

    
      
          
            
  
Welcome to Read the Docs

This is an autogenerated index file.

Please create an index.rst or README.rst file with your own content
under the root (or /docs) directory in your repository.

If you want to use another markup, choose a different builder in your settings.
Check out our Getting Started Guide [https://docs.readthedocs.io/en/latest/getting_started.html] to become more
familiar with Read the Docs.
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gVent Contributor Guidelines

The gVent source code is divided into two layers of abstraction: 1) the Application Layer, and 2) the Platform Layer. The Platform Layer abstracts the details of hardware interaction and presents a consistent interface to the Application Layer. Source code in the Application Layer focuses on control of specific actuators or sensors to faciliate ventilation. Source code in the Platform Layer focuses on writing/read the appropriate hardware addresses.

There is also the hardware abstraction layer (HAL). The platform layer interacts directly with the HAL. The application layer should never interact with the HAL. The HAL is a copy of the generated code from the STMCubeMX IDE.

These layers organized in the respository as follows:

./
    src/                /* .c files go here... */
        main.c          /* the startup code for gVent */
        application/    /* application layer source code */
        platform/       /* platform layer source code */

    include/            /* .h files go here... */
        main.h
        application/    /* definitions/headers for application layer */
        platform/       /* definitions/headers for the platform layer */

    device/             /* stm32f401re device specific files */

    lib/                /* additional libraries go here... */
        stm32/          /* HAL definitions and source code for STM32 targets */






Application Layer Development

TODO


Running Application Layer Unit Tests

TODO - something about to run GoogleTest.




Platform Layer Development

TODO


Building for STM32F4 Microprocessor Target

The Makefile in the root of this repository contains the relevant compilation, linking to produce a binary that can be uploaded (”flashed”) onto the the STM32F401RE microprocessor (the “target”).


Dependencies

Building and flashing the target requires the following dependencies:


	Standard C build packages - build-essential


	USB interface package - libusb-1.0-0-dev


	GCC for ARM targets - gcc-arm-none-eabi


	ST-Link for flashing the target - stlink-tools (on Ubuntu 20.x or above), see the ST-Link GitHub page [https://github.com/stlink-org/stlink] for details.




This procedure has been tested and validated on a Ubuntu 20.04 LTS Virtual Machine running on a Windows 10 host. Other platforms/setups might require special configurations or dependencies.



Command Reference

To build an executable (gvent.bin), run the following command from within the project root directory:

make clean all





To upload or flash the STM32 Nucleo-64 board, use the following command from within the project root directory:

make flash







Additional References


	Basics of building for STM32F4 [https://github.com/sdiemert/stm32f4-basic]


	Compiling STM32F4 blink using make [https://github.com/sdiemert/stm32f4-blink]


	Compilinig STM32F4 blink with a timer peripheral using make [https://github.com/sdiemert/stm32f4-timer-blink]










          

      

      

    

  

    
      
          
            
  
Disclaimer of Warranties

You acknowledge that the Content is in research phase and all outcomes from use of the Content are not known.
YOUR USE OF THE SITE AND THE CONTENT LOCATED ON THIS SITE AND ANY LINKED SITE, INCLUDING THE DESIGN SPECIFICATIONS, IS AT YOUR OWN RISK.
THE SITE AND ITS CONTENT, INCLUDING THE DESIGN SPECIFICATIONS LOCATED ON THE SITE OR ANY LINKED SITE, ARE PROVIDED ON AN “AS IS” AND “AS AVAILABLE” BASIS.

COSMIC MEDICAL MAKES NO REPRESENTATIONS, WARRANTIES OR COVENANTS, WHETHER STATUTORY, EXPRESS, IMPLIED, BY COURSE OF COMMUNICATION OR DEALING, OR OTHERWISE WITH RESPECT TO THE CONTENT, INCLUDING THE DESIGN SPECIFICATIONS, AND ANY RESULTING DEVICE. COSMIC MEDICAL SPECIFICALLY DISCLAIMS ANY WARRANTY WITH REGARD TO FITNESS FOR ANY PARTICULAR PURPOSE, MERCHANTABILITY OR NON-INFRINGEMENT.

WITHOUT LIMITING THE GENERALITY OF THE FOREGOING, COSMIC MEDICAL MAKES NO WARRANTY OF ANY KIND THAT THE CONTENT, INCLUDING THE DESIGN SPECIFICATIONS, AND ANY RESULTING DEVICE OR THE RESULTS OF THE USE OF SUCH DEVICE WILL MEET YOUR OR ANY THIRD PARTY’S REQUIREMENTS, OR ACHIEVE ANY INTENDED RESULT OR THAT THE USE OF THE DESIGN SPECIFICATIONS TO MAKE A DEVICE WILL COMPLY WITH INTERNATIONAL, FEDERAL, STATE OR MUNICIPAL LAWS AND REGULATIONS REGARDING MEDICAL DEVICES OR MEDICAL USES. YOU EXPRESSLY ACKNOWLEDGE AND AGREE THAT COSMIC MEDICAL IS NOT RESPONSIBLE FOR ANY HEALTH PROBLEMS, INJURIES OR DEATH THAT MAY RESULT FROM YOUR OR ANY THIRD PARTY’S USE OF ANY DEVICE RESULTING FROM YOUR USE OF THE CONTENT, INCLUDING THE DESIGN SPECIFICATIONS. IT IS UNDERSTOOD THAT COSMIC MEDICAL DOES NOT PROVIDE MEDICAL OR OTHER HEALTH-RELATED ADVICE.

COSMIC MEDICAL DISCLAIMS ANY RESPONSIBILITY FOR OR ASSURANCES REGARDING THE QUALITY, FUNCTIONALITY, OR SAFETY OF ANY DEVICE RESULTING FROM YOUR USE OF THE CONTENT, INCLUDING THE DESIGN SPECIFICATIONS, OR ANY DEFECT, ERRORS OR MALFUNCTION IN CONNECTION THEREWITH. FURTHER, COSMIC MEDICAL DISCLAIMS ANY RESPONSIBILITY FOR OR ASSURANCES REGARDING ANY COMMENTS, FEEDBACK, INFORMATION OR OTHER KNOW-HOW UPLOADED TO THIS SITE OR ANY LINKED SITE BY ANY USER. YOU RELY ON USER COMMENTS, FEEDBACK, INFORMATION AND/OR KNOW-HOW SOLELY AT YOUR OWN RISK.

YOU UNDERSTAND AND ACKNOWLEDGE THAT: YOU ARE A LEARNED INDIVIDUAL THAT HAS HAD THE OPPORTUNITY TO OBTAIN ANY AND ALL INFORMATION RELEVANT TO THE USE OF ANY DEVICE RESULTING FROM YOUR USE OF THE

CONTENT, INCLUDING THE DESIGN SPECIFICATIONS; YOU HAVE NO OBLIGATION TO USE THE CONTENT, THE DESIGN SPECIFICATIONS OR ANY DEVICE RESULTING THEREFROM AND YOU DO SO IN YOUR SOLE DISCRETION; YOU ARE RESPONSIBLE FOR DETERMINING THE DEGREE OF MONITORING OR OVERSIGHT THAT IS APPROPRIATE IN CONNECTION WITH PATIENT CARE AND THE USE OF ANY DEVICE RESULTING FROM YOUR USE OF THE CONTENT, INCLUDING THE DESIGN SPECIFICATIONS; YOU HAVE ACCEPTED ALL RESPONSIBILITY AND COSMIC MEDICAL RETAINS NO RESPONSIBILITY FOR YOUR USE OF ANY RESULTING DEVICE; AND YOU WILL COMPLY WITH ALL LAWS AND GOVERNMENTAL RULES, REGULATIONS AND GUIDELINES, INCLUDING ANY SAFETY PRECAUTIONS, THAT ARE APPLICABLE TO THE DEVICE OR THE USE THEREOF.




          

      

      

    

  

    
      
          
            
  
The Gravity Ventilator (gVent)

Video introduction to the design here [https://www.youtube.com/watch?v=yVxmjUQLIBw]


A COSMIC Medical Project

This repository contains all the design files necessary to assemble a gravity ventilator. Please read license.pdf before using any of the files to understand the liabilities and limitations you are responsible for by using this repository.

NOTE: At this point, this is not a medical device, meaning that the device is NOT medically approved for human use, and as such, improper use can result in harm or death of anyone using the ventilator. It is still in its development stages and any use in a clinical setting should be under the strict consultation and supervision of qualified healthcare experts and/or qualified biomedical engineers.



Background on the Idea

In February 2020 amidst the CoVid-19 pandemic, concerns about a global shortage of ventilators began to surface and these discussions rapidly became a reality. We sought out to find a local solution to the rapidly evolving crisis, working alongside the hundreds of open-source projects worldwide [https://github.com/PubInv/covid19-vent-list], aimed at tackling the same problem.

We believe that we add a novel solution to a landscape dominated by automated bag-valve mask compression devices. Built using readily-available materials and utilizing resources routinely found at a patient’s bedside, our aims were to produce a device capable of being produced at a sub-$100 price point for low-resource settings, as well as a more robust model, both founded using the same principles.



The Design

Modern commercial ventilators are complex machines with specialized components. According to the Department of Health and Social Care guidance statement on Rapidly Manufactured Ventilator System Specification (20/03/2020), ventilators must meet certain criteria to be considered “clinically acceptable”.

RMVS-compatible ventilators must be capable of providing one of two modes of ventilation. The first is mandatory ventilation, wherein the patient is completely sedated, and all work of breathing must be done by the ventilator, according to preset criteria (e.g. tidal volume, respiratory rate, E/I ratio). Supportive ventilation, on the other hand, is used when the patient can do some work on their own. The machine must be able to sense when the patient is attempting to inhale (and provide inspiratory support), and when the patient is exhaling (and provide expiratory support).


How does it work?

The basis of the gVent system is gravity, water, and two cylindrical vessels fitted together to create a pressurized system. This pressure can then be used to ventilate a sick patient. The two vessels are each sealed at one end. The larger vessel is filled with water; the smaller vessel is placed inside the larger vessel.

Air is then introduced into the system from the hospital’s O2 outlet. A clinician can thus control the FiO2 by titrating the amount of hospital air to the amount of delivered O2. As this pressurized gas builds up in the system, the top cylinder is displaced upwards from its resting position, commensurate to the weight of the top cylinder (which can have weight added to adjust the pressure).

To deliver air, a valve is opened, releasing the pressurized air/O2 mixture through to the intubated patient. And with the valve controlled on an electronic circuit, the operator has the ability to control important respiratory parameters, including respiratory rate, I:E ratio, and the volume of air delivered to the patient.




Bill of Materials



Installation Instructions


	The Assembly Instructions document for the gVent can be found at The COSMIC Medical Website [https://cosmicmedical.ca/gvent-722-warnings-disclaimers].


	In order to view the code and upload it to the Arduino, download and install the Arduino IDE [https://www.arduino.cc/en/Main/Software].






Contributing

See the CONTRIBUTOR.md file in the root of the repository for guidelines and additional instructions.



Licensing Notes

As per our understanding, hardware is not covered by copyright. However, we present our work under the TAPR OHL license insofar as it applies. All software and documentation is licensed under Apache 2.0.





          

      

      

    

  

    
      
          
            
  

          

      

      

    

  

    
      
          
            
  
Gravity Ventilator (gVent) – System Level Specification
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Introduction

This document is a system level specification of the gravity Ventilator (gVent) at a level of abstraction appropriate for clinicians, including respiratory therapists, anesthesiologists, and intensivists. gVent is a low-cost ventilator which provides a constant inspiratory pressure, hence reducing the risk of barotrauma which is inherent in many low-costs ventilator designs.


Purpose and scope

This document identifies all the functionalities provided by the gVent. This specification is a placeholder for the system’s requirements described at an appropriate level of abstraction that allows them to be understood by clinicians. The purpose of these functional systems requirements is to make sure that all stakeholders have a common understanding of the entire scope.These requirements are expressed at the system level, i.e., the function of the system that will be implemented by the combination of software, hardware, sensors, actuators, other electronics, mechanical and electrical components. Each requirement is a “shall statement”, i.e., a sentence that uses the modal verb “shall” to mark these sentences as a “formal requirement”.  These shall statements are accompanied by additional sentences (inter-woven with the shall statements) and graphics that clarify these shall statements.
At this level of abstraction, the requirements can sometimes be intentional, e.g., it is acceptable to use a phrase such as “The system shall provide the user a means of adjusting the desired pressure …” without explicitly describing the details such as whether such adjustments are made using a knob or some other method. Although the level of abstraction for these requirements is “high”, this specification also incorporates whatever is currently known about the need to handle abnormal conditions through alarms or other means, e.g., transition to a safe state.



Document Structure

Section 2 of this document gives an overview of the system, its business motivations and its regulatory environment. The next sections provide system requirements according to their scope, e.g., functional, performance.



Referenced Documents

The following documents are referenced in this specification:
[1] UK Medicines & Healthcare products Regulatory Agency, Specification for Rapidly Manufactured Ventilator System (RMVS), 28 April 2020 RMVS [https://assets.publishing.service.gov.uk/government/uploads/system/uploads/attachment_data/file/879382/RMVS001_v4.pdf]
[2] A brief for engineers, by a doctor, on hacking a ventilator for surge capacity in Covid19 patients. Vol 1: Ventilator Design Brief. Dr Erich Schulz, MBBS, FANZCA, Brisbane, Australia. Brief_vol1 [https://docs.google.com/document/d/1sdrKYQ0mDOu4bJum6Fx6piRutIJovo7UqFKYHHxUD5A/edit#heading=h.zfqx8qqil1g1]
[3] Brief, Vol 2: Hardware. Dr Erich Schulz, MBBS, FANZCA, Brisbane, Australia. Brief_vol2 [https://docs.google.com/document/d/1SBT8auegsJCKCVMBHFLWaVo8rKbs0zsJc3dDVAqeADE/edit#heading=h.sx9qnelsso49]
[4] Brief, Vol 3: Software. Dr Erich Schulz, MBBS, FANZCA, Brisbane, Australia. Brief_vol3 [https://docs.google.com/document/d/1-eV7ClGCTgaqPug7u9ovE_s-U6J5s8Hzc3XAalkEgVE/edit#heading=h.sx9qnelsso49]




System Identification


System Overview

The gravity Ventilator (gVent) intends to provide mechanical ventilation to patients. The gravity Ventilator aims to deliver controlled pressure ventilation to patients, which appears to be the most useful ventilatory mode with COVID ARDS patients, as high pressures can easily lead to barotrauma.

At minimum, the gVent is specified to operate for a few hours to a full day for patients in extremis as per rapidly manufactured ventilator system (RMVS, gov.uk Medicines and Healthcare Products Regulatory Agency)[1] specifications.  gVent will only rely on access to power and wall ports providing a supply of oxygen and filtered air.



Regulatory Environment




General


SLS-0001

gVent shall provide ventilation mechanisms to a patient through a system composed of an inspiratory limb and an expiratory limb.



SLS-0005

gVent shall be designed so that the expiratory block can be cleaned and sterilized.



SLS-0010

gVent shall accept power from 120V sources and 220V sources.



SLS-0015

In a power outage situation, gVent shall: turn on a visual and sound alarm, and transition seamlessly to external battery power. The external battery shall supply power for a minimum of 20 minutes.




Ventilation

This section’s requirements focus primarily on providing ventilation.


SLS-0020

gVent shall allow the clinician to set the FiO2 between [21%, 100%] in 10% increments.
gVent relies on the supply of oxygen and filtered air commonly available through wall ports in a clinical environment.



SLS-0025

gVent shall achieve ventilation using the filtered air source flow inputs in the range of [0, 40] liters per minutes (L/min) Other than valves, gVent does not intend to use mechanical parts to deliver the Pressure Controlled air flow.

Note: this is about design, but it is also what makes gVent different from other ventilators. It might be beneficial to include such a requirement.

Operator adjustable settings include ventilation control parameters such as Respiratory Rate as well as alarm thresholds.



SLS-0030

gVent shall provide a visual indication of operator adjustable settings and their corresponding values to the Clinician through an LCD display.



SLS-0035

gVent shall provide an interface for the clinician to modify operator adjustable settings.



SLS-0040

gVent shall provide a clinician interface to start and stop the ventilation.

Note: a requirement may be needed to discuss emergency stop if it is different from normal stop.
Mechanical ventilation is generally performed in either a Pressure Control mode or a Volume control mode while many other advanced modes also exist. The Gravity Ventilator will deliver constant pressure ventilation to patients to avoid the risk of high pressures which can lead to barotrauma.



SLS-0045

gVent shall deliver air flow to patient in Pressure Controlled mode for an inspiratory pressure range [10,40] centimeters of water (cm H2O).

Note: Pressure Controlled mode includes two sub-modes of operations: the ‘timed’ and ‘triggered’ modes.
Mechanical ventilation is generally performed in either a Pressure Control mode or a Volume control mode while many other advanced modes also exist. The Gravity Ventilator will deliver constant pressure ventilation to patients to avoid the risk of high pressures which can lead to barotrauma.



SLS-0045

gVent shall deliver air flow to patient in Pressure Controlled mode for an inspiratory pressure range [10,40] centimeters of water (cm H2O).

Note: Pressure Controlled mode includes two sub-modes of operations: the ‘timed’ and ‘triggered’ modes.



SLS-0050

gVent shall allow the clinician to select either the ‘timed’ or ‘triggered’ Pressure Controlled modes of operations



SLS-0055

In the ‘Timed’ mode of operation, gVent shall deliver pressure-controlled air flow based on the Respiratory Rate, the Inspiratory:Expiratory Ratio and the Inspiratory Pressure set by the clinician.

This is the situation where the patient is fully unconscious.



SLS-0060

In the ‘triggered’ mode of operation, gVent shall detect patient breath initiation and deliver pressure-controlled air flow for a set duration.
If gVent does not detect a breathing action within the period specified by the Respiratory Rate, gVent shall force the breathing actions.

This is the situation where the patient is semi-conscious.

Positive End Expiratory Pressure maintains the patient’s airway pressure above the atmospheric level by exerting pressure that opposes passive emptying of the lung.
This is important for some patient lung medical conditions.
This pressure is typically achieved by maintaining a positive pressure flow at the end of exhalation. This pressure is measured in centimeters of water, cmH2O.



SLS-0065

gVent ventilation modes shall achieve a defined Positive End Expiratory Pressure (PEEP) range between [0, 30] centimeters of water (cm H2O).



SLS-0070

gVent shall accommodate a Respiratory Rate between [1,60] breath per minute (bpm).



SLS-0075

gVent shall accommodate an Inspiratory:Expiratory ratio from 1:1 to 1:5.

Inspiratory:Expiratory ratio refers to the ratio of inspiratory time:expiratory time. In normal spontaneous breathing, the expiratory time is about twice as long as the inspiratory time



SLS-0140

gVent shall allow the clinician to change adjustable settings during ventilation.

While the clinician can change the adjustable settings during ventilation. This includes changing the mode of operation of the ventilator (time vs Trigerred).




Performance


SLS-008

When a parameter exceeds a set alarm threshold, gVent shall trigger the alarm within 1/10 second.



SLS-0085

gVent shall provide real-time monitoring of parameters related to alarms. Each parameter shall be monitored every 1/10 second.



SLS-0090

gVent shall detect a Start action initiated by the clinician within 1/10 second and start the actual ventilation process within 5/10 second.



SLS-0095

gVent shall detect a Stop action initiated by the clinician within 1/10 second.



SLS-0100

In the ‘Triggered’ mode of operation gVent shall detect changing breath cycle every 2/10 second and adjust ventilation according to the sensed Respiratory Rate.




Alarm

During the ventilation procedure gVent shall sound audible alarms when thresholds are exceeded for a given amount of time for a pre-defined set of alarm parameters. These parameters are described in a notion [https://www.notion.so/Alarm-Documents-790364c4ae0842dabbaa4d9f6f67821b#a75de7f03972482d9c61786357f3d80f].


SLS-0120

gVent shall monitor a set of alarm conditions and generate alarms  based on corresponding alarm parameters:


	Inspiratory pressure: high and Low


	Positive End Expiratory Pressure (PEEP): high and low


	Tidal volume: high and low


	percentage of CO2 at expiration: high and low


	Oxygen supply failure


	Airway occluded


	Patient disconnect


	Circuit Leak


	Power Failure


	Battery Failure


	Low Battery


	Pressure Sensor failure


	Flow sensor failure






SLS-0125

when an alarm condition is present for a predefined alarm time for this condition, gVent shall turn on a visual and auditory alarm and display the alarm level until the alarm condition is not present anymore.

The alarm levels are info/notice, alert, warning, alarm, and critical. Each alarm condition is affected to a unique alarm level.



SLS-0130

gVent shall allow the clinician to mute a non-critical alarm for 60 seconds.




Major Failure Response

This section addresses gVent response to abnormal situation that go beyond alarms and involve actuation.

The safe state of gVent is an open circuit that supplies a high flow of oxygen.


SLS-0135

In the event of a major failure gVent shall revert to the safe state.




Reliability


SLS-0105

gVent shall run with no interruption and no performance degradation for a duration of at least 14 days.





Glossary

| Term |  Abbreviation | Definition |
| :— | :– | :— |
| Pressure Controlled Ventilation | PCV | A set pressure is delivered for the period of inspiration and the volume achieved is measured and displayed. Ideally PRVC, an adaptive mode where the tidal volume is set, and the lowest possible pressure is delivered to achieve this volume. PCV where the user has to provide the adaptive control to achieve tidal volume is only acceptable if the tidal volume delivered is clearly displayed and the user can set patient specific upper and lower tidal volume alarms to alert to the need to adjust the pressure [1].
| Volume Controlled Ventilation | VCV | The user sets a tidal volume and Respiratory Rate. The tidal volume is delivered during the inspiratory period. Acceptable only if additional pressure limiting controls are available, see Inspiratory Pressure section [1].
| Positive End Expiratory Pressure | PEEP | The pressure maintained in the breathing system during expiration[1].
| Respiratory Rate | RR | The number of breathing cycles every minute[1].
| Inspiratory: Expiratory ratio | I:E | The proportion of each breathing cycle that is spent breathing in compared to breathing out.
| FiO2 | |  inspired oxygen proportion.[1]
| Critical Systems Labs | CSL | Critical Systems Labs is a Canadian-owned engineering consultancy with expertise in the management of safety risk and security vulnerabilities associated with complex hardware/software intensive systems. CSL has partnered with COSMIC Medical to assist in the project development, software process, and risk analysis of the gVent design-build.
| Centimeters of water | cmH2O | Unit of pressure used in clinical settings for ventilation systems.





          

      

      

    

  

    
      
          
            
  
gVent - Software Requirement Specification


Introduction

This Software Requirements Specification (SRS) specifies the required
functionality of the gVent software. It is a refinement and elaboration
of that portion of the system level behaviour allocated to software.
The required software functionality is specified in terms of interactions
with the gVent Platform, which is an abstract view of the software/hardware
interface. The contents of this SRS are independent of board specific
details, i.e., porting gVent to a different target board should not
necessitate changes to this SRS.  In addition to “shall statements”,
this SRS includes a dictionary which also provides essential information
about the required functionality.  The requirements specified in this SRS
are used directly by software developers to develop the gVent source code.These requirements are also used directly for requirements-based testing
of the software. Every aspect of the system level behaviour, as specified
in the System Level Specification (SLS) should be traceable to one or
more requirements in this SRS unless the SLS requirement is entirely
unrelated to the software functionality.  Every requirement in this
SRS should be traceable to at least one SLS requirement unless the SRS
requirement is concerned with an internal software mechanism that
facilitates the implementation of other SRS requirements.



Purpose

Present the software requirements in a not so low level of abstraction
for software developers to start implementation. These requirements are
used to drive requirements-based testing of the gVENT software.

The first draft of this document will only contain a partially worked
example of how a single system level requirement at the SLS level
can be refined and elaborated into software requirements specified in
the SRS, and then into source code for the gVent Platform. The requirements
shown below are draft requirements only.  In this example, the specification
of a single system requirement, SLS-0070, is shown below.  This is followed
by a set of software requirements, SRS-XXXX.



Scope

The requirements described in this document descend directly from the SLS.
Only software requirements. Some other requirements for the non software element
of the system would be written elsewhere. The requirements for the platform
where the software will run will be documented in a Platform Specification (PS)
link here and in a Hardware Abstraction Specification(HAS) link here. The
requirements in this specification should be expressed at a level of abstraction
“just above” the platform implemented by an RTOS or cyclic executive on top
of bare hardware, i.e., these requirements use a purely functional (“blackbox”)
view of the platform as a basis for specifying requirements at this level.



Background


GVent

The gravity Ventilator (gVent) intends to provide mechanical ventilation
to patients. The gravity Ventilator aims to deliver constant pressure
ventilation to patients, which appears to be the most useful ventilatory
mode with COVID ARDS patients, as high pressures can easily lead to barotrauma.



SRS

While the SLS level of specification is expressed at a level of abstraction
suitable for a clinician.  The SRS level of specification is a “black box”
view of the software functionality. In the SRS, references to inputs and
outputs are clearly identified, but referenced only in terms of an abstract
view of the software/hardware interface. These shall statements are
accompanied by additional sentences (inter-woven with the shall statements)
and graphics that clarify these shall statements.

All project-specific terminology (words and phrases) are defined in the
glossary,including, but not limited to inputs/outputs, state variables and
system parameters.



Notation

Each software requirement present in the SRS is clearly identified by a
unique identifier or the form SRS-XXXX where XXXX is unique within the
set of requirements defined in the SRS. A requirement in the SRS is a
“shall statement”, i.e., a sentence that uses the modal verb “shall” to
mark these sentences as a “formal requirement”.

In general, every functional requirement is an instance of one of the
following:


	A requirement that specifies an “effect” in response to a stimulus.


	A requirement that defines a condition.




Additionally, the requirements in this document follow the following rules:


	Use one shall for each requirement.


	Write concise and complete requirements. A requirement should fully define
a functionality.


	Write testable requirements. Avoid negative requirements, since they are
difficult to verify. Use the active voice.


	Write requirements at an appropriate and consistent level of granularity.


	Build robustness into the requirements by thinking through how the software
will respond to abnormal inputs.


	Include rationale and background for requirements to clear the requirement
meaning or how it is related to a SLS.


	Avoid ambiguous requirements. Avoid using and/or or using the slash (/)
symbol to separate two words. Use adverbs ending in -ly cautiously (e.g.,
reasonably, quickly, significantly, and occasionally). Use pronouns cautiously
(e.g., it or they). It is typically better to repeat the noun. Avoid words
that sound alike or similar.


	Minimize or avoid the use of words that indicate multiple requirements,
such as unless or except.






Document Structure

Section 2 of this document describes the software with
its inputs and outputs.
The rest of the document contains the software requirements, while in
Section 4 the terms used in this document are defined.




System Description


System inputs

The inputs of the system are either the measured values or values entered by
a clinician in the system.

| Name            | Data type | Units | Validity Criteria   | Failsafe Value |
| ————————- | ——— | —– | ——————- |——|
| selected respiratory rate | int       | bpm   | [4, 50]             | 15   |
| selected I:E ratio        | int       |       | [1, 5]              | 1    |
| measured inspiratory pressure | int   |       | [-5, 40]            |      |
| measured inspiratory flow | int       | cmH2O | [-250, 250]         |      |
| measured expiratory pressure | int    | SPLM  | [-5, 40]            |      |
| measured expiratory flow  | int       | cmH2O | [-250, 250]         |      |
| selected input for modification | enum| NA    | {RR, TV, I:E ratio} | None |
| Acceptable low PEEP value | int       | cmH2O | [0, 30]             | 4    |
| Acceptable breath per minute | int    | bpm   | [10, 100]           | 30   |
| Acceptable exhaled tidal volume | int | mL    | [150, 600]          | 300  |
| Ventilation mode          | enum      | NA    | {triggered, timed}  | timed|



Defined values

Defined values are values that are calculated or obtained in some non-trivial
manner.

| Name          | Data type | Units | Validity Criteria | Failsafe Value | Computation|
| ———————- | — | —- | ——— | – | ———– |
| breath cycle duration  | int | ms   |           |    | 60 000 / RR |
| circuit pressure       | int | cmH2O| [10, 40]  |    | mean(measured inspiratory pressure, measured expiratory pressure)|
| measured tidal volume  | int | mL   | [20, 1500]|    |             |



System outputs

| Name            | Data type | Units | Validity Criteria   | Failsafe Value |
| ————————- | ——— | —– | ———– |——-|
| Power led (green led)     | enum| NA  | {on, off}           | off   |
| Power led (yellow led)    | enum| NA  | {on, off}           | off   |
| Alarm led (red led)       | enum| NA  | {on, off}           | on    |
| inspiratory valve         | enum| NA  | {open, close}       | open  |
| expiratory valve          | enum| NA  | {open, close}       | open  |
| tank valve                | enum| NA  | {open, close}       | close |
| buzzer                    | enum| NA  | {on, off}           | on    |

since the following are also displayed to the clinician. They should be part of
this table.


	measured exhaled Tidal volume (expired).


	selected I:E ratio.


	selected RR.


	computed Inspiration times.


	computed expiration times.


	minute volume.


	measured PIP.


	mean inspiratory pressure (average over one inspiration).


	selected ventilation mode.


	measured leak percentage.







Requirements


SRS-0000:  Start ventilation

Upon system power-on, gVent shall default to timed-mode pressure-control ventilation (PCV).
This requirement might not reflect the final behaviour of the system.



SRS-0001:  computation of breath cycle duration

Related to: SLS-0055.
The {duration of a breath cycle} shall be determined between breaths (i.e., just before starting a new inspiration) according to the <selected respiratory rate>.This means that gVent will compute the length of the next breath cycle before starting this breath cycle.
The {duration of a breath cycle} is given in ms.The computation is as fol