


Several parts that comprise the large scientific equipment should be 
installed and operated at precise three-dimensional location 
coordinates X, Y, and Z through survey and alignment to ensure their 
optimal performance. As time goes by, however, the ground goes 
through uplift and subsidence, which consequently changes the 
coordinates of installed components and leads to alignment errors ΔX, 
ΔY, and ΔZ. As a result, the system parameters change, and the 
performance of the large scientific equipment deteriorates accordingly. 
Measuring the change in locations of systems comprising the large 
scientific equipment in real-time would make it possible to predict 
alignment errors, locate any region with greater changes, realign 
components in the region fast, and shorten the time of survey and 
realignment. 









HLS installed in LINAC section





HLS installed in Undulator section

Hyojin Choi et al., “Operation Status of HLS system installed to Measure Ground Change of Large Scientific Equipment in Real-Time”, in Proc. of MEDSI2018, 
Paris, France, paper WEPH18 (2018).

Radiation safety regulations : Radiation shield with a lead block for waterpipe to pass through the walls of the 
building.



WPS installed in Undulator section







Wire stretched Post and WPS sensor support





Control Room Screen



Figure 6: PAL-XFEL 지반 구조와 변화



Main Feedback system for beam correction



HLS



The surrounding environment influencing HLS.







Waterpipe & Air Hole

[1] C. Zhang et al., “Primary Hydrokinetics Study and Exper-iment on the Hydrostatic Leveling System”, in Proc. of IWAA 2002. Spring-8, Japan (2002).

The time required for the water to maintain balance within the waterpipe is determined by the length (L) and 
diameter (Ø) of the pipe. The pipe diameter was calculated so that the pipe could be installed in a straight line 
and so that the time required to balance the water would take about an hour [1].



Inject water

Flow measurements in LINAC section
(HLS value axis scales are not same)

When two air holes are installed.



Hyojin Choi et al., “HLS System to Measure the Location Changes in Real Time of PAL-XFEL Devices”, in Proc. of IPAC2018, Vancouver, Canada, 
paper WEPAL070 (2018).



Change in the height of water due to tidal-force.



HLS



[3] Willfried Schwarz, “Wire measurements for the control of the FFTB-magnets”, Proc. of IWAA1990 (1990)
[4] A. Herty, et al., “Intercomparison Tests with HLS and WPS” Proc. of IWAA2010 (2010)
[5] Daniel Roux, "Status of ESRF Alignment Facilities WPS ready for an automatic 2D smoothing of a storage ring", Proc. of IWAA1995 (1995)



The calculation formula provided by FOGALE Nanotech 

Wire Sag 



Complementary Relationship of HLS and WPS



HLS measurements



WPS measurements



HLS value ≠ WPS value

Wire Post
HLS-21

-246.8μm



WPS measurement value 
correction method using HLS.
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