
A SYSTEMS ENGINEERING APPROACH TO MASTER
MEASURAND LISTS AND THEIR METADATA

Item Type text; Proceedings

Authors Wells, Billy W., Jr.

Publisher International Foundation for Telemetering

Journal International Telemetering Conference Proceedings

Rights Copyright © held by the author; distribution rights International
Foundation for Telemetering

Download date 24/05/2023 20:12:27

Link to Item http://hdl.handle.net/10150/635290

http://hdl.handle.net/10150/635290


1 

A SYSTEMS ENGINEERING APPROACH TO MASTER 

MEASURAND LISTS AND THEIR METADATA 

Billy W. Wells, Jr. 
Northrop Grumman, Corp. 

A systems engineering approach to master measurand lists allows the use of metadata to improve 

data organization and management. As data acquisition systems become more complex, the 

management of sensors and their measurands must also advance. Traditional tabulated measurand 

lists of several hundred measurands are typically generated from email or verbal requests. Modern 

data acquisition systems with thousands of measurands are more complex than ever, causing these 

tabulated spreadsheets to become unwieldy and unmanageable. Modern data structures can easily 

organize and archive these lists through measurand metadata. By aligning the requirements of the 

measurand database with data acquisition system requirements, designers can ensure their data 

acquisition system is within constraints such as bandwidth, storage capacity, power consumption, 

size, and weight. 
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Introduction 

The test activities associated with large platforms require the collection of large amounts of data. 

In order to decide what data to collect, instrumentation design engineers receive requests from the 

cognizant/responsible engineers for sub-systems on the platform. These requests ultimately drive 

the design of the data acquisition system to be used during system level test. A poorly designed 

approach to gathering and organizing these requests can lead to significant cost and schedule 

delays due to confusion, re-work, and improper communication. By utilizing the valuable metadata 

embedded in these requests, instrumentation design engineers can ensure the request process drives 

the design of a competent data acquisition system.   

Measurand Definition 

Data collected during test programs is used to prove that a design meets certain requirements. This 

data is collected from sensors and systems on the test article during the conduct of test. Before 

measurements are taken and data is acquired, a measurand must first be defined and a sensor 

installed. One definition of a measurand is the “particular quantity subject to measurement” during 

a test activity [1]. Put in simpler terms, a measurand is a description of the measurement. For 

example, if we are to measure the temperature of air, the actual number of degrees is the 

measurement, the air is the medium, and how we acquire the number of degrees in the air is the 
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measurand. Measurands can come in many forms – physical analog measurands such as strain or 

pressure, electrical measurands such as voltage or impedance, communication measurands like 

serial or Ethernet messages, and many others which are dictated by individual test programs. 

Measurands provide a means to capture data during test activities needed to validate designs 

against requirements. Traditionally, test engineers request measurands through the instrumentation 

and data capture groups of the test program. When requesting a measurand, there are usually some 

required general details about the measurand that accompany the request [2]. Some examples of 

these details are listed in Table 1, but are ultimately decided by the test instrumentation group. 

Table 1: Example Details in a Measurand Request 

Analog Measurand Requests 

Medium Type Pressure, temperature, voltage, etc. 

Engineering Unit kPa, degrees F, mV, etc. 

Max/Min Expected Value Max/Min value which may be present 

Max/Min Interested Value Max/Min value to measure 

Desired Accuracy Needed to validate design 

Resolution Desired granularity of data end-product 

Frequency Response Expected frequency from various sensors, if applicable 

As Required Etc. 

Digital Measurand Requests 

Protocol Ethernet, Serial, MIL-STD 1553, etc. 

Source Host or controller of communication bus, if applicable 

Destination Address or terminal of measurand destination, if applicable 

Bit Length Size of measurand 

Bit Start/End Start and stop locations in the payload of the measurand 

As Required Etc. 

Master Measurand Lists 

While a test plan is being developed, test engineers consider what measurands are necessary and 

the instrumentation and data capture group compiles a Master Measurand List (MML) based on 

requirements or test activities. The traditional MML has been the result of various communications 

between cognizant sub-system experts and instrumentation engineers. As these requests are 

collected and archived, they eventually make up the MML. 

The MML contains “the complete set of measurands that have to be recorded during the intended 

flight tests and their associated characteristics. It includes measurands from standard production 

aircraft systems as well as special flight test sensors” [2]. In addition to the details in the original 

requests, MML designers also add custom fields to the measurands, such as Measurand Short 

Name, Long Name, location, interested sub-system, location, and other fields as required by the 

test program. All MMLs share certain metadata, but each MML will undoubtedly contain unique 

information.   
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Metadata and Measurands 

Each measurand has a unique set of descriptors. While ‘temperature of air’ seems like a simple 

concept, there’s a valuable amount of underlying metadata which can be used to organize an MML. 

In fact, it is the process of requesting and accommodating these requests that generate this valuable 

metadata. MMLs with metadata, as in Table 2, offer an effective way to manage the data set.  

Table 2:Types of Metadata Associated with a Measurand 

Name Short Name Type EU Range Sample 

Rate (Hz) 

Sub-system 

HydPress1 PHYD001 Pressure kPa 500-2500 10 Hydraulics 

Bay4Temp TBAY004 Temperature °C 50-200 1 Avionics 

Wing2Pos PWNG002 Position Angle 0-145 10 Controls 

Batt4Volt VBAT004 Voltage Volts 0-270 50 Electrical 

Velocity VELO001 Velocity Knots 0-550 5 Air Vehicle 

As this data has been collected, the MML will generate a set of metadata exclusive to the list itself. 

This information should include number of measurands, quantity of sensor by type, estimation of 

required data storage, bandwidth for telemetry, or power consumption of sensors/transducers, 

weight contribution by measurands, data cycle maps/PCM frames, allocation of measurand to 

effectivity or test condition, and many others. By doing initial planning to capture this information 

in the right way, much of the guess work in designing the data acquisition system is removed.  

Master Measurand Abstraction Layer 

The Range Commander’s Council Scientific Data Group has described metadata in two documents 

– “Test and Evaluation (T&E) Metadata Best Practices” and “Test and Evaluation (T&E) Metadata

Reference Model” [3,4]. The former describes the creation, storage, and utilization methods for

metadata, while the latter gives a model-based framework for how this information is used, and an

overview of the Test and Evaluation Reference Model (T&E Ref Mod). This model is then further

broken down into sub-models:

1. Test Center and Test Article Sub-model

2. Project Planning Sub-Model

3. Test Mission Sub-Model

4. Data Reduction and Analysis Sub-Model

The information contained in the MML falls into many different category types, and is related to 

many components of the T&E Ref Mod. Some of the details are about the hardware – type of 

sensor, excitation voltages, filtering, A/D conversions, manufacturer, and so on. The MML also 

provides information from a data perspective – frequency of sampling, oversampling and filtering 

methods, data size and structure, location of measurand sensors, etc. Some of the elements in the 

T&E Ref Mod apply to the MML. Since MMLs tend to vary from program to program, there are 
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not enough accurate elements in the T&E Ref Mod to encapsulate the significant characteristics of 

the MML. We will now examine the case for describing and visualizing a proposed fifth sub-

model: Measurand Sub-Model. 

Figure 1: Logical Model of Measurand List Abstraction Layer

A close examination of the individual elements in the T&E Ref Mod reveals elements of a data 

acquisition system: Measurement Requirements, Measurement and Acquired Measurement, Data 

Acquisition Mechanism, Instrumentation Network, Ground Station Configuration, Telemetered 

Data, Real Time Data Displays, and Post Mission Data Display. These elements elude to, but do 

not explicitly describe, the MML. The hardware in the instrumentation design is described 

universally using the Instrumentation Hardware Abstraction Layer (IHAL) [5,6]. To describe data 

shown on the Real Time Data Display, the Data Display Markup Language (DDML) and the 

Telemetry Attributes Transfer Standard (TMATS) are used across many test programs. As 

previously stated, the MML is comprised of hardware, software, data visualization, and program 

Figure 2: UML/XML Style Description
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specific information. Not all of this information is currently captured in the T&E Ref Mod. A 

proposed Measurands List Abstraction Layer (MLAL) would act as an XML based descriptor 

language for the Measurand Sub-Model, and used in conjunction with the IHAL, DDML, and 

TMATS. 

The previous standards referenced above provide a convenient method for describing this layer 

in a Universal Markup Language (UML)/eXtensible Markup Language (XML) format [7]. Some 

of these attributes already exist in the other formats, and so can be easily transported and 

formatted. Example pseudo-code for describing the proposed MLAL, using existing UML type 

structures, is shown in Figure 2. With the formatting and description of the MML resolved, the 

case can be made for inserting the MML into the T&E Ref Mod. As previously described, there 

are 4 existing sub-layers in the model [4,8]. A proposed MML sub-model, shown in Figure 3, 

would interact with the established T&E Ref Mod. Elements in italics are new and not currently 

in the T&E Ref Mod. Elements not in italics currently exist in the model.  

Figure 3: Example Measurand Sub-Model of T&E Ref Mod 
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This Sub-Model contains reference elements of measurand metadata listed in Table 3. These 

elements serve as the definition interface between the MML and the T&E Ref Mod: 

Table 3: Elements of the MML Sub-Model of the T&E Ref Mod 

Element Name Definition 
Master Measurand List Collection of measurands for a Test Article 

Measurand Description of acquiring a measurement 

Measurand Effectivity Allocation of measurand to platform 

Measurand Display How a measurand will be displayed during test 

Measurand Conversion Conversion from measurement to Engineering Unit 

Telemetry Requirement RF Bandwidth per measurement (bps) 

Data Storage Size Amount of onboard and long-term storage required per measurand 

Requirements for a Master Measurand List 

After describing what metadata is available for an MML, the designer must define a set of 

requirements from which to build the MML, using a traditional Systems Engineering approach. 

Because every MML is different, these requirements should come from a set of user stories from 

within the individual program. The user story has a common format: As a [type of user], I would 

like to [some goal or action] so that [end result or reasoning]. There are several general 

characteristics to use when creating an appropriate user story: Independent, Negotiable, Valuable, 

Estimable, Small, and Testable (INVEST) [9]. A more detailed description of user stories is outside 

the scope of this document.  

An example user story for an MML would be as follows: “As a Flight Test Engineer, I would 

like to view all measurands associated with my sub-system in order to build a data display 

screen”. A second example: “As a Cost Account Manager, I would like to view how many 

sensors I have ordered by type in order to identify the largest consumer of my sensor budget”. 

After collecting user stories, system level requirements can be gathered and the optimal Master 

Measurand List is created. While this list has traditionally been a tabulated spreadsheet format, a 

database style MML will be more capable of managing a large amount of metadata. The choice 

between spreadsheets or logical databases will be a result of user story analysis.   

Design for Usability 

If the MML is difficult for a requestor to use, or a database administrator to manage, it will be 

view as a hinderance to progress and few will want to claim ownership. As a data requestor, the 

easier it is to contribute a detailed and accurate request, the more likely the instrumentation group 

will be to receive the correct and appropriate request the first time. This minimizes re-work of 

designs and also ensures all interested stakeholders can easily submit their requests. MML 

designers should ensure to solicit and receive user stories based on usability.  
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Design for Scalability 

One drawback of a simple tabular spreadsheet approach to MMLs is the fact that larger programs 

can quickly outpower more rudimentary software tools. If an organization only has a few hundred 

measurands, a spreadsheet such as Excel can easily handle the job. However, once there are several 

thousand measurands, each with dozens of metadata attributes, the Excel spreadsheet can quickly 

be overwhelmed. This environment is more suited for a database. There are many modern 

databases that can handle these relationships, and many of these tools are built for scalability. 

Vertical scalability is accomplished by adding more computing power to a single instance of a 

database, provided the MML designer knows there will be a large volume of homogenous data to 

be hosted in a single location. Horizontal scaling is more appropriate when there will be multiple 

types of data spread out among several locations. This approach distributes MML computing 

resources among multiple machines, rather than one large, powerful machine. These details will 

become apparent in the user stories when users mention multiple locations or many types of data, 

large amounts of the same type of data, or something in between. Types of popular modern 

databases include Relational Database, Search Engine Database, Hyper mapping Database, and 

many others. If the MML designer can’t decide what environment to host the MML, perhaps some 

options should be solicited based explicitly on scalability to determine what is most appropriate.  

Design for Persistence 

As measurand requests are received, some test programs require a persistent archival of the MML. 

Sometimes this is a weekly, monthly, annual basis and sometimes it’s based on the execution of 

the test. Most modern databases provide descriptions of the database at certain time intervals. 

However, there are significant differences in the way some of these descriptions are provided. 

Some relational databases provide scheduled snapshots based on the status of the MML at a 

specific time. This is convenient for scheduling purposes, but may miss some data about the 

evolution of a measurand. For example, if the request for a certain measurand is changed 4 times 

in a month and the database snapshot is on a monthly schedule, it would appear as though the 

measurand was only changed one time and wouldn’t provide an accurate description of the effort 

surrounding 4 changes. Alternatively, many object storage databases provide historical evolutions 

of each measurand but may not be on a set schedule. This would require MML administrators to 

make manual reports when needed. Obviously, these are two extreme examples, but if the designer 

of an MML doesn’t pay attention to archival needs, they may choose the absolute wrong piece of 

software.   

Design for Reportability 

By utilizing the metadata of the MML itself, administrators can report on valuable information 

about the efforts of the test activities. For instance, how many analog measurands require the 

installation of sensors? This translates directly into budget metrics. What number of sensors have 

been received vs ordered? This translates directly into logistics metrics. What sensors require 

excitation voltage or current? This translates directly to power consumption. What is the overall 

weight of the sensors? This translates directly to weight costs. How many measurands are required 
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for RF transmission, on-board storage, or both? This translates directly to link budget and analysis. 

What measurands are for Safety of Test? What about Safety of Flight for manned test activities? 

These are questions that will be asked by range commanders, test directors, and the customer of 

the test program. By asking the appropriate questions and soliciting the appropriate reporting user 

stories in the beginning, the MML can become a wealth of knowledge for all sections of a test 

program, not just the instrumentation and data capture group.  

Design for Export 

The metadata contained in the MML is absorbed directly be a number of other systems. Obviously 

the data acquisition system (DAS) is the ultimate end user of the MML; a requirement to automate 

the DAS via the MML can save hundreds or even thousands of labor hours. If a DAS engineer 

examines their respective data system prior to submitting a user story, they can describe their exact 

need. Every DAS has some sort of configuration file and the MML contributes directly to it. It is 

worth analyzing this relationship prior to building the MML.  

Another system that the MML contributes directly to is the data visualization system. Analog to 

digital counts from a sensor must eventually get converted to a visual representation on a screen 

in a test lab or control room. By examining the inputs to these visualization systems, a test engineer 

can submit an appropriate user story for the MML that will reduce their workload in developing 

these screens. For example, a user story from a test engineer might be “As a test engineer, I want 

to export from the MML all measurands I’ve requested and their EU conversion so that I can 

automatically build my display screen”. By acknowledging the value in transportability of the 

MML, designers can maximize the value and effectiveness of their MML.  

Conclusion 

By creating a Master Measurand List with metadata in mind, the owner can take a significant 

portion of manual effort out of the test and evaluation process. This approach also allows for quick 

answers to very important questions, such as cost or quality. There is room for implementation to 

this approach in current official models and by using existing frameworks for description 

languages. Requestors of data, instrumentation and data engineers, cost account managers, and 

customers of test programs can all benefit from a streamlined data request approach. Ultimately, 

the design of the MML belongs to the designer of the list, and is a critical part of the efficiency of 

the data acquisition system.  
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