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Many of the developments and improvements of products and
technologies In our everyday life involve neutron scattering
researches such as the extending of laptop computer batteries’ life,
the effective and safe materials that are used to make bridges,
engine parts, and airplanes, and the production of high quality
plastic products. Though playing a significant role and costing high
expense in the research community, when it comes to study in situ
dynamic or kinematic behaviors of materials, researchers do not
have a tool to predict where and when the interesting phenomenon
will occur yet. Most of the time, neutron scattering experiments are
heavily dependent on scientists’ initial guesses, and these guesses
remain unchanged during the experiments. To help solving this
problem, the Computational Sciences and Engineering Division
proposes to develop a software tool that is capable of producing
experimental plans adaptive to the measurements in real time. The
research group aims to make this new tool work for at least three
different types of non-linear functions of arbitrary shapes. The
ultimate goals are to design and to implement an intuitive graphical
Interface that will allow users to use the algorithms. The result from
this project will be essential for future researches involving neutron
scattering science.

Methods
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*» Test case 1. demonstrate initial tool on an actual data

» Clean data: actual experimental data

* Noisy data: random Gaussian noise added to each point in the
clean data

Planning scheme:
o Choose a set of initial points based on range of the positions
o Obtain the measurements for the chosen initial points
o Compare the absolute changes in measurements between two
nelghboring points
o For each iteration, add two midpoints in two intervals with the
largest absolute changes until total sampling points met.

First three iterations of clean data solution

Final comparison plots
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— Clean data solution: planned and experimental data graphs match each other.
— Noisy data solution: assuming clean data to be ground truth, comparison plots show that
noisy and planned data match each other.

*» Test case 2: test/modify tool on sine function curve
Final comparison plots
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— Clean data sine: assuming an arbitrary experiment’'s measurements fall exactly on the sine
curve, initial tool returns a planned data that closely follows the experimental one.

— Noisy data sine: assuming clean data sine to be the ground truth, the comparison plots show
that initial tool returns a planned data that follows the noisy one quite well.

*»* Hypothesis testing:
= Null hypothesis: planned and experimental measurements drawn
from same distribution
= Alternative hypothesis: planned and experimental measurements
drawn from different distributions
» Tests: Kolmogorov-Smirnov and Wilcoxon tests
o If p-value > 0.05 - Accept null hypothesis
o If p-value < 0.05 = Reject null hypothesis

«» Sensitivity analysis: Clean data solution

w_aisi =0 w_points = 0 w_change = 0

.'“',

1)
2

‘|h |
1

| il
0
034
0

—=

1.1 1.1 1
a8 f 2]

0
G

value ks test

0 (1]
0.6 0.6
4 4

002040808 10
002040608 10

No. pts in section
02 040608 10

Change in adj. meas

Change in ad]. meas
p_value ks test
p_value ks test

| “ [ <08

©00204 0608 1.0
Abs. dist. to xlast

0
0. 0.0

P_

L}
WO0Z04 0608 1.0
Abs. dist. to xlast

@O0204 0608 1.0
No. pts in section

= The weight of number of points in the section is significant. When this weight is set to 0, the
Kolmogorov-Smirnov test shows that 8 out of 10 cases, initial tool fails to predict the
measurement values (p-values < 0.05).

Test results

*+ Test case 1.
Kolmogorov-Smirnov test:

Clean data solution: p-value =0.1087

Wilcoxon test:
Clean data solution: p-value = 0.3812

Noisy data solution: p-value = 0.9621 Noisy data solution: p-value = 0.7806

& 2
Accept null hypothesis

*»» Test case 2:
Kolmogorov-Smirnov test: Wilcoxon test:
Clean data solution: p-value = 0.6557 Clean data solution: p-value = 0.9457

Noisy data solution: p-value = 0.7031 Noisy data solution: p-value = 0.832

& 2
o Accept null hypothesis

Conclusion and future work

*» Planned and experimental data derived from same distribution
" |nitial tool works on an actual experimental data
" |nitial tool works on sine function
*»* Movies were created from series of static images
*»* A graphical user interface was designed and implemented
*»» Future works:
» Test/modify tool on 2 additional non-linear functions
» Extend algorithm to test two dimensional data
* Make software tool available to users
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