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Introduction:  A prototype of the Optical Probe for Regolith Analysis (OPRA) is under development by the Arkansas Center for Space and Planetary Sciences . The system will be mounted on a rover or robotic arm to obtain infrared data of regolith on planetary surfaces or moons in our solar system. The data would be taken by an infrared spectrometer within a spectral range of 0.8 – 5 μm.  In this work, an automated system to control the mechanical parts for insertion, withdrawal of probe, and schedule data acquisition has been designed, assembled, and tested.
Approach:  The following equipment were interfaced and programmed: force sensor, position sensor, photoelectric proximity switches, variable frequency drive, motor, PLC, and human-to-machine interface (HMI) software.  Through the HMI graphics created and configured,  the user  is able to control and view data acquisition. Figure 1 shows the equipment used in this project.
[image: image6.wmf](

)

(

)

(

)

(

)

dt

t

e

d

K

dt

t

e

K

t

e

K

C

D

t

t

+

+

ò

2

1

I

p

=

t

Output

ontroller 


Figure 1.  Equipment for automated data acquisition
The programmable logic controller (PLC) is configured using the ladder logic programming in the Cimplicity Logic Developer PLC software, where as the HMI graphics and animations are configured using Proficy/ Cimplicity HMI Workbench.
All data acquisition and control functions are implemented in the PLC ladder logic.  The proportional–integral–derivative controller (PID) is very important in providing feed back control. The block diagram of a PID is shown in figure 2.  The PLC would use this  instruction to correct any error between the measured and desired variable by outputting a corrective factor.
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Figure 2.  Feedback control of position, force and speed
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where e(t) is the error in the measured variable, KP is the proportional constant, KI is the intergral constant, and KD is the derivative constant.
Controller, Sensors, and Acquators: The PLC layout is shown in figure 3. Three relays have been included to control the existing on/off single phase motors that are currently in use.
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Figure 3.  Programmable Logic Controller

The automated control functions are written and stored in the PLC memory.  During runtime, the HMI functions will send commands to the PLC requesting it to run specific functions in the PLC ladder logic.  For instance, the user will specify whether to run to program in automatic or manual mode, specify setpoints from the HMI, specify number of runs, etc.    The following inputs and outputs have been wired to the PLC and was tested/validated:

1. Sensors: Three different sensors are used to measure force, position, and depth.  A force sensor is attached between the actuator and probe so when the probe comes into contact with the regolith the force is recorded. Monitoring the force is important because the user needs to make sure that force does not exceed the weight of the rover and make it tip over. Also, a large force can indicate the presence of an obstacle. Two proximity sensors mounted on the “probe up” and “probe down” locations will identity when the probe is both fully removed or has reached its maximum depth in the regolith. This knowledge would prevent a rover from moving while the probe is still inserted. For measuring depth,  a linear variable differential transformer (LVDT) is used.  As the probe moves vertically downward, a small metal rod that is connected to it will be pushed inside the LVDT and the probes depth will be recorded. This is very helpful because the user knows the location of the probe at all times.
2. Motor and VFD:  The system uses a 1/3 hp 3-phase motor with a built-in fan which prevents overheating. Connected to the motor is a variable frequency drive (VFD),  will all the user to have both speed and torque control.
3. Actuator and Probe:  The actuator is made up of a threaded shaft that is attached to the motor at one end. Attached at the end is a force sensor and then the probe is attached to the force sensor.
Configuration of the HMI screen:  The HMI screen allows a user to interact with a system. HMI tags both read what comes in from the PLC and also writes out-to-PLC the user’s desired setpoints. One of the HMI screens for this project is shown in figure 4.  As seen, this screen is filled with input text boxes, buttons, and graphics to monitor data and control the desired functions. Also, the pop up messages and emergency stop are provided in case of emergency or unknown large force occurs.                
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Figure 4.  Human-to-Machine Interface
Data Storage:  The HMI software will collect and store data by reading the force, depth, and speed, registers in the PLC.  Data can be plotted in real-time or by Microsoft excel.  For infrared data, the PLC only triggers acquisition and sets the IR exposure time. Any infrared data acquired will be stored onboard the infrared spectrometer.
Conclusion:  This prototype will be very helpful in studying the mechanical parameters for probing planetary surfaces and acquiring infrared data.  For in-the-lab analysis, this automated system will be very helpuful in plotting all data and making the process of analysis much easier. Also, it will characterize the strength of the regolith at each depth.  This will improve overall understanding of what requirements are needed for mission design for studying planetary surfaces.
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