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Abstract. We present the idea of a user interface concept, which resolves the 
challenges involved in the control of angiographic C-arms for their constant re-
positioning during interventions by either the surgeons or the surgical staff. Our 
aim is to shift the paradigm of interventional image acquisition workflow from 
the traditional control device interfaces to ‘desired-view’ control. This allows 
the physicians to only communicate the desired outcome of imaging, based on 
simulated X-rays from pre-operative CT or CTA data, while the system takes 
care of computing the positioning of the imaging device relative to the patient’s 
anatomy through inverse kinematics and CT to patient registration. Together 
with our clinical partners, we evaluate the new technique using 5 patient CTA 
and their corresponding intraoperative X-ray angiography datasets. 
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1 Introduction 

The ‘desired-view’ relates to the efficient maneuvering of a mobile (robotic) C-arm 
into the surgeon’s desired position in order to acquire the right picture for navigation. 
The current decision process of the interventionalist is based on a mental mapping 
between pre-op and intra-op data in order to gather information on how to reposition 
the C-arm gantry to their desired-view. However, moving the C-arm into the best 
viewing projection in regard to the anatomy requires time and skill. This is mainly 
due to the complex kinematic chain defining mobile C-arms, the miscommunication 
between interventionalist and surgical staff, and the lack of intelligent user interfaces 
facilitating C-arm positioning. Consequently, this leads to the acquisition of non-
relevant X-ray images from additional ‘gantry positions’ thereby exposing patient and 
surgical staff to additional radiation exposure. 

Many techniques have been developed to support, but not directly obtain, the ac-
quisition of the optimal surgeon viewpoint, e.g. optical tracking based navigation 
system [1], visual servoing based C-arm positioning [2], robotized C-arm system [3], 
artificial fluoroscopy [4], the inverse C-arm positioning using real-time body part 
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detection [5], intensity-based registration [6], and radiographic fiducials [7-8]. Tradi-
tionally C-arms are positioned using either: (i) a remote touch user interface for con-
trol of all relevant C-arm functions from within the sterile field, (ii) a remote joystick 
user interface, or (iii) manual control for older C-arm models. As such, there is sub-
stantial interaction with technology to capture and subsequently browse and manipu-
late images. However, several authors have pointed out restrictions this imposes  
[9-10]. Graetzel et al. [9] describe a scene where a surgeon instructing an assistant 
took 7 minutes to direct the assistant to click on the exact and appropriate place of the 
interface. While this is an extreme example, it illustrates the potential communication 
difficulties associated with image manipulation by proxy, in particular when the 
proxy does not share the same level of visual expertise. Wachs et al. [10] discuss that 
the requirement to interact with touch-based technology means that surgeons are re-
quired to move away from the patient to where the technology is located to browse or 
manipulate images. In response to these limitations, researchers have developed new 
experimental systems, such as Gestix, where interaction with images in surgical set-
tings is achieved through gesture recognition techniques based on camera input [9-
11]. At the same time, new technologies such as Kinect signals a new enthusiasm for 
expanding the ways in which gestural input might be used [12]. Although there has 
been a critical assessment of opportunities and design implications for touchless inte-
raction within the operating room, their practicality has not gained operating room 
acceptance. Some issues relate to control and delegation, system engagement, granu-
larity of interaction, physical constraints, and collaborative access [13].  

Drawing on insights from the literature, we present the idea of a user interface con-
cept, which resolves the challenges involved in the control of angiographic C-arms for 
their constant repositioning during interventions by either the surgeons or the surgical 
staff. Our aim is to shift the paradigm of interventional image acquisition workflow 
from the traditional control device interfaces to a ‘desired-view’ based control. This 
allows the physicians to only communicate the desired outcome of imaging, based on 
simulated X-rays from pre-operative CT or CTA data, while the system takes care of 
computing the positioning of the imaging device relative to the patient’s anatomy 
through inverse kinematics and CT to patient registration. We evaluate the new  
technique using 5 patients’ CTA and their corresponding intraoperative X-ray  
angiography datasets. 

2 Methodology 

Figure 1 depicts the workflow of our user-interface concept. Our aim is to use the 
advances made in medical image computing and computer assisted interventions to 
define novel user interfaces for the control of imaging devices. The surgeons therefore 
define their desired target images, and image computing methods take care of  
defining the device control parameters. 
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Fig. 1. General overview of the ‘desired-view’ control of a C-arm device 

2.1 Initial Patient Positioning 

The initial patient positioning and registration can be performed by either considering 
classical 2D/3D algorithms approaches [6] or the newly range imaging (RI) sensors 
[14-15] which have potential in being integrated inside today’s interventional suites. 
Traditionally, the patient is positioned on the operating table under anesthesia and an 
X-ray image is acquired and subsequently registered to the patient’s preoperative data 
to determine alignment. Any number of rigid and non-rigid algorithms can be applied 
depending on the clinical application and precision required for initial patient posi-
tioning. Alternatively, due to advances in sensor technology, several devices for non-
radiographic and non-invasive patient setup and monitoring based on range imaging 
(RI) have been introduced in clinical practice. Regardless of the particular RI technol-
ogy, the systems provide a complete, metric and precise 3D surface model of the pa-
tient. They also estimate the table transformation that brings a pre-defined region of 
the intra-fractional patient surface in congruence with a reference at a fine scale. In 
addition, most RI systems are able to capture dense 3-D surface data in real-time, 
allowing for continuous patient monitoring during the course of a treatment session.  

In this paper, we have implemented an intensity-based 2D/3D registration algo-
rithm as described in [6]. Once the patient position is determined we will relate it to 
the ‘desired-view’ positions using C-arm kinematic modeling. 

2.2 ‘Desired-View’ Positioning via Inverse Kinematics 

Forwards Kinematics: the forward kinematics describes the effect of the C-arm joint 
settings to the position of the point of interest in the beam, denoted , and the beam 
direction, denoted . In our case, p and z represents the image-related parameter (or 
the 6DOF Transform of the interventionalist ‘desired-view’). A standard C-arm is 
equipped with five serial joints with the following functions: 
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Fig. 2. Joint movements and offsets a4 and a5 for a general C-arm. In the depicted position all 
rotational joints are at angle θ = 0. The vector p starts at the origin of the basis coordinate sys-
tem (denoted 0) of the C-arm. 

• Joint 1: Translational movement which modifies the height of the C-arm ,  
• Joint 2: Rotation around the basis of the C-arm, also called wig-wag ,   
• Joint 3: Linear movement to adjust the arm length  ,  
• Joint 4: Rotation of the ‘C’ around the arm supporting the ‘C’ (angulation),  
• Joint 5: Orbital movement, the ‘C’ rotates around its center,   

Figure 2 shows their effect on positioning the beam. Note that in general a C-arm has 
two geometric offsets, denoted  and . The first one describes the distance from 
the rotational axis of the angulation (joint4) to the rotational axis of the orbital (joint 
5). The second offset  measures the distance from the rotational axis of the orbital 
to the center of the X-ray beam. If both offsets are zero, we speak of an isocentric C-
arm. If at least one of the offsets is not zero, the C-arm is non-isocentric. These two 
offsets make the (real and mathematic) handling of C-arm difficult, because rotations 
of joints 4 or 5 move the X-rayed point of interest . For the forward kinematics, we 
determine the relationship between the joint parameters , , ,     and the 
beam variables , ,  and , ,  using the application of the 
Denavit-Hartenberg rules. 
 
Inverse Kinematics: consists in retrieving the joint parameters , , ,     
of the C-arm from the surgeon ‘desired-view’ parameters    . This is achieved 
by solving the following equation: 
                        (1) 
 
Where  is a non-linear function defined on ,  , , , , ,   and , , , , . Matthaus et al. de-
scribe the resolution of this non-linear system with a combined analytic-geometric 
approach  
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Fig. 3. The Tablet PC user interface allows the surgeon to interactively rotate the pre-operative 
CT data and save a portfolio consisting of imaging relevance-based ‘desired-views’. Each 
saved view includes the corresponding parameters required for the subsequent inverse kinemat-
ics calculation during surgery.   

where they carry on the problem to finding the unique root of an algebraic function 
[3]. This solution exists for all Pdesired-view and is unique. 

2.3 User Interface Using Tablet PC 

The complete tablet application is written using the H3D framework which is an 
open-source, cross-platform scene-graph API that uses OpenGL for graphics render-
ing. Scene-graphs can be easily generated using XML syntax while the logic can be 
implemented in Python. It runs on various platforms including Microsoft Windows, 
Mac OS X and Linux. We used a low end Windows 8.1 tablet to visualize the digital-
ly reconstructed radiographs, interact with the user using touch input, and return the 
C-arm parameters in text via also using a 3D rendering of a C-arm device. On the 
tablet PC the application runs at 6 frames per second (fps) at the screens native resolu-
tion of 1366 x 768 pixels (~30fps on laptop). Even at 6fps the tablet interface is res-
ponsive enough to be usable for our patient case study. The datasets that the DRRs are 
rendered from are all preoperative CT volume data with injected contrast agent to 
visualize the blood vessels. By manually editing the CT data or by defining a patient 
specific transfer function, the DRRs can be rendered looking similar to subtraction 
angiography or traditional X-Ray. On the interface the user can directly manipulate 
the 3D volume by dragging his or her finger over the volume, either rotating or trans-
lating it (or zooming). While this is done, the virtual C-arm as well as the angulation 
values are automatically updated (Figure 3). A portfolio of viewpoints can then be 
saved for the interventionalist. 

3 Results and Discussion 

Participants. Our clinical partners consisted of the chief of surgery and his resident 
surgeon (5 yrs. experience). 
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Table 1. Results of the SUS scale. Additional clinical impact questions were considered. 

 

Datasets. Five patients (‘Patient 1’, ‘Patient 2’, ‘Patient 3’, etc.) underwent an abdo-
minal or thoracic aneurysm stenting procedure. Patient specific CTA and intraopera-
tive C-arm images were acquired for each. Patient 4 and Patient 5 are considered  
difficult cases due to the proximity of the aneurysm to the spine or possessing an  
abnormal aortic S−shape. The other cases are considered easy to navigate for the  
interventionist. 

3.1 Face-Validity and User Study 

The System Usability Scale (SUS) is a Likert scale-based questionnaire to grade the 
usability of systems. It was created back in the 1980s by John Brooke. Since the Tab-
let PC user interface can be considered a ‘system’, we selected this qualitative evalua-
tion. The 5-pt Likert scale was defined as follows: (1−strongly disagree; 2−disagree; 
3−neutral; 4−agree; 5−strongly agree). The results are depicted in Table 1 and were 
positive. The usability and user interaction of the tablet PC was scored highly.  
Both participants strongly agreed that our idea of a user interface to determine the 
‘desired-views’ had great potential to be translated in current clinical practice within 
their hospital. 

We sat together with the participants and saw them interact with the Tablet PC to 
define the ‘desired-views’ for each of the five patients. The time elapsed and the 
number of views was recorded. Results are presented in Table 2. The following ob-
servations were made based on the metrics recorded and the post-briefing discussions 
with the participants. First, the average time required by the participants to determine 
the optimal views ranged ∈ (3-6) minutes. Traditionally, an interventionalist plans 
their surgery by scrolling through preoperative CTA slices on a monitor with an  
average time ranging ∈ (10-15) minutes depending on procedure complexity. As 
such, not only did our user interface idea quicken the planning phase, it simultaneous-
ly stored a portfolio of ‘desired-views’ along with the spatial parameters that would 
be transformed via inverse kinematics for optimal C-arm positioning. Secondly, for  
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Table 2. Different metrics measured from user study and surgery 

 

‘Patient 1’, the chief of surgery defined five optimal viewpoints. On the day of sur-
gery, he only required one viewpoint to complete the intervention. A number of views 
are usually planned and in the event that the positioning of the C-arm is difficult for a 
particular view, there are fallback views that the interventionalist would aim for. Inte-
restingly, the experience of the chief surgeon leads him to define more ‘desired-
views’ than the resident surgeon. Third, the total C-arm repositions for Patient 4 and 
Patient 5 were eight and nine respectively, for which a total of twenty-five and twenty 
X-ray images were acquired to complete navigation. Both participants made it clear 
that the portfolio of desired viewpoints (i.e. the numbers were less than the actual 
repositioning during surgery) would have decreased the number of repositions, and 
time of surgery, for these difficult cases. Lastly, Figure 4 shows two examples depict-
ing similar viewpoints between a portfolio image of the Tablet PC and the intraopera-
tive X-ray image acquired during surgery. 

 

Fig. 4. (Left) An example ‘desired-view’ of the participants prior to saving them in the tablet 
PC portfolio. (Right) The similar C-arm view acquired during surgery. 

4 Perspectives and Conclusions 

One of the future developments is inspired by the inclusion of patient table as an inte-
grated kinematic chain with the C-arm device. This means that additional DOFs are 
available and will play a crucial role for our proposed controlled positioning of the C-
arm [16]. We immediately hypothesize that achieving some ‘desired-views’ will in-
clude manipulating patient bed joints to alleviate the handling of more difficult C-arm 
joints (especially for the manual mobile C-arms). Our touch pad is currently used 
offline by the interventionist which is an advantage since the ‘desired-views’ are in-
vestigated and defined prior to surgery. On the other hand, we also imagine such a UI 
intraoperatively to be part of the future generation of C-arm technologies or in combi-
nation with CBCT. We have presented an idea where the interfacing to the control of 
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a C-arm becomes transparent to the surgical crew by expanding on the medical image 
computing techniques including inverse kinematics, DRR generation and CT to  
patient registration. 
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