Systems Engineering on the ChemDx Project
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What is ChemDx?

Systems Engineering Examples: Example 2 — Coordinated
Design and Customer Teams for Temp. Sensor Redesign

Systems Engineering Functions

Goa!é D.e\;ellopil ° plaftg)\;\r/r'l\for an uItra-potLtabee,tt:o:c/y-ﬁjomplexity, n-vitro diagnostics system to What does the Systems Engineer do? Internal Sensor vs. External Sensor for measuring ambient temperature?
E>>r0\/|_|I aen (;rjh;cij jon 0 exposure on the battlefield. - o Understands and coordinates the subcontractor's device development processes. o Temperature measurement error introduces overall error (Test Strip reaction rate varies
o Near real-time (<5 min) Sample App'lic'ation Zone F’e it e g\cts as the primary interface between the MRIGlobal team, the customer team, and the device with temperature).
o FDA-approved medical device evelopment subcontractors. o How much error is too much? What are the design trade-offs for improving accuracy?
System Components: . ® Hei)s gwde the sut.>contractors thlrough design needs, including: o Internal Sensor:
o Meter gy ustomer reviews and working groups. » Well-protected, but acclimates slowly.
o TestStrip NORAE > Balancing design parameters between mechanical, electrical, and software teams. > Vulnerable to heat buildup from electronics. <
’ gggégzrfgze below) . > Interpreting the design requirements. > Likely will fail to get FDA approval due to errors.
» Verification testing. o External Sensor: et |
System Operation: Blood drop on > Handing off prototypes to the other team members at the appropriate times. > Ruggedness concerns (drop, shock, vibration, water ingress, ESD).  “ieniiied mainheat souces: Rs252 and Backian
a Test Strip generates an enzymatic Electrode Contacts > Needs additional time to redesign circuit boards, software.

reaction with electrical output
proportional to acetylcholinesterase Test Strip ChemDx Meter
(AChE) activity and hemoglobin
(Hgb). AChE and Hgb values can
be used together to determine
AChE inhibition.

» Higher manufacturing costs.

Poor evaluation of
design in early
stages led to
significant delays,
Increased costs,
and project team
frustrations.

,) :

Two Types of Controls:
o Check Strip: Specially-designed test
strip with resistors to match electrical

load and verify meter electronics.
o Control Solutions: Liquid drops applied

directly to the Test Strip.
» High; normal AChE (uninhibited)
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Internal Sensor: Extrnal Sens
Early Design Failure Current Design Underway

Systems Engineering Examples: Example 3 — Coordinate
Figure 1-1.Three Activities of Systems Engineering Management Prototype WO rk FIOWS
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> Low; depressed AChE (inhibited) System Engineering Examples: Example 1 — Requirements EEEE&%”T&EJE&“JI?Q Plan
G e n e ratl O n a n d M a n ag e m e nt * Incoming Testing (Based on CTI 13005); Temperature Sensor Validation (CTI 13004)
2 Environmental Requirements Parameter Optimization Testing (repeat) (CTI 13006)
2.1 The ChemDx system shall I:u: Device 2.1.1 The device shall Gperaii::e in The device shall GpEI‘EI:E in Essential . Algorithm Verification and Testing (repeat) (CTI 11025)
. R . ruggedized and compatible for temperatures ranging from 4-50°C (MIL- | temperatures ranging from 10-40°C . . - - . . - i i
Ch GCk S tr Ip TeS t S tr 'p COn tr OI S OI u t’ On operation in adverse STD-810H 501.5 Procedure Il - (MIL-STD-810H 501.5 Procedure Il — Test St"p Calibration Procedure Finalization ."nc:ummg TESHHQ
environments such as a battlefield. Operation). Operation). « Auto Calibration Coefficients Generation & Temperature
Device 2.1.2 The device shall operate in The device shall operate in Essential . Analytical Testing (USAMRICD) . Sensor Validation
environments with relative humidity environments with relative humidity . .
ranging from 0-95% (MIL-STD-810H ranging from 0-70% (MIL-STD-810H * End User Feedback Testing 2 244?’ i)
N 507.5 Natural Method). 507.5 Natural Method). «  Environmental Testing (Intertek)
D eVI Ce D eve I o p m e nt P rocess Device 2.1.3 The device shall be functional after The device shall be functional after Fundamental | This is for + + +
being exposed to an altitude up to being exposed to an altitude up to transport
40,000 ft. (12,192 m). 15,000 ft. (4,572 m). robustness in Parameter Algorithm Aufo Test Strip Environmental
- . . . . .
o |-+ | Vel || | Sl || caron || ety
' o UD2469) | [(UID2479) | | Goreraion || Finsisation |
Algorithm Algorithm Coefficient Manufacturing iy e || st - (UID 2459) (UID 2449) ‘
pment Verification Determinations Processes ' :
Prototype Validated Device 2.1.5 The device shall operate following same as target Essential Test WJ?JFE-EEtE-E + +
exposure to vibration in military ground
and air transport vehicles in the carryin .
case [MIL—STE-EIDH 514.8, 516.8). e Test w/Beta-2 End U?_Z;;ﬁ:dback A?:;{;;af
Savaical Testng MncombgTestg e T | Fincoming Testig (UID 79) (UID 2483)
4o e et oty Syt obtin |l e e R P | - g i ] -l . ot i T st on ot ot olomen
Ui 764 Adcuracy (Bies - Aigonthm Verfication and Tostng | | - Beta.2 Anaytiea Testing Final Popuiation Baselne 5D 855 1078 No customer-generated requirements documents other than the RFP:
~GiD 762 Interfening Subsiances ML STD-810 Envronmental Testing D o4 Lineanty o i \V hiah-level functional and phvsical i i limit Contact Information
-%2{]&;‘9 Sample Type Equivalency - UID 972 Hi'Low Temp —mmﬂi Hct Variability O ague’ Ig - eve unC Iona an p ySICa reqUIremen S (eg upper Iml S
RS T e o= o for size, weight
- Calibration Comparator Study - UID 979 Operation on Non-level Surface - UID 97 Reproducibility & or S|Ze, WeE Ig ) .
- UID 978 Operation in Humid Environment Repeatabili ' ' . .
D 640 126 and EMC -ﬁéﬂﬁﬁggsﬁm o MRIGlobal works with USG customer to approve and update the Design Name: Scott Klamm, Sr. Chemical Engineer
- User Flex Studies '
Iﬁ%ﬁéﬁ?ﬂﬁﬁ |npUt ReqU|rementS (DlR) T: 8163265177 MRIGIObaI
e R ocas o Subcontractor uses the DIR to guide the design team (ME, EE, SW F: 816.753.8420 425 Volker Boulevard
-UID 863 CVPA,

engineers). E: sklamm@mriglobal.org Kansas City, Missouri 64110

The science you expect. The people you know.
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