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High-Speed Calculation Method with SMW Formula
for Sparse Matrix on a Surgical Simulator
Suguru YORIFUJI
Abstract

Recently, in the field of surgery, the surgery with a finesse incision and a
microsurgery using a robot is the center of attention because of high technologies
for those surgeries. On the other hand, a doctor must have experienced more
than 100 abdominal operations to get used to such kind of surgery. Actually, it
is difficult for doctors to have such a large number of abdominal operations in
a short period of time so that they cannot improve their surgical skills easily.

There’s needs that doctors improve their surgical skills by using surgical
simulators. If doctors can practice surgery as if they really operate for patients
with surgical simulators, we can expect that they can improve their surgical
skills effectively. Currently, the surgical simulators can interactively perform
calculations for behavioral expression under small changes of an object such as
manipulation, but the surgical simulators can less interactively perform calcu-
lations for behavioral expression of changes caused by cutting.

In this paper, I challenged to improve calculation speed with SMW formula
(Sherman-Morrison-Woodbury formula) to achieve interactive calculation under
changes changes caused by cutting.

A conventional Real Time Physics-Based Simulation Library for the surgical
simulator has used Hirota method to perform a calculation with a Stiffness Ma-
trix of finite element model. Hirota method limits transformation to small one
and perform calculations under the restriction that linearity and the conditions
for fixed boundary does not change.

Under this restriction, a Stiffness Matrix does not depend on the condition
of transformation. Therefore, if once we find the inverse matrix of a stiffness
Matrix, a calculation for expression of displacement by stress is performed with
direct method, using the inverse matrix found before. So, we do not have to
find the new inverse matrix and we can perform fast calculation with small cal-
culation amount. In this way, under this restriction, a calculation for expression

of displacement by stress is performed fast by Hirota method.



v

However, a calculation for behavior expression under changes with cutting
cannot be performed by Hirota method, because change with cutting makes the
restriction meaningless. When the stiffness matrix is changed, the calculations
cannot be performed with direct method, using the inverse matrix which is
found previously. If the calculation under changes with cutting is performed by
direct method which use the inverse matrix, we have to calculate the inverse
matrix in every transformation. To find the inverse matrix, we have to calculate
O(n?) calculation. Tt is too heavy calculation so that we cannot maintain the
interactivity of the simulation.

To maintain the interativity, I propose the method which use transeforma-
tion of formula to find the inverse matrix. By using stiffness matrix after a
moment which is derived by appling SMW formula to the old inverse matrix,we
can express the new inverse matrix. It only needs small acount of calculation
O(s*)(n >> s). Furthermore, I applied various optimization when I imple-
mented SMW formula.

I evaluated proposed method with a calculation of the new inverse matrix
of aorta, after a moment. The nodes of aorta are 197, 388, 799, and 1661,
respectively. For comparison, I evaluated execution time of Conjugate Gradient
method which is one of repetition method.

Firstly, I evaluated proposed method under changing few components of
matrix and single computer. The result shows that the method ”using SMW
formula with creating transpose matrix and utilizeing sparse matrix under CRS
format and CSS format” is most rapid on all aorta.

I evaluated the excution time using parallel computer on similar situation.
In this case, when I found the new inverse matrix, I supposed that 10 percents of
all components has changed. If the number of nodes is small, parallel computer
does not work. But, if the number of nodes is large, parallel computer works
well. The results show that if the number of nodes is less than 388, using
single computer is more rapid than parallel computer. On the other hand, if
the number of nodes is more than 799, using parallel computer is more rapid

than using single computer.
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