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1. One-click, automated production workflow for both optical and radar imagery

SpaceVoxelProcessor (SVP) provides different automatic production workflows including automatic DOM

productions workflow, automatic fusion-mosaic workflow and custom workflow, users can select the

appropriate automated workflow for image processing based on practical image production requirements.
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2. Supports both standalone computing and computer cluster computing processing

modes
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3. Automatic Block Adjustment Processing

SVP provides a fast and high-precision image matching algorithm that can realize fully automatic
matching between images under difficult conditions such as multi-source, multi-phase, rotational
distortion, etc.; at the same time, it adopts a variety of gross error elimination methods to
completely and automatically eliminate error points, and the matching accuracy can reach sub-
pixel level.
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3.1 Rare control of large-scale block adjustment technology

The adjustment technology based on adaptive weighting and virtual observation constraints, as
well as the automatic detection technology for pathological areas, achieves spatial adjustment
processing of multi-source satellite images under sparse multi-source ground control conditions
by matching tie points and using a small number of ground control points.

The method reliably and automatically extracts well-distributed image tie points and integrates
the well-known "alternate approach” from photogrammetry with a global least-squares adjustment
algorithm to achieve integrated block adjustment for large-area satellite imagery. Essentially, this
is equivalent to constructing virtual "mean" control points for block adjustment, which not only
resolves the rank deficiency issue in uncontrolled adjustment but also facilitates qualitative
orientation analysis of the adjustment results.

Furthermore, to address practical challenges in surveying and mapping production—such as
seamline mismatches between different regions—the adjustment model incorporates third-party
geospatial data as planar and elevation geometric constraints. This helps minimize residual error
accumulation during the global adjustment process, thereby yielding more reliable and "unbiased"
block adjustment results.

Case 1:

® Images from Tianhui Satellite, Total 152 image models which cover the whole province.

® Reference Data: 30m SRTM and 5m Google satellite images




+ Use the block adjustment results to analyze whether adjacent images edge mismatches
(edge mean error exceeding 3.5 pixels) or vertical parallax (image-space mean error
exceeding 1.5 pixels).

* Following orthorectification, verify the edge alignment between adjacent images and their
registration with the base map to confirm the problematic images identified in the block
adjustment analysis. The inspection revealed that three images had initial offsets
exceeding 600 pixels.

+ The final adjustment mean error was 0.383 pixels, meeting practical production
requirements."
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Case 2:

® 7321 scenes of standard image from Ziyuan 3 satellite( including forward, nadir and
backward) , total 20,756 images ,were acquired, covering an area of 9.55 million km?,



accounting for 99.4% of the country's total territory.

The block adjustment was processed in a cluster computing environment, achieving an
orientation mean error of 0.548 pixels.

The total number of tie points reached 31,311,860, with 14,063,576 reference control points
employed. Verification using partial 1:50,000 scale data confirmed that the uncontrolled
adjustment accuracy was better than 6 meters.
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3.2 Real-time Verification of Block Adjustment Accuracy

SVP software also provides simple and rapid visualization tools besides error statistics reports.
These tools support swipe comparison of image rectification results based on DEMs, tie points,
bundle adjustment results, or the corrected model, thereby enabling verification of whether the
bundle adjustment accuracy meets requirements.
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Additionally, users can select regions by drawing a bounding box to do automatic tie points again
for areas with poor automatic tie-point matching.
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3.3 Supports Different Level of Remote Sensing Images

There are different levels of remote sensing images such as Level 1A, Level 2A and Level1B,

etc. SVP software supports block adjustment processing for both Level A and Level B remote
sensing images, whereas most other software does not support it for Level B images.
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3.4 Integrates Different Auto Tie Points/Control Points Matching Methods

SVP software provides three different tie points methods: feature matching, phase matching

and SAR phase matching, and five different control points matching methods: regular matching,

feature matching, phase matching and SAR phase matching and SIFT matching.
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Feature matching is the most commonly used method for tie point and control point matching.
However, for weak-textured areas like forests and deserts, where there may be a significant
9



temporal gap between the reference image and the image to be processed, phase matching can
be employed to yield higher-quality tie points and control points.

BCE[BERE R

4. Image Rectification

4.1 View rectification results based on DEMs, tie points, bundle adjustment results, or the

corrected model

SVP supports instant viewing of image rectification results through a swipe mode based on DEMs,
tie points, bundle adjustment results, or the corrected model. Unlike other software that requires
completing the rectification processing before allowing users to view the image rectification results.
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4.2 Set different resolutions for images with different resolutions when rectification
processing is done together

During remote sensing image rectification, users often encounter situations where the images to
be processed come from the same satellite source or different satellite sources. If the images to
be processed have the same resolution (i.e., identical panchromatic image resolution and
identical multispectral image resolution), the resolution of the rectified output can be uniformly set.
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However, if the images to be processed have different resolutions (different panchromatic image
resolution and different multispectral image resolution), most software systems cannot support
setting different output resolutions for the rectification results. In contrast, SVP system allows
users to set the resolution of the rectified output based on the varying resolutions of the input
images.
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10 GF1_PMST_E109.8 N37.2 20240829 L| &)
11 GF1_PMS1_E110.2 N38.3 20240829 L1 940| view 30 model
12 GF1_PMSI_E110.2_N38.3_20240829 L -

= = = = = | M@ Set as Active Image
13 GF1_PMST_E110.2 N38.6 20240829 L
14 GF1_PMS1_E110.2_N38.6 20240829 |- 5| Create Pyramid
15 GFI_PMS1_ET10.3 N37.2.20240914 L{ > Set ortharecified image atiribute information
16 GFI_PMS1_E110.3_N37.2.20240914 L1 & | Set as reference image
17 GF1PMS1ET10.3 N38.9. 20240829 11 9.1 Set s non reference image
18 GF1_PMST_E110.3 N38.9 20240829 L

o e ~ | @ | Show image vector range
19 GF1_PMS2_E110.0_N36.6_20240829 L

%% | Hide image vector range

20 GF1_PMS2 E110.0 N36.6 20240829 L

21 GF1_PMS2 E110.1_N36.9 20240829 L Advanced Settings

22 GFi_PMS2 E110.1_N36.9 20240820 L1A1354304... GFI PAN Ves No
23 GFI_PMS2_E110.2_N37.1_20240829_L1A1354304... GFI MSS  Ves No
24 GF1_PMS2 E110.2 N37.1 20240829 L1A1354304... GF1 PAN Yes No
<

[ Reference Data_ [ Images

Properties
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Orthorectified image attribute information x

= Orthorectified parameter configuration
Resolution in the X direction (meters, 0.800000000
Resolution in the X direction (meters, 3.200000000

Spatial Reference PROJCS["Transverse Mercator®, GEO ...

Spatial Reference

cancet

4.3 Provides fully automated rectification for distorted imagery

SVP provides a variety of rectification methods including rigid translation, similarity transformation,
affine transformation, quadratic polynomial, cubic polynomial, thin plate spline, and 3D DLT. For
imagery with significant distortion, such as JL1KF01C, the distortion correction algorithm workflow
has been optimized to achieve orthorectification accuracy within 1 to 2 pixels.

L i wgintration softaars - ;_PES 200800051 33335 200000205 102 0003 008 Lt MESAE] - a ®
{FileiFl Display mode [ Transfomm madel| View]  Tools  HeloHl

=X |8 Ee s Fig i wanslation tramedoematien he

fﬂ & A e tranioemation
= Ortheeectified parss Qudardc polmarial tramdomation
et = (e 4 z

¥ ochimction rme okt Thin plate sping traméormation
Resamplng methad
Spasial Rederarce
DM
€enp uring DEM affecs
Outpis dats path

..

| output daba path

o [x T E T [Bafunge o [Brgtaum = [ Ergtuags v [affai [ofbcat n [o Tzkika: ey
L] 10 E3EEI00 ERRTE ] 05 661 LR B0 1803 e 0.2 -y -6 o4 ¥ ==
L [ A7 817N 07T 329 10364 BB 2.4 162 . -0 o ¥
2 110, 4E6EE00 A7.81269100 1088 441 WM. 4.4 8.3 10 0.3 04 Lo [13-] ¥
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5. Image Fusion

System Parameters Settings X
. . A
Runtime Environme: Image fusion
Image Cloud Detect
Image Matching Image fusion method:
Block Adjustment Output inage format
Orthorectification
I
Image Color Balanci [ Vegetation enhancement
Image Cropping
Weight: 01 L
Image Mosaic
Intellizent Image M Sharpening;
Rapid Image Mosai
o = [] Only output RGE three bands
Image Registration |
Registration Osthon [ Adjust band sequence (3-2-1)
Auto-Save Settings [ Use adjustment results
Windows Distribute
Image dehazing
DSM
Band Reordering
Image Enhancement
Projection Transfon
_ _ v
oK || canca Apply
Imagze fusion method: Ehlers -

Pansharpen
Gram_Schmid |

SVP provides different algorithms of image fusion, including Pansharpen, Gram Schmid and

Ehlers. Users can select the appropriate fusion algorithm based on practical application
requirements such as fusion processing speed, visual effect of the fusion result, and spectral
analysis.
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6. Image Dodging and Color Balancing

SVP provides different algorithms of image dodging and color balance, including Free Network

Balancing, Standard Image Balancing (Global Reference), Standard Image Balancing (Local
Reference), and Control Network Balancing. Also, SVP supports color balancing of 16-bit
imagery, including both orthophotos and Level 1 raw imagery.

System Parameters Settings X
Runtime Environment Process Parameters
Image Cloud Detectios Method: Control Network Uniform Color ~ | [ simultaneousty do MASK
Image Matching
Window size 2048 (Unit: Pixel) Method 1
Block Adjustment
Orthorectification
Create Pyramid

Image Fusion

o

Image Cropping
Image Mosaic Exp pp Color cast suppression

Intelligent Image Mos

Reference image ‘ Browse

Rapid Image Mosaic

Image Registration Ft [ Using Template Library  China 16m1 Browse
Registration Orthorect

= [Using cloud maskfiles [ ] Use cloud area threshold
Auto-Save Settings

Windows Distributed F1XQCloudDect Browse
Image dehazing [Jincrease brightness | 0.

DsM

Band Reordering [ Improve clarity Medium level clarity v

Image Enhancement =
: A

Projection Transforma

Fonmat Conversion [ Tmage sharpening
[mage Quality Assess [ Special treatment of water bodies Overall color balance Generate preview image
Image Pyramid

Trus Color Conversior

Image Filtering

€AD Tawmon Tihensiann

Control Network Uniform Color w
MMask uniform light
Free Wet Uniform Color

Standard image color uniformity (overall reference)
Standard imagze color uniformity (local reference

Control Network Uniform Color

Control Network Uniform Color Plus
Free Net Uniform Color Plus

15



Template Image for Color Balance

Original RGB DOM DOM After Dodging and

with Big Color Difference Color Balancing Processing

Color Balancing of Control Network and Free Network for Remote Sensing Images

44

Original RGB DOM Template Image for Color Balance

DOM After Dodging and
Color Balancing Processing

7.Automatic Cloud Detection

SVP integrates automatic cloud detection tool with Al algorithm that enables rapid and automated
extraction of cloud-covered areas from massive remote sensing images. Both the vector data of
cloud-covered areas and cloud mask images can be generated.

| System parameter settings x |
|

| Operating environmer. | Image cloud detection |

Image matching Based on image thumbnail detection

Bundle adjustment B Only detect multispectral images
Ortho rectification

. Zoom factor: 8§ *Integet, default 8%
Image fusion

Image color balancing

Image cropping

Cmea | ao

16



8.Complete Images Quality Assessment Tool

SVP integrates complete automatic image accuracy check tools, which include absolute
accuracy validity, relative positioning accuracy check, accuracy check of stereo pair model edge
connection. The image accuracy check tool can quickly perform accuracy checks on massive
original images (single scene or stereo pair) and DOM products, also generate accuracy reports.

17



System Parameters Settings *

] . 2
Buntime Environment Quality inspection of absolute positioning accuracy of images

Image Cloud Detectios

Image Matching Cruality inspection with multiple reference imag

Block Adjustment
Orthorectification Quality inspection of relative positioning accuracy of images

Image Fusion

Image Color Balancins (®) Satellite image quality inspection () DOM Data Quality Inspection
Image Cropping

Image Mosaic Quality Inspection of Edge Connection Accuracy for Stereoscopic Models

Intelligent Image Mos

Rapid Image Mosaic Use block adjustment results

Image Registration Fu

Registration Orthorect Gross Error Removing

Auto-Save Settings

Gross error threshold: |3

Windows Distributed
Image dehazing

DSM

Band Reordering
Image Enhancement
Projection Transforma
Format Conversion

Image Pyramid

0K Cancel Apply

@ SpoceloelProcessor—TestProject 8 x

f Fle® View Window(d) Data Preparation Image Matching Block adjustment  Image Rectification & Fusion  Color Balancing & Mosaic  DSM  Image Processing  Image Processing fiow  Tools  Helpltd

B8 X%kiap®s8®; néW) HETGSEFe  F ISP NS LFASFPSEFA NP ENE S ERSN L DF o Sl W@
Absolute Accuracy Validation =18x] Main = Image Processing -lox
R@@En e T M Ba - Pl =

- — - Image Cropping
D ImageName Mas it been insp.. Geps MinX M Mad AwX  Ae¥  RmaX RmsY  AveXY  RmaXt =
184 0000235 301316 32264 0622235 112007 0842504 13167 120200 156235

Rapid Image Mosaic
245 0000143 1.7

193
212
185
205
128
154

0446006 0609519 0526153
181208 1aNs 22547
185767 134331 225084
17.0033
7.an
15.182
15.2438

Image Dehazing
Band Reordering

Image Enhancemant

Prejection Transfarmation

Format Comversion
Image Cloud Ditection

Image Fitering

SAR Image Fiktering

Image Qualty Assessment

W' Load Data

[F_Absolute Accuracy Validation

1
3
4
fl

28836  BATEST

F Load Data:

 Relative Accuracy Assessment

Orthophoto Geometric Adjustment |
Autoematie Color-Balaneed Mesaic Warkflow |
Aaromatic Fusion-Mosaic Worklow |
[ Tie Points| [ Control Poirt [ Image Processing |

Paint Information £ LIE|
@ Object coordinates

mages [ Absolute Accuracy Validation

Aceuracy Check txt

f

Geps MinX MaxX MaxyY AveX AveY RmsX RmsY AveXY  RmsXY File

194 ©.000235 .003254 3.013165 3.222639 ©.622235 1.120970 ©.842594 1.315667 1.282088 1.562352 JL1GFO2A_PMS1_20230618093553_200166837_162_0025_001
245 ©.000143 .01@329 1.753078 2.288031 0.309418 0.425556 0.446096 0.608519 ©.526153 0.754518 JL1GFO2A PMS1_2023@618093553_200166837_162_0025_001

193 10.720202 7.452@85 25.802314 19.105440 17.708527 13.904022 18.128877 14.131892 22.514745 22.986225 JL1GFO2A_PMS1_20230618093553_200166837_102_0026_001
232 10.9088732 7.722164 26.471180 17.810748 18.198587 13.245349 18.576728 13.433131 22.508395 22.924743 JL1GFO2A_PMS1_20230618093553_200166837_162_0026_001

185 9.816705 .20@558 18.716389 16.293144 15.096733 7.823139 15.215064 8.352934 17.003319 17.357122 JL1GFO2A_PMS2_2023@618093553_200166837_162_0025_001
205 10.193331 4.032212 18.261391 11.30@621 15.544175 7.754312 15.663537 7.953875 17.370974 17.567314 JL1GFO2A_PMS2_20230618093553_200166837_102_0025_001
138 8.046754 .680712 18.2420621 13.836813 12.685510 8.340844 12.899381 8.596458 15.181958 15.501391 JL1GFO2A_PMS2_20238618093553_200166837_162_0026_001
154 8.205840 .049581 17.475412 11.233660 12.983622 8.176575 13.285094 8.289981 15.343755 15.591616 JL1GFO2A_PMS2_20238618093553_200166837_162_0026_001
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@ SpaceVorelProcessar-TestProject - a x

{ Fleff) View Window(d) Data Preparation Image Matching Block adjustment Image Rectfication & Fusion  Color Balancing & Mosaic DSM  Image Processing  Image Processing flow  Tooks  Help(H)

Dl Xpiapa s BiIRAR LD A0 new ) IHEREALAES  FIFEOS A OE L USFrFSFACEEN P E NS S E G o et o @]
Relative Accuracy Assessment =18[% Main =/ Image Processing l3lx|
- o Trage W
3, 3 X o b M Find Ima. =4« @ 5.0 G & tiepoint ¥ i [ 1 '::(;:TW
mage Nam image Name 2 it been MinX Max M -
D Image Name 1 Image Name Has it been. Geps s v neligent Imege Wossic
1 JLIGROZA PMS1 2023061809353 200185837, LIGROZA PMS1_20230618093553 2001,, Ves 195 oassE1z 555828 10005
Rapid Image Mosaic
2 JLIGFO2A PMS1_20230618093553 200166837 .. JLIGFOZA PMS]_20230618093553 2001... Yes 27 11,6450 25,4985 7.38379 —
3 JLIGFOZA_PMS1_20230618093553_2001. Yes kg 1327 25.0047 891644 2 3.
- Band Reordering
4 JLIGFOZA_PMS2_ 2023061809353 2001, Yes 2 19.019 19,8182 220 — -
s | PMS1 : 2001 JLIGRO2A_PMS2_20230618093553 2001.. Ves 2 178849 18,0701 10678 —
8 JLIGFOZA_PMS2 20230618093553 2001 Yes 62 181702 204325 204345 fpnge Closud Degaction,
9 IJLIGFO2A_PMS2_20230618093553 2001... Yes 63 187778 19.4157 3.8658 Image Filtering
10 JL1GFO2A_PMS]_20230618093553 2001... Ves 185 0.2006%1 6.56800 242005 SAR Image Fitering
1 JLIGFOZA_PMS2_20230618093553_2001...  Yes 3 622249 633656 165357 Image Quality Assessment

ILIGROZA PMS2_ 2023061809353 2001... Yes 3 643488 667267 2.55609
JL1GFOZA_PMSZ 2023061809353 2001.. Yes 12 554851 622557 221593

 PMS2 20230618003553 2001, Yes 2 536919 7.30088 041374
37_..  JLIGFO2A PMS2 2023051809353 2001.. Ves 51

13 ILIGFI2A PMS1_20230618093553 2001668
14 JLIGFO2A PMS1 2023061809353 2001668

15 JLIGFO2A PMS1_20230618093553 20! 755578 0.205891 & Load Data
16 8093553 200166837 ... JLIGROZA PMS2_20230618093553 2001.. Ves 5t 7.29972 154759 n Relative Accuracy Assessment
2 93583 023061 0 Yer o 4509 30 —
W 12 PMS1 2023061809355 ILIGRO2A_PMS2_20230618093553_ 2001 2 81450 0033083 rthophoto Geometric Adjviment |
18 A PMS1_202306180935 Yes [ 73308 147431
- Automatic Color-Balanced Mosaic Workflow |
10 24 PMS2 202306180935 PMS2. ¥ Yes &7 518013 20006 —
2 I1GF2A PMS2 2023061809353 - ILIGRO2A PMS2, 20230518033553 2001... Ves z \ovszr oosean kanatic Fion Mossic Workdon, o
e Points] [ Control Point [ Image Processing
21 JLIGFO2A PMS2 2023061083553 200166837 .. JLIGRO2A_PMS2_20230616093553 2001... Yes 20 321093 1.26-005 i Poivtz]  Conirol Poivt [ imag !
2 8093553 JLIGFOZA PME2_20230618093553 2001... Yes [ 185173 021728 Point Information LIS
z 8093553 2001668 JLIGROZA PMS2_20230618093553 2001, Ves 95 0169729 0000268 B Object coordinates
24 JLIGFO2A PMS2 2023061808353 200166837 .. ILIGROZA PMS2_20230616093553 2001.. Yes 194 516509 0025367

<
IR Reference Data | [ images [ Relative Accuracy Assesement |

MinY MaxXx MaxY AveX AveY RmsX RmsY AveXy RmsXY File

195 ©.245812 .000004 5.558279 6.871731 1.4@7311 ©.958681 1.562472 1.34951@ 1.7082819 .064581 JL1GF@2A_PMS1_2
27 11.645947 7.383792 25.498461 16.455092 17.983837 12.486966 18.819133 13.007955 21.893897 .877208 JL1GF@2A_PMsS1_2
27 11.132708 8.916438 25.004711 16.275772 17.274141 13.821961 18.135247 13.476482 21.632555 .59426@ JL1GF@2A_PMS1_2
12 19.819e4@ 2.202215 19.818151 4.790532 19.371143 3.748299 20.234115 4.007849 19.730457 .627221 JL1GF@2A PMS1_]
12 17.844885 3.967801 19.870054 5.737225 18.575617 5.242689 19.404917 5.503824 19.301278 .170128 JL1GF@2A_PMS1_|

2 618093553_200166837_102_0025_601
92 10.412489 6.389409 26.108552 18.682404 18.836951 12.939989 18.731833 13.368271 22.198534 .912871 JL1GF@2A_PMS1_2

L]

0618093553_200166837_102_0025_6001
0618693553_200166837_102_0025_0801
0618093553_200166837_182_0025_601
0618093553_200166837_162_0025_001
0618093553_200166837_162_0025_601
95 11.327125 8.397342 26.309282 15.789224 18.376494 12.683324 19.036964 12.862964 22.283162 .975244 JL1GFO2A_PMS1_. L]
0
]

3
2
>
2 618093553_200166837_102_0025_601

62 18.170306 2.043446 20.432481 6.321499 19.221716 4.541923 19.385233 4.682856 19.751036 .942828 JL1GFO2A_PMS1_2
2
2
"

2

618093553_200166837_102_0025_001
18.777841 3.865800 19.415659 7.862802 19.161357 5.482771 19.316279 5.583681 19.908479 .085048 JL1GF@2A PMS1_.
©.200691 .000024 6.668087 7.000664 1.456624 1.831767 1.760382 2.144300 2.340326 .774341 JL1GF@2A_PMS1_.
.222485 1.653571 6.336557 2.593514 6.288801 2.111658 7.702485 2.628678 6.633861 8.138611 IJL1GF@2A_PMS1_26:
.434876 2.358089 6.672668 2.5533480 6.535030 2.470292 8.004694 3.027158 6.986341 8.557968 JL1GFe2A_PMS1_282
5.548514 .215931 6.225572 .794135 5.874746 .633673 140515 .839075 6.907693 .241852 JL1GF@2A_PMS1_2e
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5.938793 .474307 BEEELE] 075685 6.702834 .293317 770958 .371221 .084299 174 JL1GF@2A_PMs1_2e.
©.000021 . 000002 .189134 918303 0.922871 .174412 169311 .661642 .493631 . JL1GF@2A_PMS2_2e@.
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9.0ne-click, multi-task parallel cloud replacement processing of remote sensing images

SVP provides a fast and efficient cloud replacement tool, which performs one-click replacement
of cloud-covered areas in remote sensing images based on the cloud coverage obtained through
cloud detection.
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10.Interactive editing for image distortion and one-click restoration

SVP provides user-friendly orthophoto editing tools that allow for efficient editing of distorted and
blurred areas in DOM.
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