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Executive summary  (needs work)

This document is the central repository both for specifications of requirements and for interface-control information for the G3 Environmental Sample Processor (ESP) Analytical Module(s) being developed at ASU’s Institute of Biodesign. This project is funded by a 4 year grant by the Moore Foundation, running from Nov 8, 2010 until Dec 31, 2014. The main section is Requirements specifications for the Analytical Module. Requirements specifications for the Analytical Module, which documents requirements for the module that ASU is developing for MBARI. This includes electrical, electronic, software, mechanical, thermal, and optical aspects. Another section is Requirements for the ESP fluidics related to . Requirements for the ESP fluidics related to , which will help MBARI configure and operate the G3 ESP to use the module effectively. 

Since this is the authoritative repository of requirements and interface information, any substantial changes to the document after release Version 1.0 need to be made through a change request and approval process. 
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1. Introduction

1.1. Document content 

This document is the central repository for specifications of requirements and interface-control information for the G3 Environmental Sample Processor (ESP) Analytical Module. The main section is Requirements specifications for the Analytical Module. Requirements specifications for the Analytical Module, which documents the module that ASU is developing for MBARI. Another section is Requirements for the ESP fluidics related to . Requirements for the ESP fluidics related to , which will help MBARI configure and operate the ESP to use the module effectively. To force clarity and make changes easier to track, information should appear in either one section or the other, not both. 

This document will evolve continually up to the preliminary design review (PDR). After that point, the plan is to have an approved version of the document that is only changed by agreement of both ASU and MBARI through documented change requests. 

1.2. ESP and Moore Foundation background 

The Analytical Module is being developed by ASU for MBARI using funding from a four year grant from the Moore Foundation.  This grant was part of the Marine Microbiology Initiative, and was focused on supporting the miniaturization and enhancement of the ESP.  Funding would be used to increase the analytical throughput (reaction speed and total number of samples) by an order of magnitude to enable new knowledge of specific marine microbes and how they function in natural environments.

ASU is participating as a co-investigator on the project with responsibility for delivering Analytical Modules for the project. 

1.3. Goals for Analytical Module project 

The overall objective is to develop an analytical module for oceanographic microbiology to function in MBARI’s third generation Environmental Sample Processor (3G ESP). This analytical module will be used in the ESP to perform in-situ, real-time genetic analyses. The plan includes demonstrating qPCR  and microarray processing in a prototype in XXXXXX
.

The general and specific goals for the module that feed into its requirements include 

· Have performance similar to bench-top machines: appropriate thermal range, fast heating and cooling rates, et cetera. 

· Be usable in the 3G ESP: small size, low power, moderate energy per reaction, compatible electronic interface, compatible fluidic interface, readily programmable, et cetera. 

As part of this project, MBARI will provide guidance to help ASU configure and operate the ESP to use the Analytical Module effectively. 

1.4. Analytical Module scope definition 

The 3G ESP will be a host platform capable of mating with various “analytical modules”. In typical use, the Analytical Module will receive electrical power, electronic commands, and a fluid sample from the G3 ESP. The Analytical Module will execute real-time PCR thermal protocols, perform fluorescence measurements, and return optical results. 

Will the module require active fluidic functions (pumps, valves, et cetera)?

From ASU Proposal:

We propose to develop and validate a quantitative Polymerase Chain Reaction (qPCR)-based analytical module for the ESP to perform high throughput detection and quantification of gene expression of marine microbial communities. The analytical module will perform quantitative qPCR for both DNA and RNA samples. To improve the throughput of the assays, we will fabricate microfluidic chips patterned with embedded microwells, or use droplet based emulsion methods as reaction chambers. Successful development of this instrument will accomplish two major technical advances. 
First, genomic and metagenomic information of marine microbes will

be utilized for probe selection and design for qPCR. The qPCR analysis will incorporate both the signature” DNA (16s or 23s rRNA for relevant prokaryotes and 18s rRNA for relevant eukaryotes) and conserved sequences of selected functional genes, such as those related to nitrogen fixation and photosynthesis. The instrument will thus be capable of assessing both composition and productivity in microbial communities at high specificity and sensitivity.

Second, chip-based design and smaller volume qPCR reactions will allow more sensitive

detection and quantification of multiple genes in a cost effect format that meets the requirements of the next generation ESP.

2. Requirements specifications for the Analytical Module 

2.1. Voltage 

Nominal 10 – 18  volts

Absolute Maximum 10 – 24V         

2.2. Current 

Maximum 2 A continuous

Inrush 3A upon contact closure

2.3. Energy

  Need to think about this one

2.4. Power Switched

Analytical module power will be under control of the ESP and may be turned on and off

2.5. Data interface standard 

Physical protocol 5 wire RS-232 

                Naming convention is from ESP perspective

                                TX           Transmit Data    ESP Drives

                                RX           Receive Data      AM Drives

                                HSO       Handshake out ESP Drives

                                HSI         Handshake in     AM Drives

                                SGnd     Signal Ground

                Handshake function

                                HSO signals AM that ESP is ready to receive

                                HSI signal ESP that AM is ready to receive

                Baud Rate 1200,2400,4800,9600,19200,38400,57600,115200

Handshake signals are required for analytical modules supporting baud rates faster than 9600.

Handshake signals are optional (but still recommended) for analytical modules that always communicate at rates of 9600 baud or slow.

Analytical Modules may specify that serial data consist of 7 or 8 data bits with Even, Odd or no parity.

Analytical modules that communicate with 7-bit data words still be restricted to the use of ASCII data.

2.6. Message syntax 

Analytical Module messages may consist of conversational ASCII encoded commands and responses or may be in the form of binary packets.   ASCII commands have the advantage of being human readable and allowing for easier debugging with commonly available tools.  Binary packets have the advantage of being more compact and may include standard data integrity checking mechanisms like CRCs or checksums.

ASCII commands are generally to be preferred over binary packets.  However, an ASCII command protocol may optionally embed data packets within it to facilitate the transfer of large volumes of data.

Any communication protocol employed by an Analytical Module should define a reset sequence that always will interrupt any ongoing message processing.  This is especially important if the protocol includes binary data.  If the RS-232 “Break” signal (e.g. a long spacing condition) is used for such an (out of band) reset, analytical modules should, on receipt of “Break”, echo the break back to the ESP for as long as the ESP asserts it.  When the ESP removes the “Break” signal, the analytical module should respond by dasserting its “Break” and it should reset command processing to its base “newly powered on” state.  Typically, it would return to ASCII mode and await the start of a new message.   Note that resetting in the way does not necessarily mean that the module should abort operations in progress, only that any messages being received should be discarded. 

Analytical modules supporting ASCII commands should initially, at power on, operate in a mode that echos characters immediately as they are received (to facilitate use of terminal emulators).  ASCII command lines should end with either the ASCII line feed (0x0a)  or carriage return (0x0d) characters.  Ether should echo a carriage return followed by line feed.  Modules may optionally support additional control characters to ease line editing, such as backspace or delete.

All echoing of characters received should be easily disabled and enabled by separate, simple ASCII commands.    Do not define a command that merely toggles the echoing of received characters.  The ESP will typically disable command echoing after establishing communication.

2.7. Commands and Responses 

Commands often will initiate processing that may take the module minutes or even hours to complete.  In spite of this, the Analytical Module never become unresponsive for more than one second.  Therefore, commands that do not yield an immediate result must return at least an acknowledgment that the specified processing has been begun or an error indicating why it could not be started.

Serial protocols requiring the ESP to repeatedly poll analytical modules for status of long running processes waste power and computing resources.  Instead, design command protocols such that long running processes advertise their status changes without requiring explicit polling.  Such status updates can be output by analytical modules whenever they are not actively receiving a new command.  Any status changes that occur during the receipt or processing of a  command must be queued and output as soon as that command is completely processed.  (recall that no command shall take more than one second to process) 

2.7.1. Required commands

Analytical Modules should accept at least the following commands from the ESP:


ECHO  ON  →  turn command echoing on


ECHO OFF → turn command echoing off


MODULE?  → responds with the module type, firmware version, serial id, and description


The response shall be a line of comma delimited fields.  Module type is a short unique identifier assigned by MBARI.  Other fields are assigned by the module developer.


Example bring up sequence:


ESP asserts  RS-232 break condition


Module responded by echoing the  RS-232 break condition


ESP deasserts  break


Module deasserts  break


ESP sends:  ECHO  OFF<CR>


Module echos:  ECHO OFF<CR><LF>


ESP sends:  MODULE?  <CR>


Module responds:   <LF>CorkscrewPuller,  v1.0, #00081, left handed<CR><LF>

Note that, as the ESP is sending the initial echo off command, the module is echoing each character individually as received.  Subsequent commands are not echoed.  When command echo is off, the module acknowledges each command's receipt, after receiving its terminating carriage return from the ESP, by sending back a line feed character.  Any response to the command follows immediately in a single (logical) line terminated by <CR><LF>.  The reversed sequence <LF><CR> may be used to terminate all but the last line in a response that spans multiple text lines.

2.7.2. Details of commands and responses 

These will be determined by the module developer working in MBARI within the syntax framework detailed above.  As a general rule, only commands ending in '?' will send a response back to the ESP.  Others will merely send back a line feed character to acknowledge receipt.

1.1. Optical data 

1.2. Thermal data 

2.8. Data modes 

2.9. Detection algorithm 

2.10. Size 
The volume the module requires in deployment configuration shall be managed by designers to be less than or equal to the target allotted. MBARI shall maintain a G3 ESP volume budget, and ASU shall coordinate as needed with MBARI for volume allotment(s). The volume consumed by a module is defined as the smallest rectilinear “box” a complete deployment ready module can fit and function within. This includes all support equipment and open “swept” spaces needed for motion. There is a maximum size of the fully assembled G3 ESP instrument, including all modules and support equipment. If module volume is expected to be much less than allotted (<60%) then please coordinate with MBARI as that allotment may relieve significant design problems with other systems, or extend the capability of the instrument.
The module volume shall not exceed xxx L. 
There are dimension limits of the deployment configuration, coordinate with MBARI module dimensions and any layout options.
1.3. Mass 

Module mass shall be managed by designers to be less than or equal to the target allotted. The module size and mass constraints are linked as the instrument shall be deployed on a neutrally buoyant platform. It is expected that the module size will be more limiting than mass, so a general mass budget is provided as a density function of the module’s rectilinear box volume as defined above. The module volume shall not exceed .70 kg/L. 
1.4. Orientation, Accelerations 

The module shall operate under accelerations up to .5g in any direction at a tilted angle 30º from horizontal. The module shall not be damaged, and shall normally execute future analyses after exposure to acceleration of 1g in any direction, or orientation in any direction. The module shall function within specifications after multiple exposures to accelerations of 3g in any direction encountered while shipping or in transit for deployment.
1.5. Pressure housing surface area 

Access to the pressure housing may be limited, ASU shall coordinate with MBARI if the module requires direct access or contact with the pressure housing.
1.6.  Sample delivery

ASU and MBARI shall coordinate and define the standard for sample delivery from the G3 to the module. 

1.7. Inter-sample contamination

       What the module cleans between samples…
1.8. Waste

The module shall contain any waste fluids it generates during normal operation. The waste storage(s) shall be appropriate for the chemistry, temperature and orientation extremes of both deployment and shipping. The volume of waste storage(s) shall be sized to not be a limiting aspect during deployments. ASU shall advise MBARI of the preferred waste empting and disposal methods, and of any off gassing or vapors from waste that may affect the atmospheric environment inside a sealed pressure housing.
1.9. Reagents

Only the sample for analysis shall be passed to the analytic module. The module shall contain all of the reagents necessary for its operation, including any decontamination or flushing required. The reagent storage shall be appropriate for the chemistry, temperature and orientation extremes of both deployment and shipping. ASU shall advise MBARI of the preferred storage filling methods, and of any off gassing or vapors from reagents that may affect the atmospheric environment inside a sealed pressure housing.
1.10. Reaction temperatures  

1.11. Heating rate 

2.11. Cooling rate 

1.12. Thermal environment 

The module shall function in temperature from 2 to 40 ºC.  The module shall function within specifications after exposure to temperatures of 0 to 50 ºC encountered while shipping or in transit for deployment. 

1.13. Humidity 

The module shall function in relative humidity from 0 to 90%.  ASU shall advise MBARI of any vapors from waste or reagents that may change humidity inside a sealed pressure housing.
1.14. Number of optical channels 

1.15. Optical wavelengths 

2.12. Reaction volume 

2.13. Tubing outer diameter 

1.16. Serial numbers 

1.17. Fan reliability 

2.14. Documentation 

2. Examples of Analytical Module protocols and their implementation 

2.1. Introduction 

The rest of this section contains examples of Analytical-Module-specific protocols and their implementation as related to qPCR. 

2.2. Real-time PCR 

2.14.1. Description in English

2.14.2. Description in the Analytical Module’s programming language 

2.3. Thermal calibration 

2.3.1. Description in English

2.3.2. Description in the Analytical Module’s programming language 

3. Requirements for the ESP fluidics related to Analytical Module 

2.15. Introduction 

This is the place to put requirements for the ESP fluidics related to the Analytical Module that are not specifically addressed by specifying requirements for the module, above. There should be no redundant information here, meaning no information should appear both here and above. 

3.1. Reagents 

3.2. Valves 

3.3. Pumps 

3.4. Tubing 

3.5. Fluidics protocols 

�Is this to be a a schecule, location or time to complete the processing?
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