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The continuous electron beam at Jefferson Lab is used to study the internal structure of nuclei by 
studying reactions of the beam with nuclear targets. The beam targets in Hall C are solid or liquid, 
and are placed on a movable ladder within a vacuum chamber. The target must be kept at low 
temperatures and under vacuum to prevent heating and boiling and to prevent beam interactions 
with air. The target ladder moves when subjected to the processes of pulling vacuum and cooling. 
This displacement of the target is a large source of uncertainty for both the spectrometer optics 
and experimental physics results. An optoNCDT laser can be used to measure this displacement. 
The laser was used to take measurements, which were then characterized to determine its 
resolution, linearity, stability, and repeatability. From using a similar test set-up to the real Hall 
conditions, it was found that the laser has a 0.1 mm resolution, but has associated drifts and offsets 
that must be considered before each trial, yielding an overall 0.2 mm resolution in reproducibility. 
The laser can be used to effectively measure the position of the target in the experimental hall, but 
it must have an adequate “warm-up” period and a linearity check using other known targets at 
various distances to determine offsets. With a procedure that characterizes and accounts for all 
offsets, this measurement can significantly reduce uncertainties on the target ladder position 
during nuclear physics experiments.  
 

I. Motivation 
 

The objective of this experiment is to use a optoNCDT 1182-30 Laser to measure how the target 
ladder in hall C moves in the downstream direction after the application of vacuum and cryogenic 
loads. Previously, this offset could only be measured by the survey crews and on rare occasions, 
making it difficult to ascertain the offset for groups of running and in between target cool downs.  
 

II. Experimental Overview  
 
The optoNCDT ILR 1182-30 laser works on a “time of flight principle”, where the laser sends out 
a light pulse to hit a target, and measures the time it takes to return. The laser uses the change in 
phase between the light from the original pulse and the light returning to the sensor to resolve the 
distance to the target. The distance, D, is governed by the formula 𝐷 = 	 $%

&
, where c is the speed of 

light and t is the time it takes the light signal to return to the laser (CorDEX Instruments). 
Nonlinearity of the measured value is often present in time-of-flight devices, such as the 
optoNCDT 1182-30, and results from the existence of aliased harmonics within frequency-
modulated signals (Payne, 2010). Signals become aliased when a system samples data at an 
insufficient rate. Data is converted to USB for readout on a user interface through an RS422 
converter. 



The factors that affect the repeatability of laser measurement are: resolution, linearity and stability. 
The resolution of the laser is the minimum distance offset the laser can resolve. The linearity of 
the laser is the maximum difference between the actual measurement and an ideal straight line or 
average. The stability of measurement refers to laser performance over a long period of time. In 
this experiment, these three factors were studied and the results were used to characterize the 
repeatability of laser measurement. 

Figure 1: Example of Linearity 

 
 

 
III. Procedure 

 
1. Setting up the laser 

a. An RS422 converter converts electric signals from the laser to USB for output 
into a user interface. The converted also allows the laser to be connected to 
power. 

b. The wiring diagram for the RS422 converter is located in the Micro Epsilon 
optoNCDT Instruction Manual (Micro-Epsilon). 

2. Setting up a file in Hyper Terminal 
a. Open a new Hyperterminal connection, name the connection, and press “OK” 

i. Figure 2.a Opening Hyperterminal 

b. A new window will appear with the connection settings. Select the port that is 
connected to the laser and press “OK” 



i. Figure 2.b Establish Connection Settings 

c. Another window will appear for defining interface parameters. Set the parameters 
as in Figure 1.c, and press “OK” 

i. Figure 2.c Interface Parameters 

d. Under “File > Properties”, select the “Settings” tab, and click “ASCII Setup”. 
Check the box that says “Echo typed characters locally”, and press “OK”. This 
ensures typed commands and characters will be visible in the Hyperterminal user 
interface. 



i. Figure 2.d Echo typed characters locally 

 
e. Return to the user interface, type the command “ID” to review laser commands 

i. Figure 2.e ID commands 

 
3. Capturing data in a text file 



a. Data can easily be captured from the Hyperterminal to a text file for later use. 
Under “Transfer > Capture Text”, hit “Browse” and select the location and name 
for the text file. Hit “Save” 

i. Figure 3.a.i Browse for a location for the text file 
 
 

ii. Figure 3.a.ii Name and location of the text file 

b. The data taken will now be saved to that text file. Type the command “DT” to 
begin distance tracking with the laser 

c. To pause data capture, go to “Transfer > Capture Text > Pause”. This still allows 
the laser to take data, but the data will not be captured in the text file 

d. To resume data capture after it was paused, go to “Transfer > Capture Text > 
Resume”. The data will again be captured to the text file 

e. To stop capturing data to that text file, go to “Transfer > Capture Text > Stop” 
i. Figure 3.e Capturing Data Options 

 



 
f. The captured text file will resemble Figure 2.f 

i. Figure 3.f Captured data text file  

4. Measurement Procedure 
a. Additional calibration targets are used to extract linearity offsets before the laser 

measures the position of the target in the hall 
i. There are short and long target tubes that screw onto the laser, and a cap 

that screws onto both targets 
ii. Figure 4.a Short and Long Targets, and cap 

b. Screw the cap onto the end of the short target tube marked “Trgt”, and align the 
lines on the cap and the target tube. Screw the target onto the laser. Begin 
capturing data (as outlined in 3.a -3.b). Type “DT” to begin distance tracking on 
the short target 

i. Figure 4.b Laser fitted with short target tube and cap 

 
ii. Figure 4.b.ii Reference histogram for data taken on the short target during 

July 2018 



 

 
c. Take data on this target for five minutes. After five minutes, pause the data 

capture (3.c) and remove the short target tube and the cap from the laser. Unscrew 
the cap from the short target tube 

d. Screw the cap onto the long target tube on the end marked “Long Trgt”. Align the 
lines on both the cap and the tube 

e. Screw the long target tube onto the laser, resume data capture (3.d) and take data 
on the long target for five minutes. After five minutes, again pause the data 
capture (3.c) and remove the long target tube and cap from the laser 

i. Figure 4.e Laser fitted with long target and cap 
ii. Figure 3.e.ii Reference Histogram for data taken on the long target during 

July 2018 

 



 
f. Stop data capture (3.e). The measurement data from both the long and the short 

targets are now in the text file and can be used for analysis 
g. Mount the laser in the hall, aimed at the target within the target chamber. Begin 

capturing data (3.c) and continue to do so for five minutes. Stop data capture 
(3.e). Wait another five minutes. 

h. Repeat process 4.g several times to ensure accurate measurements  
5. Data Analysis  

a. Using R Studio and the written code to analyze the first text file with the data 
from the short and long target tube, set the working directory to the directory 
where the text file is located. Insert the name of the text file where it says 
“FILENAMEHERE” 

b. Hit “Source” to run the code and observe the graphs. The code plots the distance 
measured by the laser vs. the data point number. 250 data points correspond to 
approximately one minute of taking data. The measurements for the short target 
will be data points number 2 through 1250, approximately. The measurements on 
the long target will be data points 1251 through 2500, approximately. 

i. The code will divide the data (by using data point numbers) into short and 
long targets and plots both automatically, with some room for error. If the 
existing cuts on the code are not correct, some data from one target may 
be plotted on the graph for the other target. The code may need to be 
adjusted to correct this. 

c. Examine which section of data points contain one maximum and one minimum on 
both the graph of the short and the graph of the long target. For example, in 
Figure 5.c, the data on the short target would but cut from ~550 – ~725 to contain 
a single maximum and a single minimum, while the data for the long target would 
be cut from 200 -1000 

i. Figure 5.c Example data cutting 

ii. The process of cutting the data to contain a single maximum and minimum 
helps avoid a linearity bias 

d. Make the cuts in the code according to the graphs, and run the code again by 
hitting “Source”. It will print the average and standard deviation for the cut 
section of the graph as a subtitle on the plot 

e. Repeat this process (5.a – 5.d) for the measurement taken on the actual target. 
Each run on the actual target will be in a separate file, so ensure to change the file 
name in the code for each trial.  

 
 



IV. Results 
 

In developing a procedure for measurements in the hall, different target surfaces were studied to 
determine their effects on the laser measurements. The tested materials included: brushed stainless 
steel; polished brass; and alumina (white surface). Polished and brushed surfaces performed the 
best, with the lowest standard deviation of measurements, but mirror-like surfaces produced output 
errors in the data stream. Alumina, a white surface, performed poorly, with the worst position 
resolution. Ultimately, brushed stainless steel was selected because it had a good position 
resolution when compared with other surfaces and did not produce errors in the data stream. 

Figure 2: Histograms of tested surfaces 

 
 

A “warm-up” period takes place immediately after the laser is turned on to take measurements, 
and lasts approximately two and a half minutes. During this time, measurements increase by 0.25 
millimeters before reaching an average value. After this, measurements tend to oscillate around an 
average value. Data taken during the first two and a half minutes is excluded when calculating the 
distance. 
 

Figure 3: Stability Example 

 
The oscillations around an average measurement are attributed to the nonlinear effects of the laser. 
Nonlinearity of the laser is somewhat dependent on the distance to which a measurement is taken, 
but it was found that the maximum linearity deviation is approximately 0.05 mm at distance up to 
70 cm.  

Figure 4: Linearity Example 



 
Additional calibration targets that can screw into the laser (thereby having a fixed distance always) 
can be used to help extract and correct environmental and performance offsets of the laser greater 
than the resolution.  
Target shifts of 0.1 millimeters were resolved by the laser during multiple measurement trials. 
Measurements taken on the same target on different days with varied time between data collection 
where the laser was off (ranging from five minutes to several days), prove the laser measurements 
are repeatable to less than within 0.2 mm. 

Figure 5: Resolution Example 

 
 Considering the factors of stability, linearity and resolutions, the estimated repeatability of the 
laser is ±0.2 millimeter.  

 
V. Conclusion and Future Work 

 
This summer, the optoNCDT 1182-30 laser was characterized to determine its repeatability before 
it will be used to measure target offsets in Hall C. The resolution, stability, and linearity of the 
laser were measured, and the measurements were used to develop an effective procedure for taking 
data. Data is then analyzed using a code written in R, that will plot measurements and take the 
average of a selected maximum and minimum. Overall, a resolution of ±0.2 millimeters can be 
quoted.  



The development of additional targets to check the linearity offsets of the laser helped 
ensure correct measurement. These calibration targets will be very useful if environmental 
conditions were to change, or if the laser were to degrade.   

A mount for the laser for use in the hall is currently under construction. Our studies do not 
include the effect of the removing the laser and re-inserting the laser to the mount. This will need 
to be studied in Hall C when the mount is constructed. We also note that angular changes of the 
target (around the vertical axis) are inseparable from displacements in the target z-position. This 
can be resolved by taking measurements of the target from more than one location. The laser was 
also not studied in detail for accuracy, considering target displacement is a relative measurement.  

Figure 6: Mount in Development 
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