
Course Wiki: https://ciis.lcsr.jhu.edu/doku.php?id=courses:455-655:455-655

https://ciis.lcsr.jhu.edu/doku.php?id=courses:455-655:455-655


Course Wiki: https://ciis.lcsr.jhu.edu/doku.php?id=courses:455-655:455-655

I will upload my slides here

https://ciis.lcsr.jhu.edu/doku.php?id=courses:455-655:455-655


Course Wiki: https://ciis.lcsr.jhu.edu/doku.php?id=courses:455-655:455-655

Schedule: https://ciis.lcsr.jhu.edu/doku.php?id=courses:455-655:2024:fall-2024-schedule

• Lecture slides
• Supplementary material
• Assignments (hand-out & due dates)

https://ciis.lcsr.jhu.edu/doku.php?id=courses:455-655:455-655
https://ciis.lcsr.jhu.edu/doku.php?id=courses:455-655:2024:fall-2024-schedule


Piazza: https://piazza.com/jhu/fall2024/601455655

• Course announcements
• Find a partner
• Q & A
• Typos / errors
• Private message to the professor & TA

Partner:

• Can be changed between assignments
• Do not abandon anybody before the due date!

Piazza App

https://piazza.com/jhu/fall2024/601455655


Special circumstances / Accommodations:

• Sport / science competitions
• Conferences
• Marriage
• Scheduled health-related procedures
• Etc. expected

Tell us in advance!

• Sickness
• Fire
• Etc. unexpected

Do not come to the class. Tell us!

• Disability Contact “Student Disability Services”! 
They will contact us.

Review − Russell H. Taylor (2024). Fall 2024 Organization Lecture − for details



CIS Math Tutorial

References:

Benjamin D. Killeen (2022). Frame Transformations in Computer Integrated Surgery: A Graphical Introduction

Russell H. Taylor (2024). 600.455/655 Lecture Notes: Basic Mathematical Methods for CIS



A point 𝒖 as measured in frame 𝑨

• A frame is a basis for numerical measurements 
of object locations, orientations, or poses

• A point is a singular location in space

• Vector 𝒖𝑨 defines the position of 𝒖 relative to 
frame 𝑨

Benjamin D. Killeen (2022). Frame Transformations in Computer Integrated Surgery: A Graphical Introduction



Frame transformation “A from B”
𝑭𝑨𝑩 = [𝑹𝑨𝑩, 𝒑𝑨𝑩]

A measurement of frame 𝑩 pose (rotation 
+ translation) with respect to frame 𝑨

• 𝒖𝑩 is the measurement of 𝒖 in frame 𝑩
• 𝑭𝑨𝑩 known

The right-hand subscript of the transform should match the subscript of the point

𝒖𝑨 = 𝑭𝑨𝑩 𝒖𝑩 = 𝑹𝑨𝑩, 𝒑𝑨𝑩 𝒖𝑩 = 𝑹𝑨𝑩 𝒖𝑩 + 𝒑𝑨𝑩

Benjamin D. Killeen (2022). Frame Transformations in Computer Integrated Surgery: A Graphical Introduction



Inverse Transformations

Rotation matrices are orthonormal:

Benjamin D. Killeen (2022). Frame Transformations in Computer Integrated Surgery: A Graphical Introduction

𝑭𝑨𝑩
−𝟏 = [𝑹𝑨𝑩

−𝟏 , −𝑹𝑨𝑩
−𝟏  𝒑𝑨𝑩]

𝑭𝑨𝑩
−𝟏 = 𝑭𝑩𝑨

𝑹−𝟏 = 𝑹𝑻

0*4 + 0*5 -1*6 = -6

1*4+0*5+0*6 = 4
0*4-1*5+0*6 = -5

-6+3 = -3
4-1 = 3 

-5+2 = -3



Frame Composition

Benjamin D. Killeen (2022). Frame Transformations in Computer Integrated Surgery: A Graphical Introduction

C

𝒖𝑪

𝑭𝑩𝑪 = 𝑹𝑩𝑪, 𝒑𝑩𝑪

𝒖𝑨

𝑭𝑨𝑪

= 𝑭𝑨𝑩 𝑹𝑩𝑪, 𝒑𝑩𝑪 𝒖𝑪 

= 𝑹𝑨𝑩, 𝒑𝑨𝑩 (𝑹𝑩𝑪𝒖𝑪 + 𝒑𝑩𝑪)



X-ray imaging 
device (C-arm)

HoloLens 2 
(“mixed reality” 

headset)

“World”

Infrared 
markers

Tracker 
(camera)

Camera 
at X-ray 
source

Reference 
markers

Arrow

𝑭𝑻𝑴

𝑭𝑻𝑹

𝑭𝑾𝑯

Benjamin D. Killeen (2022). Frame Transformations in Computer Integrated Surgery: A Graphical Introduction

𝑭𝑪𝑴
𝑭𝑯𝑹

𝒑𝑾𝑨  ←  𝒖𝑾

= 𝑭𝑾𝑯 𝑭𝑯𝑹𝑭𝑻𝑹
−𝟏𝑭𝑻𝑴𝑭𝑪𝑴

−𝟏 𝒖𝒄

𝒖𝑾𝒗𝑾

Insert a rigid metal rod (K-wire) into pelvis 
from u to v

= 𝑭𝑾𝑪 𝒖𝒄 

A hologram (red arrow) should be aligned 
with the desired trajectory
𝑭𝑾𝑨 = [𝑹𝑾𝑨, 𝒑𝑾𝑨]

𝑭𝑾𝑨



Benjamin D. Killeen (2022). Frame Transformations in Computer Integrated Surgery: A Graphical Introduction

𝒖𝑾 = 𝑭𝑾𝑯𝑭𝑯𝑹𝑭𝑻𝑹
−𝟏𝑭𝑻𝑴𝑭𝑪𝑴

−𝟏 𝒖𝒄 = 𝑭𝑾𝑪 𝒖𝒄 

𝒗𝑾 = 𝑭𝑾𝑪 𝒗𝒄 



Russell H. Taylor (2024). 600.455/655 Lecture Notes: Basic Mathematical Methods for CIS

𝒑𝑮𝑯 = [𝑹𝑩𝑮
−𝟏 , −𝑹𝑩𝑮

−𝟏  𝒑𝑩𝑮](𝑹𝑩𝑬𝒑𝑬𝑯 + 𝒑𝑩𝑬)

𝒑𝑮𝑯 = 𝑹𝑩𝑮
−𝟏 𝑹𝑩𝑬𝒑𝑬𝑯 + 𝒑𝑩𝑬 −𝑹𝑩𝑮

−𝟏  𝒑𝑩𝑮
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Russell H. Taylor (2024). 600.455/655 Lecture Notes: Basic Mathematical Methods for CIS

∆𝑭 = 𝑰 + 𝒔𝒌 𝜶 , 𝜺
∆𝑭−𝟏 = [𝑰 − 𝒔𝒌 𝜶 , −𝜺]



Russell H. Taylor (2024). 600.455/655 Lecture Notes: Basic Mathematical Methods for CIS

= 𝑭 ∙ ∆𝑹, ∆𝒑 ∙ 𝒃 + ∆𝒃
= 𝑭 ∙ ∆𝑹 ∙ 𝒃 + ∆𝒃 + ∆𝒑

= 𝑭 ∙ ∆𝑹 ∙ 𝒃 + ∆𝑹 ∙ ∆𝒃 + ∆𝒑
= 𝑹 ∙ ∆𝑹 ∙ 𝒃 + ∆𝑹 ∙ ∆𝒃 + ∆𝒑 + 𝐩
= 𝑹 ∙ ∆𝑹 ∙ 𝒃 + ∆𝒃 + ∆𝒑 + 𝐩

∆𝑹 ≈ 𝐈 + 𝐬𝐤 𝛂
∆𝒑 ≈ 𝛆

𝒗∗ = 𝒗 + ∆𝒗

𝐬𝐤 𝛂 ∙ ∆𝐛 ≈ 𝟎
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