
MAGNETICALLY ACTUATED AL-POWERED ENDOSCOPIC CAPSULE ROBOT FOR 

TARGETED DRUG DELIVERY AND MULTIPLE BIOPSY OPERATIONS 

 

This project aims to make major scientific and technological innovations in the mechatronic design, 

remote magnetic control, and localization and mapping algorithms for wireless capsule endoscope 

(WCE) robots using recent advances in artificial intelligence: 

Innovation-1. The creation of a novel spatial actuation strategy that overcomes the limitations of current 

permanent-magnet and electromagnet based systems 

Innovation-2. Novel mechatronic capsule designs for multi-site biopsy and multiple drug delivery using 

WCEs, enabling WCEs to replace painful flexible endoscope-based procedures 

Innovation-3. A novel, intelligent endoscopic simultaneous control, localization and mapping (Endo-

SCLM) algorithm which will make heavy use of deep learning and reinforcement learning techniques to 

alleviate the need for tedious modelling of complex and nonlinear physical phenomena, such as magnetic 

interactions, robot body dynamics, tissue-robot interactions and to solve issues of hard-coded SLAM 

methods in the past due to individual differences between patients 

The system concept that we propose breaks through multiple fundamental barriers to the adoption 

of safer, less painful WCE-based procedures: 

 Current active WCE technology does not permit the biopsy of multiple sites within the GI tract 

 Current active WCE technology does not permit the delivery of multiple therapeutic agents 

 Current active WCE technology is based on ad-hoc design of control and SLAM algorithms that 

suffer from poor tissue models, inability to adapt to different patients, and lack of anticipation of the 

response to control inputs 

We hypothesize that our INTELLI-CAPS system including innovations I1-I3 above enables biopsy 

and drug delivery at multiple sites during a single operation, which are currently accessible only with 

flexible endoscopes. 

 

Figure 1 Integrated system for advanced capsule endoscopy. A hybrid control approach will be implemented which combines 

advantages of a permanent magnet and electromagnetic coil array, which provide magnetic forces and torques to propel the 

magnetic capsule endoscope. A 5 DoF Robotic arm holds and manipulates the permanent ball magnet. Electromagnetic coil 

array is below the table. A Hall effect sensor array localizes the capsule. The patient lies on the table. A joystick gives control 



commands to the system via software on the operating PC. Camera based SLAM and the Hall effect localization deliver feedback 

to close the control loop. 

Our proposed approach fuses emerging machine learning approaches with state-of-the-art path planning, 

area coverage, control, localization and mapping techniques, and innovative mechatronic design to realize 

(1) systematic screening of the explored GI tract organ (which does not exist yet for any endoscopic 

concepts); (2) multi-site biopsy (which is not currently possible with WCEs); and (3) multiple drug 

delivery (which is not currently possible with WCEs). The inside of the gastrointestinal tract is difficult 

to model accurately, involving deformation of the soft tissues, peristaltic motion, and highly complex 

surface geometry. The lack of adequate models makes the design of high-performance controllers for 

remote magnetic manipulation of WCEs an outstanding challenge in the field. Using data-driven nature of 

machine learning, we will enable accurate, interactive multi-site biopsy, drug delivery and a detailed 

systematic visualization of the entire GI tract. In addition, the proposed steerable capsule robot will be 

the first organ-agnostic endoscopic device which can operate inside any GI tract organ including the 

esophagus, stomach, small intestine and colon.  

The field of robotics is inherently multidisciplinary, and this project exemplifies that trait. The successful 

integration of (1) mechatronic design of the capsule robots (containing a chip, a small wireless camera , 

LEDs around the camera, lithium-ion battery, permanent small magnet, 2 DC motors, a revolver including 

needles or drug chambers, elastomer based soft robot body), (2) the magnetic actuation (permanent ball 

magnet on a robotic arm, electromagnetic coil array) and sensing systems (Magnetic hall sensor array, (3) 

deep reinforcement learning based simultaneous control, localization and mapping requires knowledge 

spanning several of the traditional engineering and science disciplines, including mechanical engineering, 

electrical engineering, computer science, medicine and classical mechanics (physics). 

 


