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1 . Dynamic rerouting of a fleet of vehicles in agricultural operations
through a Dynamic Multiple Depot Vehicle Routing Problem
representation (B & 2 £ EMB AN BERR, SFLMAENF
ERNBEAT A EHT E)
4. Agricultural field work within even a single field is a dynamic, complex process, and
farm managers are often forced to deviate from their initial plans for working a field as work
proceeds. Unexpected field conditions or machinery management challenges can require
reallocation and rescheduling of the paths that create the in-field route for each vehicle. The
goal of this project was to develop a method for applying the Vehicle Routing Problem (VRP)
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that enables dynamic recalculation of the routes. To that end, a combination of Dynamic VRP
and Multi-Depot VRP was employed to represent the state of field, available vehicles in the
fleet working the field, and the current progress of the field work. This dynamic routing
method was then tested in simulations of various common scenarios that would often require
rerouting of vehicles. The results revealed the impact of the new routes is dependent on the
specifics of the event that necessitated the rerouting. When a vehicle was added to the fleet
working the field, the updating procedure was able to use that vehicle to reduce completion
times. When vehicles operate at unexpectedly fast or slow rates, recalculating the routes can
improve field work parameters, but only if the change in work rates caused a significant
deviation in field work progress. The procedure handled increases in the area coverage with
most field work parameters varying only slightly from initial levels. This work illustrated the
possibility to update field routes for a fleet of vehicles during field operations.
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2 . Tunable and quantitative serial dilution on multi-channel
miniaturized microfluidic electrochemical platform (7] 1 f& & 4L
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féj4: Electrochemical technique has been widely applied in trace analysis due to high
sensitivity, low detection limit, low time cost and simple instrumentation. Precise
concentration gradients of biomolecules and chemicals play significant roles in
electrochemical measurements for disease diagnosis, environmental monitoring and
healthcare. Conventional approaches to generating gradients are generally complicated and
time-cost with unpredictable and uncontrollable profiles over time and space. This paper
presents a multi-channel miniaturized microfluidic electrochemical platform featuring
tunable and quantitative serial dilution by integrating with microfluidic device and
multichannel electrochemical chip. By continuously sharing and diluting samples from prior
channels, this platform can effectively reduce sample cost with only one outlet required. To
implement serial and quantitative dilution on the microfluidic device, the microfluidic
structure was analogous to an electrical circuit and designed accordingly. The function of
tunable and quantitative serial dilution was validated with COMSOL simulation. Both the
microfluidic device and the multichannel electrochemical chip were fabrication by standard
photolithography microfabrication. This miniaturized electrochemical platform was achieved
by the alignment and bonding of the microfluidic device and the electrochemical chip. The
platform with four independent channels was tested in potassium ferricynide/ferrocynide to
validate the performance and serial dilution functionality in electrochemical sensing.
Experimental results were demonstrated and well matched simulation results. The platform
featuring tunable and quantitative serial dilution provides a promising approach to generating
precise and tunable gradients that can enable fast calibration in electrochemical sensing.
KJK: SENSORS AND ACTUATORS B-CHEMICAL
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3 . High-performance nanogap electrode-based impedimetric sensor

for direct DNA assays (% P REGNKAR FE AR BH P45 B 3% F T B B:DNAKY
)

4. The rapid and sensitive detection of pathogen DNA (Deoxyribonucleic acid) would be
essential for diagnosis and appropriate antibiotic treatment time. Herein, we report a novel
direct DNA detectable impedimetric sensor. Direct assay of the amplified target DNA (mecA
gene from methicillin-resistant Staphylococcus aureus (MRSA)) was performed using the
PCR (polymerase chain reaction) product without any purification. Even though there are lots
of PCR reagents and excess salts in sample PCR product, the nanogap electrode-based
impedimetric sensor was able to detect DNA amplification fast in 5th PCR cycle which had
260 fM mecA gene in sample originally. The 70 nm gap electrode sensor yielded over 20%
signal increase at the 5th PCR cycle and the impedance change grew up to about 60% at 25th
in case of sample with 260 fM mecA gene template originally. The increased concentration
of target DNA template led to the rise in impedance change such as 60% up at 5th and 120%
up at 25th cycle with 260 pM, respectively. It is very outstanding result as compared with the
traditional PCR agarose gel. Besides, it is 7-fold superior sensitivity to the microgap
electrode. Furthermore, genomic DNA sample extracted from MRSA was detected rapidly.
The nanogap electrode-based impedimetric sensor could be a good candidate for a rapid,
sensitive, and low-cost electrical biosensor for DNA characterization in diagnostics and
disease monitoring.
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