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1 Introduction

1.1 Purpose of the Document

This document describes the products for integration and the stages of integration
of these products at the early integration environments for the SKA1-MID
Telescope. The process of integration of evolving versions of products at the
Prototype System Integration (PSI) Facility, the System Integration Test Facility
(ITF) and on to the on-site Array Assemblies, is being planned in the Continuous
Integration Flowchart, a snapshot of which is shown in this document.

The master CI-Flowchart Spreadsheet is a live document that should be consulted
for the most recent information. A snapshot is provided herein and a copy of the
spreadsheet provided as Annexure A.

This version is only showing the early stages of integration (up to AA0.5) and
serves as an input into the MID AIV Plan.

1.2 Scope of the Document

The document predominantly describes system Level-1 Integration. It describes
Hardware and Software Products according to the Work Breakdown Structure for
Tier 1 Contractors, delivering Level 2 and Level 3 Products, according to the
Product Breakdown Structure (PBS). The early integration environments are
SAFe®, PSI Facility, System ITF and the first on-site Array Assembly, AAO.5.

The document does not show in any detail lower Level-2 and Level-3 integration,
the Infrastructure build process or the Dish integration AIV process, which are
described in their own plans, for example [RD10] for Dish AIV. These integrations
are part of Tier 1 contracts that are not the responsibility of the AIV team.

2 Integration Environments

The are three integration environments that are covered by this document, each
of which are described below.

2.1 SAFe® Software

The Scaled Agile Framework (SAFe®) environment is used by software developers
working in Agile Release Train teams to incrementally develop, integrate and test
software in an agile, continuous manner. Observation Management and Control
(OMC) and Science Data Processing (SDP) software is developed in this
environment prior to deployment to a site. The AIV team participates in the 3
monthly Program Increment (PI) cycles to prioritise features required for the
Telescope.
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The virtual software integration platform is referred to as SKAMPI (SKA Minimum
Viable Product Integration) which is used to facilitate software deployment to all
environments.

2.2 Prototype System Integration Facility (PSI)

The MID PSI is a laboratory environment facility and is associated with the CSP
Correlator/Beamformer (CBF) development. It provides an ad hoc development
integration platform for use by the SAFe teams and Product Contractors to perform
early prototype software and hardware integration as part of their development
work. The PSI may also be used as a platform to perform supplier and FAT tests,
using interfaces provided by other validated prototypes or emulators. It is
expected that the PSI will largely be run by the CSP integrator and the SKAO
software team. Refer to the PSI General Framework document, [RD21][RD21].

Although not part of the formal system AIV process, planned prototype product
integrations at the PSI are shown in this document to ensure that there are no
gaps in the system integration process. As part of the Services Agile Release Train,
the MID-AIV SAFe® team, Atlas, has been defining the first system integration and
tests at the PSI for the period PI13 to PI15. This is shown in the PSI MID System
Integration Test 1 Confluence page, [RD22]. The first system under test and
interfaces for this is shown in Figure 1.
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Figure 1: Block Diagram and Interfaces for First System Under Test at the PSI

The block diagram for a possible complete PSI system under test is shown
Figure 2.
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Figure 2: Block Diagram and Interfaces for Products at the PSI
The numbers in cricles show interface numbers referrred to in Table 1.

2.3 Integration Test Facility (ITF)

The MID ITF is a laboratory environment facility located in Cape Town where a
representative line up of Telescope products is to be assembled. This allows
integration and interface testing and a degree of system level testing and
verification to be performed, prior to deployment of the actual site products to the
remote Karoo Telescope site. This allows easier and earlier identification of issues
in a user friendly environment.

Refer to [RD19] [RD19] for the ITF Establishment Plan. Refer to the ITF Test
Procedures, [RD13], [RD14] for a prelimary description of Verification Events, Test
Equipment and Test Procedures in the ITF. The ITF is also described in the Roll-
out Plan, [RD5].

The block diagram for the ITF system under test is shown in Figure 3. It is not the
intention to send live Dish data from site to the ITF.
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Figure 3: Block Diagram and Interfaces for Products at the ITF

2.4 On-Site Telescope Array Assemblies

As described in the Roll-out Plan, [RD5], the on-site Telescope is deployed in a
staged process from AAOQ.5, AA1, AA2, AA3 and AA4, with increasing number of
Dishes and modes of operation. This document currently only describes integration

for AAO.5.

Refer to the AA1 Test Procedures, [RD15], [RD16] for a prelimary description of
Verification Events, Test Equipment and Test Procedures relevant for AA0.5 and
AALl.

The block diagram for the AA0.5 and AA1 is shown in Figure 4.
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Figure 4: Block Diagram and Interfaces for Products at AA0.5 and AA1l

3 Continuous Integration Flow Chart

The Continuous Integration Plan is currently in the form of a spreadsheet and
continually evolving, [AD1]. It describes integration of hardware and software
products according to the Work Breakdown Structure for Tier 1 Contractors
delivering Level 2 and Level 3 products, according to the Product Breakdown
Structure (PBS). The two main sections are Products and Schedule.

3.1 Products

The Products page provides a description of the evolving versions of each product
expected for each stage, with the currently estimated delivery dates expected, as
negotiated with product suppliers. This should match the information in the
Integrated Product Schedule (IPS) and a constant synchronisation with the IPS is
required.

The product versions are shown as V1, V2, V3 etc. and are estimated descriptions
of major versions required for each product, showing the deployment location for
each . The version numbers do not correspond specifically in order to PSI, ITF
AAOQ0.5 locations and differ from product to product.
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Colour coding is used to show:

e Red text: Product item supply to be discussed and agreed.

e Orange date text: Critical targeted delivery dates for products that drive
the schedule.

e Blue text: Prototype products.

e Brown text: Pre-production products.

Refer to the Product Delivery Issues to be Resolved Confluence page, [RD23] for
a list of issues relating to product delivery derived from items marked in red in
this sheet.

The current version of the Product Versions sheet is shown in Figure 5. Further
detail in hidden columns should be viewed on the spreadsheet.

3.2 Integration Schedule

The Schedule page provides an estimated schedule showing the flow of products
for each of the different versions identified, for integration at the PSI, ITF and on-
site AA0.5. This is shown in time by year quarters and PIs. The schedule also
indicates relevant product factory and site acceptance test points (FAT and SAT).
This is provided for information only - the master schedule is the Integrated
Project Schedule (IPS), which has been consulted in preparing this document.

Colour coding is used to show:
e Red schedule box: Critical path driving schedule.

Planned Integration Events for testing interfaces between Level-2 and Level-3
products at each location are indicated. Interfaces, as per the existing Element
ICDs, to be partially tested at each stage are shown in Table 1. The numbers
correspond to interface numbers in the block diagrams.

The current version of the CI Flowhcart is shown on the Schedule sheet is shown
in Figure 6.
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Samplor 8415 010202020702 |1 b eady.Use arogus own coner | gy cob 2022 Wil ot be ey - Will not be ready. Use analogue down converler to B1 iy 202
0 B1 Sampler. [sampler.
1 x prolotype . 12 QualDish/ . S 2 x protoype qualfication Packeiser, por [ .
RXPU (Packetiser) 10202020703 |17 S September 2021 1 type Packelise PsI January 2022 § I Aug 2022 ' x pre-production Packetser, Band 2, Band 1. Taon. [T Feb 2023 7 prouction Pciotser, Gani 2, Bana 1 May 2023
DISH (excl SPFRx) - integrated
and tested by DISH AIV PSC
(using DVS)
DISHLMC HW 01.02.02.02.08  |Ongoing with DISH Qual Dish, PSI Nov 2021 ITe Sep 2022
Dish Structure (DS) 01.02.020201 | MPI Quaification Dish. Ongoing with DISH.  Qual Dish Dish
S for e sa
DS Controllr / Emulator Stafes & modes a PsI Apr 2022 oo ITe Jan 2023
: p aviour. (provided by?)
(provided by?)
SPF Band 1 01.02.02.02.02 1oictype qualication verson. Ongoing with g pigry Dish
DisH.
SPF Band 2 0102020203 [Pre-production versions. Ongoing with DISH.  Qual Dish Dish
SPF Band (34)5 101.02.02.02.04 \ Dish Qual Dish Jan2022 5 Required for highfreq Dish/ AA0.5 Dish Mar 2023
85 t0 B1 Analogue Downconverter Qual Dish March 2022 Dish Mar 2023
5PF Vacuum 0102020205 [Ongoing with DISH Qual Dish Dish
SPF Helium (Cryo) 01.02.02.02.06  |Ongoing with DISH Qual Dish Dish
SPF Controller 0102020210 [Ongoing with DISH Qual Dish Dish
SPF Controller  Emulator o Coroler Ernusier for 117 To e Psi May 2022 o o eerer it S e Jan 2023
SPF states & modes (maybe?). (provided by?) es. (provided by?)
Dish Fibre Network 01.02.02.02.09  |Ongoing with DISH Qual Dish Dish
MoerKAT ntogration 01020203
MeerkAT Dish LMC HW 01.02.07.0427
MeerkAT Dish
INFRA SA
Fiore, ODF, patch panels etc, for AAQ.5 to 4 Dishes.
Local Infrasructure (LINFRA) 2 ibre, patch pa or PS| (Provided by ?)  PSI Feb 2022 Fibre, patch panels etc for ITF (Provided by 7) ITF Sep 2022 includes KAPB fibre eg. Correlator to ODF? SAT fibre, Jan 2023
(for Networks, SAT) s
DF patch panels?
Power & Fibre Reticuation 01.02.01.02.07.05 |Atleast for AAD.5 Dishes A0S
Antenma Foundation 01.02.01.02.07.07 |Atleast for AAD.5 Dishes A0S
Weather Stations 01.02.01.02.05.01 |Atleast 1 incore A0S
e Power 01.0201.02.08.01 _|SHfcient or AA0.5 array and KAPB ARO5, KAPB
Buiding Management System o1.0201.02.10 ARDS KAPB

Figure 5: Product Versions for Delivery at early Stages
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[Work Package |Q3 2021 Q4 2021 Q12022 22022 a3 2022 Q42022 Q12023 Q2 2023 Q32023 Q42023 Q1 2024
PRODUCT

WBS Number _|pi11 Pit2 Pi13 Pi4 Pi1s Pits Pz pitg PiY Pi20 Pi21
[SAFe SOFTWARE
Telescope Manager (TM)
OMC Telescope Monitoring & Control (TMC) SW [01.04.02.05 [ o | [v3 terations PSI [vaiTe,
[OMC Observatory Science Operations (0SO) SW [01.04.02.04 | ) | |V iterations PsI |
Lmcs
DisH LMC sw 01.04.020802 [V Qual Dish ‘Qual Dish o]
[MeorAT Dish LMC SW 01.04.02.08.03
csp Lvic sw 01.04.02.0804 [V SKAMPI [Va ITF.
SAT LMC sw 01.04.02.08.05
INVIGR sW 01.04.02.10
INFRA SA (LMC?) SW 01.04.02.08.01
science Data Processing (SDP)
[SDH&P Science Data Processing (SDP) SW. 101.04.01.04 [V2 SKAMPT [V3terations PS: |
[Non Imaging Processing
Puisar Timing (PST) SW 01.04.01.08
Pusar Search (PSS) SW 01.04.01.05
[Enabling / Support (Hidden below)
|COMPUTING HARDWARE
[TM OMC Computing HW- 01.02.07.04 [va e
[SDP Computing HW (Compute & Preservation) 01.02.07.01 [va e

Simulators / Emulators.
DS Cortroller / Emuator
|SPF Controler / Emulator

HE

3|8
| |

=d

Power & Fibre Reticulation
| Antenna Foundation
Weather Stations

Site Power

Buiding Management System

01.02.01.02.07.05
01.02.01.02.07.07
01.02.01.02.05.01
01.02.01.02.08.01

l01.02.01.02.10

[
'SKAMPI (SAFe SW Integration Environment) T[ T T T
A2
Integration Events:
™ - csP [TM - DISH 2)
- ITM - DISH (1) [SPFRx - CBF (2)
|T™ - SDP |CBF - SDP (2)
SPFRx - CBF (1) SPFRx- CBF - SDP
|CBF - SDP (1) ?
A, SATFRQ - SPF
SAT UTC - SPFR
integration Events: SPFRx - CBF (2)
SPFRx - CBF - SDP
I Network: NSDN- TM,
SOP. LMCs
(CSP - integrated by CSP Integrator (at PSiand | >
on-site?)
Correlator / Beamformer (CBF) SW, FW & HW  [01.02.04.02
csP LMC HY l01.02.07.04
PST Computing HW 01.02.07.03
PSS Computing HW l01.02.07.02
I ]
Networks [01.02.01.02.07.087
v v o §ComshtynMIDCPE [ o oot E Q svamomsciocnr
NSDN 01.02.01.02.07.03 s 5T ) [ Tier 1 Intogration by Integrator
[Netuworks DDBH 01.02.01.02.07.01 FAT
Networks CPF-SPC (Site to CT) 01.02.01.02.07.04 vi saT
Networks NMIGR HW. 01.02.01.02.07.09 SAT (COTS product
[ I
T R ] ]
[SAT Timescale (Clocks) 01.02.03.02 3
SAT STFR FRQ 01.02.08.04.01
saT STFR UTC 01.02.08.04.02
SAT L HW l01.02.07.07
I
DisH (incl SPFRx) - integrated by DISH AV PSC [01.02.02.02 l
spFRx (Dighiser) 0102020207 |1 QualDish s ©®
‘Sampler B12(3) 01.02.02.02.07.01 V1 Qual Dish [vepsi 77 ]
Sampler B(4)5 01.02.02.02.07.02
RXPU (Packetiser) 101.02.02.02.07.03 V1 Qual Dish [vzpsi & ] [VaiTe
DISH (excl SPFRx) - integrated and tested by,
AV PSC (using DVS) Frrpppss
[DISH LMC HW 01.02.02.0208 | V1 Qual Dish [vipsi & [v2 Dish nj [v2 i
Dish Structure (DS) 0102020201 |V1 Qual Dish V2 Dish
08 Contoller  Emutor
SPF Band 1 01.02.02.02.02 V1 Qual Dish V2 Dish
SPF Band 2 0102020203 |V1 Qual Dish V2 Dish
SPF Band (34)5 01.02.02.02.04 V1 Qual Dish
85 t0 81 Analogue Downconverter V1 Qual Dish v2Dish &
SPF Vacuum 01.02.02.0205  |v1 Qual Dish V2Dish
SPF Heium (Cryo) 01.02.02.0206  |v1 Qual Dish V2 Dish SW deployed onto site HW.
SPF Controller 01.02.02.02.10  |v1 Qual Dish v2Dish Tier 1 Integration by Integrator
SPF Cortrollr / Emulator [V ITF. FAT
Dish Fibre Network 0102020209 |V1 Qual Dish V2 Dish saT
ndor SAT (COTS product
[MeerkAT Integration 01.02.02.03
[MeerkaT Dish LMG HW l01.02.07.0472
[MeerkaT Dish
|INFRASA
Local Infrasructure (LINFRA) (or Networks, SAT) |22 M=) [arE

Figure 6: Product Delivery and Integration Schedule Flow for early stages, incorporating
Integration Events
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ICD

SADT/SAT - TM
SKA-TEL-SKO-0000153

SADT/SAT - DISH
300-000000-026

SADT/SAT - CSP
300-000000-023

SADT - SDP
300-000000-025

TM - DISH
SKA-TEL-SKO-0000150

T™ - CSP
300-000000-021

T™ - SDP
300-000000-029

DISH - CSP
SKA-TEL-SKO-0000124

CSP - SDP
300-000000-002

Table 1: ICD Interfaces to be Tested

Interface

1.S1M.TM_SADT.001
I.S1M.TM_SADT.002
I.S1M.TM_SADT.003
I.S1M.TM_SADT.004

1.S1M.SADT_DSH.001

I.S1M.SADT_DSH.002a
I.S1M.SADT_DSH.002b
I.S1M.SADT_DSH.003a
I.S1M.SADT_DSH.003b
I.S1M.SADT_DSH.004

I.S1M.SADT_DSH.005a
I.S1M.SADT_DSH.005b
I.S1M.SADT_DSH.006a
I.S1M.SADT_DSH.006b
I.S1M.SADT_DSH.006¢c
I.S1M.SADT_DSH.007

I.S1M.SADT_DSH.008a
I.S1M.SADT_DSH.008b
I.S1M.SADT_DSH.009

I.S1M.SADT_CSP.001
I.S1M.SADT_CSP.002
I.S1M.SADT_CSP.003
I.S1M.SADT_CSP.004
I.S1M.SADT_CSP.005
I.S1M.SADT_CSP.006
I.S1M.SADT_CSP.007
I.S1M.SADT_CSP.009
I.S1M.SADT_CSP.010

1.S1M.SADT_SDP.001
I.S1M.SADT_SDP.002
I.S1M.SADT_SDP.003
I.S1M.SADT_SDP.004
|.S1M.SADT_SDP.005
I.S1M.SADT_SDP.006
I.S1M.SADT_SDP.008

I.S1M.TM_DSH.001

1.S1M.CSP_TM.001

1.S1M.SDP_TM.001
1.S1M.SDP_TM.002
|.S1M.SDP_TM.003
|.S1M.SDP_TM.004

1.S1M.DSH_CSP.001
|.S1M.DSH_CSP.002

1.S1M.SDP_CSP.001
|.S1M.SDP_CSP.002
|.S1M.SDP_CSP.003
|.S1M.SDP_CSP.004

Products / Function

TM - SADT.NMGR
TM - SAT.LMC

TM - SADT.NSDN
TM - SADT Timing

Physical layer DSH-CSP
SAT.STFR.FRQ - SPFRx
SAT.STFR.UTC - SPFRxPU

NSDN Switch - DISH LMC HW

NSDN Switch - Laptop

LINFRA - Dish Structure

NSDN Switch - SPFRxPU for LMC data
NSDN Switch - SPFRxPU for PTP

NSDN Switch - Dish Structure, for LMC data DS Controller

NSDN Switch - Dish Structure, for PTP DS Controller
NSDN Switch - Dish Structure, for PTP DS PDU
Outer Array Pedestal Terminal Node Equipment - DS
SAT.STFR.FRQ - DS

SAT.STFR.UTC - DS

NSDN Switch - SPFRx Controller

NSDN - CSP.LMC

NSDN - CSP.CBF PTP
SAT.Timescale - CSP.CBF 1PPS
SAT.Timescale - CSP.CBF 100MHz
CSP-SDP - CSP.CBF

CSP-SDP - CSP.PSS

CSP-SDP - CSP.PST

DDBH - CSP.CBF

LINFRA - CSP.CBF

NSDN - SDP LMC

NSDN - SDP for PTP
CSP-SDP - SDP Visibility
CSP-SDP - SDP Pulsar Search
CSP-SDP - SDP Pulsar Timing
External Delivery

CSP-SDP - SDP VLBI

Control and Monitoring

Telescope State Information & Telescope Configuration
Science Events

QA

SPFRxPU - CBF Layer 3 and above
SPFRxPU - CBF Layer 2

Visibility Data

Pulsar Search and Transient Data
Pulsar Timing

Transient Buffer

Number PSI ITF

21

0 N N

-
o

11

14

[e20e>)

12

13

13

24

AA0.5

? Y

? Y

Y Y Y
? Y

? ? Y
Y Y

Y Y

Y Y

Y

Y

? Y Y
? Y Y
Y Y

Y Y

Y

Y

Y

Y

Y Y

? Y Y
? Y Y

No longer required?
No longer required?

? ?

Y

? ? Y
? Y Y
? ? ?
Y Y Y
Y Y Y
Y Y Y
? Y

Y

Y

Y Y Y
Y Y Y
Y Y Y
? Y
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3.3 Test Schedule

A preliminary test plan schedule example , based on required integration tests and
those identified in the Test Procedures, [RD13], [RD14], [RD15], [RD16] is shown in
Table 2. The sequence and structure of these will change as more detail becomes
available.

Table 2: Test Plan Schedule

Phase ITF SUT type Test description Requirement ID Test procedure reference External instruments
Q4/2022 (SDP-TM (1.51M.SDP_TM.001) IF Sanity check of all tango devices N/A N/A N/A
DISHLMC-TM(I.SIM.TM_DSH.001) IF Sanity chech of all tango devices N/A N/A N/A
Q1/2023 |TM-CSP(1.51M.CSP_TM.001) IF Sanity chech of all tango devices N/A N/A N/A
TM-SAT IF Sanity chech of all tango devices N/A N/A N/A
IF Signal Chain test N/A N/A N/A
L1 Signal Displays Verification Test 113: Signal Displays MID SKA-TEL-AIV-2510000 P23 SG
SPFRx-CBF(1) (I.S1IM.DSH_CSP.001) L1 Signal Chain test 17: Channelisation SKA-TEL-AIV-2510000 P49 SG
L1 Signal Chain test 19: Channelisation Stability MID SKA-TEL-AIV-2510000 P49 SG
Others Signal Chain test C.3: RF Chain and Correlator Linearity SKA-TEL-AIV-2510000 P49 SG
CBF-SDP IF Signal Chain test N/A N/A N/A
L1 Signal Displays Verification Test 113: Signal Displays MID SKA-TEL-AIV-2510000 P23 SG
TBD
Q2/2023 |SAT.FRQ-SPFRx IF Signal Chain test N/A N/A N/A
SAT.UTC-SPFRx IF Signal Chain test N/A N/A N/A
IF Signal Chain test N/A N/A N/A
SPFRx-CBF(2) (1.S1M.DSH_CSP.001) L1 Signal Chafn test 17: Channelfsat?on . SKA-TEL-AIV-2510000 P49 SG
- L1 Signal Chain test 19: Channelisation Stability MID SKA-TEL-AIV-2510000 P49 SG
Others Signal Chain test C.3: RF Chain and Correlator Linearity SKA-TEL-AIV-2510000 P49 SG
SPFRx- CBF-SDP IF Signal Chain test N/A N/A N/A
End-to-End TBD
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LIST OF ABBREVIATIONS

AA Array Assembly

AD .o Applicable Document

ALV . Assembly, Integration and Verification

CBF.ciiiiiiiiee Correlator/Beamformer

CSP.iiiiiiiieen Central Signal Processor

FAT oo Factory Acceptance Test

ICD .o Interface Control Document

ITF e Integration Test Facility

OMC....ovviviviiiinnn, Observation Management and Control

PBS...ciiiiiiiiieens Product Breakdown Structure

o Program Increment

PST .o Prototype System Integration

RD .o Reference Document

SYAN IR Site Acceptance Test

SDP v Science Data Processing

SKA .. Square Kilometre Array

SKAO ....cciiiiiiinn, SKA Observatory
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