
 

Abstract  This study proposes a new method for estimating 

external forces on the basis of local displacement observations of 

elastic bodies. Using our method, we can estimate the magnitude 

and position of forces not only in the observable field but also in 

the invisible field. The result of simulation experiments showed 

that the external forces were successfully estimated. 

I. INTRODUCTION 

Recently, endoscopes and surgical robots are increasingly 
being used. However, surgeons can only see a local part of the 
organs through endoscopes and cannot feel counterforces via 
current master slave surgical robots. Although a theory for 
measuring the forces exerted on forceps [1] is proposed, no 
studies have been revealed the physical conditions of regions 
except the forceps. We propose a novel method for estimating 
external forces using local displacement of an elastic body. 
External forces are triggered by manipulating the forceps and 
by other tissues partially adhering to organs. We therefore 

define the word sparse as the small presence of external forces 
compared with the entire volume of an organ. We focus on the 
idea of compressed sensing [2]. 

II. METHOD 

Considering a 3D-CT data discretized by N mesh nodes 
into finite elements, the nodal forces f are related to the nodal 
displacements u as follows: u = K

-1
f = Lf, where K is the 

stiffness matrix. We assume that the given quantities are the 
displacement vector uo , the observable part of u and K, 

while the estimation target is a sparse force vector f . 
There exists deformation measurement methods, such as 
ultrasonography. Therefore, we assume that uo is given. By 
categorizing all the vertices of a mesh model as observable 
vertices, and invisible ones, u = Lf can be rewritten as follows: 

 . (1) 

Extracting M rows corresponding to uo from (1) yields: 

 , (2) 

where  is a submatrix of L. Because M < N, (2) is 

an undetermined system. f can be estimated by applying 

L1-norm minimization to (2) as follows: 

  = ||f||1 such that  = .  (3) 
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III. EXPERIMENTS 

We conducted two simulation experiments. One is a case 

where we assume that an observable region of an organ is 

pulled by a forceps. The estimated force magnitude of the 

originally given external forces was 4.9 5.1 N and that of the 

other vertices was 0.009 N or less (Fig. 1(a)). The other is a 

case where we assume that an invisible region is pulled by 

some kind of connection. The estimated force magnitude of 

the originally given external forces was 4.2 5.5 N and that of 

the other vertices was 0.6 N or less (Fig. 1(b)). Therefore, the 

estimation of where and how large are the external forces not 

only in the observable region but also in the invisible region 

was successful. 
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Figure 1. Force estimation results. (a) Estimating forces of 

observable region. (b) Estimating forces of invisible 

region. 
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