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Literature Review

• Hybrid AC-DC Transmission system (Positive sequence only):
• Sequential approach  
• Unified approach – NR method

• Hybrid AC-DC Distribution system (Unbalanced network)
• Sequential approach with BFS method for grid connected system
• Unified approach – Novel techniques for formulation and solution (direct and 

iterative matrix solvers, optimization problem) 
• Grid connected
• Isolated microgrid
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Challenges

• Power-flow methods have limitations.

• Not generic.

• Not unified.

• Suffer from convergence. 

• Power-flow methods provide insufficient detail to initialize time-domain 
network equations.

Balanced Network, Radial or weakly 
meshed networks

Transmission system power-flow methods are directly 
not applicable to distribution systems, and vice versa.

Integrated representation of 
transmission and distribution systems

sequential methods due to the decoupled 
nature of the problem formulation

Balanced power-flow algorithms can not initialize 
unbalanced networks for transient simulation.
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Solution(s)

• Majority of the novel power-flow methodologies were validated with 
steady-state solutions from transient simulation tools (PSCAD, EMTP, 
MATLAB/SIMULINK).

• Transient simulation tools offer more generic representation of topologies 
in a unified environment (Transmission, Distribution, Power electronics 
converters, AC, DC and AC-DC systems)

• Transient simulation tools use circuit base formulation, such as Henrys, 
Ohms, Farads, Amperes, Volts, etc. (Do not use per unit values)

Could we harness the transient simulation prowess of circuit-based 
formulations to revolutionise our AC-DC power-flow solution approach?



2. FAN Power-Flow Tool
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Features of FAN Power-Flow Tool

Power-flow Solution Attributes

Solution 
method

Non-Iterative 
methods

Iterative 
methods  

(Newton like)

Hybrid AC-DC 
solution 
method

Sequential 
approach

Unified or 
simultaneous 

approach

Number 
representation

Per unit values

Physical or 
actual values 

Co-ordinate 
system

Polar

Rectangular

Network 
Analysis 

Technique

Nodal Analysis

Modified-
Nodal Analysis

Frame of 
reference

Sequence 
components

‘ABC’ phase 
frame

Constraint 
definition

Node 
constraints

Branch 
constraints

Problem 
Formulation

Power 
mismatch

Current 
mismatch

• Multi-phase harmonic power-flow solution- W. Xu and Dommel et.al -1990
• Augmented rectangular load flow - positive sequence network
• Current injection based NR method for transmission network and multi-phase distribution network.
• Unbalanced power-flow solutions found in ETAP, PowerFactory, CYME-Dist., OpenDSS.
• Multi-phase load-flow solution using Modified-Augmented-Nodal-Analysis (EMTP-RV).

The closed-form solution for a system of nonlinear 
equations is effective only for small networks of 4 to 5 
buses, leading us to adopt an iterative method instead.

The current mismatch formulation provides a wider 
convergence radius by employing a linear solution for 
transfer buses, while also preserving a significant 
portion of constant elements in the Jacobian matrix

In the branch constraints approach, power-flow 
constraints are property of network components, 
enables representation of equipment connections 
and unbalance effects.

Representing multi-phase arbitrary network topologies in 
the 'ABC' reference frame is easier but entails a greater 
computational burden than in the 'sequence' reference 
frame. Fortunately, modern computational facilities have 
overcome this limitation.

Classical nodal analysis has limitations. Modified Nodal Analysis 
(MNA) has been introduced as a solution, yet its usage in power 
system analysis is mainly confined to EMT-type tools, despite the 
growing demand for its implementation in creating power-flow 
programs for contemporary power systems featuring power 
electronic converters.

To enhance computational efficiency and 
preserve the benefits of the current 
mismatch formulation, opt for a 
rectangular coordinate system, thereby 
avoiding the use of trigonometric 
functions.

To prevent the ill-conditioning 
of the admittance matrix when 
representing systems with a 
wide range of voltage levels, 
actual values are utilized 
instead of normalized values.

In order to uphold the 
stability and reliability of 

the convergence 
characteristic, a unified 

approach has been 
selected
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Large-scale Hybrid AC-DC Power System
• System Partitioning and Parallel Algorithms

• Multi-Area Thevenin Equivalent (MATE) application

S1

S2 S3

link

Example:
300 Bus system
• Single system – 300x300
• 3 Subsystems – 3x(100x100) 

and 3x3  

S1

Transmission Network

Newton PF

S2

Newton/GIZbus PF

Sub-transmission Network
with only PQ constraints

S3

Radial distribution 
network
with only PQ constraints

Newton/BFS PF
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Capabilities of Power-Flow Tool

• Multi-phase arbitrary network topology
• Integrated representation of transmission and distribution 

systems
• Explicit representation of DC grid topologies
• Unified representation of AC-DC systems
• Explicit modelling of Power Electronic Converters
• Simulation of Large-scale hybrid AC-DC Systems
• Proper Initialisation of future hybrid time-domain and steady-

state short-circuit simulation tools  
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Capabilities of Power-Flow Tool

• Line Commutated Converters
• 3-Phase full bridge
• 1-Phase full bridge

• Voltage Source Converters
• 2-Level

• 3-Phase full bridge
• 1-Phase full bridge

• Modular Multi Level
• 3-Phase full bridge
• 1-phase full bridge
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Capabilities of Power-Flow Tool

DC-DC 
converters for 

DC grid

Two-Level

Cascaded Multi-
Converter

Modular Multi-
level Converter

Dual Active 
Bridge

Flyback/Forward 
based

Isolated

Non-Isolated

DC-
Autotransformer

Transformer less

Resonant

DC Modular

DC-DC Chopper Uni-directional DC-DC

Bi-directional DC-DC



3. Case Studies
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New Zealand Power System-NI-Peak_load_2020

• https://www.emi.ea.govt.nz/Wholesale/Datasets/Transmission/Pow
erSystemAnalysis/PSSErawFiles

• Network Specification:
Equipment Name Count

AC Busses 506

Transmission lines 277

Series Reactors (includes lines with B=0) 60

Series Capacitors 1

2-Winding Transformers 324

3-Winding Transformers 39

Shunt Reactors 2

Shunt Capacitors 24

Static PQ Loads 121

Equivalent Sources 1

Synchronous Machines 110

https://www.emi.ea.govt.nz/Wholesale/Datasets/Transmission/PowerSystemAnalysis/PSSErawFiles
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New Zealand Power System-NI-Peak_load_2020

• Power-flow Convergence Analysis
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New Zealand Power System-NI-Peak_load_2020

• Power-flow Summary

Parameter Active Power (MW) Reactive Power (MVAr)

Total +ve Generation 4366.1 619.5

Total –ve Generation 0.0 889.2

Total +ve Load            4510.1 673.5

Total –ve load             329.6 1460.6

Total Generation 4695.7 2080.1

Total Load 4510.1 1562.7

Total loss                      185.6 517.4
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New Zealand Power System-NI-Peak_load_2020

• Bus Voltage Profile
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Renewable Energy Network Development

Sta�on 
Transformer

Equiva lent
Genera�on

Interconnec�ng
Transmiss ion l ine

PoC

Ex
is

�n
g 

Li
ne

• Line-> CD-RKA-NACI (Tee connection 20% and 80%)
• Generation 35 MW

 Base Case
 Contingency-1 : Load at WRK33 bus, out of service
 Contingency-2 : Transformer TAA-TF-T1, in service
 Contingency-3 : Line CD-RKA-NACI 20% section line out of service
 Contingency-4 : Line WRK-A-NACI, out of service
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Renewable Energy Network Development

• Power-flow Summary
Parameter Base 

(35MW_Generation)
CONT1 
(45MW_LOAD_OUT)

CONT2 
(2WDG_TRAFO_IN)

CONT3 
(TEE_LINE_OUT)

CONT4 (LINE_OUT)

MW MVAr MW MVAr MW MVAr MW MVAr MW MVAr

+ve P_G 4363.6 616.2 4314.8 611.8 4363.5 617.6 4403.8 629.3 4364.8 615.6

-ve P_G 0.0 910.0 0.0 938.0 0.0 911.9 34.2 863.9 0.0 906.1

+ve P_L            4510.1 673.6 4465.6 673.9 4510.1 673.6 4510. 1 673.3 4510.1 673.6

-ve P_L 329.6 1462.5 329.6 1465.0 329.6 1462.7 329.6 1458.4 329.6 1462.2

P_G 4693.2 2078.7 4644.4 2076.8 4693.1 2080.3 4733.4 2087.7 4694.4 2077.8

P_L 4510.1 1583.6 4465.6 1611.9 4510.1 1585.5 4544.3 1537.2 4510.1 1579.7

Loss 183.1 495.1 178.8 465.0 183.0 494.7 189.1 550.5 184.3 498.1
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Renewable Energy Network Development

• Bus Voltage Profile
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Renewable Energy Network Development

• Equipment Loading
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CIGRE Benchmark System- BM4

Source: CIGRE TB-804, “DC grid 
benchmark models for system 
studies”,  June 2020.

• Balanced AC-DC system
• Asymmetrical Bipolar DC system
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40071
(Bb-D7_pos)

40072
(Bb-D7_neg)

2.28 Ω

S_rated = 1200 MVA
Losses = 1.01%
Pac_sp = -750 MW
Vac_sp = 0.996 p.u

40070
(Bb-D7_gnd)

S_rated = 1200 MVA
Losses = 1.01%
Pac_sp = -750 MW
Vac_sp = 0.996 p.u

3807
(Ba-D7)

P_sp = 1000 MW
Q_sp = 0 MVAr

40032
(Bb-D3_neg)

S_rated = 400 MVA
Losses = 0.969%
Pac_sp = 300 MW
Vac_sp = 1.021 p.u

40030
(Bb-D3_gnd)

40031
(Bb-D3_pos)

V_sp = 1.0 p.u
∠V_sp = 0°

(Ba-D2)
3802

P_sp = 2000 MW
Q_sp = 0 MVAr

4+j53.6 Ω

4+j53.6 Ω

S_rated = 800 MVA
Losses = 1.01%
Vdc_sp = 1.0 p.u
Q_sp = -27.58 MVAr

20021
(Bm-D2_pos)

20022
(Bm-D2_neg)

S_rated = 1200 MVA
Losses = 0.979%
Vdc_sp = 1.01 p.u
Vac_sp = 0.9997

40060
(Bb-D6_gnd)

S_rated = 1200 MVA
Losses = 0.979%
Vdc_sp = 1.01 p.u
Vac_sp = 0.9997 p.u

40081
(Bb_D8_pos)

5.7 Ω

3809
(Ba-D9)

S_rated = 1200 MVA
Losses = 1.02%
Pac_sp = 774 MW
Vac_sp = 0.997 p.u

40091
(Bb-D9_pos)

S_rated = 1200 MVA
Losses = 1.02%
Pac_sp = 774 MW
Vac_sp = 0.997 p.u

40082
(Bb-D8_neg)

3814
(Ba-D14)

V_sp = 1.0 p.u
∠V_sp = 0°

3815
(Ba-D15)

2.28 Ω
4.56 Ω

4.56 Ω

4.56 Ω

4.56 Ω

1.9 Ω
1.9 Ω

1.9 Ω

3.
42

 Ω

3.
42

 Ω

40091
(Bb_D9_neg)

4+j53.6 Ω

3.
42

 Ω

5.7 Ω

2202
(Cm-D2-Conv)

S_rated = 800 MVA
Losses = 0.99%
Vdc_sp = 0.9999 p.u
Q_sp = -15.37 MVAr

20131
(Bm-D13_pos)

20132
(Bm-D13_neg)

2213
(Cm-D13_Conv)

S_rated = 1200 MVA
Losses = 0.993%
Pac_sp = -754 MW
Vac_sp = 0.983 p.u

4+j53.6 Ω

20121
(Bm-D12_pos)

20122
(Bm-D12_neg)

1.9 Ω

1.9 Ω

3812
(Ba-D12)

P_sp = 1000 MW
Q_sp = 0 MVAr

P_sp = 1000 MW
Q_sp = 0 MVAr

4+j53.6 Ω

1.33 Ω

4+j53.6 Ω

1.33 Ω

20011
(Bm-D1_pos)

S_rated = 800 MVA
Losses = 0.927%
Vac_sp = 0.977 p.u
∠V_sp = 25.65°

20012
(Bm-D1_neg)

1.9 Ω 2201
(Cm-D1_Conv)

20111
(Bm-D11_pos)

20112
(Bm-D11_neg)

S_rated = 800 MVA
Losses = 0.979%
Vac_sp = 1.0 p.u
∠ V_sp = 0°

2210
(Cm-D10_Conv)

1410
(Bo-D10)

Psp = 500 MW
Q_sp = 0 MVAr

0.95 Ω

0.95 Ω

1401
(Bo-D1)

P_sp = 500 MW 
Q_sp = 0 MVAr

22031
(Cb-D3_Conv_pos)

1403
(Bo-D3)

40042
(Bb-D4_neg)

40040
(Bb-D4_gnd)

22041
(Cb-D4_Conv_pos)

40041
(Bb-D4_pos)

1404
(Bo-D4)

2.85 Ω

2.85 Ω

40051
(Bb-D5_pos)

4.215+j3.95 Ω

P_sp = 500 MW
Q_sp = 0 MVAr

P_sp = 1000 MW
Q_sp = 0 MVAr

S_rated = 200 MVA
Losses = 1.003%
Vac_sp = 1.0 p.u
∠ V_sp = 34.29°

20051
(Bm-D5_pos)

20052
(Bm-D5_neg)

1.9 Ω

1.9 Ω

2205
(Cm-D5_Conv)

40052
(Bb-D5_neg)

1.
9 

Ω

400710
(Bb-D7s_pos)

400720
(Bb-D7s_neg)

1.
9 

Ω

1.
9 

Ω

S_rated = 2000 MVA
Losses = 0%
Ra�o_sp = 0.999

S_rated = 2000 MVA
Losses = 0%
Ra�o_sp = 2.0

1.
9 

Ω

380 kV AC

220 kV AC

145 kV AC

± 400 kV DC

± 200 kV DC

40062
(Bb-D6_neg)

40061
(Bb-D6_pos)

20101
(Bm-D10_pos)

20102
(Bm-D10_neg)

4+
j5

3.
6 

Ω

S = 800 MVA
X = 15%

YD1

S = 1200 MVA
X = 15%

YD1

S = 1200 MVA
X = 15%

YD1

S = 1500 MVA
X = 15%

YD1

S = 1500 MVA
X = 15%

YD1

S = 800 MVA
X = 15%

YD1

S = 800 MVA
X = 15%

DY1

~ ~

S = 800 MVA
X = 15%

DY1

~

~

22061
(Cb-D6_Conv_pos)

22062
(Cb-D6_Conv_neg)

~ ~

2212
(Cm-D12_Conv)

S = 1200 MVA
X = 15%

YD1

40090
(Bb-D9_gnd)

22091
(Cb-D9_Conv_pos)

22092
(Cb-D9_Conv_neg)

~

~

22071
(Cb-D7-Conv_pos)

22072
(Cb-D7-Conv_neg)

~

~

S = 1200 MVA
X = 15%

YD1

S = 1200 MVA
X = 15%

YD1

22032
(Cb-D3_Conv_neg)

~

~

S = 400 MVA
X = 15%

DY1

S = 400 MVA
X = 15%

DY1

~

~

22042
(Cb-D4_Conv_neg)

S = 800 MVA
X = 15%

DY1

S = 800 MVA
X = 15%

DY1

~ ~

1405
(Bo-D5)

S = 200 MVA
X = 15%

DY1

S_rated = 400 MVA
Losses = 0.969%
Pac_sp = 300 MW
Vac_sp = 1.021 p.u

3.
42

 Ω S_rated = 800 MVA
Losses = 0.978%
Vac_sp = 1.004 p.u
∠ V_sp = 24.64°

S_rated = 800 MVA
Losses = 0.978%
Vac_sp = 1.004 p.u
∠ V_sp = 24.64°

AC-380 kV

AC-145 kV

Bi-Pole 

Symmetrical monopole

DC-DC converters
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CIGRE Benchmark System- Balanced case

• Power-flow Convergence Analysis
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CIGRE Benchmark System- Balanced case

• Power-flow Summary

Parameter Active Power (MW) Reactive Power (MVAr)

Total +ve Generation 7793.9 0.0

Total –ve Generation 114.7 307.3

Total +ve Load            7500.0 0.2

Total –ve load             0.0 0.0

Total Generation 7793.9 0.0

Total Load 7614.7 307.5

Total loss                      179.2 -307.5
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CIGRE Benchmark System- Balanced case

• AC Bus Voltage Profile
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CIGRE Benchmark System- Balanced case

• DC Bus Voltage Profile
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40071
(Bb-D7_pos)400.16 kV

40072
(Bb-D7_neg)

-400.16 kV

-371.90 373.89

40070
(Bb-D7_gnd)0 kV

-750
(-2.69)

-750
(-2.69)

3807
(Ba-D7)

219.39 kV
∠ 3.12°

75
7.

57
75

7.
57

1000
(0)

2200
(0)

40032
(Bb-D3_neg) -405.29 kV

40030
(Bb-D3_gnd) 0 kV

40031
(Bb-D3_pos)

405.29 kV

-2
97

.0
7

(Ba-D2)

∠ -3.14°

3802

219.39 kV

146.95
(-68.15)

-146.35
(-46.26)

146.95
(-68.15)

-146.35
(-46.26)

2000
(0)

1000
(0)

293.90
(-136.31)

20021
(Bm-D2_pos)

200 kV

20022
(Bm-D2_neg)

-200 kV

40060
(Bb-D6_gnd)0 kV

40081
(Bb_D8_pos)398.03 kV

422.99 -416.74

3809
(Ba-D9)

219.39 kV
∠ -0.49°

40091
(Bb-D9_pos)394.64 kV

40082
(Bb-D8_neg)-398.03 kV

3814
(Ba-D14)

219.39 kV
∠ 0°

-114.67
(-171.02)

3815
(Ba-D15)

219.39 kV
∠ 0°

838
(-41.78)

-8
29

.7
9

-383.31
(-27.58)

838
(-41.78)

-371.90 373.89
340 -336.77

340 -336.77

340 -336.77

340 -336.77

-273.20

27
5.

65

-193.59 195.82

-273.20

27
5.

65

-3
90

.9
6

39
4.

32

-3
90

.9
6

39
4.

32

40091
(Bb_D9_neg)-394.64 kV

-774
(-0.53)

-774
(-0.53)

78
1.

93
78

1.
93

19
3.

59
19

3.
59

-145.48
(-46.38)

146.07
(-68.14)

-8
29

.7
9

-3
90

.9
6

39
4.

32

422.99 -416.74

2202

127.35 kV
∠ -29.03°

(Cm-D2-Conv)

20131
(Bm-D13_pos)

198.98 kV

20132
(Bm-D13_neg)

-198.98 kV

286.06
(-15.37)

-1
41

.6
1

2213

127.2 kV
∠ -33.56°

(Cm-D13_Conv)

-1
41

.6
1

22.96
(-62.84)

-22.95
(-59.41)

20121
(Bm-D12_pos)

198.64 kV

20122
(Bm-D12_neg)

-198.64 kV

141.61 -140.22

-141.61 -140.22

38
0.

83
38

0.
83

-754
(93.66)

3812

219.39 kV
∠ -0.17°

(Ba-D12)

1000
(0)

2300
(0)

1000
(0)

1900
(0)

7.84
(-61.80)

-7.84
(-60.63)

-240.61 242.56

-15.11
(-60.06) 15.11

(-62.31)

-240.61 242.56

20011
(Bm-D1_pos)

201.84 kV

20012
(Bm-D1_neg)

-201.84 kV

-193.59 195.82

-1
95

.8
2

-1
95

.8
2

2201
(Cm-D1_Conv)

124.10 kV
∠ 25.65°

395.52
(104.43)

20111
(Bm-D11_pos)200.25 kV

20112
(Bm-D11_neg)-200.25 kV

2210
(Cm-D10_Conv)

127.02 kV
∠ 0°

1410
(Bo-D10)

83.34 kV
∠ -24.60°

500
(-47.33)

-2
47

.5
4

-2
47

.5
4

500
(0)

-242.56 244.18

-242.56 244.18

1401
(Bo-D1)

83.72 kV
∠ 0°

0
(0.029)

500
(0)

22031
(Cb-D3_Conv_pos)

129.73 kV
∠ 21.32°

300
(-74.80)

1403
(Bo-D3)

83.72 kV
∠ -2.35

40042
(Bb-D4_neg) -405.15 kV

40040
(Bb-D4_gnd) 0 kV

22041
(Cb-D4_Conv_pos)

127.57 kV
∠ 24.64°

40041
(Bb-D4_pos)

405.15 kV

1404
(Bo-D4)

83.72 kV
∠ 0°

21
.4

2

-1
9.

05

21
.4

2

-1
9.

05

40051
(Bb-D5_pos) 402.74 kV

104.48
(-137.33)

-100
(80.87)

-2
97

.0
7

300
(-74.80)

-4
95

.1
1

-4
95

.1
1

500
(0)

500
(-46.88)

500
(-46.88)

1000
(0)

20051
(Bm-D5_pos) 201.37 kV

0
(0.031)

0
(0.031)

50
.5

0

20052
(Bm-D5_neg) -201.37 kV50

.5
0

3.36 -2.92

3.36 -2.92

2205
(Cm-D5_Conv)

127.37 kV
∠ 34.29°

-100
(-7.53)

0
(0.031)

100
(0)

40052
(Bb-D5_neg) -402.74 kV

51
4.

16
-5

09
.5

5

400710
(Bb-D7s_pos)400.56 kV

400720
(Bb-D7s_neg)-400.56 kV

-4
57

.9
2

-4
57

.9
2

46
1.

96
-4

57
.9

2
45

7.
92

-4
57

.9
2

-4
57

.9
2

45
7.

92
-4

57
.9

2
46

1.
96

400.16 kV

-400.16 kV

201.37 kV

-201.37 kV

-4
7.

58
-4

7.
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-4
7.

58
-4

7.
58

47
.5

8

47
.5

8

-5
09

.5
5

51
4.

16

380 kV AC

220 kV AC

145 kV AC

± 400 kV DC

± 200 kV DC

40062
(Bb-D6_neg)

-404 kV

40061
(Bb-D6_pos)

404 kV

20101
(Bm-D10_pos)

201.4 kV

20102
(Bm-D10_neg)

-201.4 kV

-153.27
(-45.36)

153.93
(-68.28)

~ ~

~

~

22061
(Cb-D6_Conv_pos)

126.98 kV
∠ -39.15°

22062
(Cb-D6_Conv_neg)

126.98 kV
∠ -39.15°

~ ~

2212
(Cm-D12_Conv)

124.92 kV
∠ -24.67°

40090
(Bb-D9_gnd)0 kV

22091
(Cb-D9_Conv_pos)

126.64 kV
∠ -26.04°

22092
(Cb-D9_Conv_neg)

126.64 kV
∠ -26.04°

~

~

22071
(Cb-D7-Conv_pos)

126.5 kV
∠ -21.48°

22072
(Cb-D7-Conv_neg)

126.5 kV
∠ -21.48°

~

~

22032
(Cb-D3_Conv_neg)

129.73 kV
∠ 21.32°

~

~

~

~

22042
(Cb-D4_Conv_neg)

127.57 kV
∠ 24.64°

~ ~
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Note: Load Convention is used except for generator
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CIGRE Benchmark System- Unbalanced case

• Power-flow Summary
Parameter Active Power (MW) Reactive Power (MVAr)

Total +ve Generation 7806.2 0.0
Total –ve Generation 114.7 306.8

Total +ve Load            7500.0 0.2
Total –ve load             0.0 0.0

Total Generation 7806.2 0.0
Total Load 7614.7 307.0
Total loss                      191.5 -307.0
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CIGRE Benchmark System- Unbalanced case

• AC and DC Line Loading
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4. Conclusions
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Conclusions

Power-flow 
tool analyses

• Technical feasibility of AC-DC network configurations.
• Bus voltage profiles.
• Evaluate power losses.
• Assess equipment loadings.

Initial conditions 
for time-domain 

simulation

• It uses same network topology and data 
• Improves simulation speed for future hybrid time-domain simulation tool.

Reliability
and 

effectiveness 

• Rigorous testing with various test systems
• Capabilities demonstrated through selected case studies 
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Applications

Hybrid AC-
DC System

• Multi-terminal HVDC system
• Multi-terminal MVDC system
• LVDC System 

Renewable 
Energy 

• Type 4 Wind Energy Generation (PMSG, MSC, GSC, and GSUT)
• Type 3 Wind Energy Generation (DFIG, RSC,GSC, and GSUT)
• Solar PV Energy Generation (PV Array, DC-DC, GSC, and GSUT)
• Battery Energy Storage System (Battery, DC-DC, GSC) – snapshot

Industry 

• Variable Frequency Drives (AFR/DBR, VSI, IM/SM)
• Electric vehicles  (Battery, DC-DC, AFR/DBR) 



Thank You!



FAN Research Partners
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Overseas – University of Cambridge
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