
Statistical studies of IRIS data towards better 
understanding of small-scale reconnection

Authors: Lijia Guo1,2,  Bart De Pontieu1,3,4, Juan Martinez-
Sykora1,2

1. Lockheed Martin Solar and Astrophysics Laboratory, 3215 Hanover St., Org. 
A021S, Bldg. 252, Palo Alto, CA 94304, USA.
2. Bay Area Environmental Research Institute, 625 2nd St Ste. 209, Petaluma, 
CA 94952, USA.
3. Institute of Theoretical Astrophysics, University of Oslo, Post Office Box 
1029, Blindern, N-0315, Oslo, Norway.
4. Rosseland Centre for Solar Physics, University of Oslo, PO Box 1029 
Blindern, 0315 Oslo,Norway



IRIS-9, Göttingen, 25-29 June 2018

Contributed Talk

1. Fundamental physical processes and modeling

Statistical studies of IRIS data towards better understanding of
small-scale reconnection

L.-J. Guo1,2, B. De Pontieu1,3

1Lockheed Martin Solar and Astrophysics Laboratory, CA, United States.
2Bay Area Environmental Research Institute, Petaluma, CA, USA.

3University of Oslo, Oslo, Norway.

Magnetic reconnection is a fundamental plasma process that play a critical role in energizing the solar
atmosphere. Despite the fact that it is one of the most widely assumed mechanisms in studies of solar
eruptive events, it is still not fully understood. Recently, we used spectroscopic data from the Interface
Region Imaging Spectrograph (IRIS) mission to reveal the transient evolution of fast reconnection
mediated by plasmoids at several small-scale reconnection sites (Innes & Guo et al. 2015, Rouppe van
der Voort et al., 2017). In this presentation, we present statistical studies of explosive events on a large
amount of samples with the help of artificial intelligence. The IRIS team obtained a significant number
of observations of explosive events in Si IV (and other wavelengths) during 2016 and 2017. We apply
machine-learning and deep-learning algorithms on these data sets to detect explosive events. All the
events we detect are then categorized according to di↵erent aspects (e.g. dynamics, absorption features
etc.). For each group, we obtain key parameters of reconnection dynamics (e.g. growth time) and
by comparing these parameters in di↵erent group, we are able to reveal how reconnection proceeds in
di↵erent regimes on the Sun.
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Search for sit-and-stare data sets for statistic 
studies of explosive events in IRIS database 



Application of deep-learning algorithms on object 
detection

CNN stands for convolutional neural network



Detection results
Detection results include:
boxes enclosing the objects,
classes of the objects and 
scores showing the confidence
level of detect results.
 



Apply object-detection neural networks on IRIS 
data

We train and apply neural networks on the time evolution of Si IV 1394 spectra of each pixel along the IRIS slit.
Accuracy for strong events: >96% on tested data sets, on average less than one hour per data set.
In this presentation, we present results from IRIS data set at 2014-05-04 12:09:28-14:29:21.

Good detection Good detection Bad detection



Examples of detected events



Detection results and preliminary diagnostics

718 events are detected. 



Methods to determine absorption features 
and chromospheric response

Ni II absorption Fe II absorption
C II response

Yellow line is the time-averaged C II 
profile for each pixel.



Locations of strong events versus weak events
strong weak

Strong events occur recurrently over four locations, each event last 30~90 seconds.
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Locations of events with Ni II and Fe II absorption 
Ni II absorption Fe II absorption



Locations of events with C II response 
C II response



Conclusion

• We present a method to study a massive amount of spectroscopic 
data efficiently.

• Judging from spectroscopic diagnostics (C II response, Ni II absorption, 
Fe II absorption etc.), explosive events occur under different plasma 
environments. 

• Ongoing work:
   ---Include Mg II h&k, triplet response
   ---Scan all 264 sit-and-stare datasets 



Thank you for your attention!

Hotdog detection app Santa monitor



Supplemental slides
Machine learning softwares
• Caffe (c), Keras, Tensorflow(python), Theano(python) etc.

• We will go with tensorflow for now, and keep an eye on 
developments of other softwares.

• https://www.tensorflow.org/

• If you are interested in other softwares, here is a summary: 
https://en.wikipedia.org/wiki/Comparison_of_deep_learning_softwar
e



Prepare data for training: annotate images
Annotation software  generate *.xml files



Choose a model

Download models and put them in the 'object_detection' directory

models available in model zoo: 
https://github.com/tensorflow/models/blob/master/research/object_detection/g3doc/detection_model_zoo.md



Start training
type 'python train.py --logtostderr --train_dir=training/ 
--pipeline_config_path=training/iris.config'

Automatically save training progress 
Automatically restart from the latest checkpoint.



Resources

• https://pythonprogramming.net/introduction-use-tensorflow-object-
detection-api-tutorial/

• https://www.youtube.com/watch?v=vT1JzLTH4G4&list=PL3FW7Lu3i5
JvHM8ljYj-zLfQRF3EO8sYv


