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The edge turbulence could contribute to remarkable 

cross-field transport in magnetically confined plasmas, 

such as blobs or filaments [1]. During the propagation of 

blobs from the plasma edge to the scrape-off layer (SOL), 

a large amount of heat and particles across the last closed 

flux surface (LCFS) can reach the divertor plates in a 

short time and lead to heat deposition on the first 

plasma-facing materials. Some fast transient events, like 

edge-localized mode (ELM) can cause significant energy 

loss in the core plasma and high heat flux at the divertor 

target, which is a crucial issue for large fusion devices 

such as ITER. In consequence, the fine dynamic 

evolution of the edge turbulence is important for 

understanding edge cross-field transport and core plasma 

confinement. 

Two-dimensional imaging technology is applied to the 

measurement of edge turbulence structure and its 

propagation velocity. Several 2D diagnostics for 

turbulence structure have been developed, including 

beam emission spectroscopy (BES) [2], Langmuir probe 
[3], electron cyclotron imaging (ECEI) [4], and gas puff 

imaging (GPI) [5]. Since the turbulence flow velocity is 

an essential parameter for the understanding of 

turbulence instability and radial transport, various 

methods are used in velocity estimation, such as the 

time-delay method (TDE) [6], optical flow [7], spatial 

displacement estimation (SDE) [8]. 

The SDE method calculates the spatial displacement 

from the spatial lag of the 2D spatial cross-correlation 

coefficient function. Since the SDE could be operated for 

two adjacent images, it has much higher temporal 

resolution than the TDE method, which is an advantage 

for the velocity estimation of fast structures. Due to the 

SDE method needing enough large image pixels, its 

spatial resolution is limited. Based on the SDE algorithm, 

we make some improvements, including an adaptive 

median filter and super-resolution technology. After the 

development of the algorithm, a straight-line movement 

and a curved-line movement are used to test the accuracy 

of the algorithm, and the calculated speed agrees well 

with preset speed. This SDE algorithm is applied to the 

EAST GPI data analysis, and the derived propagation 

velocity of turbulence is consistent with that from the 

TDE method, but with much higher temporal resolution. 

We tested the accuracy of SDE algorithm through two 

sections of motion, as shown in Figure 1, and then 

applied the algorithm to GPI diagnosis on EAST. 
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Figure 1. In the subgraph Movement evolution, (a) A linear motion; (b) A curvilinear motion. In the subgraph 
Algorithm test, The structure velocity for the straight and curvilinear motions calculated by the SDE method. The 
turbulence propagation velocities calculated by the TDE method for discharge 103882 (right). (a) Radial velocity, with 
positive value directed outside; (b) Poloidal velocity. 


