN CUU VA TIEN PQ THUC HIEN (RESEARCH CONTENTS
AND IMPLEMENTATION TIME)

6.1 Ndi dung nghién ciru (M td chi tiét nhizng ngi dung nghién cizu cia dé tai/....) (Research
contents (Detailed description about research contents/...))

Content 1: General investigations

1.1 Reviewing methodologies for estimating canopy height of mangrove forest from
Remote sensing data

1.2 Overview of the study area

The mangrove forest is characterized by the tide regime. Thus, the ground in the
mangrove forest is submerged during flooding tide and exposed to the air during ebb
tides. The investigation of the tide schedule, mangrove forest types provides
information for planning the field measurement, flights of UAV, or collecting
appropriate satellite data for the study.

1.3 Inventory and acquiring SAR data relating to research contents



TerraSAR-X is the SAR data for doing interferometry. The SAR data must be
evaluated according to the criteria of building interferometry, radargrammetry and the
tidal regime to develop the method for estimating canopy height.

Content 2: Constructing DSM of mangrove forest from UAV photos and SAR data

This content is composed of taking UAV photos, fieldwork to measure ground control
points for processing UAV images and to survey elevation of ground for the
assessment of DTM.

2.1 Plans of the ground control measurement and taking UAV photos
2.2 Fieldwork

Coordinates of the control point network and elevation of ground along planned cross-
sections are surveyed on the field. Simultaneously, UAV is employed in taking the
photo in the study area. The field works are planned in 4 days including transports
from Hanoi to Xuan Thuy national park and renting the boat to go for field
measurement.

2.3 Processing UAV data

This step is to process all overlapped photos captured by UAV to construct DSM and
orthophoto. Coordinates of ground control points will be included in the processes to
accurately geo-rectify the results of UAV.

2.4 Processing SAR data to obtain DSM

INSAR and Radargrammetry techniques are tested using TerraSAR-X data to define
the appropriate method for constructing DSM.

Content 3: Developing the method to extract the canopy height of mangrove forest

Content 3 goes through the steps to estimate the tree height from DSM. Consequently,
the method to increase the accuracy of extracted canopy height is proposed and
evaluated.

3.1 Extracting the non-vegetated area

3.2 Extracting elevation of non-vegetated area form DSM

3.3 Constructing ground DTM

This step is the key to increase the accuracy of canopy height.

3.4 Estimating the canopy height from DSM and DTM

3.5 Accuracy assessment of ground DTM and canopy height using field measurement

Content 4: Monitoring the variation of canopy height of mangrove forest using SAR
and UAV data

The variation of mangrove forests in the study area is investigated using the multi-
temporal pair of SAR data and UAV photos. The horizontal variation of mangrove
species represents the expansion or the degradation of mangrove. The proposed
method is applied to monitor the vertical variation which represents the grown or the
health of mangrove forests.

4.1 Classification of mangrove species using TerraSAR-X and UAV data

10



4.2 Monitoring the variation of mangrove forest.

6.2 Tién dd thuc hién (Implementation time)

Thoi gian
Cac ngi dung, cbng viéc (bt dau-
0 , ¢ 2 &t tho . :

\° .th ?\'“ : San pham ket thic) Nguoi thuc hién

¢ hién
wee (Outcomes) Implementat (Implementor)
(Contents) lon time
(Start-
complete)
1 | Prepare grant proposal Proposal 5/2020- Tong Si Son, Pham
6/2020 Duc Binh

2 | Inventory and collect | Documents, maps, | 5/2020- Tong Si Son, Pham
documents, acquiring | data, images, etc 6/2020 Duc Binh
SAR data relating to
research contents.

3 | Processing SAR data to | DSM achieved by | 6/2020- Tong Si Son, Pham
construct DSM  of | InNSAR or | 7/2020 Duc Binh, Pham Thi
mangrove forest. Radargrammetry Lan

technique

4 | Designing the UAV | Planning data, maps | 7/2020- Pham Thi Lan, Le
flight path, and ground | of flight path and | 8/2020 Van Canh, Phan
control point networks ground control Thanh Hien

network

5 | Fieldworks; survey | Measured data and | 7/2020- Tong Si Son,
ground control points | UAV photos 8/2020 Phan Thanh Hien
and taking photos from '
UAV Pham Duc Binh,

Bui Van Tuan,
Pham Thi Lan,
Le Van Canh

6 | Processing UAV photo | DSM and | 9/2020 - Pham Thi Lan,
to construct DSM and orth_ophotos 12/2020 Bui VVan Tuan
orthophotos achieved by UAV

technique Le Van Canh

7 | Classification of | Distribution of | 01/2021- Pham Thi Lan, Phan
mangrove species using | mangrove species 02/2021 Thanh Hien, Bui
orthophoto and canopy Van Tuan
height.

8 | Develop a method to | Report 3/2020- Tong Si Son,
extract canopy height 5/2021 Phan Thanh Hien,
from DSM Le Van Canh
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9 | Generate canopy height | Canopy model of | 6/2021- Pham Duc Binh,
for 3 dates mangrove forest in 3 | 7/2021 Pham Thi Lan,
dates Bui Van Tuan
10 | Assessment  of  the | Maps, analysis data | 8/2021- Tong Si Son, Phan
vertical grown of | about the vertical | 9/2021 Thanh Hien,
mangrove forest variation of Pham Duc Binh
mangrove ’
Le Van Canh,
Bui Van Tuan
11 | Writing and publishing | Manuscript 10/2021- Tong Si Son,
paper 04/2022 Phan Thanh Hien,
Pham Duc Binh,
Bui Van Tuan,
Pham Thi Lan,
Le Van Canh

VIIl. DU KIEN KET QUA PAT PUQC (EXPECTED OUTCOMES)
7.1 Du kién két qua nghién ciru (Expected outcomes):

Néu dur kién két qua nghién cizu (phat hién méi, Iy thuyét méi, phuwong phap méi, vat liéu méi,
...); ¥ nghia khoa hoc, kha ndng sir dung két qua nghién cizu (Indicate expected outcomes (new
discoveries, new theories, new methods, new materials, ...); scientific value, ability to apply of
research results).

The method to increase the accuracy of the canopy height of mangrove forest is a new finding
in the field of remote sensing applications. Moreover, the applications of the INSAR or
Radargrammetry techniques for monitoring mangrove forests were rarely seen in the
document and it has not been used in Vietnam. The canopy height, biomass of mangrove
forest is usually hard to accurately investigate due to the soft, muddy, and short time
exposition of the ground. The mangrove variation of this study provides valuable, unique
information for the study area.

7.2. Cong bd khoa hoe, dao tao va san pham nghién ciu (Publications, mentoring results &
research prototypes, finalized products)

NO

Tén san pham

(Description)

S6 lwong
(Quantity)

Yéu cau chat lwgng san pham
(M@ ta chi tiét chdt lirong san pham

dat dwoc nhuw noi dung, hinh thurc,
cac chi tiéu, thong so ky thudt,...)

(Expected quality of project outcomes

Cong trinh cdng bo (Publications)
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Tap chi ISI ¢6 uy tin' (Qualified ISI
Journal)

1.1

Expected paper: Developing a
method to accurately investigate the
variation of mangrove forest. An
example in Xuan Thuy national park,
Vietnam

12 Tap chi quéc té c¢6 uy tin? (Qualified 01
’ international journal)

Tap chi quéc té khac (Other
international publication)

.

1 4 Tap chi qudc gia ¢6 uy tin
' (Qualified national publication)

Hoi 1 kh b té, qud . . .
21 nghi khoa hoc quoc t€, quoc Proceeding paper in a national

1.5 | gia (International, national 01
; conference
conference)
1 Séan phfim dao tao (Cit nhan, Thac s¥, Tién s§,...) (Mentoring results (Bachelor, Master,
PiD....)
2.1 | Support master student 01 Successfully defend the final thesis
2.2 | Support bachelor student 01 Successfully defend the final thesis

III | Sian phim &ng dung (Research prototypes/finalized products)

3.1

VIIL. KINH PHI (BUDGET): 300.000.000 VND

Du todn kinh phi trién khai dinh kém (Provisional budget in attached).

Hanoi 5™ May 2020
Truwéng Khoa Chii nhiém dé tai
(Xdc nhdn, ky va ghi ré ho tén (Principal Investigator)
(Assessment, sign and full name))
—~
NGO DUC THANH TONG SI SON

! Cac tap chi khoa hoc chit lugng hang ddu cta cac nganh thudc linh vuc, duoc lua chon tir tap chi qudc té co uy
tin do Quy NAFOSTED ban hanh (Top qualigied scientific journals of fields, selected from list of reputable
international journals issued by NAFOSTED).
? Chc tap chi khoa hoc dwoc lwa chon tir danh muc SCI va SCIE do Quy NAFOSTED ban hanh (Scientific
Journals selected from SCI and SCIE index issued by NAFOSTED).
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DU TOAN KINH PHI THU'C HIEN DE TAI
PROVISIONAL BUDGET

Tong kinh phi /Total Budget: 300,000,000 VND (bidng chit/in words: Three hundred millions)
Trong d6 / Inside:
- Nguon NSNN / State Budget: 300,000,000 VND

- Ngudn khdc / Other sources: 0
Du trit kinh phi theo cde mue chi (gidi trinh chi tiét trong phu luc kém theo) / Estimated
expenditure according to expenditure items (detailed explanation in attached appendix).

bvt: @ong (Unit: VND)

STT Noi dung chi / Tbng tién Niim 2020 Nim 2021 Ghi
INo | Contents of expenditures Year 2020 Year 2021 chi
Ngudn Nguon Nguon Nguon | Note
NSNN khac NSNN khde
State budget | Other State Other
sources budger sources
1| Conglao dng tryc tiép 251,661,000 | 102,884,500 148,776,500
| tham gia thue hién dé tai/
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Phu luc / Appendix
GIAI TRINH CAC KHOAN CHI / DETAILED EXPENDITURES
Khoin 1/ Clause I : Cong lao ddng truc ti€p tham gia thue hign dé tai / Wages paid to project members :

* Dy to4n tién cong theo cic ndi dung cong viée / Estimated wages according to work descriptions

Nim 2020 Nim 2021
Chifc danh H¢ sb tién Year 2020 Year 2021 Ghi chi
n cong theo | S6 ngay Nguon NSNN Nguon NSNN Note
e R on n thue hién X R . 2 A A X X
N§i dung cong viéc Ho tén L ngay cong |Lwong co sé| Tong tién cong State budget Nguén State budget Nguén
No S nhiém vu ; . g . T <
Work descriptions Full name Po vi;‘ion i;q Day-based | Working | Basis salary Total wages So ngay khac So ngay khac
‘m oct wage days cong Téng tién cong | Other cong Téng tién cong | Other
L coefficient Working Total wages souces | Working Total wages souces
days days
1) 2 3) “) >) (6) (7)= (4)x(5)x(6) ) ©) (10) (1) (12) (13) (14)
) Prepare grant proposal | Tong Si Son PI 0.79 3 1,490,000 3,531,300 3 3,531,300
Pham Duc Binh Researcher 0.49 1 1,490,000 730,100 1 730,100
Inventory and collect Documents, maps, data, images, 13 13,961,300 13 13,961,300
documents, acquiring -
2 | SAR data relating to | " 51 SO0 Pl 0.79 10 1,490,000 11,771,000 | 10 11,771,000
research contents i
Pham Duc Binh Researcher 0.49 3 1,490,000 2,190,300 3 2,190,300
Processing SAR data DSM achieved by InSAR technique 24 21,545,400 24 21,545,400
to construct DSM of _
3 mangrove forest | 1ong Si Son PI 0.79 9 1,490,000 10,593,900 9 10,593,900
Pham Duc Binh Researcher 0.49 5 1,490,000 3,650,500 5 3,650,500
Pham Thi Lan Researcher 0.49 10 1,490,000 7,301,000 10 7,301,000
Designing the UAV | Planning data, maps of flight path and ground
. 28 20,442,800 28 20,442,800
flight path, and control network
4 ground control point |Pham Thi Lan Researcher 0.49 5 1,490,000 3,650,500 5 3,650,500
networks Phan Thanh Hien Researcher 0.49 5 1,490,000 3,650,500 5 3,650,500
Le Van Canh Researcher 0.49 18 1,490,000 13,141,800 18 13,141,800
Fieldworks; survg Measured data and UAV photos 24 19,310,400 24 19,310,400
ground control points -
and taking photos Tong Si Son PI 0.79 4 1,490,000 4,708,400 4 4,708,400
from UAV Phan Thanh Hien Researcher 0.49 4 1,490,000 2,920,400 4 2,920,400
5 Pham Duc Binh Researcher 0.49 4 1,490,000 2,920,400 4 2,920,400
Bui Van Tuan Researcher 0.49 4 1,490,000 2,920,400 4 2,920,400
Pham Thi Lan Researcher 0.49 4 1,490,000 2,920,400 4 2,920,400
Le Van Canh Researcher 0.49 4 1,490,000 2,920,400 4 2,920,400
i DSM and orthophotos achieved by UAV
Processing UAV rihophotos achieved by 32 23,363,200 | 32 23,363,200
photo to construct technique
6 DSM and Pham Thi Lan Researcher 0.49 13 1,490,000 9,491,300 13 9,491,300
orthophotos Bui Van Tuan Researcher 0.49 1 1,490,000 730,100 1 730,100
Le Van Canh Researcher 0.49 18 1,490,000 13,141,800 18 13,141,800
Classification 9f Distribution of mangrove species 34 24,823,400 34 24,823,400
mangrove species i
7 using orthophoto and Phan Thanh Hien Researcher 0.49 12 1,490,000 8,761,200 12 8,761,200




o Nim 2020 Nim 2021
Chite danh He so tien . Year 2020 Year 2021 Ghi chu
n cong theo | SO ngay Nguon NSNN Nguon NSNN Note
N§i dung cong viéc Ho tén thl‘f.f hi¢n ngay cong |Lwongcosé’| Tong tién cong State budget Ngudn State budget Ngudn
No Work descriptions Full name "l",e-’ m i Day-based | Working | Basis salary Total wages Sb ngay khac S6 ngay khac
Posm.on " wage days cong Téng tién cong | Other cong Tong tién cong | Other
project coefficient Working Total wages souces | Working Total wages souces
days days
1) 2 & “) & ©) (7)= (4)x(5)x(6) ®) ©) (10) 1) (12) 13) (14)
canopy ileight. Pham Thi Lan Researcher 0.49 12 1,490,000 8,761,200 12 8,761,200
Bui Van Tuan Researcher 0.49 10 1,490,000 7,301,000 10 7,301,000
Develop a method to Report 44 39,723,400 44 39,723,400
8 extract canopy height|Tong Si Son PI 0.79 17 1,490,000 20,010,700 17 20,010,700
from DSM Le Van Canh Researcher 0.49 15 1,490,000 10,951,500 15 10,951,500
Phan Thanh Hien Researcher 0.49 12 1,490,000 8,761,200 12 8,761,200
Generate canopy Canopy model of mangrove forest in 3 dates 30 21,903,000 30 21,903,000
9 height for 3 dates |Pham Duc Binh Researcher 0.49 15 1,490,000 10,951,500 15 10,951,500
Pham Thi Lan Researcher 0.49 10 1,490,000 7,301,000 10 7,301,000
Bui Van Tuan Researcher 0.49 5 1,490,000 3,650,500 5 3,650,500
Asse.ssment of the Maps, analysis data about the vertical 28 24,912,800 28 24,912,800
vertical grown of variation of mangrove
mangrove forest Tong Si Son PI 0.79 10 1,490,000 11,771,000 10 11,771,000
10 Phan Thanh Hien Researcher 0.49 5 1,490,000 3,650,500 5 3,650,500
Pham Duc Binh Researcher 0.49 5 1,490,000 3,650,500 5 3,650,500
Le Van Canh Researcher 0.49 3 1,490,000 2,190,300 3 2,190,300
Bui Van Tuan Researcher 0.49 5 1,490,000 3,650,500 5 3,650,500
Writing and Manuscript 39 37,413,900 39 37,413,900
publishing paper |Tong Si Son PI 0.79 20 1,490,000 23,542,000 20 23,542,000
Phan Thanh Hien Researcher 0.49 5 1,490,000 3,650,500 5 3,650,500
11 Pham Duc Binh Researcher 0.49 5 1,490,000 3,650,500 5 3,650,500
Bui Van Tuan Researcher 0.49 5 1,490,000 3,650,500 5 3,650,500
Pham Thi Lan Researcher 0.49 2 1,490,000 1,460,200 2 1,460,200
Le Van Canh Researcher 0.49 2 1,490,000 1,460,200 2 1,460,200
Téng cong / Total 300 251,661,000 125 102,884,500 175 148,776,500




* Bang tong hop tién cong lao dong / Summary of Labor wages:

A £ ear ear ote
No Full name nhlf;m vu Day-based | Working Basis cong Ngudn Ngu’o n Ngudn Nguron
Position in Total wages khac khac
oct wage days salary NSNN Other NSNN Other
projec coefficient State budget State budget
souces souces
(7)=(4) x
1 2 3 4 5 6
(1) 2 ) @) ) (©) x
1 | Tong Si Son PI 0.79 73| 1,490,000 | 85,928,300 | 30,604,600 55,323,700
2 | Pham Duc Binh Researcher 0.49 38 | 1,490,000 | 27,743,800 9,491,300 18,252,500
3 | Phan Thanh Hien Researcher 0.49 43 | 1,490,000 | 31,394,300 6,570,900 24,823,400
4 | Bui Van Tuan Researcher 0.49 30 | 1,490,000 | 21,903,000 3,650,500 18,252,500
5 | Pham Thi Lan Researcher 0.49 56 | 1,490,000 | 40,885,600 | 23,363,200 17,522,400
6 | Le Van Canh Researcher 0.49 60 | 1,490,000 | 43,806,000 | 29,204,000 14,602,000
Téng cong / Total 300 251,661,000 | 102,884,500 148,776,500




Khoan 3/ Clause 3: Chi khac / Other expenditures

Nam 2020 Nam 2021
. i Year 2020 Year 2021
No Noi dung Dt‘lf'l'l‘hvl mif:l Pon gia | Thanh tién - - Ghi chi
Contents . M8 | Unit price | Amount Ngudn Nguon Nguon X Note
Unit | Quant. khac NSNN Ngudn khac
NSNN
Other State Other souces
State budget
souces budget
(1) 2) ) 4) ) (6)
1 | Hgi thdo / Conference
Cong tac phi / Expenditure
2 | for working trip: 6 nguwoi * 26,200,000 | 26,200,000
4 ngay
o1 | Chiphidilai/ Travelling | . 4| 2,500,000 | 10,000,000 | 10,000,000
expenditur: thué xe o t0
2 | Phucap luutr/ Working |, 24| 200,000 | 4,800,000 | 4,800,000
allowance
Chi phi thué phong nghi /
2.3 | The cost of renting a dém 18 300,000 | 5,400,000 5,400,000
working stay
2.4 | Renting boats for field ngdy 2 | 3,000,000 | 6,000,000 6,000,000
measurement
3 | Yan phong pham, in an/ 7,139,000 3,415,500 3,723,500
Stationery. printing
4 Dién, nwéc/Electricity,
water
5 | Quan ly phi/ Overhead 15,000,000 7,500,000 7,500,000
Tf;ng cong / Total 48,339,000 | 37,115,500 11,223,500




