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This paper discribes a generic data acquisition system for robotic characterization of DOE 
production facilities and waste sites. While the specific suite of characterization sensors on the 
end of a robotic arm or vehicle will depend on site needs, many of the data acquisition, display, 
archival and interpretation requirements of the sites are common. Therefore, the objective is to 
create a generic, reusable computing and data acquisition system which can accept a multitude of 
sensors. This paper discusses the progress to date and future plans for the system. 

Since 1991, Sandia National Laboratories (SNL) has been developing a Miniaturized In Situ 
Characterization Sensors Laboratory (Mini-Lab) through the DOE Robotics Integrated Program 
as part of the Cross Cutting and Advanced Technology (CCAT) effort. Early development work 
focused on the software architecture required to provide a "plug and play" capability with several 
sensors that would be obvious candidates in the DOE's remediation efforts at the various sites. In 
addition to the plug and play capability for the sensors, the architecture allows for easy 
communication with the robotic deployment system. The Mini-Lab data acquisition system 
records the position of the sensor head along with the sensor data and automatically generates 
graphical site maps. 

During 1991, SNL developed and demonstrated a first generation Mini-Lab for in situ waste 
characterization of chemical and radiological constituents. This first laboratory prototype 
contained 8 sensors: a gas chromatograph, gamma spectrometer, broad band gamma, oxygen, 
hydrogen, temperature, pressure, and humidity sensors. The resulting sensing system was 
scanned over a mock up of a waste storage tank by a gantry style robot While the robot arm 
scanned the sensing package over the waste, a distributed computing system acquired sensor 
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data, correlated the data with the position of the robot, and produced maps of the chemical and 
radiological contents of the mock up tank in real-time. 

During 1992, SNL developed a second generation Mini-Lab sensor head for deployment on a 
Schilling Titan II robotic arm (see Figure 1). This sensor head and the Mini-Lab data acquisition 
system was demonstrated at the 1992 Underground Storage Tank Integrated Demonstration in 
September 1992 at Hanford, WA. Based on perceived site needs, SNL worked with Applied 
Research Associates, Inc. (ARA) to incorporate a miniaturized penetrometer capable of 
measuring mechanical properties of sludge type materials, such as viscosity, pore pressure, and 
tip force. A NYAD oxygen sensor was included in the design along with a Sandia-developed 
hydrogen sensor. To reduce signal noise that is inherent in robotic systems, a special digitizing 
circuit was installed in the sensor head. This circuit was capable of digitizing up to 16 channels 
of analog 0-5 Volt signals and multiplexing the data onto a synchronous serial communications 
line where it was transmitted over 100 feet to a VME computing system. The VME system 
collected the sensor data and time and position stamped the data with the aggregate end point 
position of the SPAR and Titan II robot arms. This data was sent via Ethernet to a 
SPARCstation II were it was displayed as strip charts and x-y-z plots on the screen and saved in 
files (see Figure 2). 

Currently SNL is designing and building a data acquisition and controls system for 
Westinghouse Hanford Company's instrumentation trailer to be used with the Early Deployment 
System and the Light Duty Utility Arm. A single point of contact is to be maintained for control 
of all characterization instrumentation. This includes control of waste sampling sensor heads, 
Raman Spectroscopy subsystems, video equipment, and structured lighting and laser range finder 
surface mapping equipment The system specification calls for a single graphical user interface 
with icon directed data flow to configure the sensors and to route the data to real-time data 
analysis and graphical display routines. All data is to be stored in a single database where it can 
be retrieved for playback and post analysis. Operator interactions are to be continuously 
monitored and saved, and an early warning and diagnostic system is to be included to notify the 
operator of sensor errors or hazardous situations. 

SNL is also designing and building an improved sensor head for underground storage tank 
characterization. The digitizing circuit is being redesigned using a radiation hardened 
multiplexer and analog-to-digital converter previously developed by SNL for Trident missile 
applications. The penetrometer is being improved and temperature and pH measurements are 
being added along with a sapphire window and fiber optic cable for Raman spectroscopy. A 
video camera, IR pyrometer, and an ultrasonic proximity sensor are being added in order to 
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remotely view the probing of the waste and to measure the waste's surface temperature and the 
distance of the probe above the waste. A radiation sensor are also being added to measure the 
total dose and dose rate the sensor head is exposed to. 

Efforts are also underway to apply the same data display and acquisition interface to buried 
waste projects such as the Remote Characterization System (RCS), and Dig Face 
Characterization with DSfEL's gantry robot and SNL's RETRVIR (REmote TeleRobotic Vehicle 
for Intelligent Remediation). For the RCS project, the Mini-Lab's data display, menu driven 
interface, and data storage facilities are being used in coordination with Oak Ridge National 
Laboratory's High Level Control System. The RCS vehicle's sensors include ground penetrating 
radar, ground conductivity sensors, gamma sensors, and gas sensors. For both INEL's gantry 
robot and SNL's RETRVIR, the complete Mini-Lab data acquisition system is being used 
(including the remote sensor head electronics). The remote sensor heads for dig face 
characterization will contain a metal detector, gamma scintillator, ultra sonic proximity sensors, 
and gas specific sensors. 
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Figure 1. Mini-Lab remote sensor head. 

Figure 2. Graphical output of the Mini-Lab Data Acquisition System. 
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Figure 2. Graphical output of the Mini-Lab Data Acquisition System. 


