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Abstract  

This study presents a theoretical basis for the construction of a real-time position tracking system designed for remote-

controlled drug-delivery capsules, allowing precise drug delivery to specific locations within the gastrointestinal 

tract. The tracking system utilizes dual magnetic vector detection, employing two distinct sets of magnetic field 

sensing devices. One set detects the externally excited alternating magnetic field with specific frequencies, while the 

other measures the geomagnetic field. A mathematical model is developed based on the Biot–Savart law, 

incorporating the earth's magnetic field and quaternion rotation theory to compensate for the dynamic spatial 

orientation of the capsule during traversal through the gastrointestinal tract. The proposed model employs an 

improved artificial bee colony algorithm to solve the inverse magnetic field problem. The algorithm incorporates 

chaotic sequencing to enhance initial solution diversity and implements a ranked selection strategy. To expedite 

convergence, the Levenberg-Marquardt algorithm is introduced in later stages. A prototype of the tracking system is 

constructed and verified, yielding a convergence rate of 100% with an average of 179 iterations. Prototype testing 

demonstrates that the dual magnetic vector detection method simplifies the solution of the inverse magnetic field 

problem, reduces tracking time for each data round, and enhances solution accuracy. 

 
 

Keywords: Drug-Delivery Capsule, Position Tracking System, Gastrointestinal Tract, Magnetic Vector Detection, Quaternion 

Rotation Theory, Artificial Bee Colony Algorithm 
 

I. Introduction  

In recent years, there has been a notable increase in the 
prevalence of chronic digestive tract illnesses. This rise can be 
attributed to the fast-paced nature and heightened stress levels of 
modern life. Unfortunately, these illnesses pose a significant 
challenge to treatment, particularly with oral medications. Often, 
these medications fail to reach the affected tissues in sufficient 
doses, thereby limiting their effectiveness. However, a potential 
solution lies in delivering drugs directly to the specific sites of 
inflammation, wounds, or lesions within the gastrointestinal 
tract. Such targeted drug delivery would enhance absorption at 
the intended area, reduce the occurrence of side effects, and 
ultimately improve the overall efficacy of treatment [1-2].  

Presently, the primary method for acquiring images of the 
gastrointestinal tract involves capsule endoscopy. However, an 
innovative alternative can be explored: the development of a 
capsule equipped with remote-controlled drug delivery 

capabilities, rather than a traditional camera. This capsule would 
enable the precise administration of drugs at specific points 
along the gastrointestinal tract. Once the capsule reaches the 
desired target site, external control equipment would command 
the release of drugs. Consequently, accurate and real-time 
tracking of the capsule's position within the gastrointestinal tract 
becomes a crucial requirement for such a system [3-4].  

While certain medical imaging techniques, including X-ray, 
ultrasound, and magnetic resonance imaging, provide visual 
information about the capsule's location through images, they do 
not offer precise parameters of position and orientation 
necessary for feedback data in actuation systems. In this context, 
magnetic tracking methods present themselves as a promising 
solution. Specifically, the utilization of a permanent magnet 
enclosed within the in vivo micro-device offers a low-cost 
method that enables continuous tracking. However, these 
methods encounter limitations concerning solution speed and 
tracking range. Particularly, the magnetic tracking method 
utilizing static magnetic fields faces interference between the 
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Fig. 9. 3D Plot of Objective Function without Hyperparameters Fig. 10. 3D Plot of Objective Function with Hyperparameters 

VI. Conclusion 

This research proposed a method called dual magnetic vector 
detection, which allows for real-time tracking of drug-delivery 
capsules in the gastrointestinal tract. To validate the method, a 
prototype tracking system was designed and developed. The 
tracking model utilized a small number of generation coils to 
excite magnetic fields and had only three unknown quantities, 
simplifying the design and reducing the amount of sample data 
needed. To solve the inverse magnetic field problem, a ranked 
selection chaotic bee colony method in combination with the LM 
algorithm was employed. The chaotic sequence provided a better 
initial solution set compared to the random sequence used in the 
standard algorithm, and the ranked selection strategy prevented 
premature entrapment at a local extreme value. Additionally, the 
LM algorithm expedited convergence at later stages. Through 
algorithm simulations and prototype verification, it was 
demonstrated that the dual magnetic vector measurement 
method effectively tracked the position of the target. The 
utilization of quaternion rotation in the tracking model improved 
its simplicity, accuracy, and solvability. This study establishes a 
theoretical foundation and serves as an initial reference for 
tracking remote-controlled gastrointestinal intervention 
equipment. The next phase of development involves 
miniaturizing and integrating the equipment into capsules for 
real-world testing. 
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