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Abstract 

This document describes the hardware and software integration of the ZAITRA SKAIDOCK 
Data Processing Unit with Simera Sense xScape imagers. Targeting system engineers and 
mission integrators evaluating onboard data processing solutions for Earth Observation 
payloads, it presents the integration architecture, key interface specifications, and results 
from hardware testing conducted using the Simera Sense xScape Electrical Functional 
Model. The result is a fully verified hardware-software stack that provides a seamless, COTS 
solution ready for immediate mission deployment. 

1. xScape Imager Family 
​
The Simera Sense xScape is a family of space-qualified Earth observation imagers spanning 
panchromatic, multispectral, and hyperspectral configurations. Available in two product 
generations xScape100 and xScape200, the xScape family covers a wide range of mission 
requirements from high-resolution panchromatic imaging to hyperspectral science. 

 

Simera Sense xScape Product Specification Matrix 
      

Category xScape100 xScape200 
Ground Sampling Distance (500 km) 4.75 m 1.5 m 

Swath width (500 km) 19.4 km 14 km 

Imaging mode Pushbroom; 
snapshot/video 

(variant‑dependent) 

Pushbroom; 
snapshot/video 

(variant‑dependent) 

Across‑track resolution 4096 pixels 9344 pixels 

Sensor type CMOS, global shutter CMOS, global shutter 

Pixel size 5.5 µm 3.2 µm 

Pixel depth 10–12 bit (variant 
dependent) 

12 bit 



                                         

Spectral configurations RGB, multispectral, 
hyperspectral 

RGB, multispectral 

Multispectral bands (VNIR) Up to 7–8 bands Up to 7–8 bands 

Hyperspectral capability Yes, up to 32 bands No 

Spectral range (VNIR) ~442–884 nm ~450–900 nm 

Focal length 580 mm 1067 mm 

Aperture diameter 95 mm 190 mm 

Digital TDI stages Up to 8 (variant 
dependent) 

1–32 per band 

On‑board storage 128 GB 
EDAC‑protected 

NAND Flash 

128 GB EDAC‑protected 
NAND Flash 

On‑board processing Binning; optional 
compression 

Binning; optional 
CCSDS‑122 lossy/lossless 

compression 

Control interfaces I²C, SPI, RS‑422, 
SpaceWire 

I²C, SPI, RS‑422, 
SpaceWire 

Data interfaces LVDS, SpaceWire LVDS, SpaceWire 

Power – idle ~2.5–3 W ~3.25 W 

Power – imaging ~5.8–7.8 W ~7.0 W 

Volume ~1.5U ~12U 

Mass 1.26 kg 12.3 kg 

Operating temperature −10 °C to +50 °C −10 °C to +50 °C 

 

The xScape100 and xScape200 share the same electrical and data interface. The SKAIDOCK 
integration described in this document is validated on the xScape EFM, which is 
representative of all variants and both generations. 

 

 

 

 



                                         

2. The Data Volume Challenge  
​
Modern EO imagers generate far more data than a satellite downlink can return. A single 
multispectral imaging session produces hundreds of megabytes of raw data; a typical 
low-Earth-orbit pass over a ground station lasts only a few minutes. This creates a 
fundamental mission bottleneck: payloads that collect faster than they can transmit, leaving 
most data on board. 

Onboard processing resolves this. A DPU connected to the imager can run cloud detection, 
object recognition, or spectral compression in real time, reducing what is downlinked to 
what is actionable, and cutting data volumes by one to two orders of magnitude. 
High-revisit missions and time-critical applications become viable where full-rate downlink 
is not. 

3. Integration Stack 

Connecting a high-performance EO imager to an onboard DPU are four simultaneous 
problems: physical and electrical connectivity to the imager, high-speed LVDS data capture 
without packet loss, real-time packet parsing into usable image formats, and a reliable 
onboard software stack to orchestrate the entire sequence. 

For teams building EO payloads, this integration work sits outside their core mission 
objective. Custom FPGA IP development, LVDS bring-up, and embedded Linux driver work 
can consume months of engineering effort and carry schedule risk that compounds against 
launch commitments. 

By pre-validating this integration, ZAITRA delivers a seamless, COTS-ready solution. The 
result is a hardware-validated, software-complete interface between SKAIDOCK and the full 
xScape product line, allowing integrators to bypass months of custom engineering effort 
and immediately achieve "ready to fly" status. 

 

 

 

 

 

 

 



                                         

2. System Architecture 

The integration spans three layers: the physical interface between imager and SKAIDOCK, 
the FPGA logic that captures and processes image data in real time, and the Linux software 
stack that orchestrates readout and produces output files. 

 

 

Figure 1: SKAIDOCK and Simera Sense xScape Integration Architecture. 

 

 

 

 

 

 

 



                                         

2.1 Physical Interface 

SKAIDOCK connects to the xScape imager via a Harwin G125 50-pin connector. The pinout 
is fully compatible with the Simera Sense xScape Control Electronics, as specified in 
Interface Control Document (ref. 055227, rev. 7), the standard Simera Sense harness 
attaches directly without modification or adapter boards. 

The connector carries all interface signals required for imager operation: 

Signal group Signals Function 

Control SPI, I2C Camera configuration and 
command 

High-speed data LVDS data, LVDS clock Image session data transfer 

Timing PPS Mission time 
synchronisation 

Power 5 V1  Imager power supply 

The control interface command set is defined in the xScape Control and Data Interface 
Control Document (ref. 051715, rev. 8). 

2.2 FPGA IP Core 

The ztr-core-xscape-rd IP core, developed by ZAITRA, sits between the LVDS buffer and 
AXI DMA on SKAIDOCK’s programmable logic. It handles all real-time data processing from 
raw LVDS packets to structured output, with no involvement from the processing system 
during readout. 

The core operates in one of two modes, selectable at runtime: 

Bypass mode - Raw xScape packets are forwarded verbatim to the AXI4-Stream interface. 
This mode is suited to raw data capture for offline processing or compression pipelines. 

TIFF mode - The core parses incoming xScape packets, extracts image metadata and pixel 
data, and generates a fully compliant TIFF bitstream in real time. The TIFF header is 
constructed on the fly from session metadata; the output arriving at the AXI DMA is a 
complete, standards-compliant image file. No host-side image assembly is required. 

CRC-32 integrity checking is performed on every received packet. Packets with invalid CRC 
can be silently dropped or flagged, with the invalid packet count available via a status 
register. 

1 Applicable only to xScape100 



                                         

Compression mode (optional) - CCSDS 123.0-B-2 compression (lossless, lossy) is 
embedded directly into the pipeline. The core compresses image data in real time during 
readout, so the output arriving at the AXI DMA is a compressed image file. No host-side 
compression step is required. 

2.3 Software Stack 

The processing system runs an embedded Linux operating system built with a Yocto project 
provided by ZAITRA. The xScape CLI, a Python application included in the system image, 
abstracts all readout operations into a single command. 

The CLI manages the full readout sequence: it switches the FPGA between bypass and TIFF 
modes, initiates metadata and per-band image readouts, monitors completion, logs FPGA 
telemetry, and restores the system to a stable state. No manual register manipulation is 
required for standard operation. 

Outputs per imaging session: 

•​ One .tiff file per spectral band 
•​ One .bin metadata file containing session-level parameters 
•​ One .flex file per spectral band (CCSDS 123.0-B-2) 

 

3. Key Specifications 
 

Parameter Value 

Physical interface Harwin G125 50-pin, xScape ICD-compatible (ref. 055227 
rev. 7) 

Control interfaces SPI, I2C  

High-speed data interface LVDS, single data lane 

Max LVDS data throughput up to 400 Mbps (configurable: 100 / 200 / 400 Mbps) 

Supported pixel bit depths 8-bit, 10-bit, 12-bit (packed and word-aligned) 

On-board output format TIFF (generated by IP core; TIFF specification compliant), 
BIN (raw packet), FLEX (CCSDS 123.0-B-2) 

Data integrity CRC-32 per packet, configurable drop on error 

FPGA resource utilization 1,087 LUT · 1,770 FF · 13 BRAM · 1 DSP (AMD Zynq 
UltraScale+ ZU7EG) 



                                         

Parameter Value 

Host processing platform AMD Zynq UltraScale+ MPSoC (reference); AMD Zynq 7000 
SoC (supported) 

Operating system Embedded Linux (Yocto-based) 

Validated imager variants All xScape variants (MonoScape, TriScape, MultiScape, 
HyperScape) via shared EFM 

Test imagery Simera Sense MultiScape100 

SKAIDOCK Baseline Power 
consumption 

~4.7 W Idle 

SKAIDOCK Data readout 
power increase 

FPGA IP Core Static Power 0.06 W, 
Active Read Power varies up to 0.5 W (eMMC)  

xScape power consumption Per Simera Sense xScape ICD (sensor not equipped in EFM). 
 

4. Validation 

4.1 Test Setup 

Hardware validation was conducted using a SKAIDOCK EM connected to the Simera Sense 
xScape EFM. The EFM implements the same electrical interface as the full xScape product 
line, including MonoScape, TriScape, MultiScape, and HyperScape variants, providing 
representative validation of the interface across the product family. 

The test was executed in ZAITRA's ESD safe electro laboratory using the SKAIDOCK EM and 
xScape EFM. The calibrated laboratory power supply unit was configured to provide 12V 
with overcurrent protection set to 2A. 

 

 

 

 

 

 

 



                                         

4.2 Test Coverage 
 

Test Method Result 

SPI control interface Full command and 
request/response sequence via 
xScape CLI 

PASS, all response sequences 
matched expected payloads for 
a given request, 
write/read-back verification 
for state-modifying commands  

I2C control interface Full command and 
request/response sequence via 
xScape CLI 

PASS, all response sequences 
matched expected payloads for 
a given request, 
write/read-back verification 
for state-modifying commands  

LVDS live data 
readout 

Full imaging session streamed 
from real xScape EFM into FPGA 
IP core 

PASS, on real device, stable 
stream capture and expected 
output behavior 

Bypass mode output 
integrity 

Captured output stream 
checked against expected 
packet content 

PASS, output integrity 
consistent 

TIFF mode output Generated TIFF output 
validated for header correctness 
and image readability/content 

PASS, TIFF output valid and 
consistent with expected 
image content 

CRC-32 error 
rejection 

Corrupted packet cases injected 
during hardware validation flow 
and checked for 
detection/rejection behavior 

PASS, bad-CRC packets 
detected as intended 

 

4.3 Results 
Measured readout speed on SKAIDOCK 

Configured Max 
(Mbps) Storage Medium End-to-End (Measured) 

100 eMMC 96.75 Mbps 

200 eMMC 193.5 Mbps 

400 eMMC 387 Mbps 

 



                                         

 

 

Figure 2: Sample session with test imager readout from Simera Sense EFM. 

 

 

 

 

 



                                         

5. Integration & Deliverables 

5.1 Delivery Tiers 
This section outlines the primary deliverables and their procurement options, enabling 
system integrators to select the appropriate components for their mission architecture. The 
products are designed to be procured either separately as COTS components or as a 
pre-integrated solution. 

•​ SKAIDOCK Data Processing Unit (DPU): Available as a standalone subsystem. It is 
a COTS DPU with a PC104 form factor, utilizing the Xiphos Q8J computational 
module. Mechanical specifications, including the CAD model and the Interface 
Control Document (ICD), are publicly available on the Zaitra website. 

•​ Data Readout IP Core (ztr-core-xscape-rd): Available as a standalone product. 
This FPGA IP core handles real-time processing of raw LVDS packets and can be 
integrated with SKAIDOCK to manage the image data path. 

•​ Simera Sense xScape Imagers: The xScape product line (including MonoScape, 
TriScape, MultiScape, and HyperScape variants) is available as Commercial 
Off-The-Shelf (COTS) optical payloads. For procurement and detailed product 
information, please contact Simera Sense directly. 

•​ Compression CCSDS 123.0-B-2 IP Core (ztr-core-ccsds123): Available as a 
standalone product, this IP core delivers fully compliant lossless and lossy 
compression matching the CCSDS 123.0-B-2 standard. It offers seamless integration 
and can be fully implemented with SKAIDOCK. 

6. Conclusion 

The full SKAIDOCK-xScape integration validation is complete against the xScape EFM. 
Control interfaces and the LVDS data path passed all functional and integrity testing. 
Validation confirmed sustained data throughput up to 387 Mbps in eMMC against the 400 
Mbps configuration limit. The FPGA IP successfully generates standards-compliant TIFFs in 
real-time. The final deliverable is the tested, Yocto-based Linux stack with the xScape CLI, 
available for immediate deployment. 

For documentation, deliverables, and pricing, contact ZAITRA at info@zaitra.io. 
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