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Abstract—With a big picture view of increasing the accessibility 

of space, standardization is applied within a service-oriented space 

program. The development of standardized spacecraft interfaces 

for numerous and varied payloads is examined through the lens of 

the creation of an Interface Control Document (ICD) within the 

Peregrine Lunar Lander project of Astrobotic Technologies, Inc. 

The procedure is simple, transparent, and adaptable; its 

applicability to other similar projects is assessed. 
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NOMENCLATURE 

 

AMCC Astrobotic Mission Control Center 

AWG American Wire Gauge 

CDR Critical Design Review 

EMI ElectroMagnetic Interference 

ICD Interface Control Document 

IDD Interface Definition Document 

GNC Guidance, Navigation, and Control 

GTO Geostationary Transfer Orbit 

LOI Lunar Orbit Insertion 

LRO Lunar Reconnaissance Orbiter 

M1 Mission One 

NASA National Aeronautics and Space Administration 

PDR Preliminary Design Review 

TLI TransLunar Injection 

ULA United Launch Alliance 
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I. INTRODUCTION 

IX decades since the advent of space exploration, the major 

players remain essentially unchanged. To this day, the 

United States of America is the only nation to have visited each 

of the planets within the solar system; only Venus and Mars 

have also been explored by the Soviet Union and, after nearly 4 

decades, another entity independent of either U.S. or Russian 

involvement [22]. The exclusivity of space is largely preserved 

by the prohibitive costs involved; the emblematic figure being 

the price of a launch. SpaceX offers the most competitive price 

at $62 million while a launch from a more established company 

such as United Launch Alliance (ULA) will cost $225 million 

[6] [15]. The enormous cost of getting something into space 

drives up the accepted expense of making sure that it will work 

once it gets there; quality components, redundant systems, 

extensive testing, and meticulous planning will each increase 

the overall mission price tag. 

Commercialization is the key to creating a more accessible 

space. As private companies seek a profit in the space industry, 

the push for innovation and competitive prices will be far 

greater than with a government agency [10]. SpaceX has shaken 

up the launch vehicle industry by creating new methods and 

materials to offer lower launch prices at an overall development 

cost estimated at a third of what NASA would have required 

[4]. The new age of commercial space will encompass not just 

asteroid mining or worldwide internet, but also platforms 

tocarry payloads through space. These service-oriented space 

programs will be able to spread out the cost of development and 

launch across multiple missions and among several payload 

customers. Nevertheless, to attain a price point that encourages 

amateur space explorers, the overall development cost must be 

kept down by curtailing unnecessary complexity and overhead 

as well as utilizing standardization and reusability whenever 

possible. 
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Essential to the service-oriented space program, are the 

interfaces between the spacecraft and the payload. The need to 

define the potential, expected, and permitted points and means 

of interaction between two systems to ensure their compatibility 

is well-understood. The Interface Control Document (ICD) is 

the established means of communicating the requirements for a 

successful integration and operation. However, when interfaces 

take on the additional role of a commodity, this document must 

also serve as a technical complement to a business contract. 

Moreover, not only do established interface definition methods 

place little emphasis on efficiency, they tend to treat the process 

as unique to each set of systems. The customization of 

interfaces to each payload introduces unnecessary cost and 

complexity into a service-oriented space program. In contrast, 

a consistent design across all payloads and throughout several 

missions shrinks overall design, development, verification, and 

manufacturing expenses. The standardization of interfaces 

requires that interface definition be performed with the 

expected needs of unknown payloads. This necessitates a new 

method to determine and capture the specifics of interfaces 

within the service-oriented space industry. 

The utilization of the interface control document as not just 

the product but also the mechanism of interface definition 

provides an innovative solution. The resulting methodology is 

transparent, streamlined, and goal-oriented as the steps to 

completion are apparent within the ICD and the need for 

additional documentation is greatly reduced. This method 

considers the spacecraft and resources available to its payloads 

as a whole, allowing for the implementation of standardization. 

Such an approach is apposite for a service-oriented space 

program and essential to the movement towards the 

commercialization and increased accessibility of space.  

This thesis presents the development of such a procedure for 

interface definition within the scope of a service-oriented space 

program, the Peregrine Lunar Lander. A brief description of the 

spacecraft as well as an in-depth description of the interface 

control document and how it was adapted to this purpose is 

provided prior to delving into the interface definition process. 

Various design decisions and the application of standardization 

are detailed within the Peregrine Lunar Lander project. The 

outcomes of this procedure are analyzed and the possibility for 

wider applications is assessed. 

 

II. THE PEREGRINE LUNAR LANDER 

A. Spacecraft Overview 

Astrobotic Technologies, Inc. was founded in 2008 with the 

aim of making space accessible to the world. The company 

chose the Moon as its first target and subsequently developed 

the Griffin Lunar Lander. Astrobotic recently unveiled the 

nimble Peregrine Lunar Lander as a replacement for the bulkier 

Griffin design. Peregrine promises greater efficiency, launch 

vehicle flexibility, and payload price points to enable 

governments, universities, non-profits, organizations, and 

individuals to explore space. 

 

 

 
Figure 1: Peregrine Lunar Lander dimensions 

 

The Peregrine Lunar Lander measures 2.5 m in diameter and 

1.5 m in height as illustrated in Figure 1. The lander employs a 

primary structure of aluminum and incorporates shock-

absorbing landing legs designed by Airbus Defence and Space. 

Four propellant tanks feed into five main engines and twelve 

attitude control thrusters. Power generation and storage is 

provided by a fixed solar panel and space-qualified lithium-ion 

battery. Avionics are simple and built with high-reliability parts 

to reduce the need for redundancy. A high-powered and 

radiation-hard transponder enable communication between the 

spacecraft and ground stations using S-band for uplink and X-

band for downlink. The landing is guided mainly by an in-house 

developed landing sensor suite employing radar. The lander 

systems are highlighted in Figure 2. 
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Figure 2: Peregrine Lunar Lander top-view (above) and bottom-view 

(below) 

 

Astrobotic’s Mission One (M1) profile will see the Peregrine 

Lunar Lander launched as a secondary payload to a 

Geostationary Transfer Orbit (GTO) with 35 kg of payload. The 

subsequent cislunar cruise may take up to 120 days as the 

spacecraft journeys to the Earth-Sun Lagrange point before 

turning towards the Moon. Similar to Apollo missions, a Lunar 

Orbit Insertion (LOI), consisting of several maneuvers, is 

performed into a circular polar orbit of approximately 100 km 

altitude. Peregrine may stay in this orbit up to 28 days for the 

correct trajectory to the target landing site at Lacus Mortis. The 

subsequent powered descent to the lunar surface is autonomous. 

Upon landing, the spacecraft checks its systems prior to 

transitioning to a service utility for the payloads. Astrobotic 

expects that services will be provided for at least 8 Earth days. 

Peregrine then enters hibernation upon the onset of lunar night 

and may attempt to power up the following lunar day. 

 

B. Class D Unmanned Spacecraft 

This classification of the Peregrine Lunar Lander provides a 

defined structure and approach to the design and development 

of the spacecraft. NASA has defined four classes of payloads 

based on risk, wherein the Class D spacecraft has the highest 

acceptable level of risk [21]. A sampling of the major 

considerations is provided in Table I.  

 

 
Table I: Characteristics of a Class D Unmanned Spacecraft [21] 

Character- 

ization 
Class A Class B Class C Class D 

Priority High High Medium Low 

National 

Significance 

Very 

high 
High Medium 

Medium 

to low 

Complexity 

Very 

high to 

high 

High to 

medium 

Medium 

to low 

Medium 

to low 

Mission 

Lifetime 

Long 

>5 

years 

Medium 

2 – 5 

years 

Short 

<2 

years 

Short 

<2 

years 

Cost High 
High to 

medium 

Medium 

to low 
Low 

Launch 

Constraints 
Critical Medium Few 

Few to 

None 

Alternative 

Research or 

Re-Flight 

Opportunities 

None 
Few or 

none 

Some or 

few 

Signifi-

cant 

In-Flight 

Maintenance 
N/A 

Not 

feasible 

or 

difficult 

May be 

feasible 

May be 

feasible 

and 

planned 

Examples 
Cassini, 

JWST 

MER, 

MRO 

ESSP, 

MIDEX 

SPART

AN, 

SMEX 

 

 

A Class D spacecraft is characterized to exhibit medium to 

low complexity. As such there are few launch constraints and 

relatively available alternative launch opportunities. In 

addition, the mission lifetime is classified as short at less than 

two years. A Class D spacecraft will also demonstrate low cost. 

Consequently, risk mitigation is often achieved through less 

cost-prohibitive means than redundancy. Furthermore, 

verification and overhead are focused predominantly on safety 

assurance. These spacecraft are well-suited to short-term and 

low-cost applications where the risk of using a simple 

spacecraft can be accepted. For example, technology 

demonstrations can benefit greatly from such a mission to gain 

a flight proven or space grade qualification for their product. 

[21] 

The Peregrine Lunar Lander has a very short mission lifetime 

expected to be less than half a year. The selection of 

components, with regard to the level of radiation tolerance, is 
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therefore accelerated. Additionally, the various subsystems are 

significantly simplified by the lack of expectation to survive the 

lunar night. The Peregrine Lunar Lander has relatively few 

constraints on launch. The major requirements are a sufficiently 

high target orbit around Earth and an accommodation as a 

secondary launch payload. However, the timing of the launch is 

not as critical as for a Mars mission or asteroid intercept and 

Peregrine will be compatible with several launch vehicles. 

The paramount design drivers are the low complexity and 

low cost. The Peregrine Lunar Lander program cuts 

unnecessary complication and expenses. Standardization is 

utilized wherever possible. Single points of failure are allowed 

but the inherent risk is mitigated by high reliability parts and 

testing. Redundancy is limited to critical systems such as the 

main engines but largely precluded within the design. 

Additionally, the overhead traditionally seen within a NASA 

space program is curtailed and focused primarily on safety 

assurance. 

 

III. THE INTERFACE CONTROL DOCUMENT 

A. Document Purpose 

An interface control document serves as a contract between 

two parties to ensure compatibility of their respective systems; 

in this case, Astrobotic’s spacecraft and the customer’s payload. 

The document thoroughly defines all points and methods of 

interaction of the two systems. The level of detail should 

eliminate the need for any assumptions by either party and 

allow for compatibility even under worst-case tolerances [14]. 

In the instance of a service-oriented relationship, especially, 

the ICD is essential for defining expectations. The customer is 

assured of the available services for their payload and given 

guidelines for design development. The spacecraft provider 

ensures the safety of their system as well as any other 

customers’ payloads and renders the eventual integration 

process more efficient. Furthermore, the document facilitates 

clear communication between the two parties. 

 

B. Document Scope 

The development of the Peregrine Lunar Lander Interface 

Control Document outline began by studying various guidelines 

for the creation of a standard ICD as well as several examples 

of such documents [1] [2] [3]. Sections that were critical to the 

document’s purpose were preserved. Other sections that proved 

too cumbrous for a streamlined document were removed. 

Elements were partitioned or merged in such a way to yield a 

coherent and comprehensive document for payload customers.  

The fundamental structure of the Peregrine Lunar Lander 

Payload Interface Control document showed promise in terms 

of adaptability to numerous and varied spacecraft and missions 

within a service-oriented space program. The general outline 

defined for a service-oriented Class D unmanned spacecraft 

interface control document is provided Figure 3. 
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Figure 3: Interface control document outline 

 

The overall analysis of what sections were deemed relevant 

to such an adaptable ICD is summarized below. The origin and 

fundamental content of each section within the outline is 

detailed.  

An official document should have a Cover Page. As with any 

such document, a title and author should be included. Because 

the ICD serves as a contract, the names of both parties, 

spacecraft provider and payload customer, should be displayed 

on the cover page. An ICD can expect several updates so it is 

important to include the version number and date on the cover 

page. 

Likewise, due to the living nature of the ICD, a meticulous 

Revision History is crucial. A table is the conventional way to 

present the various versions of the document that have been 

released. Each version should be displayed with the release 

date, main author, and a thorough description of the updates 

made to the previous version. Common practice also requires 

approval of an ICD version before it is released; the initials 

and/or signature of the approver should be included by the 

version number. 

The Table of Contents is another standard addition to any 

document. This section is rather straightforward, but care 

should be taken to place a reasonable limit on the level of 

subsection displayed in order to maintain a clean look. 

The Introduction section outlines what the reader should 

expect from the document. The Document Purpose is a concise 

statement of the ICD’s objective. One sentence along the lines 

of providing the minimum requirements for compatibility can 
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often suffice. The Document Scope provides a synopsis of what 

the document will contain to achieve the document purpose. 

The Terms and Abbreviations serve as a mechanism of clarity. 

Any term or acronym used more than once should be included 

here. The introduction is another staple of the classic ICD; 

though the terms and abbreviations are sometimes included in 

a glossary at the end of the document. 

No interface control document is complete without an 

Applicable Documents section. Any document referenced 

within the ICD or of significance to the payload customer 

should be included here. A good starting point for a service-

oriented space program is delineating the various standards and 

regulations with which the spacecraft and its payloads must 

comply. Examples may include a launch vehicle user’s guide, 

range safety requirements, relevant NASA design documents, 

and planetary protection standards. 

The Spacecraft section is a significant inclusion to the service-

oriented space program interface control document. The 

Overview subsection will summarize the spacecraft mission 

objectives and major subsystems. The following Classification 

subsection outlines the NASA Class D characteristics most 

relevant to the spacecraft. Especially for payload customers 

new to space exploration, this section provides a big picture 

overview. 

The Mission Profile section describes the mission timeline of 

the spacecraft. The Overview will define the distinct mission 

phases and describe the critical events within each. A typical 

mission flow should be provided here. Established ICDs may 

implicitly express the mission timeline within other sections; 

however, the specification of discrete mission phases allows for 

a clear and uniform way to describe how elements may change 

throughout the mission timeline. Again, clarity and the 

presentation of the big picture is key for novice space explorers. 

The Environments subsection will define and quantify relevant 

environments. Though environments may be considered an 

interface, they are often allotted a separate segment of the ICD 

[1] [2] [3]. The content will factor heavily into the payload 

customer’s design considerations and should be befittingly 

detailed. The writer has some freedom here with how to 

organize the points of this subsection; by mission phase, 

spacecraft location, or environment type are all appropriate. 

The foremost subject of the interface control document will 

be found in the Payload Interfaces section. The Overview 

subsection should provide an outline of all the interfaces 

including some notes on their overall interaction and 

management. Any interface can be described in terms of its 

physical and functional characteristics [14]; a brief overview of 

these should be included here. Such an outline should be 

feasible as the number of interfaces to be defined should not be 

too excessive for a simple spacecraft practicing standardization. 

An open system architecture type diagram can be useful here 

where the functional interactions between the spacecraft and 

payload are depicted as directional arrows. The following 

subsections will methodically describe each interface. The 

location and manner of any interaction between the spacecraft 

and the payload is acknowledged and defined. Any aspect 

which could impact payload customer design must be included. 

The writer should create a meaningful division of interfaces and 

corresponding subsections. For a service-oriented space 

program, it may be suitable to differentiate the services which 

have been purchased by the customer from the other interfaces.  

The Operations section is a novel addition to the interface 

control document as any changes in interface activity are 

generally described within the interfaces section. However, 

highlighting this behavior and tying it to a common timeline 

(defined in the mission profile section) can provide additional 

clarity to the payload customer. Accordingly, the Payload 

Operational Modes subsection should identify and define the 

modes of operation expected of each payload. A description, 

and rationale should be provided for each mode. The spacecraft 

provider should be sure to specify in which mode the payload 

should power up. The remaining subsections will describe the 

operations within each mission phase. The main aspects that 

should be covered include an outline of major events, all 

available interfaces, and the authorized payload operational 

modes. The use of payload operational modes here allows for a 

straightforward and consistent method to detail the payload 

actions that are allowed within each mission phase. 

The last major section is Roles and Responsibilities, 

developed as a means to unite all aspects that define the 

expectations on both parties. The Core Roles and 

Responsibilities subsection should outline all major tasks and 

specify the division of labor for each. Aspects that should be 

considered here are design, development, verification, and 

deliverables. The subsequent Requirements subsection will 

detail all applicable requirements and specify the party 

responsible for the verification of each. It may be useful for the 

author to distinguish requirements by their source such as the 

spacecraft provider or external standards and regulations. The 

last subsection, Mission Schedule, will stipulate the deadline 

for the numerous requirements and expectations. This is 

typically achieved by setting the dates for milestone reviews. 

The expected stage of a payload prior to commencing a 

milestone review and the criteria to pass such a review should 

be clearly delineated here.  

The concluding segment of the service-oriented space 

program interface control document returns to the industry 

established guidelines with a Contract section. Some legalese 

about complying with the document is included along with 

room for the signatures of the pertinent representatives of both 

parties. 

 

C. Document Development 

The creation of an interface control document typically 

commences after system requirements have been set [26]. For a 

service-oriented system this, as well as many other decisions, 

entails a balance of business considerations and technology 

constraints within the overall mission objectives. The 

spacecraft-side requirements will determine the overall 

available interfaces whereas a standardized partition of these 

interfaces will determine the customer-side interface 

requirements. The full range of standard interfaces of the 

spacecraft may be presented within an Interface Definition 
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Document (IDD). Any potential customer would receive and 

assess the IDD and propose any amendments or exceptions to 

be included within an ICD. Once both the spacecraft provider 

and customer have addressed and resolved each proposed item, 

the document can be signed and considered an interface control 

document. This efficient methodology could drastically 

decrease overall documentation development time for a service-

oriented system with several customers each requiring an 

individual, but likely similar, ICD. Moreover, in this way, it is 

possible that the only difference between the IDD and the ICD 

is the signature of both parties. 

This procedure challenges the NASA guideline that a third 

party should act as “custodian” of the interface control 

document and arbitrate the needs of both parties [14]. Such a 

system has its merits but can add unnecessary complexity and 

costs to a service-oriented space program. The spacecraft 

provider must be able to maintain a good overview of the 

integrated system and maintain sufficient control to mediate the 

needs of multiple payloads as well as spacecraft capabilities and 

safety. This setup does not, however, endow the spacecraft-

provider with unreasonable power as the payload customer’s 

ability to take their business elsewhere provides suitable 

balance. Moreover, any amendments to the signed ICD must 

likewise be approved by both parties. Thus, the payload 

customer is bound only to requirements they have accepted. 

Within this procedure, it is crucial to view the ICD as a living 

document as alterations can be proposed throughout its lifetime. 

Certain circumstances may necessitate the release of an 

interface control document before all the information exists to 

fully complete it. In this case, it is imperative to identify any 

gaps in knowledge within the document. Common practice also 

dictates the inclusion of a plan and deadline for filling these 

“voids” [14]. Consistent communication of updates and the 

maintenance of a meticulous revision history are key. 

The appropriate philosophy throughout interface control 

document development is to retain comprehensive but concise 

content. The level of detail must allow the ICD to serve as a 

stand-alone design guide [14]. However, superfluous detail 

detracts from the effectiveness of the document by concealing 

important information. 

 

IV. INTERFACE DEFINITION 

The author, L. Klicker, took the lead on the payload interface 

subsystem of the Peregrine Lunar Lander in early July 2016. 

The Mission One manifest was not full but already included a 

wide-range of payloads. Steps to effectively manage these and 

future payloads needed to be identified while the interfaces 

provided by the Peregrine Lunar Lander needed to be 

standardized and defined. She worked closely with the other 

subsystem leads to produce a preliminary design of the payload 

interface subsystem consistent with the overall lander system. 

She produced a comprehensive interface control document 

 
1 Though only an interface control document template until signed by both 

Astrobotic and the payload customer, it is forthwith referred to as the Peregrine 

Lunar Lander Interface Control Document or ICD for simplicity.  

template in which the interfaces are specified. The approach 

utilized and numerous design decisions encountered to 

complete this document are detailed below. The Peregrine 

Lunar Lander Interface Control Document1 served as a major 

deliverable for the Peregrine Lunar Lander Preliminary Design 

Review (PDR). 

Peregrine will undergo numerous iterations as is typical for a 

spacecraft advancing through design cycles. Analysis of the 

overall lander design at various stages is necessary to ensure a 

cohesive and effective system. The preliminary design review 

is one such significant milestone. Astrobotic scheduled a PDR 

to present the initial design to meet the mission objectives for 

late November 2016. Such a review is a critical opportunity to 

demonstrate an effective team and feasible mission. Through 

the Lunar CATALYST program, NASA provided experts 

within various fields to examine the overall lander design. 

Airbus Defence & Space also sent representatives to offer 

technical feedback. The comments and concerns voiced by the 

PDR participants are critical to evaluating the system and 

creating a forward plan to improve its design. The payload 

interface subsystem was among the many aspects of the lander 

to be presented. L. Klicker provided details of the payload 

interface subsystem during the PDR; the resulting feedback 

served as a relevant assessment of the maturity of her work. 

 

A. Mission Objectives and Constraints 

1) Procedure 

Before interface definition can fully commence, the overall 

mission must be ascertained. Thus, the procedure begins in 

Section 3 Spacecraft of the interface control document 

template. The spacecraft’s destination and tasks as well as the 

outline of subsystems needed to achieve them should be 

established. With this foundation, the spacecraft-payload 

relationship and consequent interfaces can be considered. 

At this junction, it is useful to consider all constraints that may 

be imposed on the spacecraft. Documentation of these 

constraints should be referenced in Section 2 Applicable 

Documents. The relevant government, ground facilities, and 

launch provider will likely have requirements on materials and 

operations. Additionally, the spacecraft provider may choose to 

enforce a third party best practices standard. 

 

2) Application 

The initial step was to establish a thorough understanding of 

the Peregrine Lunar Lander mission and system as well as 

Astrobotic’s overarching design principles. The mission 

objectives specify the program aims and inform the various 

subsystems necessitated to achieve these aims. Peregrine’s 

primary objectives are to land on the lunar surface with 35 kg 

of payload and support their operations there. The necessary 

spacecraft subsystems to meet these objectives had already 

been identified and defined to a certain extent. The relevant 

information on these subsystem designs was found in 
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Astrobotic Payload User’s Guide (PUG) [17] and by speaking 

with the various subsystem lead engineers. Astrobotic’s 

philosophy is one of efficiency and lean design as seen in the 

choice of a Class D unmanned spacecraft. 

Writing Section 3 The Peregrine Lunar Lander of the ICD 

provided a first test of filtering content by relevance to the 

payload customer. The mission objectives were described from 

the payload’s point of view rather than the spacecraft’s. An 

overview of Peregrine became an exercise in brevity, providing 

a concise statement on each of the major subsystems – 

structures, propulsion, power, communication, avionics, as well 

as Guidance, Navigation, and Control (GNC) – and how they 

would cooperate. A subsection on the spacecraft classification 

provided the payload customer with an overview of the risks 

they would be accepting.  

After establishing this foundation, a critical look was taken 

at the constraints on the mission. The source of these constraints 

– within the company (internal) or another entity (external) – 

was identified and the relevance to the payload customer was 

examined. Though internal constraints would certainly affect 

the design, they were unlikely to prove of interest to the payload 

customer in and of themselves. The identification of these 

internal constraints remained crucial for interface definition and 

some even warranted reference in the ICD description of the 

effected interface’s design. This was not the case with the 

company’s schedule and budget but more so the constraints 

placed on the payload interface subsystem by the requirements 

of other subsystems. The impact and significance of these 

subsystem requirements prompted the institution of weekly 

meetings to stay apprised of any and all relevant updates from 

other subsystem lead engineers. 

Section 2 Applicable Documents of the ICD, however, was 

primarily concerned with external constraints. The government 

provided some of the more stringent requirements through 

range and ground safety [19] and planetary protection [18], 

which deal with launch as well as operations safety and 

mandatory preparation of spacecraft headed to the lunar 

surface, respectively. Launch providers also imposed 

constraints on spacecraft design and operations. As the 

Peregrine Lunar Lander is intended to be compatible with 

numerous launch vehicles, the launch environments, available 

volume in the launch vehicle payload fairing, and additional 

constraints of several launch providers, such as Falcon 9 [9] and 

Atlas V [5], had to be considered. Moreover, Astrobotic 

accepted external standards to inform spacecraft design; these 

include U.S. military guidelines for electronics [11]. As the 

integrated spacecraft needed to demonstrate compliance with 

these external constraints, many of the requirements would 

need to be levied directly onto the payloads. Thus, the 

standards, in their entirety, were provided in the Applicable 

Documents section. Both direct and indirect requirements on 

the payload derived from these documents would need to be 

fully defined in later sections of the ICD.  

 

B. Mission Profile 

1) Procedure 

The next major step lies in completing Section 4 Mission 

Profile. The spacecraft’s trajectory should be mapped and 

discretized into phases relevant to the payload customer. The 

key considerations here are what will be happening in each 

phase and how will it affect the payload. The specification of 

environments is a considerable undertaking.  

A space mission can be divided into four broad phases; 

preparation, departure, travel, and arrival. A typical spacecraft 

might go through each phase once. Preparation would comprise 

spacecraft processing at a ground facility. Departure would be 

the launch of the spacecraft. Travel would encompass the 

predetermined trajectory. Arrival could include orbit insertion, 

atmospheric entry, docking procedures, and/or landing as well 

as any activities performed at the destination. Some spacecraft 

may experience these phases more than once, most notably by 

means of a return trip to Earth as with Space Shuttle missions 

[24]. Other spacecraft may not experience every phase, such as 

Voyagers I and II, which have no traditional arrival phase but 

rather a flyby of several destinations [27]. 

The identification of the applicable phases and the 

demarcation of the path within and through these phases is a 

critical step of mission planning. The outcome informs the 

determination and specification of relevant environments as 

well as the overall concept of operations for the mission. These 

will, again, influence the design development of interfaces. 

Numerous types of environments must be considered within 

an environmental specification but not all are applicable to each 

mission phase. Similarly, the specification of environments 

within an ICD should be relevant to the payload customers. 

NASA produces several Design Specification for Natural 

Environments (DSNE) documents, which provide 

exceptionally thorough characterization of mission 

environments. The pertinent environments within [8] are 

identified with respect to the four mission phases and detailed 

below. 

Several environments should be specified for all mission 

phases. The thermal, pressure, and humidity have significant 

impact throughout a mission. Additionally, particle 

composition and contaminant risks should always be clearly 

outlined. The Electromagnetic Interference (EMI) environment 

is also active throughout any mission timeline. Substantial load 

environments are often limited to only one or two mission 

phases, but any additional noteworthy sources of loads, most 

likely shocks, should be mentioned.  

The ground conditions are representative of the preparation 

phase. The topography and meteorological conditions are 

critical elements. However, care must be taken to consider the 

relevance to the spacecraft and its payloads. The probability and 

impact of lightning may be of interest to a launch vehicle 

provider but could have no direct impact on the spacecraft 

inside the launch vehicle. 

The departure phase is characterized by the loads 

environment. Launch loads tend to be the most extreme within 

the mission timeline. Certain environments, in particular 

thermal, pressure, and humidity, may need to define the 
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expected rate of change in addition to the expected values. For 

Earth-based operations, much of this information is presented 

within the launch vehicle provider’s user guide. A coupled 

loads analysis should be performed, with the launch vehicle 

input, to provide the specific load environment experienced by 

the spacecraft’s payloads at their respective mounting locations. 

A launch vehicle user guide also defines the EMI constraints set 

forth by the launch vehicle. 

The harsh environment of space defines the travel phase. 

Radiation, both solar and ionizing, is often a primary concern. 

The solar radiation environment should be classified in terms of 

the maximum and average times in each direct sunlight and 

eclipse as well as the faces of the spacecraft affected. However, 

the payload may conceivably be less concerned with the solar 

radiation environment than the resulting thermal environment. 

The source of ionizing radiation should be specified and a 

conservative estimate of dosage should be produced to which 

the payload customer can reasonably design. The availability of 

a direct line of sight to Earth should also be catalogued. This is 

a good measure of whether communication to the spacecraft 

from Earth can be established. Additionally, the dominating 

gravitational field should be identified. 

The relevant environments of the arrival phase depend on the 

destination. The solar radiation, ionizing radiation, and 

communication line of sight should be clearly defined. It may 

be necessary to provide the rate of change in environments such 

as pressure, thermal, and humidity, especially when 

atmospheric entry is involved. The loads and conditions of any 

docking or landing procedure should be identified. If any 

operations are planned after a landing, it is critical to specify the 

topography and meteorology at the landing site. 

 

2) Application 

The mission profile of the Peregrine Lunar Lander is a one-

way journey from Earth to the lunar surface. This profile could 

be neatly divided into the four phases labeled specifically for 

the Peregrine missions. Pre-Launch (preparation) was 

determined to encompass all activities between acceptance and 

integration of the payload onto the spacecraft and launch 

countdown. Launch (departure) would continue until spacecraft 

separation from the launch vehicle. Transfer (travel) comprised 

the journey to the Moon. Surface (arrival) would include all 

mission activities between landing and the onset of the first 

lunar night. Though the specifics of the mission timeline and 

trajectory were still being investigated and optimized, payload 

customers desired information and initial design guidelines as 

soon as possible. Therefore, it was necessary to complete a 

preliminary study and definition of the mission environments to 

which the payloads could safely be designed. 

 

 
Figure 4: Peregrine Lunar Lander Mission One phases 

 

The Pre-Launch and Launch environments were found to be 

largely dependent on the launch provider. The thermal, 

pressure, humidity, contaminant, EMI, and load environments 

relevant to each launch provider for the two phases were 

specified in the appropriate launch vehicle’s user’s guide. As 

Peregrine should be compatible with numerous launch vehicles, 

mainly Falcon 9 and Atlas V, the specified environments within 

the ICD would have to allow for compatibility with both. To 

that end, the pertinent environment values from the two launch 

vehicles were gathered and merged to encompass the nominal 

range and extremes of both. The topography and meteorology 

of the terrestrial facilities, beyond their effect on the 

aforementioned environments, were deemed irrelevant to the 

payload customer and excluded from the ICD. These Pre-

Launch and Launch environments would likely remain 

unchanged throughout Peregrine design iterations; the only 

exception being the load environments. The first draft of the 

Peregrine ICD would only include load values imparted by the 

launch vehicle onto the spacecraft. Coupled loads analysis of a 

more detailed Peregrine iteration with preliminary payload 

models would allow for a better approximation of the loads 

imparted by the launch vehicle through the spacecraft onto the 

payloads. 

Of the mission phases, Transfer was the least defined. It 

would begin in a geostationary orbit and end in a powered 

descent from a polar lunar orbit, but the cislunar cruise in 

between as well as the durations of each stage were unresolved. 

To ensure that the payload customer would design to valid 

information, worst-case scenarios were explored and margins 

applied to all results. As the trajectory became more defined, 

the environmental specification could be refined. The thermal 

environment was highly dependent on the trajectory as the 

amount of incident solar light largely determined the spacecraft 

temperatures. The results of initial thermal analysis were used 

to provide a sizeable range of possible minimum temperature, 

in shadow, to maximum temperature, in direct light, based on 

various orbits and distance from the Sun. The corresponding 

solar radiation environment was not included as it was unlikely 

to be of interest to the payload customer beyond its effects on 

the thermal environment because payload solar arrays would 

not be employed during Transfer. To circumvent the ionizing 

radiation environment’s dependence on the trajectory, the 

maximum duration of GTO, cruise, lunar orbit, and surface 

operations were taken into account. A SPENVIS model 

employing conservative values and a worst-case solar activity 

provided an expected upper limit on the mission’s radiation 
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dosage. SPENVIS is an ESA tool available for general use [23]. 

Some aspects, however, were simple, such as the relatively 

constant pressure and humidity of space. Others could be 

quickly evaluated, such as the particles and contaminants 

encountered, likely limited to engine exhaust, as well as the 

EMI hazards, avoided by ensuring compliance with MIL-STD-

461D [20]. Other environments were deemed superfluous to the 

main intent of the ICD; the dominating gravitational field would 

have little effect on payload design and the Earth line of site 

would be captured in a more payload-customer-friendly format 

detailing available communication slots. 

In many respects, the Surface phase environments would 

mirror those of the Transfer phase. The absence of a lunar 

atmosphere meant analogous pressure, humidity, and 

contaminant environments. Moreover, atmospheric entry, and 

all it entails, did not have to be considered. Furthermore, the 

ionizing radiation of surface operations could easily be included 

as time in extraplanetary space in the model generated for the 

Transfer phase because the Moon lacks a magnetic field and the 

effect of the Moon physically blocking solar radiation can be 

disregarded as lunar night is not part of nominal operations. The 

thermal environment again depended on direct solar light; as 

surface operations are exclusive to lunar day, the movement of 

Peregrine’s shadow and the resulting temperature limits are of 

interest to the payload customer. Additionally, meteorological 

or lunar weather were insignificant. Earth line of site, too, was 

deemed unnecessary. However, the rover line of sight to 

Peregrine via wireless communication would be included in the 

topography depiction. The present-day on-site exploration of 

the Moon has been focused on the equatorial region; thus, not 

much is certain at the higher latitudes. Due to the degree of 

unknown and the substantial impact on landing and mission 

success, much work has been done to classify the surface 

features and conditions as well as the associated risks. Public 

Surveyor [25], LRO [16], and Kaguya [13] resources were used 

with in-house and NASA tools to yield likely soil conditions, 

rock distributions, and slopes for the Lacus Mortis landing site. 

Airbus Defence and Space performed landing success 

probability studies based on this information as a basis for 

determining the specific landing target. 

 

C. Interfaces 

1) Procedure 

An interface describes any “shared boundary between two 

functional units, defined by functional characteristics, signal 

characteristics, or other characteristics, as appropriate” [26]. In 

simpler terms, an interface describes any point of possible 

interaction between two systems. These interfaces are 

thoroughly defined with the intent to facilitate a smooth 

integration and collaboration of the two systems that will share 

those interfaces. This definition should, at a minimum, include 

the traits of each system at the shared boundary, the nature of 

the interaction at the boundary, and the specifications of what 

crosses this boundary [26]. This thorough definition is 

contained within Section 5 Payload Interfaces, which is at the 

core of the interface control document. 

Interface identification naturally precedes interface 

definition. Recognizing each point and means of interaction is 

most easily achieved by considering the needs of the payload 

and how the spacecraft will fulfil them. The implementation of 

standardization requires the consideration of the needs of a 

typical payload rather than a specific payload. The standardized 

interface will be a result of acknowledging these payload needs, 

ascertaining the capabilities of the spacecraft and the limitations 

of the business case, and balancing these aspects for the desired 

number of payloads to be integrated with the spacecraft. Every 

payload will, understandably, have different needs and 

requirements. However, when the spacecraft provider aims to 

provide standardized interfaces, it is necessary to identify 

standard payload needs.  

The foremost concern is how the payload will physically 

attach to the spacecraft. The spacecraft provider must allocate 

sufficient space for payload mounting. The available mass and 

volume at these mounting locations must be restricted with an 

eye not just to the spacecraft’s total mass and volume but also 

the spacecraft’s dynamics as well as the structure’s ability to 

support the payloads. Moreover, some payloads may have 

added requirements on the orientation, perhaps to ensure direct 

sunlight during a certain portion of the mission, which limits 

viable mounting locations. The actual connection mechanism 

must also be investigated. The mounting needs to be sturdy 

enough to endure launch loads but may also have to allow for 

deployment of the payload from the spacecraft. Furthermore, 

the desired characteristics of this connection, such as electrical 

or thermal conductivity, should be carefully defined. 

The second concern is how the payload will be powered. 

Many payloads intend to perform tasks such as movement or 

scientific measurements, which require power not only for their 

completion but also overhead. A spacecraft provider has 

numerous options of how this power can be generated to pass 

on to the payloads; however, a combination of batteries and 

solar panels is quite common. The iterative process to size these 

will balance what the spacecraft can support with what the 

spacecraft and payloads require to operate and survive. 

Communication is another typical payload need, especially if 

the payload will not be returning to Earth. The payload 

customer may want to receive data from and send commands to 

the payload. A transponder will serve as the means for 

communication between the spacecraft and Earth. The selection 

of the transponder is an iterative process balancing what the 

spacecraft can support both physically and power-wise, the 

predetermined maximum distance between the spacecraft and 

the Earth, and the estimated data to be transmitted by the 

spacecraft and payloads. Software to manage these 

communications, and additional functions, may also be 

required. 

Supplementary interfaces may be deemed necessary to 

provide payloads with protection from various environments. 

Radiation or micrometeor shielding would reduce risk to the 

payloads at the cost of additional mass to the integrated 

spacecraft. Thermal control, passive or active, is another 

common interface which can be provided at the cost of 

additional mass and/or power. 
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The identified interfaces must then be thoroughly defined 

such that any payload designed to the guidelines set forth in the 

ICD is assured compatibility with the spacecraft. As a starting 

point, NASA provides a comprehensive list of interface 

characteristics to be specified, as appropriate, for each interface 

as shown in Table II; note that relevant traits have been applied 

to four distinct interface categories defined by NASA: 

Mechanical/Physical, Electrical/Functional, Software, Supplied 

Services. The level of detail is appropriate for a NASA program 

but may not be necessary for every Class D unmanned mission. 

Considering these interactions and where they may occur can 

be helpful when identifying interfaces that may not be initially 

apparent because they are not tangible or physical connections. 

 

 
Table II: Interface characteristics to be defined [14]  

Mechanical/Physical Interface Characteristics 

• Optical characteristics 

• Parallelism and straightness 

• Orientation requirements 

• Space or provisions required to obtain access for 

performing maintenance and removing or replacing 

items, including space for the person performing the 

function 

• Size, shape, mass, mass distribution, and center of 

gravity 

• Service ports 

• Indexing provisions 

• Concentricity 

• Surface finish 

• Hard points for handling 

• Sealing, pressurization, attachment, locking provisions 

• Location and alignment requirements with respect to 

other equipment 

• Thermal conductivity and expansion characteristics 

• Mechanical characteristics (spring rate, elastic 

properties, creep, set, etc.) 

• Load-carrying capability 

• Galvanic and corrosive properties of interfacing 

materials 

• Dimensional relationships between mating equipment  

• Force transmission across an interface 

• Use of mechanically conductive media 

• Placing, retaining, positioning, or physically 

transporting a component by another component 

• Shock mitigation to protect another component 

Electrical/Functional Interface Characteristics 

• Function name and symbol 

• Impedance characteristics 

• Shielding and grounding 

• Signal characteristics 

• Cable characteristics 

• Data definition 

• Data transmission format, coding, timing, and updating 

• Transfer characteristics 

• Circuit logic characteristics 

• Electromagnetic interference requirements 

• Data transmission losses 

• Circuit protective devices 

• Transmission and receipt of an 

electrical/electromagnetic signal 

Use of an electrically conductive or electromagnetic 

medium 

Software Interface Characteristics 

• Interface communication protocol 

• Digital signal characteristics 

• Data transmission format, coding, timing, and updating 

requirements 

• Data and data element definition 

• Message and structure flow 

• Operational sequence of events 

• Error detection and recovery procedures 

Supplied Services Interface Characteristics 

Electrical power interface 

• Phase; frequency; voltage; continuity; interrupt time; 

load current; demand factors for significant variations 

during operations; power factor; regulation; ripple; 

harmonics; spikes or transients; ground isolation; 

switching, standby, and casualty provisions 

Communication interface 

• Types of communication required between equipment; 

number of communication stations per communication 

circuit; location of communication stations 

Fluid interface 

• Type of fluid required (gaseous, liquid); fluid 

properties (pressure, temperature, flow rate, purity, 

duty cycle, thermal control required) 

Environmental characteristic interface 

• Ambient temperature, atmospheric pressure, humidity, 

gaseous composition required, allowable foreign 

particle contents 

 

 

It is important to consider the extent to which each interface 

can be standardized. Figure 5 provides an assessment of the 

feasibility of standardization for the aforementioned interfaces. 

The horizontal axis spans from customized to the payload, 

“Payload Specific”, to standardized within the spacecraft, 

“Spacecraft Specific”. The vertical axis spans from customized 

to the mission, “Mission Specific”, to applicable to multiple 

missions, “Mission Generic”. Thermal and shielding interfaces 

are difficult to standardize due to their dependence on the 

mission trajectory and the desire to tailor them to the payloads 

to avoid an overdesigned interface. Power and communication, 

too, depend on the mission trajectory to a lesser degree; 

communication apparatuses are selected with a greater focus on 

what the spacecraft and spacecraft provider can afford whereas 

power systems are sized to accommodate the needs of the 

integrated spacecraft. The mounting interface should be 

modular and adaptable to several mission profiles. The release 

mechanism, however, is more intertwined with the design of the 

payload system itself and should address specific payload 

needs. The electrical and software interfaces should be robust 
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enough to handle various payloads and mission profiles. 

However, the electrical connector will have to take into account 

slight variations in payloads such as deployment from the 

spacecraft. 

 

 

 
Figure 5: Standardization of Payload Interfaces 

 

Section 6 Operations will detail how these interfaces may 

change over time. To achieve a suitably complete specification 

of these operations, each defined attribute of each interface 

should be tracked throughout the mission timeline and any 

variable behavior recorded. Additionally, the desired response 

from the payload to these fluctuations should be considered. 

Grouping acceptable payload actions will serve as the basis for 

defining the requisite payload operational modes. To ensure 

that sufficient modes have been defined, it must be verified that 

an appropriate mode exists for each moment or potential 

occurrence in the mission timeline. Section 6.1 Payload 

Operational Modes should include the name, description, 

rationale, permissible payload actions, entrance criteria, and 

exit criteria for each operational mode. A diagram of how 

transitions between each mode are performed is beneficial here. 

Section 6.2 Mission Phase Operations will identify the major 

events of each mission phase relevant to payload operations; the 

corresponding spacecraft interface status, particularly the 

available services, and the permitted payload operational modes 

should be provided. Specifying the payload operational mode 

rather than the individual allowed payload actions provides 

more uniformity and clarity to the phase operations. 

 

2) Application 

The interface definition for the Peregrine Lunar Lander 

would not be purely from the ground up. The identification of 

interfaces through the consideration of payload needs had 

already been initiated as evidenced by the Astrobotic Payload 

User’s Guide. The PUG outlined power services of 0.5 W per 

kilogram of payload, bandwidth services of 2.8 kbps per 

kilogram of payload, and thermal services that would keep the 

payload in a temperature range of -40°C to +60°C after launch 

[17]. These services would necessitate the definition of power, 

data, and thermal interfaces, respectively. The power and 

bandwidth services would further require consideration of an 

overall electrical interface as well as software interfaces. Lastly, 

a mechanical interface would require careful definition. 

Common challenges throughout interface definition were the 

identification and understanding of influences on the payload 

interface subsystem. The expectations of current customers as 

well as the general business case had to be considered within a 

service-oriented space program. Additionally, the foundation of 

the payload interface subsystem design contained artefacts of 

the previous Griffin Lunar Lander design which had to be 

examined and, in many cases, updated. Furthermore, the 

limitations created by the more advanced designs of the other 

spacecraft subsystems, too, had substantial impact. Moreover, 

these subsystems would exhibit continuous growth and 

development, taking into account input from the payload 

interface subsystem but mainly relying on the expertise of the 

applicable subsystem lead engineer. 

a) Mechanical Interfaces 

The mechanical interface comprised the physical connection 

between the payload and the spacecraft. The Peregrine Lunar 

Lander would provide four aluminum payload mounting decks; 

all payloads would be required to attach to either the top- or 

under- side of these decks. The specifics of this connection as 

well as the permitted dimensions of the payloads would have to 

be defined and standardized. Furthermore, as payloads would 

be allowed to deploy from the lander, the mechanism to achieve 

this deployment would have to be investigated. 

The initial step was to identify the surface area on the payload 

mounting decks available to payloads as well as the pertinent 

constraints. These decks form a ring of available mounting 

space; the outer radius was informed by the constraints of the 

Atlas V launch vehicle payload fairing, which is smaller than 

that of the Falcon 9, and the inner radius was determined by the 

size of the propellant tanks [5] [9]. Figure 6 illustrates these 

radii in green. The entire deck was not extended towards the 

outer radius in order to save structural mass. The surface 

available to payloads was further limited by obstructing 

spacecraft structures such as the deck struts on the topside and 

the landing legs on the underside, marked in red in Figure 6. 

Ultimately, each deck offered less than 0.5 m2 per side for 

payload placement. If this was found insufficient, the identified 

constraints would need to be revisited and expanded with the 

least negative impact on completed lander design. 
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Figure 6: Peregrine Lunar Lander payload mounting deck 

 

Figure 6 also highlights the bolt pattern in blue. Payloads 

would need to provide the means of attachment between this 

bolt pattern grid and their system. The dimensions shown are 

76.2 mm by 76.2 mm. This initial sizing was determined by 

NASA balancing structural mass and strength. As the preferred 

material of the deck was reviewed and further optimization 

performed, these dimensions were exceedingly likely to 

change. It would be imprudent to require a payload design 

revision for every bolt pattern dimension update. Thus, it was 

decided to suggest the use of a separate adaptor plate to the 

payload customer. Payload design would be unhindered by bolt 

pattern updates and a simple connector plate could be 

manufactured for the final payload design and final bolt pattern 

grid. Additional factors in this decision included the improved 

ease of ensuring the proper characteristics of the payload-

spacecraft connection such as conductivity. Moreover, the need 

to provide bolt patterns specific to each payload rather than a 

standardized and uniform grid was avoided. 

Subsequently, the accommodation of payloads within the 

available surface area was examined. A total 35 kg of payload 

would have to be spread out across a total 3.5 m2 of mounting 

area, excluding one deck side for spacecraft avionics and 

electronics, for an even division of 10 kg/m2. Other interfaces, 

the power and bandwidth services, had already been defined in 

terms of availability per kilogram of payload. This system was 

revisited and deemed useful as the price to join M1 is per 

kilogram of payload and it allowed for a standardization per 

kilogram rather than per payload, ensuring standard interfaces 

that did not assume identical payloads. Accordingly, the 

available surface area was viewed in terms of footprint density 

for 0.1 m2/kg. However, the current M1 manifest indicated that 

payloads would be numerous and small such that several 

payloads might need to share a deck side. Consequently, as a 

conservative margin, half of each deck was reserved for safe 

spacing between payloads. Thus, it was determined that no 

payload should be offered a footprint density greater than 0.05 

m2/kg to ensure the Peregrine Lunar Lander could easily 

accommodate 35 kg of total payload. As all current M1 

payloads fit within this constraint, it was deemed that this 

constraint was reasonable and that the size of the payload 

mounting decks was sufficient. 

Standardized payload package sizes would need to consider 

not just footprint density but also height. The permitted payload 

heights would be defined within a payload envelope depicted in 

Figure 7. The maximum permissible height from the top side of 

the deck was defined at 150 mm, informed by the constraints of 

the Atlas V launch vehicle payload fairing volume. Taller 

payloads might be possible toward the center of the spacecraft 

away from the edge of the payload deck, but these would 

require additional design constraints. Thus, the smaller value, 

to ensure easy payload placement, was chosen to be represented 

within the payload envelope. The maximum permissible height 

from the underside of the deck was specified at 380 mm, 

informed by the guarantee of at least 500 mm ground clearance 

for the payloads in a worst-case landing scenario study. 

Payloads willing to accept greater risk at landing might be able 

to exceed this height constraint, but again the simpler and safer 

value was chosen for the payload envelope. The diagram below 

also defines the worst-case drop scenario upon landing at 

approximately 900 mm. Payloads would need to design to 

survive a drop from that height above the lunar surface. 

 

 

 
Figure 7: Peregrine Lunar Lander payload envelope 

 

Figure 7 shows payload mounting decks at two distinct 

heights. This latest Peregrine Lunar Lander design will feature 

coplanar mounting decks after further analysis. The decision to 

move to coplanar payload mounting decks, at the height of the 

upper deck, was made informed not only by the resultant 

improvements in spacecraft rigidity but also payload needs. The 

lower decks remained relatively vacant as no payloads required 

380 mm of height above deck or wanted to be constrained by 

150 mm below deck. Meanwhile, the M1 manifest showed a 

significant interest in large rover type payloads, which require 

mounting to the deck underside for easy deployment and 

substantial height. The institution of the coplanar mounting 

decks further standardized the mechanical interface and 

reflected payload customer needs. 

At last the standardized payload package sizes could be 

defined. For simplicity, these payload packages were 

characterized as rectangular prisms of available space for a 

certain mass of payload. Regardless of mass, the maximum 
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payload package height would be determined solely by the 

payload envelope. This divided standard payload packages into 

two categories: topside and underside. Fewer and smaller 

options were created for the deck topside due to the tighter 

height constraints as well as the limitations on footprint size of 

a single payload caused by the struts’ division of available deck 

area. More and larger options were desired for the deck 

underside as the greater popularity of large rover type payloads 

was known. The footprint area available to various package 

sizes was determined by placing rectangles, representing 

payloads, onto the deck surface area in various configurations; 

the overall accommodated mass and lander dynamics (balance 

of mass across all decks) as well as the ease of payload 

placement was observed. The final payload package sizes are 

shown in Table III. The footprint density of each payload 

package size falls well below the maximum value of 0.05 

m2/kg. Additionally, these package sizes integrated well with 

the known footprints of current M1 payloads. The ICD focused 

on the description of these standardized package sizes with 

some background on their creation. 

 

 
Table III: Peregrine Lunar Lander standard payload package sizes 

Size 
Mass 

(kg) 

Height 

(mm) 

Length 

(mm) 

Width 

(mm) 

Topside 

XS 1 150 200 120 

S 2 150 330 200 

Underside 

S 3 380 330 200 

M 4 380 400 330 

L 5 380 450 400 

 

 

The concluding aspect of the mechanical interface definition 

was the release mechanism. Numerous payloads would require 

such a device to deploy on the lunar surface and perform actions 

independent of the lander. The release mechanism would have 

to be certified to endure launch and landing loads as it serves as 

the primary connection point to the spacecraft aided by 

fastening bolts to prevent lateral movement. In addition, 

deployment would have a measurable impact on the spacecraft. 

As such, Astrobotic had a vested interest in the selection of the 

release mechanism. Several release mechanisms were 

investigated; however, rather than mandate one device to be 

used by all payloads, it was decided to instead place stringent 

requirements on the selection of the release mechanism. This 

allowed the payload customer greater freedom of design while 

ensuring safe operations of the spacecraft. Three of the 

considered release mechanisms were included as suggestions to 

the payload customer within the ICD. As the power and power 

signal provided by the Peregrine Lunar Lander would not be 

modified for different release mechanisms, the interface 

provided could still be considered standardized. 

b) Thermal Interfaces 

The original thermal interface promised to the payload 

customer was a temperature range of -40°C to +60°C after 

launch. The Peregrine Lunar Lander would provide this 

environment by heating the payload mounting decks. Initial 

analysis determined that the power for such an endeavor was 

not easily available and that much of the generated heat would 

be lost by the payload mounting decks. The thermal interface 

needed to be updated to a feasible design which was also 

acceptable to current payload customers. 

The issue addressed by this thermal interface was the 

potential freezing of batteries during the extreme cold case of 

the long duration cruise. An alternative design, to provide the 

power for heating directly to the payload, was considered. This 

would require the payload customer to provide and implement 

a heater within their payload design. Additionally, a thermally 

isolating connection to the spacecraft was most likely needed to 

prevent heat loss to the payload mounting deck. This would 

certainly incur other issues as the removal of the thermal 

coupling connection also eliminated access to the spacecraft’s 

radiators. Consequently, payloads would have to be designed to 

reject sufficient heat via their own radiators to survive the worst 

hot case. As it happened, the payloads most affected by this 

change would be the rovers with large batteries and the worst 

hot case would occur on the lunar surface when these payloads 

would already be operating independently of the spacecraft 

after deployment. Furthermore, the possibility that this 

alternative would fail to reduce the overall power expenditure 

needed to be carefully investigated.  

The power systems lead found that providing the nominal 

power allowance of 0.5 W per kilogram of payload throughout 

cruise was viable within the power system design. The parallel 

implementation of thermally isolating connections would 

enable the payload customer to more effectively manage the 

thermal environment of the payload through passive methods in 

conjunction with the utilization of this heating power. Payload 

customers at an advanced design stage were approached with 

this amendment to the Peregrine Lunar Lander services. The 

changes, despite the greater burden on payload design, were 

accepted. The paramount factors were the increased likelihood 

of survival and greater payload control of the thermal 

environment. The thermal interfaces section of the Peregrine 

Payload ICD states the need for the standard thermally isolating 

connection and addresses potential payload customer concerns 

regarding the design change. 

c) Power Interfaces 

The power subsystem of the Peregrine Lunar Lander was 

perhaps the most defined at the commencement of interface 

definition. The power allowance to payloads had been set at 0.5 

W/kg. The available power signal would be 30 W peak for 

approximately 60 s; this power signal could be used by 

payloads to actuate a release mechanism. The voltage line 

would be regulated and switched 28 Vdc. This architecture was 

selected via a trade study summarized in Table IV. The selected 

architecture provides the lander with the greatest authority over 

the power and satisfactory immunity to noise at the cost of 
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complexity, especially apparent in the payload need to down-

regulate the 28 Vdc. These design decisions were reviewed and 

accepted within the payload power interface. The Peregrine 

Payload ICD presents the final interface values available to the 

payload customer. 

 

 
Table IV: Peregrine Lunar Lander power architecture trade study 

summary 

 Regulated 

& Not 

Switched 

Unregulated 

& Switched 

Regulated 

& Switched 

Lander 

Power 

Authority 

No Yes Yes 

Lander 

Controls 

Current 

Yes No Yes 

Complexity Middle Lowest Highest 

Voltage 5 Vdc 12 Vdc 28 Vdc 

 

d) Data and Software Interfaces 

The bandwidth services would be provided via the data 

interface and managed by the software interface. Each payload 

would be allotted 2.8 kbps per kilogram. This was a large 

fraction of the capabilities of the high gain antenna; the 

remaining data rate would be needed for spacecraft 

communication with margins of safety. This nominal data rate 

was defined solely for lunar surface operations; however, 

payload customers expressed a desire to receive “heartbeat” 

data from their payload during cruise. These communications 

would be small and send basic information on the payload’s 

status. The total data rate available during the Transfer phase 

was severely reduced and highly dependent on the trajectory. A 

conservative estimate allowed 10 bps per payload during the 

Transfer phase. The software interface would implement the 

bandwidth traffic shaping and quality of service provision to 

ensure that payloads remained within their allotted bandwidth 

budget. Excessive communications would be dropped, as such 

it would fall to the payload customer to prioritize their data 

transmissions within their bandwidth allowance.  

The means of this communication had already been 

established. Wired bandwidth, used for all payloads connected 

to the spacecraft, would be provided via serial RS422. A 

summary of the trade study selecting this protocol is provided 

in Table V. Wireless bandwidth, used by payloads that have 

deployed from the lander on the lunar surface, would be 

provided via 2.4 GHz radio frequency and 802.11n Wi-Fi 

protocol. These methods were simple, robust, and space-

proven. Each payload and payload customer would utilize 

distinct IP addresses and ports to ensure safe and accurate 

communication. Communication via either protocol would 

always occur in a “round robin” style; payloads would use 

bandwidth in turns rather than simultaneously due to the 

limitations of the hardware and software. 

 
Table V: Peregrine Lunar Lander wired communication data 

protocol trade study 

 RS422 RS485 Ethernet 

Data Speeds 
< 10 

Mbps 
< 10 Mbps 

10 – 100 Mbps 

(10/100) or 

1 Gbps (GigE) 

# of Devices 
10 per 

driver 

32 driver/ 

receiver 

pairs 

Depends on 

port # of 

Ethernet switch 

# of Wires 5 5 
4 (10/100) or 

8 (GigE) 

Noise 

Immunity 
Yes Yes Yes 

Configuration 

Point 

to 

point 

Network/ 

Bus 
Network/Bus 

Space 

Heritage 
Yes Yes No 

 

 

The payload customer would not communicate directly with 

their payload. However, the communication chain would be as 

transparent as possible while minimizing lag time. Data would 

travel from the payload customer’s Payload Mission Control 

Center (PMCC) to the Astrobotic Mission Control Center 

(AMCC) where it would be processed before forwarding to the 

Swedish Space Corporation (SSC), serving as the nominal 

communications provider, and sent to the Peregrine Lunar 

Lander for distribution to the correct payload. The encoding and 

protocol between the various points of the communication 

chain, too, had been selected with an eye to space heritage. The 

final end-to-end worst case scenario lag time was 17 s. 

Any transmitted data would have to use the Payload UDP 

Packet (PUP) format illustrated in Figure 8; the values shown 

are in bits. The packet format utilizes a header prior to the actual 

data field which aids in accurate distribution of the data to the 

correct payload or payload customer. The inclusion of the data 

length field allows for a simple verification that the entire data 

package was received. Along with the payload data, it was 

decided that Astrobotic would also present the payload 

customer with general spacecraft data from the AMCC; this 

included the spacecraft ephemeris, online/offline status, and 

scheduled telemetry ground coverage slots. 

 

 

 
Figure 8: Peregrine Lunar Lander payload data PUP format (values 

are presented in bits) 
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The data interface definition consisted mainly of 

understanding current design decisions, providing feedback 

from the payload perspective, and finding a straightforward 

way to represent the various aspects of the interface to the 

payload customer in the ICD. 

e) Electrical Interfaces 

The power and bandwidth services would be provided 

through a single electrical connector. The electrical interface 

would provide the specifications of this connector. The 

extensive trade study to select the appropriate electrical 

connector took into account many factors including reliability 

and cost. Most significantly the electrical connectors would 

have to comply with military standards [7] and [12]. 

Furthermore, static and deployable payloads would require 

distinct electrical connectors; a simple screw-type connector for 

static payloads and a more complex connector allowing 

separation for deployable payloads. The final selection yielded 

Glenair SuperNine® Connectors; a screw-type for static 

payloads and a zero separation force connector for deployable 

payloads. The Peregrine Payload ICD provides additional 

information and links to the manufacturer’s website for the 

selected electrical connectors. 

Both connectors supplied 37 available pins so a standardized 

pin configuration was possible. Table VI describes the 

allocation of contact pins while Figure 9 provides an 

illustration; the coloring of the pins is consistent across both. 

Power and data pins were placed on the outer ring with ample 

spacing. The RS422 data pins had to be placed together to 

prevent unwanted interference. The ground pins were placed in 

the center, far from other contacts, to avoid potential short 

circuiting. The wiring size was determined via a simple 

calculation of current required over the wire, yielding 24 AWG 

for data purpose and 22 AWG for the rest. The lander electrical 

subsystem lead found that the provided ground pins alone could 

not comply with grounding, isolation, and bonding standard 

best practices. Therefore, two additional points of contact for 

grounding were required from each payload; one from the 

payload’s structure and the other from the payload’s common 

circuit. 

 

 
Table VI: Peregrine Lunar Lander electrical connector standard pin 

configuration 

Pin(s) Signal 

1 Regulated 28 Vdc 

2-4 reserved for + voltage 

8 28 Vdc Release Signal 

12 RS422 TX + 

13 RS422 TX - 

14 RS422 RX + 

15 RS422 RX - 

31,37 Ground, Voltage Return 

33,35 reserved for ground 

5-7,9-11,16-30,32,34,36 not connected 

 

 

 
Figure 9: Peregrine Lunar Lander electrical connector standard pin 

configuration 

 

f) Operations 

Section 5 Peregrine Payload Interfaces defined the nominal 

interfaces available to the payload. However, aspects of these 

interfaces and their availability to the payload would change 

throughout the mission timeline. Section 6 Peregrine Payload 

Services and Operations would have to emphasize these 

variations in service and detail the appropriate response by the 

payload. 

The first step was to define a concept of operations relevant 

to the payload. To achieve this, a simple diagram of interacting 

systems was developed. Two boxes representing the Peregrine 

Lunar Lander and ground support each contained several boxes 

representing appropriate subsystems; symbolic payloads, 

power, avionics, and communications for Peregrine and 

electrical ground support equipment and ground stations for 

ground support. For each mission phase – Pre-Launch, Launch, 

Transfer, and Surface – the status and actions of each subsystem 

were defined within the applicable box and the allowed 

interactions were drawn between boxes. For Pre-Launch 

operations, all interfaces functioned nominally but no wireless 

communication would be provided. During Launch operations, 

the spacecraft and payloads would be powered off; no services 

would be provided via the interfaces. For Transfer operations, 

power services would be nominal but bandwidth services 

limited. An exception was noted that all payloads would be 

powered off during spacecraft major maneuvers such that the 

operational diagram would resemble that of the Launch phase. 

During Surface operations, a box for deployed payloads was 

drawn outside of the box symbolizing Peregrine; all services 

would be available including wireless communication. The 

visual approach to defining operations was exceptionally 

beneficial. 

This initial payload concept of operations prompted the 

investigation of payload operational modes. The objective was 

to define the minimum number of required modes to provide 

the appropriate payload operation throughout the entire 

mission. This was accomplished by considering the provision 

of services as a sort of trigger for different payload actions. No 
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power meant no bandwidth; this would be one mode. Then there 

was power with and without bandwidth; this would be two more 

modes. An additional mode was needed to distinguish between 

the availability of not just bandwidth but also wireless 

bandwidth. These four modes were then labelled and further 

specified as shown in Table VII. A run-through of the entire 

mission concept of operations was performed, ensuring that an 

appropriate payload operational mode was defined for each 

spacecraft nominal and off-nominal operation. 

 

 
Table VII: Peregrine Lunar Lander payload operational modes 

 SLEEP SAFE 

L
a

n
d

er
 

S
er

v
ic

es
 

no power provided 

 

no bandwidth provided 

power provided 

 

wired bandwidth 

provided 

P
a

y
lo

a
d

 O
p

er
a

ti
o

n
s Payloads are powered 

off and incapable of 

powering on without a 

command from the 

Spacecraft. 

 

Payload radios remain 

off. 

Payloads will power up 

into this mode. 

 

Payloads may charge 

their batteries and 

perform data logging, 

health & status updates, 

and firmware updates. 

 

Payload radios remain 

off. 

 SURVIVAL MISSION 

L
a

n
d

er
 

S
er

v
ic

es
 

power provided 

 

no bandwidth provided 

power provided 

 

wired and wireless 

bandwidth provided 

P
a

y
lo

a
d

 O
p

er
a

ti
o

n
s 

Payloads will receive 

power for minimal 

avionics and heating. 

There is no 

communication with the 

Spacecraft. 

 

Payload radios remain 

off. 

Payloads may charge 

their batteries and 

perform data logging, 

health & status updates, 

and firmware updates. 

Payloads may perform 

science tasks and begin 

egress procedures. 

 

Payload radios may be 

powered up. 

 

 

Subsequently, the transitions between these payload 

operational modes needed to be further defined. As the 

Peregrine Lunar Lander would control the provision of power, 

it would manage all transitions to and from Sleep mode. This 

safety measure would allow the spacecraft to turn off payloads 

in an off-nominal incident or even if a payload were exceeding 

its power or bandwidth allowance. The transitions between 

Safe, Survival, and Mission mode were not as critical because 

the payload operational mode did not determine the services it 

received. Instead, it was in the payload customer’s interest to 

implement the payload operational modes properly to ensure 

the most effective management of available resources. 

Therefore, the design for the transition of payload operational 

modes was left to the payload customer with Astrobotic 

reserving the right to power off any payload. Section 6.1 

Payload Operational Modes provides these details as well as a 

graphic of the mode transitions. 

Section 6.2 Payload Services Overview is not specified in the 

service-oriented space program ICD outline. Its addition here 

stemmed from the desire to highlight the services purchased by 

the payload customer. Within this section the available power 

and bandwidth services were demarcated by payload type, 

payload mode, and mission phase with a brief description of the 

rationale behind these values. This section did not supply new 

information but rather gathered it into a useful “quick reference 

sheet” format for the payload customer. The exception to this 

was the included graphical representation of the round robin 

style communication previously mentioned in the data 

interfaces section of the ICD. This graphic was developed to 

demonstrate how this communication style would present to the 

payload. It was included here rather than in the Section 5 as it 

utilizes the payload operational modes for a simpler and more 

transparent explanation. 

The final four subsections detailed the operations of the four 

mission phases. Each was commenced with a brief description 

of the mission phase. The nominal payload operational modes 

as well as the available power and bandwidth service values 

were identified. Additionally, the diagram of subsystem status 

and interactions described earlier was included for each mission 

phase. For the Surface operations, a timeline of events was 

included as it was deemed significant to the payload customers; 

the spacecraft actions upon landing and corresponding payload 

operational mode were specified. It was also necessary to 

enumerate the steps of the egress procedure for payload 

deployment from the lander. Such a procedure already existed 

within the PUG [17]. The steps were updated to reflect the latest 

interfaces and payload operational modes as well as implement 

more clear and concise language. 

 

D. Roles and Responsibilities 

1) Procedure 

The expectations on both parties in the spacecraft-payload 

relationship must be fully defined. The demarcation of tasks 

with the corresponding accountable party and deadline 

facilitates a smooth cooperation and integration process. 

Especially in a service-oriented space program, the division of 

roles and responsibilities should reflect the payload customer’s 

freedom of design as well as the spacecraft provider’s duty to 

ensure the integrated spacecraft’s safety. These specifics must 

be clearly captured in Section 7 Roles and Responsibilities, 

which is further divided into Core Roles and Responsibilities, 

Requirements, and Mission Schedule. 

The spacecraft provider is responsible for the design, 

development, production, and verification of the spacecraft. 

The spacecraft provider will also ultimately determine whether 

to accept or reject a payload for integration with the spacecraft. 

This party will likely supervise the integration and procure any 
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services for the final integrated spacecraft such as a launch 

provider. The spacecraft provider will maintain the overall 

mission schedule and specify the payload customer inputs 

required at various stages. The spacecraft provider will also 

maintain the interface control document. Consequently, this 

party will consolidate any updates into the living document and 

confirm its own as well as the payload customer’s compliance 

with the ICD. 

The payload customer is responsible for the design, 

development, and production of the payload. This party is also 

responsible for the verification of their payload’s functionality 

or ability to complete its mission objectives. The payload 

customer should actively participate in the development of an 

interface control document and keep the spacecraft provider 

updated on its ability to comply with the document. This party 

will deliver the final payload for integration with the spacecraft. 

The partition of further roles and responsibilities is more 

dependent on the specific nature of the spacecraft-payload 

relationship. The verification of the payload customer’s 

compliance with the requirements within the ICD, such as 

interface compatibility and overall spacecraft safety, fall into 

such a grey area. The spacecraft provider could perform this 

verification with payload customer supervision or the 

spacecraft provider could review and accept the verification 

performed by the payload customer. As each requirement in the 

ICD is demarcated with the responsible party, the division of 

roles can be decided on a case-by-case, or requirement-by-

requirement, basis. Furthermore, the responsible party for the 

provision of a specific component or interaction should also be 

identified. This can include such things as connector plates and 

release mechanisms or the control over the transition between 

payload operational modes. 

 

2) Application 

For payload customers signing on to the Peregrine Lunar 

Lander Mission One manifest, the complete list of roles and 

responsibilities would be agreed upon in a separate document 

known as the Statement of Work. The ICD would solely 

provide an overview of these roles and responsibilities. As a 

matter of principle, Astrobotic would lead any activities related 

to the spacecraft itself as well as the integrated spacecraft, 

including validation and verification, integration, and launch 

vehicle provision. Furthermore, Astrobotic would manage the 

ICD and reserve the right to accept or reject any payload for 

integration with the spacecraft. These measures ensured that 

Astrobotic had the necessary oversight to ensure mission safety 

and success for the flight configuration spacecraft. Any 

activities related solely to the payload fell under the purview of 

the payload customer; this includes verification that the payload 

will survive the expected environments and can perform the 

necessary tasks to achieve its mission objectives. The payload 

customer would thus retain control over the majority of their 

system design. 

The ICD Requirements section was further divided into three 

subsections. First, the applicable sections of the range safety 

document were noted and the relevant requirements briefly 

summarized. Second, the pertinent planetary protection 

requirements were outlined. Both referenced the original 

documents. Third, the supplementary requirements on the 

payload enforced by Astrobotic were specified. These 

requirements included mission constraints on the payload’s 

mass and volume as well as measures to ensure operational 

safety. Additionally, requirements for interface compatibility 

were defined here as well; these would serve as a clear and 

concise summary of the more detailed requirements in Section 

5 Payload Interfaces. As the ICD uses Section 7.2 Requirements 

solely for the requirements on the payload, there was no need 

to state the responsible party for each requirement. 

Section 7.3 Mission Schedule was commenced with a 

definition of several milestone reviews; these were selected 

from typical milestones within the aerospace industry. The 

description provided within this section included the requisite 

readiness stage of the payload to enter each review as well as 

the specific interests that Astrobotic would have to ascertain to 

consider each review a success. These milestones as well as 

Integration, ICD version releases, and contract completion were 

chosen as the events most relevant to the payload customer. A 

clean graphic was developed to depict the timeline of these 

events. The schedule states the event, the deadline as related to 

the spacecraft mission schedule, and the corresponding actions 

by Astrobotic and the payload customer. This essential section 

was established to outline expectation and provide a clear time 

flow of events.  

 

E. Document Finalization 

1) Procedure 

Completing Section 1 Introduction allows for an opportunity 

to review what has been included within the other sections. 

With the main portion of the service-oriented space program 

interface control document complete, it is time to add the 

finishing touches. The Cover Page, Revision History, Table of 

Contents, and Section 8 Contract should be finalized here. 

It is important to note that the ICD is a living document. 

Updates and amendments will be plentiful. The considerations 

and steps outlined here should be revisited for each 

modification to ensure compatibility with the overall document 

and design. 

 

2) Application 

Section 1.1 Document Purpose was written as one sentence 

describing the main purpose of an interface control document, 

specified for the Peregrine Lunar Lander. Section 1.2 

Document Scope included a brief nod to each section of the 

ICD. This afforded an opportunity to look over the Table of 

Contents and verify all necessary sections were present and 

properly titled. Prior to writing this section, the entire document 

was given a read-through to verify overall conciseness and 

relevance to the payload customer. 

Section 8 Contract included generic legalese ensuring 

Astrobotic interests, safety and compatibility, as well as 

asserting that all signing parties fully understand and accept the 

contents of the document. The Peregrine ICD was given a 

custom addition of an Agreement Overview Section prior to the 
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signatures page. Here the payload customer could provide 

details of their payload type and what standard services and 

interfaces it will require. This sheet would provide an overview 

of the ICD agreement for the Astrobotic payload manager as 

well as the payload customer. 

The Peregrine Payload Interface Control Document 

underwent several iterations. Sections were added, removed, 

rewritten, or reorganized to achieve a stand-alone design guide 

in a straightforward format. The Revision History does not 

contain much evidence of this. A document revision was 

deemed to denote a major update released in line with an 

Astrobotic mission milestone whereas a version would include 

smaller updates within a revision. The ICD was presented as 

Revision B Version 1 for the preliminary design review. 

 

V. CONCLUSION 

The resultant Peregrine Payload Interface Control Document 

is concise, coherent, and thorough. It presents precise, useful, 

and standardized interfaces available to the payload customer. 

The procedure for payload interface definition within a service-

oriented space program, which produced these results, is simple 

and straightforward, requiring minimal overhead and 

documentation. The proposed outline comprises all major 

aspects of an effective interface control document and provides 

evident milestones within the interface definition process. Most 

importantly, the implementation of standardization is 

facilitated. 

External analysis of the procedure is limited to evaluation of 

the final product. Astrobotic is pleased with the Peregrine 

Payload ICD as a necessary aspect of payload management as 

well as a testament to the overall credibility of the mission. 

Payload customers are thrilled with the outpouring of design 

information and looking forward to future updates. The 

preliminary design review of the payload interface subsystem 

yielded feedback from NASA and Airbus Defence and Space 

aimed towards bringing the interfaces up to a critical design 

review level; the suggested considerations will increase the 

maturity of the payload interface subsystem during the next 

iteration of the Peregrine design. 

Wider applications, beyond the Peregrine Lunar Lander, are 

very much possible. The proposed interface control document 

format and interface definition procedure promise to be easily 

adaptable to the needs of other Class D unmanned spacecraft 

within a service-oriented space program. The methodology is 

transparent and effectual. Furthermore, the ease of 

implementation of standardization is an important aspect to the 

future of space commercialization which will need to predefine 

payload interfaces in a time and cost effective manner. 

Ultimately, the standardization of payload interfaces and clear 

presentation of these interfaces will be essential to the 

commercialization of space delivery systems and greater 

accessibility of space. 
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