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Prototype time domain transmitter for sensing carbon fiber, salt water, and landmines
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Abstract
Traditional time-domain electromagnetic induction (TDEMI) sensors are the gold standard for detecting metallic targets in the subsurface such as unexploded ordnance. Electromagnetic systems transmit an electromagnetic pulse that interacts with subsurface targets, creating eddy currents in those targets. These eddy currents produce a secondary electromagnetic field, which is sensed by a receiver coil. Most TDEMI systems generate a pulse of electromagnetic energy over a finite time window and then quickly shut off. During this shut-off period, the systems can "listen" for the secondary electromagnetic field. The response from metallic targets can be detected at later times during the shut-off period.
The challenge in designing a TDEMI system capable of sensing low-conductivity targets, such as carbon fiber, saltwater, and low-metallic-content materials, is creating a system that can shut off quickly enough to capture the response from targets in the very early time range. These earlier time gates are often saturated by the decaying signal from the transmitter. To capture these higher-frequency responses, frequency-domain systems (FDEMI) are employed. Generally, FDEMI systems are more sensitive but less robust than time-domain systems because they rely on transmitting a single frequency—or a discrete number of frequencies—constantly. Different techniques must be used to minimize the response from the transmitted signal at the receiver. FDEMI systems become even more complex to design at higher frequencies.
A prototype time-domain transmitter with a very fast shut-off time has been designed to detect both traditional metallic targets, such as munitions, and low-conductivity targets, such as carbon fiber, saltwater, and anti-personnel mines. This prototype transmitter, in combination with a receiver coil, leverages and extends the well-known concepts employed by traditional TDEMI systems to sense low-conductivity materials. This presentation will showcase the responses from this prototype TDEMI system from traditional munitions, carbon fiber rods, saltwater, and low-metal-content landmines.
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