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Problem 

Currently, training and evaluation of technical sur-
gical skills is a time consuming, unstructured, subjective 
assessment process in which an expert surgeon watches a 
resident or fellow perform a set of specified tasks and 
provides verbal feedback. An alternative is to develop au-
tomated, objective training and evaluation techniques. 3D 
virtual reality (VR) training systems have been proposed 
for this purpose; however, it has been shown that VR 
technology is not advanced enough to simulate a live sur-
gery [1, 2]. Another emerging system is procedural mod-
eling [3], which incorporates force/torque sensors on lapa-
roscopic instruments for ex-vivo benchtop models or si-
mulated surgeries. However, as the number of subjects in-
creases, it becomes a greater challenge to build robust 
models to account for various skill level and styles. In our 
work, we examine the use of user-adaptive statistical 
models of motion as a basis for developing automated 
skill evaluation. 
Methods 

In our previous work, we au-
tomatically recognized and seg-
mented one operator’s motion 
during surgical tasks by identify-
ing surgemes, elementary surgic-
al motions, using both motion and stereo visualization. 
This was used to evaluate the surgical task of suturing 
against benchtop models [4].  In this paper, we report ini-
tial results on validating these benchtop models on a more 
diviser pool of users, and on data from live surgeries.  Our 
machine learning methodology for recognizing surgical 
motions includes 3 components: 
1. Data Collection: The orientation, position, and veloc-

ities of the robot joints and endoscope are recorded 
from robot kinematics at 10Hz. The stereo video data 
is recorded at a resolution of 640x480 at 30fps in 
synchrony with the kinematic data. 

2. Feature Extraction: This is performed in three steps: 
1) local feature extraction with temporal information, 
2) feature normalization to normalize the data, and 3) 
linear discriminant analysis (LDA) to project the 
highly redundant features into a lower dimension.  

3. Classification/Modeling: Maximum Likelihood Li-
near Regression (MLLR), a user specific modeling 
technique, was used to train a classifier from manual-
ly labeled data. We applied a leave one user out para-
digm to test the accuracy of statistical modeling. 

Results 
Our study comprised 35 trials from seven subjects 

performing surgical suturing task on benchtop models us-
ing phantom tissue. Validation experiments were done us-
ing da Vinci surgeons and nonsurgeons on the robot-

assisted system. We 
applied the recogni-
tion and segmentation 
technique of various 
statistical methods in-
cluding Gaussian 
Mixture Models, 3-
state Hidden Markov 
Models, and super-
vised and unsuper-
vised Maximum Likelihood Linear Regression (MLLR) 
to test the robustness of the motion recognition algorithm 
of a variety of users. Success was defined by comparing 
the accuracy of the automatically labeled data with frame 
by frame manually labeled data. This shows an improve-
ment using user specific models like MLLR to account 
for larger data sets. 

 LDA GMM 3-state HMM Supervised MLLR Unsupervised MLLR
0 68.91% 67.9% 66.8% 70.4% 69.8% 
1 64.09% 63.2% 64.6% 68.6% 66.5% 
2 59.95% 60.4% 59.4% 61.2% 62.3% 
3 67.52% 70.6% 72.8% 75.6% 75.4% 
4 63.95% 67.5% 66.7% 69.3% 69.1% 
5 76.82% 72.7% 71.2% 75.9% 73.1% 
6 69.27% 70.2% 71.9% 75.7% 76.2% 

Average 67.21% 67.49% 67.62% 70.94% 70.34% 
We have also begun to assess the surgical motion simi-
larity between these benchtop models and live surgery. 
Preliminary results of showed that the recognition algo-
rithm learned from the benchtop model had on average 
slow recognition rates of 20% for suturing, 21% for 
needle passing, and 17% for knot tying when tested 
against three trials of live surgical models. 
Conclusion and Discussion 

Despite a (subjectively) high user variability on our 
new data sets, statistical modeling shows surprising ro-
bustness. With additional data mined from video, we be-
lieve much better results are possible in the very near fu-
ture. 
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