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Background
Learning has become a key issue across different disciplines. The school is  no  longer  seen as the only significant site of learning, and learning is no longer seen as a matter of  the ‘mind’ alone (Säljö, 2009; Lave and Wenger, 1991. The operating theatre provides a unique environment for teaching and learning the art of surgery to medical students, student nurses, surgical trainees, anesthesia trainees etc. It is however also a place where safety and maintenance of 
Ideally only personnel involved in the surgery should be in the operating room. The design of our operating room experience for students necessitates their being present within the operating room. This invariably leads to overcrowding. Additionally to these from the survey we conducted 57.9% observing students or trainees are not able to directly observe the operation when it is taking place. To illustrate any aspect of the operation to the students the surgeon may have to pause the operation briefly or step aside for one or two students to come closer to identify an important structure. This is because a sterile field would have been created and the operating field is small. 
Hence, the development of Digital Video Integrated System (DVIS) a multi-component digital device which would help to combat the problems of overcrowding, deprivation of other students from having a first-hand view of the surgical process and inability of the surgeons to recast the surgical process after the surgery.
The Objectives of the Digital Video Integrated System
The Digital Video Integrated System aims at decongesting the traffic of medical students and perioperative nurses in the operating theatre of the University College Hospital (UCH), Ibadan during operative sessions by helping eliminating the problem of theatre overcrowding which is a common sight at the UCH, Ibadan. [image: A group of people in surgical scrubs in a room
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Figure 1: University College Hospital, Ibadan Theatre Suite
Also, the design is also aimed at providing audio-visual representation of the surgical procedures for the medical students and perioperative nurses which have hitherto been a challenge due to the fact that the population of the medical students and perioperative nurses exceeds the carrying capacity of the theatre suites at the UCH, Ibadan.
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Figure 2: Surgical procedure in progress at the University College Hospital, Ibadan
Also, the inclusion of a feedback system into the design would allow for a feedback and smooth interaction between the students and the surgeon.
Also, the system is designed in such a way that the surgeon would have access to the saved and archived document for recast after the surgery.
Current Practice at the University College Hospital, (UCH), Ibadan
The current model for teaching and learning at the University College Hospital (UCH), Ibadan is as follows as observed by the team:
a. The surgeon would have a 5-10 minutes discussion with the students on the nature of the case, the cause, and the steps he would take while performing the surgery, this usually takes place at the induction room
b. During the surgery, the surgeon would sometimes step back; invite one or two students to have a view of the layer or the diseased parts he/she (the surgeon) is working on.
c. The students are placed in groups of 10 students each just to accommodate for the large population and also prevent the incidence of overcrowding the operating theatre.
 Existing Digital Technology incorporated in Surgery
An example of the incorporation of digital technology as a virtual tool for teaching and learning in the operating theatre is the use of recording devices such as camera and phones which were used to record the proceedings of the surgery and which are then hereafter relayed to the students for them to view (Adeodatus Yuda Handaya et al., 2021). Also, other existing digital technology involves the installation of camera system (which costs millions of naira) in hospital facilities with video output where patients’ relatives and other acquaintance of the patient can view the proceedings of the surgery.
Design Need
The design requirement for the device is outlined below.
Range of coverage: the transmission of the audio-visual signal from the camera head on the surgeon to the output monitor for the receiving students should be able to travel over a wider range of coverage.
Durability: the camera head and the Digital video Integrated System should be very durable and can be easily transported from one point to another and can be easily set up and installed by the end user
Weight: the camera head should be very light and not cause discomfort to the surgeon during a long or short surgical procedure.
Ease of Use: the use of the device should not be complex. A lay man should be able to use the device without requiring a certification in any technologically based course
Safety and privacy: the device should be safe for use by the surgeon and there should be no incidence of electric shock 
Affordability: as opposed to the currently existing systems which requires millions of naira to purchase, the DVIS should be readily affordable for purchase and subsequent maintenance
Effectiveness: the device must be very effective in transmitting, capturing and saving data sinal from the point of surgery to the output monitor where the students would be viewing the surgical proceedings.
Clarity: the device camera should be clear enough to display the surgical proceedings and clearly depict the body parts and organs been worked on by the surgeon. 

Design Concept and Prototyping
The component parts of the prototype digital video integrated system (DVIS) involve the aggregation of different components which culminates as the DVIS.
The component parts which comprises an Ordro EP8 camera device, a central processing unit, a monitor output, and a feedback system (comprising a microphone and a speaker). The other component parts were purchased in Nigeria except the Ordro camera which was ordered on Amazon.
The design concept comprises four phases in transmission of audio-visual signal to and from the surgeon:
· The Signal capture phase
· The Processor and intermediary phase
· The output phase 
· The feedback system

The signal capture phase: the Ordro EP8 FPV camera will pick all visual images of the procedures; the images will then be transmitted remotely over a Wi-Fi wireless network.
The camera also has an in-built microphone which would create room for communication to the students during the surgery procedures.
The camera also has a memory card adapter, which will accommodate Micro SD card for direct data storage
Table 1: The specifications of the Audio-Visual Signal Capturing Device Ordro EP8 FPV Camera
	Specification
	Value

	View Angle
	90o - 120°,  

	Focus Range 

	10cm~infinity

	Product Dimension
	3.7 x 1 x 1 inches (9.4 x 2.5 x 2.5 cm)


	Item Weight: 
	80- 85grams

	Specific feature
	4K (3840x2160 pixels video image resolution)


	Image capture speed
	60 fps (frame per seconds)

	Video Capture Format
	Mp4


	Maximum Focal Length
	4.88 Millimeters

	Mode of mounting
	Detachable

	Sensor:
	1/2.8 inch CMOS sensor

	Photo format
	JPEG.

	Video resolution
	· 4K:3840*2160 (60fps)/3840*2160 (30fps) 2K:2704*1524(30fps) FHD:1920*1080(60fps)/1920*1080 (30fps) HD:1280*720(60fps)


	Stabilization
	Two Axis Gimbal



The Processor and intermediary phase: the processor phase is where the preview of the audio-visuals from the camera is viewed, processed, saved before transmitting to the student’s output monitor. The desktop computer interface with the Ordro EP8 FPV eyewear camera through the WiFi network of the Ordro EP8 FPV camera as seen displayed on the desktop computer’s network. The desktop computer will have pre-installed a third party software (Many Cam / OBS/ Adobe Premiere Pro Software), which would be used for interfacing between the camera and the Desktop computer

The desktop computer will also serve has the storage center for the data files (Visual and Audio files) generated.
Also, an HDMI cable can be connected directly to the Ordro EP7 FPV camera and then to the input port of the CPU of the desktop computer for interlacing

Table 2: The specifications of the Desktop Computer
	Specification
	Value

	Operating system
	Windows 10  

	CPU processor 
	core i5, 64-bit, x64-based processor, CPU @ 1.90GHz   2.40 GHz system

	RAM size
	Minimum of 4Gigabyte


	System hard drive
	250Gigabyte




The Output Phase: the output phase shall contain the audio-visual signal relayed from the camera through the processing unit to a monitor at a specified location where the medical students and pre-operative nurses and any other personnel would be congregating. The main component of the output phase is the TV screen.
The Feedback System: the feedback system will comprise a microphone which would be used to send audio signal from the medical students, preoperative nurses and surgeon-in-training at the induction room or at any other specified location to the speakers in the operating theatre for the surgeon to hear and give response.
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 Design Schematics for the Digital Video Integrated System (DVIS).

Future considerations

The Digital Video Integrated System’ features would be upgraded thus as future considerations:
· Development of a customized software that would be specifically for the running of the system
· Incorporation of IP address that would enable a wider range of coverage and participation by individuals (Chief Medical Directors, Chief Matrons and other Head of departments) who may be in their respective offices but would love to participate in the surgery.
Conclusion 
We have presented our design concept and even prototyped the Digital Video Integrated System (DVIS). Our largest user would be primarily the teaching hospitals as this would help to bridge the communication gap between the surgeon and the medical students, preoperative nurses and surgeons-in-training.
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