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• Ear Surgery

• Microscopic: looking through microscopes & standing over patient

• Open surgery:  looking down while operating

• Endoscopic: looking straightforward at a monitor

Pictures from：
https://oklahoman.com/gallery/articleid/3808606/

Background

http://amandeepmedicity.org/specialities/baria

tric-metabolic-surgery
http://www.tristonekidneyhospital.com/index.html



Significance

• Poor surgical ergonomics may lead surgeon disability

–2/3 of surgeons reported neck discomfort related to their occupation[1]

–Prevalence of musculoskeletal symptoms in the neck and shoulders is as high as 87% [2]

• Dangers of Forward Head Posture (FHP) can be described as a “DOMINO EFFECT” [3]:

• Head moves forward → shifting the center of gravity → upper body drifts backward → 

hips tilt forward

• Hence, FHP can not only cause neck pain but can also be a root cause of mid/lower back 

pain.

1.Khansa I, Khansa L, Westvik TS, Ahmad J, Lista F, Janis JE. Work‐related musculoskeletal injuries in plastic surgeons in the United States, Canada, 

and Norway. Plast Reconstr Surg. 2018;141(1):165e‐175e.

2.Capone AC, Parikh PM, Gatti ME, Davidson BJ, Davison SP. Occupational injury in plastic surgeons. Plast Reconstr Surg. 2010;125(5):1555‐1561.

3. Naresh-Babu, J et al. “Surgeon's Neck Posture during Spine Surgeries: “The Unrecognised Potential Occupational Hazard”.” Indian journal of 

orthopaedics vol. 53,6 (2019): 758-762. doi:10.4103/ortho.IJOrtho_677_18



Goals

▪ Accurate Measurement of Neck Flexion Angle during Ear Surgery by 

using IMUs (Inertial measurement unit )

▪ Investigate and Compare Postural Ergonomics of Ear Surgeons during

Microscopic and Endoscopic Scenarios.



Technical Approach

Setup Software 

Environment

Calibrate IMUs 

with EM trackers

Derive Physical 

Models

IMU:  Inertial measurement unit 

3-axis gyroscope

3-axis accelerometer

3-axis magnetometer

EM tracker:  Electromagnetic tracker

-- External ground truth system

Right Lower Figure Edit from: https://stanford.edu/class/ee267/lectures/lecture10.pdf

System: Linux & ROS

Package: lpms-imu; 

ndi_tracker_ros

𝜃



Neck Flexion Angle Model

Extract reference 

position’s quaternion

Transfer Rotation Matrix to 

Euler Angles

Calculate surgical position wrt

reference position

Transfer all quaternion 

to rotation matrices

Reference Position: surgeon stands and stays unmoved

Surgical Positions: surgeon operates

Extract  surgical 

position’s quaternion



The mathematical formula

𝑅𝐻
𝑊𝑅𝐻𝑅

𝑊

𝑅𝐵𝑅
𝑊𝑅𝐵

𝑊

• 𝑹𝑩𝑹
𝑾 : The Back IMU’s rotation matrix in Reference 

position w. r. t. World’s coordinate system.

• 𝑹𝑯𝑹
𝑾 : The Head IMU’s rotation matrix in Reference 

position w. r. t. World’s coordinate system.

• 𝑹𝑩
𝑾: The Back IMU’s rotation matrix in surgical 

position w. r. t. World’s coordinate system.

• 𝑹𝑯
𝑾: The Head IMU’s rotation matrix in surgical 

position w. r. t. World’s coordinate system.

Calculation Process:

• In 𝐑eference position: the 𝐇ead IMUw.r. t. the 𝐁ack IMU ∶ 𝑹𝑯𝑹
𝑩𝑹 = 𝑅𝑊

𝐵𝑅 ∙ 𝑅𝐻𝑅
𝑊 = (𝑹𝑩𝑹

𝑾 )−𝟏 ∙ 𝑹𝑯𝑹
𝑾

• In surgical position: the 𝐇ead IMU w.r. t. the 𝐁ack IMU ∶ 𝑹𝑯
𝑩 = 𝑅𝑊

𝐵 ∙ 𝑅𝐻
𝑊 = (𝑹𝑩

𝑾)−𝟏 ∙ 𝑹𝑯
𝑾

• Surgical position 𝐰. 𝐫. 𝐭. reference position: 𝑹𝒇𝒊𝒏𝒂𝒍 = (𝑹𝑯𝑹
𝑩𝑹)−𝟏 ∙ 𝑹𝑯

𝑩 = 𝑹𝑯𝑹
𝑾 −𝟏

∙ 𝑹𝑩𝑹
𝑾 ∙ (𝑹𝑩

𝑾)−𝟏 ∙ 𝑹𝑯
𝑾

𝑅𝐻𝑅
𝐵𝑅

𝑅𝐻
𝐵

Superscript: the coordinate system that are w.r.t.



Technical Approach

Setup Software 

Environment

Calibrate IMUs 

with EM trackers

Derive Physical 

Models

Collect Data 

from Mock Surgery

Analyze Angles 

and Changes

Data stores in rosbag file, and analyze using MATLAB

1. Signal processing, like Kalman filter, if needed

2. Calculate neck flexion angle from mathematical model

We will be interested in such data: 

1. The largest angle, lowest angle, and average angle

2. Length of time when neck angle greater than 30°



Technical Approach

Setup Software 

Environment

Calibrate IMUs 

with EM trackers

Derive Physical 

Models

Collect Data 

from Mock Surgery

Collect Clinical Data 

from Different Surgeries

Analyze Angles 

and Changes
Write 

Final Report

Young With Expertise

Traditional EndoscopicMethod:

Surgeon:

Total 20 surgeries

We will be interested 

in comparison among 

these 4 different 

scenarios 



Deliverables

• Minimum:  

• Evaluation of the existing calibration steps, physical model

• Data analysis report of surgical data collected from previous semester

• Data analysis report of Mock OR experiment

• Expected:  

• Improvement to signal processing of measurement obtained from IMUs

• Data analysis report of real surgical scenarios

• Maximum:  

• Clinical paper



Feb,7 -

Feb,13

Feb,14-

Feb, 22

Feb,23-

Mar, 2

Mar,3-

Mar,11

Mar,12-

Mar,20

Mar,21-

Mar,27

Mar,28-

Apr,3

Apr,4 -

Apr,10

Apr,11-

Apr,17

Apr,18-

Apr,24

Apr,25-

May,1

May,1-

May,5

Set up the computer and document 

installation steps
✅ ✅

Evaluation of calibration and 

mathematical model of neck angle
✅ ✅

First measurement in Mock OR & First 

data analysis
☑️

Data analysis of existing measurement 

in real surgery scenarios 
☑️ ☑️ ☑️

Collect mock surgery data from eggshell

drilling experiments
☑️ ☑️ ☑️

Data analysis of mock surgery

measurement
☑️ ☑️ ☑️

Data analysis of new measurement in 

real surgery scenarios 
☑️ ☑️ ☑️ ☑️

Overall analysis  and documentation of 

the difference between microscopic and 

endoscopic scenarios

☑️ ☑️ ☑️

Write clinical paper ☑️ ☑️ ☑️

✅ : Finished    ☑️ : Planned

Time schedule  



Date Detailed Description

February, 22 Linux and ROS environment configuration finished

March, 2 Evaluation of  IMU calibration and mathematic model finished

March, 11 First measure in Mock OR and analysis of the data finished

March, 27 Data Analysis of existing surgical measurement finished

Apr 3 Collect Mock OR measurement from eggshell drilling experiment finished

Apr 10 Data Analysis of Mock OR measurement from eggshell drilling experiment finished

April, 17 Data Analysis of new surgical measurement among various surgery scenarios finished

April, 24 Documentation of data collection and data analysis finished

May, 4 Clinical paper finished

Milestones



Dependencies How to resolve Alternative Plan Date Expected Date Needed

Computer with 

Linux & ROS

1. Our own computers for calibration

2. Another computer from CIIS lab

Use backup files in 

another computer 

1. Feb, 14

2. Mar, 6

1. Feb, 19th (Solved )

2. Feb, 22th (Solved)

Two IMUs Provided by Dr. Deepa Galaiya
Purchase two new 

IMUs
Feb, 7 Feb, 7 (Solved)

MATLAB for 

data analysis

Dropbox for data 

saving

Installation Python

Google drive

Mar, 1 Mar, 1 (Solved)

Actual surgery 

data

Get data from Samuel who is responsible 

for collecting actual surgery data in 

medical school

Do all the 

measurement in 

Mock OR

Mar, 3 Mar, 21 (Not started)

Eggshell drilling

experiment data

Dr. Galaiya performs mock surgery in 

Mock OR

Assisted by other 

graduate students
Mar, 12 Mar, 21 (Not started)

Dependencies



Project Management

• Attend the group meeting with Dr. Taylor weekly

• Regular weekly meeting with Dr. Deepa Galaiya

• Maintain communication via Email and Microsoft Teams

• Documentation and code update in OneDrive folder
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Calibration Method – Pitch angle calculation

• Average rotation of the elements of quaternions by using meanrot function in 

MATLAB

• Calculate flexion angle mathematically by using two quaternions

• 𝑞1 :reference     𝑞2 :one of the eight different pitch angle samples

• 𝐹𝑙𝑒𝑥𝑖𝑜𝑛 𝑎𝑛𝑔𝑙𝑒 = 2 ∗ atan2 ||𝑞1
∗𝑞2(𝑥, 𝑦, 𝑧)||, 𝑞1

∗𝑞2(𝑤 ) ∗
𝜋

180
𝑑𝑒𝑔𝑟𝑒𝑒

Flexion angle from EM tracker (degree) Flexion angle from IMU 1A (degree) Flexion angle from IMU A6 (degree)

26.6346 27.6527 27.6778

32.6116 33.3907 33.4102

37.8730 38.5087 38.4184

42.1996 42.6490 42.52

45.7238 46.0262 45.8209

48.4941 48.6611 48.4686

50.2905 50.4428 50.2339

52.8936 53.3970 53.1683



• Extract the reference position’s quaternion and average using meanrot function 
from MATLAB

• 𝑄ℎ𝑒𝑎𝑑
𝑟𝑒𝑓

,𝑄𝑏𝑎𝑐𝑘
𝑟𝑒𝑓

• Extract the surgical position’s quaternion
• 𝑄ℎ𝑒𝑎𝑑

𝑠𝑢𝑟 , 𝑄𝑏𝑎𝑐𝑘
𝑠𝑢𝑟

• Transfer all quaternion to rotation matrices using quat2rotm function from 
MATLAB

• 𝑅𝑀ℎ𝑒𝑎𝑑
𝑟𝑒𝑓

, 𝑅𝑀𝑏𝑎𝑐𝑘
𝑟𝑒𝑓

, 𝑅𝑀ℎ𝑒𝑎𝑑
𝑠𝑢𝑟 , 𝑅𝑀𝑏𝑎𝑐𝑘

𝑠𝑢𝑟 which corresponds to Rh2, Rs1, R2 and R1 in bubble 

diagram respectively

• Calculate the final rotation matrix using Rsh = 𝑅𝑠1 ∙ 𝑅1−1 ∙ 𝑅2 ∙ 𝑅ℎ2−1

• 𝑅𝑠ℎ = 𝑅𝑀𝑏𝑎𝑐𝑘
𝑟𝑒𝑓

∙ (𝑅𝑀𝑏𝑎𝑐𝑘
𝑠𝑢𝑟 )−1∙ 𝑅𝑀ℎ𝑒𝑎𝑑

𝑠𝑢𝑟 ∙ (𝑅𝑀ℎ𝑒𝑎𝑑
𝑟𝑒𝑓

)−1

• Transfer rotation matrix Rsh into Euler Angles

The detailed procedure


