PALFINGER

REAL-TIME OFFSHOR
CRANE TELEOPERA
POWERED BY GSTR

GStreamer Annual Conferew

Prague, October10th-11th 2026

Adam Blonsky — Palfinger

;;~1-'£1T | “ :
s e g

e




PALFI NG E R Palfinger | 11 October 2026
LIFTING SOLUTIONS FOR EVERY CHALLENGE

( v ) = >

OFFSHORE LOADER
MARINE CRANES CRANES CRANES TIMBER/RECYCLING

HOOKLIFTS &
SKIPLOADERS

S | A T

ACCESS TRUCK
WIND CRANES WINCHES, LIFTING- TAIL LIFTS PASSENGER SYSTEMS PLATEORMS MOUNTED
AND HANDLING- FORKLIFTS

EQUIPMENT

- dm 2

RAILWAY TURNKEY
SYSTEMS SOLUTIONS

DAVITS BOATS

PALFINGER




GSTREAMER CONFERENCE 2026 Palfinger | 11 October 2026

PALFINGER MARINE

© Aker BP
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WHY REMOTE CRANES?

Valhall platform - AkerBP
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SYSTEM REQUIREMENTS

Real time
o Operators must be able to drive the crane in real time as though
they are actually offshore
o Quickly changing situations (ships moving on waves) mean even
small delays are unacceptable
Flexible layouts
o Different situations require different cameras and views so the
system must support dynamic layout changes
o Required layouts may change overtime so new layouts should be
easy to add and change
System telemetry
o System has to display real time crane information (eg
outreach/load) and alarms
Reliable
o Large energy regimes that are high risk (multiple tons hoisted high
in the air)
o Highly regulated environment (Norwegian continental shelf)
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SO WHAT DID WE BUILD TO FULFILL THESE
REQUIREMENTS?

Onshore Control Room
. . Control Chair |— _O%ei;?:ror_ — > Videowall
« We built PalHUD (Palfinger Heads Up
Display) Conte ‘
Pad -
. . . . Crane Input .|/ PalHUD
« Physical server with our software on it built GN
. . Crane Telemetr
on top of GStreamer Python hooks which is & Alams. i
embedded in the control room """“;,ﬂg““’"‘4 Network
Switch
A
A
« Displays camera streams with overlays

showing crane information

« Records health telemetry about the
various streams and health of PalHUD
|tse|f Crane Network

Oftshore Environment
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WHY GSTREAMER?

 Small team
o We don’t have time or resources to reinvent a bunch of
multimedia primitives
» Flexibility
o Othertools are too rigid for the system we want to build
with custom layouts/overlays/telemetry
* Performance
o GStreamer is optimized for performance, absolutely
needed for real time operation
* Reliable
o Tried and tested technology that has been used by many
other teams over the years
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PALFINGER REMOTE OPERATIONS CENTER (PALROC

GSTREAMER CONFERENCE 2026
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WHAT IS PALHUD - PIPELINE

src — sink 3

src — sink 1

src — sink 2

compositor_bin

src = sink




Camera 3_bin

Camera 3
(rtspsrc)

recv_rtp src 0 166262240 105 — sink
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Camera_3_depay
(rtph264depay)

src = sink

Camera 3 parse
(h264parse)

Camera_3_decoder
(nvh264dec)

krc — sink

y

Camera_3 overlay
(gdkpixbufoverlay)

src = sink
r

Camera 3 converter
(videoconvert)

src — sink
r

Camera_3_active_identity

(identity)

src = sink
r

Camera_3 Tee

(tee)
sre 3 — sink src 2 = sink src_1 = sink srec 0 = sink
cv_depth awareness Camera 3 bin Camera 3 fps queue cv_Camera 3-ext-record-queue Camera_ 3-ext-record-queue
(bin) (queue) (queue) (queue)
lsrc = sink sTc — sink src = sink lsrc = sink
¥
cv_test_service_Camera_3_bin Camera_3 fps_sink cv_Camera_3-ext-record-convert Camera_3-ext-record-convert
(bin) (fpsdisplaysink) (videoconvert) (videoconvert)
Bre — sink src — sink src — sink
r A
Camera_3_bin_output_queue cv_Camera_3-ext-record-caps Camera_3-ext-record-caps
(queue) (capsfilter) (capsfilter)
sre = sink lsre = sink
' A

cv_Camera_3-ext-record-appsink
(appsink)

Camera_3-ext-record-appsink
(appsink)




output-bin !
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final-convert
(videoconvert)

src — sink

final-capsfilter
(capsfilter)

src — sink

output-activity-identity

(identity)

src — sink

output-tee
(tee)

src_3 — sink src_2 — sink src_1 — sink src_0 — sink

output_health fps_queue composite-ext-record-queue screenshot-queue main-output-queue

(queue) (queue) (queue) (queue)

src — sink src — sink src — sink src — sink

output_health fps sink composite-ext-record-convert screenshot-jpg latency logger
(fpsdisplaysink) (videoconvert) (jpegenc) (identity)

src — sink src — sink src — sink

screenshot-appsink video_output
(appsink) (xvimagesink)

composite-ext-record-caps
(capsfilter)

src — sink

composite-ext-record-appsink

(appsink)




overlay_bin

latency widget
(bin)
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alarm_widget_4
(bin)

E src — sink : E

>

! (bin) X

! src — sink i E : alaI"Hl_Wi dget_{} I
: operation state widget i E 1 :
| N § : alarm widget 0 background !
| § | (gdkpixbufoverlay) |
. (bin) X I

! N '
| e - sink ] : src — video_sink !
| [N} I
! (bin) X I |
E src = sink i E : alarm_WidgEt_U_ti.me |
: h : (textoverlay) '
1 live clock overlay : : |
! (bin) " 1 |
| o | |
: S ¥ : src — video_sink |
! (bin) ¥ ! |
1 h |

, I . . |
| crc — sink X I alarm widget O title |
E alarm_widget_1 : : : {text Dver] a}r] I
1 h |
! ¥ I |
| X I } . |
! ¥ | src — video_sink |
! alarm_widget_2 0 —

: (bin) 1 : ( ! I
! X : '
! src — sink : : 1 : . .

: | | alarm widget 0 description |
| @@ I | (textoverlay) |
. I |
: src — sink i : T L T T T S =




GSTREAMER CONFERENCE 2026 Palfinger | 11 October 2026 13

LATENCY MEASUREMENT

Measurement method:
"Glass to glass"

Set up a camera looking at a
display with the time then
display that clock with the
current time

Both computers are synced to
the same NTP server

Glass to glass method: remote location display in Poland (left) and on-site
display in Norway (right)
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GLASS TO GLASS LATENCY MEASUREMENT

Glass to Glass Latency

Sample Info

1

Mean : [ Histogram (N = 20, 16.67 ms hins)
1
1

1328 ms e Normal Fit (u=132.3 ms, 0 =13.1 ms)

Video Pipeline

15ms + 11.5%

Frame Display

léems = 12.2%

Counts

Network Ping
20 ms + 15.3%

Photon to Framebuffer
80ms = 61.1%

100 ms 117 ms 133 ms 150 ms 167 ms

Latency (ms)

Average Latency Sources
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LATENCY REQUIREMENTS

System requirement is "real time"
What is real time? Tms? 10ms? 100ms? 1000ms?

Literature says ~170ms (Zhang et al) for remote operation of cars

"Some prior studies show that constant total latencies below
approximately 170 ms have a mild influence on teleopera-
tion performance [26], [27], [30], [34]. Studies also reveal

that when the total latency stays below 300 ms, human
teleoperators can usually adapt their driving behavior to com-

pensate for the latency without significantly sacrificing control
performance in many case"

But thatis cars not cranes...
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LATENCY EXPERIMENTS WITH OPERATORS

Operator Delay (ms)

Added Latency (ms) 0 100 200 300 350 400 500 600 1000
Total Latency (ms) 150 250 350 450 500 550 650 750 1150
Operator 1
Operator 2
Operator 3
Operator 4
Operator 5

Not Tested

No delay felt

Delay felt, but operable

Too much delay, cannot operate
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Example layout used to drive a test crane
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LAYOUT CONTROL

{

"layout_name": "Example Layout",
"layout_width": 6240,
"layout_height": 2160,
"video_sources": [

« Layouts are defined by JSON

o Human readable schema {
o Maps easily to underlying "name": "boom_tip_cam",
"type": "rtsp",
GStreamer S\/St_em "video_source": "rtsp://camera-ip/stream1",
o Easy for UX designers to update "compositor": {
based on their design files Xpos™: ;
. . ypos U,
o No code required for adding and "width": 3840,
changing layouts "height": 2160 }
]
"overlays": [
- Each layout has its own JSON and N ”
. name": "crane_gauge",
held in memory ready toswap "type™: "widget"
« Video streams placed via compositor "config_type": "generic_opcua_widget",
"config": {

"offset_x": 100,
"offset_y": 100

}
1}

Example layout schema
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Layout Manager

Layout A (Outgoing)

[ Cameral
4 .
[ Camera 2 v
F g
by
rs
Overlay 1 I

1. Unlink, Remove Streams

Status: UNLINKED & REMOVED

Layout B (Incoming)

2? Inject, Lin

[ Camera 3
[ Camera 4
Overlay 2

)Rl

Switch Signal: switch_layout('Layout B’)

\

-
sink 0 1

/Running GStreamer Pipeline

[BLOCK] J

sink_1 ]

k Streams [BLOCK] J
L

Composited Canvas
6240 x 2160

Pl =1. Unlink, Remove Overlays= = = = = = = = = ~
Y4 * ~
’
4
’ - ~
~ s
. Pad Block Zone GstCompositor
~ GST_PAD_PROBE_BLOCK Dynamic Pad Geometries
\ * Buffers frozen Xpos, ypos, width, height
-~ * Flushes sent

Video Frame

\ J/

‘ Status: INJECTED & ACTIVE

2. Add Overlays, Linle

Overlay Bin

Telemetry, Gauges
& Graphical Alarms

HUD Layer
Synchronized Rendering

[ n PAUSED / READY (State Locked) J\

-

omposited

.

X11 Sink
(Full Screen Display)

3. Recalculate Latency = Set Base Time = Resume PLAYING
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SYSTEM TELEMETRY

* Crane Telemetry
o OPCUA + Redis
o Textoverlays dynamically updating
from redis
o Alarm service for instant display of
alarms to operators
« PalHUD Telemetry
o Pipeline latency
o Server resource usage
(CPU/GPU/Memory)
o Stream health (rtpjitterbuffer
packet statistics)
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Test Warning 2 with long test
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RELIABILITY

« Automated Video Failover
« Layout defined fallback chains per stream (e.g. Boom Cam
-> Secondary Boom = Wide Deck).
« In-pipeline pad blocking isolates failures without
disrupting other feeds.
« Host-Level Redundancy (in progress)
« Standby HUD machine listens to primary node health
metrics via RPC/heartbeat
« Immediate failover engagement if primary process or
display stalls
» Decoupled Machine-Level Safety
» Crane-side safety PLCs operate fully autonomous
interlocks
« Complete network or telemetry loss automatically triggers
fail-safe crane park states

Palfinger | 11 October 2026
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IMPLEMENTATION DIFFICULTIES

« GStreamer learning cliff
« Understanding dynamic
pipelines
o So many nitpicks and other
small details that are
difficult to understand and
not well documented
o So many pad probe types!
o Pipeline state management
« GStreamer telemetry
o Tracers don’t carry through
to Python easily
« Buffer flush subtleties

22

The GStreamer "Learning CIiff"

A
-
PalHUD in Production:
Reliable multi-stream composited output
Seamless dynamic layout hot-swaps
Sub-200ms latency
\
Latency handling and pipeline clock ]
F
E
2
o
E o]
() Dynamic Pad Probes and Signals
@)

Dynamic pipeline, State Changes &
Deadlocks

Time
gst-launch-1.0 videotestsrc !

Day 1: "Wow, this is so easy!"
autovideosink




GSTREAMER CONFERENCE 2026 Palfinger | 11 October 2026 23

RENMOTE OPERATION TOOLS FOR QUALIFICATION
TRL5-1 & MAJOR ACHIEVEMENTS

BERGEN
NORWAY

GDYNIA
POLAND

HUGIN A HUGIN B
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WHAT'S NEXT?

NEXT STEPS

Aker BP - Remote Offshore Cranes

Testing Testing
from IOC to from IOC to
Cranes at Yard Cranes Offshore

Future use cases for Wind Parks?

Remote Testing of Cranes Remote Crane Operation
linked to onshore control room Baltyk from 20307?

2&3 Equinor/Polenergia
5.
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THANKYOU FOR PALFINGER
YOURATTENTION!
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