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Overview

Product Overview

Sharpa Wave is a high-performance dexterous hand designed forresearch and advanced

robotic manipulation. It enables precise interaction with tools and objects, supporting a

wide range of complex tasks and experimental applications.
Key features:

o 22 active degrees of freedom for highly dexterous manipulation

¢ Human-like size and kinematics forintuitive interaction and control
¢ High-resolution tactile sensing at each fingertip

e Compliant joints for safe and adaptive contact

e Highreliability for continuous operation
Tactile sensor
Finger DIP (1 DOF)
Finger PIP (1 DOF)
Finger MCP (2 DOF)
Torque sensor
Thumb IP (1 DOF)
Thumb MCP (2 DOF)

Thumb CMC (2 DOF)

Pinky CMC (1 DOF)

Joint Naming Convention:

Joint names follow standard anatomical conventions:
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e Thumb: CMC,MCP,IP
¢ Fingers (index, middle, ring):: MCP, PIP, DIP
e Pinky: CMC, MCP, PIP, DIP

The following abbreviations are used consistently in this manual and in SDK parameter

names:

e FE: Flexion-Extension

e AA: Abduction-Adduction

SafetyInstructions

1. General Safety Guidelines

e Read this manual before operating the product
e Usethe device only asintended
e Donotdisassemble the product unless explicitly permitted by Sharpa

e Always follow properinstallation and operation procedures
2. Potential Hazards

2.1Hot Surface

The productenclosure may become hotduring or after operation.

e Avoiddirectskincontact
¢ Allowatleast30 minutesforcooling after power-off

e Keepflammable materials away

2.2 Pinch Points

Movingjoints may create pinch hazards.

e Keephandsandfingersaway from joint gaps during operation
* Donotplace body parts near movingcomponents
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2.3 Electrical Safety

e Ensure all connectors are clean and dry before powering on

e Donotuse damaged cables orconnectors

e Use the provided poweradapterorensure compliance with specifications

2.4 Tactile Fingertips

e Avoid contact with sharp objects
e Maximum limits:

e Pressure: <2 MPa

e Normalforce: <50N

e Slidingforce: <30N
3. Operating Requirements

3.1Personnel

e The product should be operated by personnel with an engineering background

e Follow allinstructions during operation

e Contact Sharpafortechnical supportif needed

3.2 Medical Devices

This product may emit electromagnetic fields.

e [fyouuse medical devices(e.g.,pacemakers), consult a physician before use
e Stop using the productifinterferenceis suspected
3.3 Environment

Do not use the productin:

e Explosive orflammable environments

e Corrosive chemical environments
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e Highhumidity orliquid exposure conditions (IP20 rated)
Recommended storage:
e Temperature: 0-50°C

e Humidity: <60% RH

3.4 Handling

e Donotdrop, crush, orburn the product
e [fthe enclosure isdamaged, stop using immediately

e Use properpackaging during transportation

4. Emergency Stop

Stop using the productimmediately if:

e Abnormal noise orvibrationis detected
e The productappears damaged
e Nearby equipment malfunctions

e Any personexperiences discomfort

Contact Sharpa Technical Support for assistance at support@sharpa.com.
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Specifications

1. General
PARAMETER VALUE
Degreesof Freedom 22DOF
Weight 1.3kg
Dimensions 208 x 90 x50 mm (Height x Width x Thickness)
MountingInterface Flange /Wrist/Internal

2. Performance

PARAMETER VALUE
Maximum Active Fingertip Force 20N
Minimum Grasp Diameter 10mm
Fingertip Position Repeatability +Imm
ControlFrequency 500Hz

3. Electrical & Communication

PARAMETER VALUE

Operating Voltage 18 -28VDC

StaticPower Consumption 15W

Peak Power Consumption 18O0WD

CommunicationInterface Ethernet IOOBASE-TX/TOO0OBASE-T)

@ Peak power: 180 W (10 ms transient); average power: 100 W.
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4. Range of Motion

JOINTGROUP RANGE
Thumb CMCFE -5°t0105°
CMCAA -18°t018°
MCPFE -25°t075°
MCP AA -18°t018°
IP 0°to95°
Index/Middle/Ring/Pink ~ MCPFE -10°to 84°
y
MCP AA -18°t018°®
PIP 0°to95°
DIP 0°to75°
Pinky CMC 0°to25°

@ Range restricted. Refer to "2-DOF Joint Workspace" in the Appendix for the actual
workspace.

Notes

e Direction Definition
e FE (Flexion-Extension)
e Positive: toward the palm (flexion)
e Negative: away from the palm (extension)
¢ AA(Abduction-Adduction)
e Positive: toward the pinky side
e Negative: toward the thumb side
e Zeropositiondefinition

e Defined as the neutral pose after calibration, as shown below:
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e JointLimits

e MCPFE below -10°isreserved for collision avoidance
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5. Sensing

5.1Torque Sensors

PARAMETER
Number of Sensors

Sensor Location

Full-scale Range

Noise (RMS)

Total Error @

SamplingRate

VALUE
5 (one perfinger)

CMC (Thumb)
MCP (Index/Middle/Ring/Pinky)

5N-m (Thumb)
3 N-m (Index/Middle/Ring/Pinky)

<0.005N-m (Thumb)
<0.003 N-m (Index/Middle/Ring/Pinky)

+(1% FSR+5% reading)

500Hz

@ Total error, specified at 25 °C after zero calibration.
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5.2 Tactile Sensors

PARAMETER VALUE
Number of Sensors 5 (one perfingertip)
OutputModalities 6-DOFforce

Deformation map
Contactpoint

Rawimage

Force Resolution 20mN

Spatial Resolution Tmm

MeasurementRange 30N

Maximum Load @ 50N

SamplingRate StandardMode: 30 Hz(rawimage stream & processed
outputs)

High-Performance Mode: upto 180 Hz(rawimage stream)

Latency 50ms(Standardmode)
20ms (High-Performance mode)

@ Maximum load: Maximum allowable force without causing sensor damage

6. Environmental & Reliability

PARAMETER VALUE
OperatingTemperature 0°Cto45°C

Storage Temperature 0°Cto50°C

Humidity <60% RH

IP Rating IP20

Nominal Lifetime >1,000,000 cycles(noload)
Tactile Sensor Lifetime >100,000cycles@40ON
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7. Appendix

7.1Mechanical Dimensions
The overall dimensions of the right hand are shown below (measured at the zero position,

i.e.,the neutral pose after calibration).

(236.04 1)

(209.21 +1)

(50.53 +050 )

(178.35 +2)

( 66.44 11.50)
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7.2 2-DOF Joint Workspace
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Get Started

1. Before You Start

Before operating the device:

e Ensure the productis properly installed and placed on a stable surface
e Readthe Safety Instructions carefully

e Prepare ahost PC forrunning Sharpa Pilot app

2.SetUp Hardware

2.1Mount the Hand

1. Attach the flange adapterto the base using Mé screws (diagonal tightening
recommended)

2. Place the hand onto the adapter

3. Secure the hand using M4 screws
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2.2 Place the Assembly

e Putthe assembled unit on aflat, stable workspace
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2.3 Connect the Cable

- E o

= E e e s
Power & Ethernet ports Eferyetable
i /l\ .............
LS
Wrist cable .
IR ——— - : Computer
Lwiaa
Sharpa Wave Connection box

1. Ensure power is OFF

2. Connect the wrist cable

e Connectone end tothe hand and the other end to the connection box
e Alignthe connectorkey with the socket
¢ Insertalong the axis

e Tightenthe coupling nut until fully locked

Coupling nut
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Alignment slot Alignment key
on the socket on the plug

* Ensure proper alignment before inserting the wrist connector
* Do not forceinsertion

* Avoid pulling or bending the cable excessively

3. Connect the Ethernet cable

e Connectone end tothe connection box and the otherend to the computer

4. Connect the power adapter

e Connectthe poweradapterto the connection box, then plugitinto a poweroutlet

3.PowerOn

3.1Turn Onthe Device

After ~20 seconds:

e Therearhandindicatorturns cyan (breathing) - device initialized

e The device becomesdiscoverable by the host PC

* During startup, keep fingertips free from contact
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3.2 Indicator Check

LOCATION STATUS MEANING
Connectionbox  Solidgreen Power OK
Hand(rear) Breathingcyan  Connected&ready

4. Install SharpaPilot

4.1Software Requirements

e OS:Ubuntu22.04/24.04

4.2 Installation

Download Sharpa Pilot and install:

TEXT

sudo dpkg -i sharpa-pilot_xxx.deb

5. Connecttothe Device

This section summarizes the factory default network settings of Sharpa Wave and explains

how to connect the device to the host PC.

5.1Default Network Settings

Use these values for first-time setup, device discovery, troubleshooting, and recovery after

areset. If the network settings have beenintentionally changed, use the current configured

valuesinstead.
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DEVICE PARAMETER

SharpaWave IPaddress
Tactile destination P (dest_ip)
Heartbeatport(heart_port)
Tactile stream port(stream_port)

HostPC IPaddress(same asdest_ip)
Subnetmask

5.2 Configure PC Network

Configure the host PC according to the valuesin Section 5.1, Default Network Settings.

Notes

LEFT HAND

192.168.10.10

192.168.10.240

54321

50011

192.168.10.240

255.255.255.0

RIGHTHAND

192.168.10.20

192.168.10.240

54321

50001

e Ensure that no otherdevice on the network is using the same IP address as the host PC or

Sharpa Wave.

e Forinstructions on changing the device IP address ortactile destination IP, see Sharpa

Pilot.

6. Calibrate the Joints

Joint calibration establishes the zero reference used by the control system. Itis

recommended each time the device is powered on to ensure accurate joint control.

6.1Preparation

Before calibration, ensure that:

e the handissecurely mounted;

o the workspaceisfree of obstacles;

e nopersonisincontactwiththe hand.

20/175



6.2 Calibration Procedure

1. Launch Sharpa Pilot.
2. Wait until the device card appears.

3. Click the device card.

® Online

device card / pt

Left Hand

4. Openthe Calib panel and click Start Calibration.
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Auto Calibration

Start Calibration

5. Wait forthe automatic calibration sequence to complete. The hand will return to the zero
position.

6. Confirm that the calibration completion message appears (~95 seconds).

Auto Calibration

Start Calibration

Params Success

e: middle_pip,

oint_name: pinky_pip, diff_deg:
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6.3 Notes

o Aftercalibration, the system reports joint backlash variation.
e Jointswith a deviation greaterthan1.5° are highlighted.

e Checkthesejoints before operation to ensure that they do not affect performance.

7. Test Hand Movement

1. Open Sliders panelin Sharpa Pilot

2. Drag sliderstomove joints

8. RunaDemo

1. GotoReplay panel
2. Selectapreset motion
3. Click Play
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User Guide
Package Contents

NO ILLUSTRATION ITEM NOTES

SharpaWave = Maindevice

2 Flange Usedtomountthe hand onto abase orrobot
adapter interface
@.@
O
3 Base Provides stable supportforbench-top operation

4 L-shaped Usedforinstallation andfastening screws
wrench
5 ) Screws M4 x12(x10), M6 x 10 (x8)
0 %%ﬁ
S aug
6 Connection Provides powerinputand Ethernet communication

box interface
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NO ILLUSTRATION ITEM
7 Power
adapter
8 Ethernet
cable
9 Wrist cable
Hand Control

NOTES

Converts AC to DC power for the device (cable
length: 3.5m)

Usedfornetwork connection betweendevice and
PC

Connectsthe handto the connectionbox (length: 2
m)

This section describes how the hand is controlled, what information it provides, and how to

operate it effectively. It covers control logic, state feedback, command behavior, joint

definitions, and a basic operation workflow.

1. Control Basics

This section defines how control is managed in the system, including control sources and

the rules that govern command execution.

1.1Control Sources

The system supports the following control sources. Each source represents a different way

to control the hand and provides different capabilities.
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CONTROL
SOURCE

APP (Sharpa
Pilot)

SDK(C++/
Python)

GLOVE

IDLE

DESCRIPTION

Manual control
via GUI

Programmatic
controlvia API

Teleoperation
input device

No motion
control

1.2 ControlRules

¢ Only one control source can send motioncommands atatime

e Motion commands from other sources are ignored

CAPABILITIES

GUI-basedinterface for control,
monitoring, and configuration

Programmaticinterface providing full
accesstoallcontroland monitoring

Manual controlvia slidersand motion

replay

Real-time visualization of joint states and

tactile data

Configuration of control source, control
mode, and parameters

Calibrationtoolsforjoints andtactile

Sensors

Faultdetectionandsystem status

monitoring

capabilities

Real-time motioninput

Disables motioncommands

Sendjointcommands and execute

motion control

Readjointstates andtactile data

Configure controlsource, controlmode,
andsystem parameters

Perform calibration procedures

Monitor device status andfault

information

Integrate with external systems and

controlalgorithms

TYPICALUSE

Testing,
demonstration,
manual operation

Automation,
algorithm
development,
teleoperation

Teleoperation,
e.g.:ManusPro
Glove

Safe standby
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e Configuration commands remain valid across sources

e WhensettolIDLE:

e Allmotioncommands are ignored

e The hand remains non-actuated

Ensure only one active controller is sending motion commands.

Conflicts may result in unexpected motion.

2. State Feedback

The hand provides real-time feedback onjoint states via Sharpa Pilot or the SDK.

STATE

Angle

Velocity

Torque

)

DESCRIPTION

Currentjointangle

Jointangularvelocity

Jointloadfeedback (measuredor
estimated)

UNITIN
SDK

rad,deg

rad/s,
deg/s

Nm

UNITIN SHARPA
PILOT

deg

deg/s

Nm

UPDATE
RATES

500Hz

500Hz

500Hz
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@ Torque Source

By default, jointtorque feedback is estimated from motor current.

Forthe MCP joints of the four fingers (FE and AA) and the CMC joints of the thumb (FE and AA), torque
feedback canalternatively be obtainedfromintegratedforce sensors.

The torque source canbe switchedin Sharpa Pilot (Hardware Settings — Admittance Parameters -
Force Feedback Source).

Admittance Parameters

N

Current ® Sensor

When switching to sensor-basedtorque feedback, force sensor calibrationmustbe performed
beforehand. Calibration canbe completedin Sharpa Pilot(Hardware Settings - Force Sensor
Calibration).

View & Edit

N

Tactile Calibration Force Sensor Calibration

3. ControlModes

The hand supports multiple control modes, each designed for different types of tasks and
interaction patterns.

Selecting the appropriate mode is essential for achieving stable and effective behavior.
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MODE

Position

Admittan
ce

MIT

Zero-
Force

Notes

CONTROL
PRINCIPLE

Position control

Force - motion

Torque /
impedance

No active
control

BEHAVIOR

Trackstargetjoint
angleswith high
accuracy;resists
disturbances

Motionadaptsto
externalforce;
compliantinteraction

Controlstorque via
stiffness and damping;
stable contact
interaction

Backdrivable; canbe
movedfreely by
externalforces

4. Joint Order Definitions

TYPICAL
APPLICATIONS

Pick & place,
welding,
dispensing

Assembly,
polishing,
collaboration

Precision
insertion, contact
inspection

Teaching,
demonstration,
setup

Calibrationis recommended before executing precise motion

For smooth motion, avoid large discontinuities intarget positions

Joint commands and state arrays follow a fixed index order:

RECOMMENDED
SCENARIO

Precise, repeatable
motion

Interactive or
complianttasks

Contact-richor
force-sensitive
tasks

Manual guidance
andteaching

Control modes can be switched at runtime via Sharpa Pilot or Sharpa Wave SDK.

Always ensure the correct control source is active before sending commands
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INDEX

10

1

12

13

14

15

16

17

18

19

20

21

JOINTNAME
Thumb CMCFE
Thumb CMC AA
ThumbMCP FE
ThumbMCP AA
ThumbIP
IndexMCP FE
IndexMCP AA
Index PIP
Index DIP
Middle MCP FE
Middle MCP AA
Middle PIP
Middle DIP
RingMCPFE
RingMCP AA
Ring PIP

Ring DIP

Pinky CMC
Pinky MCP FE
Pinky MCP AA
Pinky PIP

Pinky DIP

FINGER
Thumb
Thumb
Thumb
Thumb
Thumb
Index
Index
Index
Index
Middle
Middle
Middle
Middle
Ring
Ring
Ring
Ring
Pinky
Pinky
Pinky
Pinky

Pinky

TYPE

FE

AA

FE

AA

FE

FE

FE

FE

FE

FE

FE

FE

FE

FE

FE

FE

AA

FE

FE
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5. ControlviaSDK

The hand can be controlled programmatically via the SDK, which provides full access to
motion control, state feedback, and system configuration.

The SDKis available in C++ and Python. For detailed APl definitions and examples, referto
the Sharpa Wave SDK.

5.1Getting Started
Before using the SDK:

e Ensure the handis properly connected and powered on

e Ensure the control source is set to SDK (via Sharpa Pilot or API)

APl Example:

TEXT
error = hand.set_control_source(ControlSource.SDK)

if error.code != 0:

print(f"Failed to set control source: {error.message}")

5.2 System Requirements

COMPONENT REQUIREMENT

ON Ubuntu22.04/24.04

Python SDK Python 3.10, protobuf 3.17.2

C++SDK cmake=>3.15and <4 (3.28.1recommended)

5.3 Running the Examples

1. Download Sharpa Wave SDK from Sharpa Wave SDK

2. Follow the instructionsin README.md
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3. Runthe provided examples:

e Python: SharpaWaveSDK_x.x.x/sample/python/sharpa_wave_example.py

e (C++: SharpaWaveSDK_x.x.x/sample/c++/sharpa_wave_example.cc

Tactile Sensing

1. Overview

Sharpa Wave is equipped with vision-based tactile sensors at each fingertip. The sensors
measure contact by capturing deformation of a compliant surface using aninternal camera
and processing it with onboard algorithms.

The tactile system provides real-time information about:

e contactoccurrence
e contactforce

e contactlocationand distribution on the fingertip surface

Tactile datais streamed to the host system, where it may be processed eitheronboard or
on the host depending on the selected mode.

2. Tactile Outputs

Eachfingertip provides multiple types of tactile data. These outputs describe the same
contact event from different perspectives and can be used independently orjointly,
depending on the application.
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OUTPUT

6-DOF
Force

Deformatio
nMap

Contact
Point

RawlImage

DESCRIPTION

Resultantcontactforce
onthe fingertip.
Available in Sharpa Pilot
and SDK

2D distribution of
surface deformation.
Available in Sharpa Pilot
and SDK

Estimated contact
locationonthe fingertip
surface, derivedfrom
deformation data.
Available in Sharpa Pilot
and SDK

Originalcameraimage
inside the sensor.
Available via SDK

2.10utput Selection Guidelines

USEWHEN YOU NEED

Detectcontact,
measure force
magnitude or
direction

Understandwhere
andhow contact
occurs

|dentify a
representative
contact position

Accesslow-level
sensordata

e Use force as the primary signal formost applications.

TYPICAL
APPLICATIONS

Contactdetection,
force control, grasp
monitoring

Contactlocalization,
contactarea
estimation, shape
analysis

Contacttracking,
objectpose
estimation, control
reference point

Debugging, custom
tactile algorithms,
data-driven
modeling

e Use deformation map when spatial contact distributionis required.

DATA
RATE

30Hz

30Hz

30Hz

Upto
180 Hz

e Use contact point when acompactrepresentation of contactlocationis sufficient.

e Use all outputs fordata-driven orlearning-based applications, and perform feature

selection during model development.

2.2 Data Rate Selection Guidelines

Sharpa Wave supports two tactile processing modes:

e Standard (Onboard) Mode: Tactile inference is performed on the device.

e High-Performance (Host) Mode: Raw tactile datais streamed to the host, where

inference is performed using GPU acceleration.
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FEATURE
Datarate

Processedoutputs
(force, deformation,
contact point)

Rawimage
System complexity

Hardware requirement

Latency
Typicaluse

SDKType

STANDARD MODE
30Hz

Onboard

Available

Low

e NoGPUrequired
e Ubuntu22.04/24.04

Moderate

Standard applications

Standard SDK

Use Standard Mode when:

e asimple and stable setup is preferred

e noGPUisavailable

e standard tactile feedback s sufficient

HIGH-PERFORMANCE MODE
Upto180Hz

Host (GPU)

Available
High

e NVIDIAGPU required(RTX
3060+ recommended)

e Ubuntu22.04/24.04

* NVIDIAdriver

* NVIDIA Container Toolkit

e DockerEngine
Lower (highertemporalresolution)
High-performance /research

Docker-based SDK

e |ow-frequency datais sufficient (e.g., monitoring, logging, basic control)

Use High-Performance Mode when:

e highertemporal resolutionis required

e real-time orhigh-frequency processing is needed

e advanced applications (e.g., learning or custom algorithms) require high-frequency

data
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3. Using Tactile Data via SDK

The SDK supports two tactile data pipelines:

e Standard mode: Standard SDK, no Dockerrequired

¢ High-Performance mode: Docker-based SDK with GPU acceleration
These modes use different SDK packages and deployment workflows.
Important:

Tactile data access via the SDK cannot be used simultaneously with Sharpa Pilot. This
applies to both the Standard SDK and the Docker-based SDK. Both SDK pipelines and
Sharpa Pilot use the same communication ports for tactile data streaming, which will result
in conflicts. Close Sharpa Pilot before running any SDK-based tactile application.

3.1Standard Mode

Inthis mode, tactile datais processed inside the device and streamed to the host.
Use the standard Sharpa Wave SDK and run the provided examples:

e Python
e SharpaWaveSDK_x.x.x/sample/python/sharpa_tactile_fetch.py
e SharpaWaveSDK_x.x.x/sample/python/sharpa_tactile_callback.py

o C++

e SharpaWaveSDK_x.x.x/sample/c++/sharpa_tactile_example.cc

3.2 High-Performance Mode

In this mode, the device streams raw tactile images to the host, and tactile inference is
performed on the host using GPU acceleration via the Docker-based SDK.
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Host PC

Ethernet
Sharpa Wave >

raw tactile image

SDK S "
GPU inferenca %‘ ZMQ output] User Application / Sharpa Pilot

Docker Container

This section describes how to deploy and run the high-performance tactile pipeline.
1. Install Docker and GPU Runtime

Install Docker Engine:

TEXT

https://docs.docker.com/engine/install/ubuntu/

Add userto Docker group:

BASH

sudo usermod -aG docker $USER

reboot

Install NVIDIA Container Toolkit:

TEXT

https://docs.nvidia.com/datacenter/cloud-native/container -

toolkit/latest/install-guide.html

Configure GPU runtime:

BASH

sudo nvidia-ctk runtime configure --runtime=docker
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sudo systemctl restart docker

2. Prepare Docker Configuration

e Createa docker-compose.yml file:

BASH

services:
tactile_dev:
image: sharpadev/sharpawavesdk:<image tag>
working_dir: /root
container_name: sharpa_dev
runtime: nvidia
deploy:
resources:
reservations:
devices:
- driver: nvidia
count: all
capabilities: [ gpu ]
network_mode: host
privileged: true
volumes:
- /tmp/.X11-unix:/tmp/.X11-unix
environment:
- DISPLAY=${DISPLAY}
- QT_X11_NO_MITSHM=1
cap_add:
- SYS_ADMIN
devices:
- /dev/fuse:/dev/fuse
security_opt:
- apparmor:unconfined
stdin_open: true
tty: true

restart: always
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3. Select and Pull Docker Image

Check your GPU and driver:

TEXT

nvidia-smi

Then choose:

e here we take the dockerimage sharpadev/sharpawavesdk:5.0.0.8b7e forexample,

you can get the latest Dockerimage from
https://hub.docker.com/r/sharpadev/sharpawavesdk

e RTX 40 series + driver~570:

BASH

docker pull sharpadev/sharpawavesdk:5.0.0.8b7e.cul24

e RTX50 series + driver~580:

BASH

docker pull sharpadev/sharpawavesdk:5.0.0.8b7e

Update <image tag> in docker-compose.yml accordingly:

YAML

services:
tactile_dev:

image: sharpadev/sharpawavesdk:5.0.0.8b7e

4. Start Docker Container

39/175


https://hub.docker.com/r/sharpadev/sharpawavesdk

BASH

xhost +local:root

docker compose -f docker-compose.yml up -d

If Docker container already exists:

BASH

docker stop sharpa_dev && docker rm sharpa_dev
xhost +local:root

docker compose -f docker-compose.yml up -d

5. Enter Docker Container

JSON

docker exec -it sharpa_dev bash

6. Configure Tactile Data Rate

The tactile datarate is configured by editing the following file inside the Docker container:

TEXT

$HOME/ .sharpa-pilot/config/tactile.json

Key Parameters
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PARAMETER DESCRIPTION HIGH-PERFORMANCE STANDARD MODE

MODE

fps Tactile datarate 180 (recommended) 30 (recommended)
Type:int(mustbe Range: 0-180 Range: 0-30
integer)

infer_from_devi Selectinference false true

ce location

require_jpeg Enablerawimage true asneeded (true:
streaming transmit, false: disable)

Ensure the following parameters are set:

JSON
{
"left": {
"fps": 180,
"infer_from_device": false,
"require_jpeg": true,
"decode_jpeg": true
3
"right": {

"fps": 180,
"infer_from_device": false,
"require_jpeg": true,

"decode_jpeg": true
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Compatibility Note (Older Versions)

In olderversions of tactile.json, the configurationis splitinto two sections:

e "none": used by the Standard SDK
e "cuda" used by the Docker-based SDK

For High-Performamce mode, modify only the parameters under "cuda”.
7. RunHigh-Performance Tactile Pipeline

Run:

BASH

python3 scripts/tactile_180fps.py

Awindow will appear. Whenyou press the elastomeron a fingertip (e.g., the ring finger), the

deformation map in the window will update accordingly.
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Sharpa Tactile Data - LEFT (Left) | RIGHT (Right) S 82

CEoeEBEE

LEFTChS—RAW LEFTGhS—DEFORM o RIGHTChD-DEFORM

LEFTCh&—DEFORM RIGHTCh1-DEFORM

LEFTCh7—RAW LEFTCh7-DEFORM RIGHTChZ=RAW" § RIGHTCh2—-DEFORM

)

LEFTChB8—-DEFORM | RIGHTCh3—DEFORM

LEFTCh@—RAW LEFTCh8-DEFORM RIGHTCh4—RAW RIGHTCh4—-DEFORM

(x=1105, y=551) ~ R:0 G:0 B:0

In the figure, channels O-4 correspond to the right hand tactile sensors. In this example, only
the right hand is connected, so the left-hand channels appearblack because no datais
received. Forchannel indexing and definitions, see the Tactile Channel Mapping section.

4. Visualizationin Sharpa Pilot

4.10verview

Sharpa Pilot provides real-time visualization of tactile data for both Standard and High-
Performance modes.

Available views include:

e forcevector
e contactdistribution overlaid on the hand model

e contact pointinformation
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e real-time force components (Fx, Fy, Fz) and resultant magnitude

fu] Chart

| Thumb - Tactile (Force: N)

contact&force vector contact point force components and magnitude plot

4.2 Visualization in Standard Mode

By default, Sharpa Pilot uses the standard onboard tactile pipeline.

1. Open SharpaPilot

2. Enable “Texture” and “Force” in the top toolbar

ACTION Opacity: 100 % Tactile:» Texture & Force Vertical

1

3. Enable the real-time force components (Fx, Fy, Fz) and resultant magnitude plot
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Select a Joint or Fingertip to Monitor X Ch) + Add Il Pause
@ NEWS Thumb - Tactile-@Fdixe -8 FY Fz

@ ®
g o

Thumb  Tactile

Components Force & Resultant Force

@
< et _ 00

P

Cancel

4. Apply physical contactto afingertip

5. Observe changesintactile display and force plot
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4.3 Visualization in High-Performance Mode

Sharpa Pilot cannot directly read data from the Docker pipeline, to visualize High-
Performance host-side inference, a ZMQ publisheris used to forward tactile data to Sharpa
Pilot.

1. Disable Onboard Tactile Driver
In Sharpa Pilot:

e Disable tactile driver

e Restart Pilotif needed

This ensures Pilot does not use the 30 Hz onboard pipeline.
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fter modifying the

4 o8

Immediately Restart

2. Start ZMQ Publisher

Enter Docker container:

BASH

docker exec -it sharpa_dev bash

Run:

BASH

python3 ./docker_tactile_zmq_pub/tactile_zmq.py

This script publishes tactile dataviaZMQ tolocalhost.
3. Verify Visualization

Expectedresult:
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e Tactile visualizationupdatesinreal time (~180 Hz)

e Force and texture views respond fasterthan 30 Hzmode
4. If No Data Appears
Checkinorder:

e 7ZMQ scriptisrunning
e Nofirewall blockslocalhost ports
e Restart Sharpa Pilot

e Restart Dockercontainer
Notes

e Donotrun tactile_180fps.py and Sharpa Pilot simultaneously, asthey may use
conflicting tactile pipelines.

e Ensure that only one tactile pipelineis active atatime.

5. DataInterpretation and Advanced Usage

5.1Sensing Area
The sensing areais the region of the fingertip where tactile datais physically valid.

e [tcorrespondstothe textured surface (ridges and grooves) of each fingertip

o Alltactile outputs (force, deformation, raw image) are derived from this region

Only data within this area should be considered wheninterpreting contact (marked in dark
colorinthe figure below).
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Index/Middle/Ring/Pinky fingers Thumb

5.2 RawImages

Definition

The raw image is the original camera capture inside the tactile sensor.
Interpretation

e Contains the most complete information about surface deformation

e Serves asthe underlying signal from which higher-level representations (e.g.,
deformation map and force) are derived

¢ Includesvisual patterns that may not be preserved in processed outputs

This representationis primarily useful when low-level sensor behavior or custom processing
isrequired.
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Rawimage from the fingertip tactile sensor

5.3 Deformation Map
Definition

Deformation depthis defined as the displacement of each surface point along its normal
directionrelative to the no-contact state.

Representation

e The deformationmapisa 2D grayscale image (240 x 240)
e Eachpixel correspondstoa 3D point onthe fingertip surface

e Pixelintensity represents deformation depth: brighterregionsindicate larger
deformation

The 2D representationis obtained by flattening the curved fingertip surface using an angle-
preserving parameterization method (e.g., Angle-Based Flattening, ABF). This approach
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preserves local geometric structure while minimizing distortionintroduced during the 3D-
to-2D mapping.

Raw Image Deformation Map

No contact

Contact

Interpretation

o Captures the spatial distribution of contact
o Reflects:

e contactarea

e pressure distribution

¢ |ocal shapeinteraction
Mapping Between Grayscale Value and Deformation Depth

To balance high sensitivity and a wide measurement range, the deformation depthmap is

encoded as agrayscale image.
Each pixel value corresponds to the deformation depth of the associated surface point.

e Lowergrayscale valuesrepresent small orno deformation
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e Highergrayscale valuesrepresent larger deformation

The mapping between grayscale value and deformation depthis nonlinear, asillustrated in
the figure below.

Mapping between deformation and gray value

250 1 (5.153, 255)
(6, 255)

200 A
@ 150 4
=
p
o (0.5, 100)
Q 100 4

50 A

0 (0, 0)
0 1 2 3 4 5 6
Deform (mm)
This design provides:

e highsensitivity insmall deformationranges

e extended dynamic range forlargerdeformation

Forprecise numerical conversion, referto the Sharpa Wave SDK.

5.4 ContactPoint
Definition

The contact point represents a single representative location of contact between the
fingertip sensorand the object.

ltis typically computed from the deformation map as the weighted centroid of the contact
region.

Representation
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e The contactpointisrepresented as the 2D coordinates [column, row] in the deformation
map
e Multiple contact points can be detected when there are multiple separated contact

regions
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Interpretation

e The contact point provides acompact representation of the contactlocation

ltistypically located nearthe center of the deformationregion, making it useful for tracking

and control applications.

5.56-DOF Force

Definition

Eachfingertip outputs a 6-DOF wrench:

(Fx, Fy, Fz, Tx, Ty, T2)

representing the resultant external force and torque acting on the entire sensing surface.

e Force unit: Newton (N)

e Torgue unit: Newton-meter(Nm)
Coordinate System

The force is defined in aright-handed coordinate system.
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The originislocated at:

e centeroftheIPjoint's rotation axis (thumb)

e centerof the DIPjoint's rotation axis (index, middle, ring, and pinky fingers)

This definitionis consistent with the SDK outputs and the URDF model.

Interpretation

e The outputrepresents the global effect of contact, notlocal distribution
e Multiple contact points are aggregated into a single resultant wrench

e Torque componentsreflectthe momentinduced by off-centercontact

This representationis suitable forunderstanding overall interaction but does not capture
spatial details of contact.
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5.6 2D-3D Surface Mapping

Definition

Each pixelin the deformation map corresponds to a 3D point on the fingertip surface.
This establishes amapping between:

e 2Dimage space (pixel coordinates)

e 3D physical space (surface geometry)
Interpretation

e Enablesreconstruction of contactin 3D space
o Allows deformation datato be interpreted in physically meaningful coordinates

e Supportsintegration with geometric models and simulation environments
Notes
Most applications do not require explicit use of this mapping.
It becomes relevant when precise geometric reasoning orreconstructionis needed.
Access
The 2D-3D mapping can be obtained in two ways:

e Precomputed sensor model assets: Check the
Assets/tactile_sensor_digital_model folderinthe downloading resource.

e NPY files:

CPP

NPY files
// For the four fingers: Normal vector (nx, ny, nz) of each 3D point,
pointing outward from the fingertip

tactileSensor_map_4F_normal.npy

// For the four fingers: Coordinates (X, y, z) of each 3D point, in units

of mm
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tactileSensor_map_4F_point.npy

// For the thumb: Normal vector (nx, ny, nz) of each 3D point, pointing
outward from the fingertip

tactileSensor_map_TH_normal.npy

// For the thumb: Coordinates (x, y, z) of each 3D point, in units of mm

tactileSensor_map_TH_point.npy

Since the 2D image contains H x W pixels, each of the above files contains a matrix of
sizeH x W x 3.

o OBl files(used forvisualizing the sensor surface shape):

CPP

OBJ files
// for the four fingers

tactileSensor_4F.obj

// for thumb

tactileSensor_TH.obj

Line starting with v: 3D point coordinates (x, y, z)
Line starting with vt: Normalized 2D point coordinates (row, column)

Line starting with vn: Normal vector (nx, ny, nz) of a 3D point
e SDKinterfaces: Use the SDKto obtain the 3D point's normal vector (nx, ny, nz), which

corresponds to the 2D point coordinates (row, column).

e Seethe "Tactile Data" sectionin Sharpa Wave SDK.
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Integration

1. Overview

Sharpa Wave is designed for flexible integration across a wide range of robotic platforms,
from rapid prototyping setups to fully integrated systems.

It supports multiple mechanical and electrical interface combinations, enabling:

¢ Fastintegrationusing standardized interfaces and external cabling

e Compactintegrationwithinternal routing and minimal wrist length
2. Interfaces

2.1 Available Interfaces

Mechanical interfaces

¢ Flange: Adapts to standard robot interfaces via a flange adapter
o Wrist: Connects directly to the robot wrist using screws; requires a custom adapter

¢ Internal: Integratesvia aninternal pogo pininterface, replacing the wrist module

The following diagram illustrates the relative positions of the three interface options:

N-N 2 (Internal Interface)
Internal Interface P URDF orig\n!!_m I A29 (Wrist Int‘erface) ‘ﬁ%N
HDD m@ 29.5 (Flange Interface) D@ @ @ @ M:D @D
Wrist Interf: ;
,,,,,,, T boapel = (e ol ]

-~ IN

Flange Interface

Electrical interfaces
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e Wrist connector: External aviation connector for powerand communication

¢ Internal pinpad: Pogo pininterface forinternal powerand communication

e Requires acustom 3 x 6 pogo pinarray for mating (not a standard connector)

2.2 Interface Selection Guide

INTER
FACE

Flang

Wrist

Inter
nal

CONNECTI
ONTYPE

Wrist
connector

Wrist
connector

Internal pin
pad

WHEN TO USE

Standardrobot
flangeinterfaces
(e.g.,UR,xArm,
Franka, Flexiv)
fastandreliable
integration

Customrobot
interfaces

rapid prototyping with
acustomadapter

Compactintegrated
designs

minimal wristlength;
internal cable routing

KEY ADVANTAGES

Standardized
compatibility

simple and
robust mounting

Flexible for
custom designs

easier
prototyping

Shortestwrist
length

cleanintegrated
routing

TRADE-OFFS

External cabling

longerwristlength

Additional
mechanical design
effort

external cabling

longerwristlength

High alignment
precisionrequired

Requirescustom
pogo pinarray for
electrical connection
More complex
mechanicaland
electricalintegration
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3. Mechanical Integration

3.1Mounting Interfaces
e Flange
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e Recommendedrobot payload =5 kg

4. Electrical Integration

4.1Power Requirements

e \oltage:18-28V

e Maximum power consumption:
e Single hand: 100 W average, 180 W peak
e Dualhand: 200 W average, 360 W peak

4.2 CommunicationInterface

o Ethernet(1I00OOBASE-T)isrequired for180 Hz tactile data streaming.
e Ethermnet (1I00BASE-TX) is sufficient forhand control and 30 Hz tactile data.

e Typical bandwidthusage (perhand):

e 30 Hz(processed outputs): ~14 Mbps(For settings,referto the section Tactile Raw
Image Disabled)

e 30 Hz(processed +rawimage): ~80 Mbps(default)
e 180 Hz(rawimage): ~400 Mbps

4.3 Dual-Hand Configuration

Two network setups are supported for dual-hand configuration: using a network switch
(recommended) orusing multiple Ethernetinterfaces.

1. Using a network switch (recommended):

e Connectthe host and both devicesvia a switch.

e UseasinglehostIP(e.g.,192.168.10.240) as the tactile destination IP.

e Ensure all devices are on the same network segment.
2. Using multiple Ethernetinterfaces:
e Eachhostinterface must have aunique IP address.

e Eachhand and the corresponding hostinterface must be on the same subnet.
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e Eachhand mustbe configured with a tactile destination IP matching the corresponding
hostinterface.

4.4 Wrist Connector

The connectorislocated at the wrist on the back of the hand. Pin arrangement is shown
below:

Pin No. Signal Description
name
1,2 PWR Powerinput
(positive)
Powerinput
8,9 GND .
(negative)
12 MDIO_
N
Etherne
10 MDIO_P t
100BAS
MDIT_N E-TX
Etherne
7 MDII_P  t
1000B
4 MDI2_N = ASE-T
Not
5 MDI2_P ot
usedin
3 MDI3_N 100BAS
E-TX
n MDI3_P

4.5 Connection Box

The connection box converts the custom wrist interface into standard power and Ethernet
interfaces. Itis typically used with the wrist connector option.

The ports of the connection box are as follows:
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PO
RT

CONNECT
OR

Customiz
ed
connecto
.

RJ45

DC5.5 x
2.5

XT-30

DESCRIPTION

Connectstothe handviaacustom
wiringharness

Ethernetinterface (1I000OBASE-T)

External powerinput(compatible
with provided power adapter)

External powerinput(compatible
with XT30 power connector)

NOTES

Interface identicalto the hand

Supportslockable Ethernet cables (anti-
loosening design)

Use either port C or Dindependently
Do notconnectboth ports simultaneously
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4.6 Internal Pin Pad

Pin
1,2,3

4,5,6

5. Integration Example

Signal
PWR
GND
FAN_PW
RESERVE
D
MDIO_N
MDIO_P
MDIT_N
MDI_P
MDI2_N
MDI2_P
MDI3_N

MDI3_P

Description
Powerlnput (Positive)

Powerlnput (Negative)

Fanpowersupply (6V,

0.2 Amax)

Donotuse
Ethernet
100BASE
-TX

Ethernet

1000BAS

E-T
Notused
in
100BASE
-TX

This section describes a typical integration setup using the flange interface. In this

example, power and network connections are routed through the robot body, and the

robot’s onboard system is ARM-based and runs Ubuntu 22.04,

5.1Installthe Hand

This section describes how to mount the hand onto the robotic arm using the flange

interface.

1. Insert the positioning pin (6 x 10) into the locating hole at the end of the robotic arm.
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Robotic Flange

Positioning Pin

2. Alignand mount the flange adapter onto the robot end, ensuring properengagement
with the positioning pin and a flush fit with the mounting surface.

64 /175



Flange Adapter

Positioning Pin

3. Install the M6 x 10 screws and tighten them in a diagonal (cross) sequence.
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M6 X 10 screws

4. Mount the Sharpa Wave hand onto the flange adapterand secure it using the M4 x 12
screws
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M4 X 12 screws

5.2 ConnectPower and Network

e Connectthe hand tothe connection box.

e Connectthe powerinput tothe robot powerinterface (XT30 orDC 5.5 x 2.5), oruse the
provided power adapterby pluggingitinto an AC outlet.

e Connectthe Ethernetinterface:

¢ [fthe host system has multiple Ethernet ports, connect each connection box directly
toaport onthe host system.

e |[fthe host system has only one Ethernet port, connect all devices via a network switch
(host system « switch - connectionboxes).
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-------

a Sharpa Wave Left

5.3 Check Cable Routing

e Ensure that the cables are secured along the robot structure.
e Avoidinterference with robot motion.

e Avoid excessive bending ortension.

5.4 Power On and Connect

e Ensure SharpaWave and the host system (ARM computer) are on the same network
segment

e Configure the host system IP address according to Section 5.1 (Default Network
Settings), e.g.,192.168.10.240

e Download the ARMversion of the Sharpa Wave SDK

e Runsharpa_wave_example following the instructions in README.md

Successful connectionisindicated if Sharpa Wave moves.

68/175



6. Wrist Camera Integration

Integrating a camera at the wrist can significantly enhance perception formanipulation and
teleoperation tasks.
This section provides design guidelines for mounting a camera using the wrist interface.

Adepth camerasuch as the Intel RealSense D405 is used as areference example, but the
guidelines apply to similardevices.

6.1Design Considerations

Before integration, review the camera datasheet and confirm the following:

e Mechanical mounting interface
e Cable type and routing requirements

e Field of view (FOV)

These parameters directly affect placement, visibility, and integration complexity.

6.2 CameraPlacement Guidelines

1. Viewing Direction
The camera should be oriented toward the workspace in front of the palm.
Aslight downward tilt (approximately 20°) isrecommended to:

e improve visibility of contact areas
e reduce occlusion from fingers

e maintain a stable view during manipulation

The exact angle should be adjusted based on the application.
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2. Field of View Coverage

The camera should be positioned such thatits FOV covers the palm and fingers.

When designing:

e Use CAD orsimple geometric models to approximate the FOV
o \erify thatkey interaction regions are within view

e Treatthe FOVmodel as an approximation; validate with real hardware

3. Cable Routing and Clearance
Cable routing must be considered early in the design:

e Avoidinterference with fingermotion and workspace
e Ensure sufficient clearance from surrounding structures

e Provide enough bending space forthe cable

Typical routing pathsinclude:
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e along the side of the wrist

e alongthe underside of the wrist

Cable Routing Option 1

Cable Routing Option 2

6.3 Mounting Design

Tointegrate the camera with the wrist interface, a custom adapteris typically required.
1. Adapter Structure

Formanufacturability and flexibility, the adapteris commonly divided into two parts:

e awrist-side component that attaches to the wristinterface

e acamera-side component that mounts the camera
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Wrist-side Component

Camera-side Component

2. Alignment and Repeatability
To ensure consistent camera pose afterassembly:

¢ include precision alignment features (e.g., dowel pins)

e avoidrelying solely on screw positioning

Thisis especially importantif the adapteris frequently removed and reinstalled.

Dowel Pin Hole

3. Prototyping and Production

e Use 3D printing forrapid prototyping and design validation
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e Aftervalidation, use CNC machining for final parts to ensure strength and precision

6.4 Summary

Asuccessful wrist camera integration should:

e provide stable and unobstructed view of the workspace
e avoidinterference withhand motion
e ensurereliable cable routing

e maintainrepeatable alignment afterassembly

SharpaPilot

Coming soon

Development

SDK Overview

The Sharpa Wave SDK provides a unified programming interface for controlling the
dexterous hand, accessing real-time state feedback, and integrating tactile sensing into
robotic applications.

Itis designed to support both rapid prototyping and production-grade system integration.

1. Supported Languages

The Sharpa Wave SDKis available in both Python and C++, with consistent core abstractions
and APIs across languages.

e PythonSDKisrecommended for:
e rapid developmentand prototyping
e algorithm development and research workflows
e dataprocessing and machine learning integration

e C++ SDKisrecommended for:
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e performance-critical applications
e real-time control systems

e embedded orproduction deployment

Both SDKs expose the same core capabilities (device management, motion control, state
feedback, and tactile sensing), allowing users to switch between languages with minimal
changes.

Atypical development workflow is to prototype in Python and migrate to C++ when higher
performance or tighter system integrationis required.

2. Core Capabilities

The SDK provides full access to device functionality:

e Device Management
e Discoveravailable devices on the network
e Connect/disconnectdevices
e Query device metadata and status
e Motion Control
e Joint-level position control
e Admittance control (force — motion)
e MITimpedance control
e Runtime parametertuning (stiffness, damping, etc.)
e State Feedback
e Jointangles, velocities, torques (500 Hz)
e Device status and faultinformation
¢ Tactile Sensing
e Access multi-modal tactile data:
e rawimage
e deformationmap
e 6-DOFforce
e contactpoint

e Supportbothpolling and callback-based data pipelines
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e System Configuration
e Control source / control mode switching
e Network and device configuration

e Runtime parameteradjustment

3. Architecture Overview

The SDK follows a manager-device architecture:

e SharpaWaveManager

e Singletonentry point

e Handles device discovery and connectionlifecycle
e SharpaWave

e Representsaconnected hand device

e Providesall runtime control and sensing interfaces

This abstractionis consistent across Python and C++.

4. Typical Workflow

Atypical SDKusage flow is:

. Get the global managerinstance

. Discoveravailable devices

. Connecttoadevice

. Wait until the device isready

. Configure control source and control mode

. Send commands orread data

N O 0 A NN

. Disconnect cleanly
If tactile sensing is used, the workflow may additionally include:

e waiting fortactile readiness
e performing tactile calibration

o fetching tactile frames(polling)
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e processing tactile datavia callbacks

5. Relationship with Sharpa Pilot

Sharpa Pilot and SDK share the same underlying communicationinterfaces:

e Only one control source can actively send motion commands

e Tactile streaming ports are shared
Important:

e DonotrunSDKtactile programs and Sharpa Pilot simultaneously

e Ensure control source is switched to SDK before sending commands

Setup

1. System Requirements

COMPONENT REQUIREMENT

CPU x86_64 /armé4

N Ubuntu22.04/24.04
Python SDK Python 3.10-3.13
C++SDK C++17 orlater

2. Installation

2.1Download
Download the Sharpa Wave SDK from: Sharpa Wave SDK

Select the package that matches your CPU architecture (e.g.,amdé4 orarmé4).
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https://www.sharpa.com/pages/downloads

2.2 Installthe SDK Package

Install the Debian package:

TEXT

sudo dpkg -i <sharpa-wave-sdk-package>.deb

This installs:

e runtime libraries
e C++ headers
e Pythonbindings

e configuration files and examples

2.3 Package Layout

Atypical SDKinstallation provides the following directory layout:

TEXT

/opt/sharpa-wave-sdk/include/SharpaWaveSDK.h
/opt/sharpa-wave-sdk/1ib/1libsharpa-wave-sdk.so
/opt/sharpa-wave-sdk/python/sharpa/__init__.py
/opt/sharpa-wave-sdk/python/sharpa/sharpa.cpython-310-x86_64-1linux-gnu.so
/opt/sharpa-wave-sdk/python/sharpa/sharpa.cpython-311-x86_64-1inux-gnu.so
/opt/sharpa-wave-sdk/python/sharpa/sharpa.cpython-312-x86_64-1inux-gnu.so
/opt/sharpa-wave-sdk/python/sharpa/sharpa.cpython-313-x86_64-1inux-gnu.so
/opt/sharpa-wave-sdk/README . md

/opt/sharpa-wave-sdk/config/. ..

The most commonly used paths are:

e thepublic C++headerin /opt/sharpa-wave-sdk/SharpaWaveSDK.h
e theruntimelibraryin /opt/sharpa-wave-sdk/

e the Pythonpackagein /opt/sharpa-wave-sdk/python/
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e configurationfilesand examplesin /opt/sharpa-wave-sdk/

2.4 Language-Specific Setup

e Python SDK

e The Python moduleisinstalled automatically by the sharpa-wave-sdk Debian
package.

e Themoduleislocated at /opt/sharpa-wave-sdk/python/ .

¢ |Install optional dependencies for Python examples:

TEXT

pip install -r python/requirements.txt

e [fyouonly runtactile visualization examples and prefer system packages, you may
install:

TEXT

sudo apt install python3-numpy python3-opencv

e C++SDK

e The public C++ headerand runtime library are installed automatically by the sharpa-
wave-sdk Debian package.

e Tocompile C++examples,install a C++ build toolchain:

CPP

sudo apt install build-essential pkg-config

e Tocompile tactile C++ examples, install OpenCV development headers:

CPP
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sudo apt install libopencv-dev

e Linkapplications with:
TEXT
-I/opt/sharpa-wave-sdk \
-L/opt/sharpa-wave-sdk \

-lsharpa-wave-sdk -1dl \
-W1, -rpath, /opt/sharpa-wave-sdk/

Python SDK Guide

1. Quick Start

This section provides the shortest recommended path to a working integration.

1.1Before You Start

Before running the example:

e poweronthe SharpaWave
e connectthe host and the device to the same subnet

e confirm that the SDK Python module isinstalled correctly

Forphysical hardware connection, safety handling, and device startup instructions, referto
the product usermanual.

1.2 Minimal Python Example

PYTHON

import sys

import time
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sys.path.insert (0, "/opt/sharpa-wave-sdk/python/")

from sharpa import ControlMode, ControlSource, SharpawWaveManager

def main() -> int:
manager = SharpaWaveManager.get_instance()

time.sleep(1)

sns = manager.get_all_device_sn()
if not sns:
print("No device found")

return 1

wave = manager.connect(sns[0])

if not wave.start():
print("Failed to start device")
manager .disconnect_all()

return 1

try:
while not wave.is_hand_ready():

time.sleep(0.2)

err_source = wave.set_control_source(ControlSource.SDK)

err_mode = wave.set_control_mode(ControlMode.POSITION)

if err_source.code != 0 or err_mode.code != 0:
print("Failed to initialize control state")

return 1

state = wave.get_states()

print(f"Current joint angles: {state.angles}")

target_angles_deg = [0.0] * 22

err = wave.set_joint_position_degree(target_angles_deg)

if err.code != 0:
message = getattr(err, "to_string", None)
print(message() if callable(message) else err.message)

else:
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print("Command sent: move all joints to 0 degree")
time.sleep(1)
return 0
finally:
wave.set_control_mode(ControlMode.ZERO_FORCE)
wave.stop()

manager .disconnect_all()

if __name__ == "_ main__":

raise SystemExit(main())

1.3Run

Assuming the SDK has beeninstalled to the default system paths, run the example with:
BASH

python3 sharpa_wave_quick_start.py

Formore examples, please referto:
TEXT

/opt/sharpa-wave-sdk/sample

2. APl Usage Guide

2.1Device Discovery and Connection

2.1.1Getting the ManagerInstance

Use the singleton managerto discoverand connect devices.

PYTHON
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manager = SharpaWaveManager.get_instance()

2.1.2 Discovering Devices

To obtain all discovered serial numbers:

PYTHON

sns = manager.get_all_device_sn()

To obtaincomplete information for all discovered devices:

PYTHON

devices = manager.get_all_devices()

get_all_devices() returnsalistof DeviceInfo structures.

2.1.3 Connecting by Serial Number

PYTHON

wave = manager.connect(device_sn)

Use this overload when the target serial numberis known.

2.1.4 Connecting by Hand Side

PYTHON

from sharpa import HandSide

wave = manager.connect(HandSide.RIGHT)
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Use this overload when you want to connect by logical hand side instead of serial number.

2.1.5 Connecting with Configuration

Use SharpaWaveConfig whentactile behaviororstartup behavior must be customized.
PYTHON
from sharpa import SharpawWaveConfig
config = SharpaWaveConfig()
config.disable_tactile = False
config.disable_sync_time = False

config.tactile_config_file = ""

wave = manager.connect(device_sn, config)

2.1.6 Checking Connection State

PYTHON

connected = manager.is_connected(device_sn)

2.1.7 Disconnecting

PYTHON

manager .disconnect(device_sn)

manager .disconnect_all()

Afterdisconnecting, referencestothe old SharpaWave objectmustnotbereused.
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2.2 Device Lifecycle

2.2.1 Waiting for Readiness

After connecting, wait until the device isready before sending commands.
PYTHON

while not wave.is_hand_ready():

time.sleep(0.2)

If tactile is enabled, you may also check:

PYTHON

tactile_ready = wave.is_tactile_ready()

2.2.2 Explicit Start and Stop

Afterobtaining a SharpaWave objectfrom SharpaWaveManager::connect(...) ,the
applicationshould call start() before using tactile-related functionality.

PYTHON

started = wave.start()

Use stop() whenhand operation ortactile datatransmission and receptionneed tobe
stopped without fully disconnecting the device.

PYTHON

stopped = wave.stop()
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2.2.3Destroying the Device Object
PYTHON

wave.destroy()

destroyed = wave.is_destroyed()

After destroy() ,internal resources are released. The object reference should be treated
as invalid until the managerreconnects the device.

2.2.4 Rebooting the Device
PYTHON

err = wave.reboot()

Afterreboot, wait again until the device becomesready.

2.3 Device Information and Configuration

2.3.1Reading Device Information

Use get_device_info() whenyouneed structured metadata.
PYTHON

info = wave.get_device_info()

Use get_device_info_json() whenyouneed aserialized JSON representation.
PYTHON

json_str = wave.get_device_info_json()

Typical fieldsinclude:
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e serial number
e firmware version
e handside

e devicetype

e |Paddress

e TCP/UDPports

e runtime status

2.3.2 Synchronizing Time

PYTHON

err = wave.sync_time()

Time synchronizationis typically handled during startup unless disabled by configuration.

2.3.3 Setting the Device IP Address

PYTHON

err = wave.set_device_ip("192.168.10.30")

Changing the device IP address causes a device reboot. Afterthe reboot:

e update host network settingsif needed
e make sure the hostis on the same subnet

e reconnectthe device

2.3.4 Current and Speed Coefficients

These interfaces canbe used to scale the effective currentlimit and speed limit of the
device during operation, without changing the application-level motionlogic.

The current coefficient controls the upperscaling applied tojoint current output.
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PYTHON

err_set = wave.set_current_coeff(0.6)
if err_set.code != 0:

print(err_set.message)

err_get, coeff = wave.get_current_coeff()
if err_get.code ==

print(f"Current coefficient: {coeff}")

Use a smaller coefficient when lower output force or more conservative behavioris desired.

The speed coefficient controls the upper scaling applied tojoint angular speed.

PYTHON

err_set = wave.set_speed_coeff(0.5)
if err_set.code !'= 0O:

print(err_set.message)

err_get, coeff = wave.get_speed_coeff()
if err_get.code == 0:

print(f"Speed coefficient: {coeff}")

Use a smaller coefficient when slower motionis required for testing, demonstration, or safer

interaction.
Safety Recommendation:
When adjusting current or speed coefficients:

e start from the recommended default values
e increase them only when the application has been validated sufficiently

¢ verify the effectin a controlled environment before task execution

Forapplications with uncertain control quality orincomplete tuning, itis strongly
recommended to keep these coefficients conservative. Excessive values may lead to
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unstable motion, excessive mechanical load, or hardware damage.

2.3.5Hardware Live Time

These interfaces query cumulative online time (in seconds) forhardware components on
the device.

e Motors: 22 entries (MotorLivetimeEntry) .Use is_valid() and uid_hex() ;anall-
zero UID means the slotis invalid or offline.

e Fingertips: 10 channels (FingerLivetimeEntry) . Right hand: channels O-4;left hand:
5-9. channel_id == -1 meansthe slotisinvalid (notinstalled orunsupported).

PYTHON

err, livetime = wave.get_hardware_livetime()
if err.code != 0:
print(err.message)
else:
for i, m in enumerate(livetime.motors):
if m.is_valid():
print(f"Motor[{i:02d}] uid={m.uid_hex()} live={m.live_secs}s")
else:

print(f"Motor[{i:02d}] (invalid / offline slot)")

for f in livetime.right_hand_fingers():

print(f"Right finger ch{f.channel_id}: {f.live_secs}s")

for f in livetime.left_hand_fingers():

print(f"Left finger ch{f.channel_id}: {f.live_secs}s")

2.3.6 Reading Backlash History

Backlash calibration history on the device is stored as JSON records infile 8x0004 . Use
json_store_stat togethow manyrecords exist,then json_store_read tofetchthem

page by page.

Step 1 — Get the numberof records
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PYTHON

BACKLASH_JSON_STORE = 0x0004

err_stat, total = wave.json_store_stat(BACKLASH_JSON_STORE)
if err_stat.code != 0:

print(err_stat.message)
else:

print(f"Backlash history records: {total}")

Step 2 —Read all records (paged)

PYTHON

import json

BACKLASH_JSON_STORE = 0x0004

err_stat, total = wave.json_store_stat(BACKLASH_JSON_STORE)
if err_stat.code != 0:
print(err_stat.message)
elif total ==
print("No backlash history on device.")
else:
page_size = 50
offset = 0
while offset < total:
err_read, _, records = wave.json_store_read(
BACKLASH_JSON_STORE, offset, page_size
)
if err_read.code != 0:
print(err_read.message)

break
for raw in records:

record = json.loads(raw)

ts = record.get("ts", 0)

89/175



backlash = record.get("backlash_data")
print(f"timestamp={ts}, backlash_data={backlash}")

if not records:
break

offset += len(records)

EachrecordisaJSON object. Fields used forbacklash history:

e ts — Unixtimestamp (seconds)whenthe record was saved.

e backlash_data — Array of per-joint backlashvaluesindegrees; null means thatjoint
was not stored in that record.

If total isO,thereisnobacklash historyinthe JSON store yet (forexample, before any
successful backlash commit on supported firmware).

2.3.7 Generic Parameter Access

Advanced settings can be controlled with a generic JSON interface.

Toset parameters:
PYTHON

import json

err = wave.set_parameter(json.dumps({"key": "value"}))
To get parameters:

PYTHON

err, json_str = wave.get_parameter(["keyl", "key2"])

Further parameter definitions will be provided where applicable.
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2.4 Motion Control

2.4.1 Enable State

Before motion control, it is necessary to ensure that the state is enabled.

PYTHON

errl, enabled = wave.get_enable_state()

err2 = wave.set_enable_state(True)

Invoking the set_control_mode or set_control_source interface willautomatically
transition the device to the enabled state.

During a callto a hardware settings modification interface, the device willautomatically
switch to the disabled state; upon completion, it willautomatically revert to the enabled
state.

2.4.2 Control Source
Applications that drive the hand through the SDK should explicitly set SDK control source.

PYTHON
from sharpa import ControlSource

wave.set_control_source(ControlSource.SDK)

err, source = wave.get_control_source()

2.4.3 Control Mode

Set the required control mode before sending commands forthat mode.

PYTHON

from sharpa import ControlMode
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wave.set_control_mode(ControlMode.POSITION)

err, mode = wave.get_control_mode()

Available public control modesinclude:

e ZERO_FORCE
e POSITION
e ADMITTANCE

e MIT

2.4.4 Position Control

To send joint positionsinradians:

PYTHON

wave.set_control_mode(ControlMode.POSITION)
angles_rad = [0.0] * 22

err = wave.set_joint_position(angles_rad)

Explicitradiansinterface:

CPP

auto err = wave.set_joint_position_rad(angles_rad);

To send joint positionsin degrees:

PYTHON

angles_deg = [0.0] * 22

err = wave.set_joint_position_degree(angles_deg)

For all full-hand vector-based motioninterfaces, the input vector must follow the SDK-
defined joint DOF ordering.
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This applies to position commands and any other APIs that use full-hand joint vectors.
Forthe complete ordering definition, referto Appendix 1 Joint DOF Ordering.

2.4.5 Admittance Control

In Admittance mode, the controllerregulates the robot's dynamic response to external
interaction forces. Admittance control accepts external force as input and generates
motion commands (position) as output, emulating a virtual mass-spring-damper system.

Md(fléref - md) + Bd(jjref - :Ed) + Kd(mref - xd) — Femt

Where:

e F,.;:Measured external force/torque (N-m)
e My: Virtual mass/inertia (kg-m?2)

e By Virtual damping (N-m-s/rad)

e K : Virtual stiffness (N-m/rad)

e x, Nominal target trajectory (rad)

* x,.¢.Modified reference trajectory (rad)

To utilize this mode, first switch the control mode to ADMITTANCE and establish the nominal
target trajectory using the joint positioninterface:

CcPP
wave.set _control _mode(sharpa::ControlMode: :ADMITTANCE);

std::vector<float> angles_rad(22, 0.0f);

auto err = wave.set_joint_position(angles_rad);

Once the mode is active, you can configure the virtual dynamic characteristics (mass,
damping, and stiffness) foreachjoint via the parametersetting interface. This allows you to

tune the robot's "softness” or "heaviness" during interaction:

PYTHON
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import json

params = {

"stiffness_coeff": 0.5,

"stiffness": [
3.6, 3.6, 2.4, 2.4, 2.4, 3.6, 3.6, 2.4, 0.8, 3.6, 3.6,
2.4, 0.8, 3.6, 3.6, 2.4, 0.8, 3.6, 3.6, 3.6, 2.4, 0.8,

1

"mass": [0.001] * 22,

"damping": [
0.25, 0.25, 0.25, 0.25, 0.15, 0.25, 0.25, 0.15, 0.05,
0.25, 0.25, 0.15, 0.05, 0.25, 0.25, 0.15, 0.05, 0.25,
0.25, 0.25, 0.15, 0.05,

1

"torque_threshold": [
0.8, 1.0, 0.5, 1.0, 0.08, 0.5, 1.0, 0.08, 0.08, 0.5, 1.0,
0.08, 0.08, 0.5, 1.0, 0.08, 0.08, 0.24, 0.5, 1.0, 0.08, 0.08,

1

err_param = wave.set_parameter(json.dumps(params))
if err_param.code != 0:

print(err_param.message)

Parameter Definitions:
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PARAMETER TYPE
mass float
damping float
stiffness float
stiffness_coeff float

torque_threshold float

SIZE

22

22

22

22

DESCRIPTION

Mass (adjustable
perjoint)

Damping
(adjustable per
joint)

Stiffness
(adjustable per
joint)

Stiffness
coefficient
(global). The final
stiffnessforeach
jointis calculated
as: stiffnessl[i]*
stiffness_coeff

Torque threshold.
Admittance logic
istriggeredonly
whenjointtorque
exceedsthis
value, to avoid
interference
from friction, etc.

UNIT

kg-m2

N-m-s/rad

N-m/rad

Unitless
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PARAMETER TYPE SIZE

torque_source int 22

2.4.6 MIT Control

DESCRIPTION

Torque source
type (adjustable
perjoint):

e O:Current
(default)

* 1l.Force
sensor
(available only
atrootjoints
of eachfinger,
e.g., thumb
CMCand
fingerMCP
jointsare
equippedwith
this sensor)

UNIT

In MIT mode, the position loop and velocity loop are arranged in parallel. Their outputs are

summed togetherwith the feedforward torque ¢ ¢  to generate the reference torque 1. ¢:

Tref = Kp * (ptarget - pactual) + Kd * (vtarget - Uactual) + tff

Where:

. T,.ef: Reference torque,inN-m

e Kp:Positiongain

e Kd: Velocity gain

® Diarget: Targetjoint position,inrad

® Dactual: ACtual joint position,inrad

* Uirget: 1argetjoint velocity,inrad/s
® VUuctual: Actual joint velocity, inrad/s

e tys:Feedforward torque,inN.m

PYTHON

96 /175



wave.set_control_mode(ControlMode.MIT)

pos = [0.0] * 22
vel = [0.0] * 22
tau = [0.0] * 22
err = wave.set_mit_control(pos, vel, tau)

In MIT control mode, a set of default kp and kdparameters is provided. If these defaults do
not suit your application, you can use set_parameterinterface to modify them.

PYTHON

import json

params = {
"torque_source": [0] * 22,
"mit_kp": [20, 20, 8, 25, 4, 5, 25, 4, 1, 5, 25, 4, 1, 5, 25, 4, 1, 2,
5, 25, 4, 1],
"mit_kd": [
0.5, 0.5, 0.2, 0.25, 0.1, 0.2, 0.25, 0.1, 0.01, 0.2, 0.25,
0.1, 0.01, 0.2, 0.25, 0.1, 0.01, 0.01, 0.2, 0.25, 0.1, 0.01,

1

err_param = wave.set_parameter(json.dumps(params))
if err_param.code != 0:

print(err_param.message)

Parameter Definitions:
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PARAMETER TYPE SIZE DESCRIPTION UNIT

mit_kp float 22 Stiffness N-m/rad
(adjustable per
joint)

mit_kd float 22 Damping N-m-s/rad

(adjustable per
joint)

Note: Improperkp and kdvalues may cause system oscillation.

ltisrecommended to keep Kd atits default value, and tune joint stiffness by adjusting Kp.
The recommended Kp range is as follows(applicable only when torque_source is set to
current(default); otherwise, oscillation may occur):
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JOINTINDEX

0

10

1

12

13

14

15

16

17

18

19

20

21

KP_MIN

10

10

10

10

0.2

10

0.2

10

0.2

10

0.2

KP_MAX

40

40

20

25

20

25

1.2

20

25

1.2

20

25

1.2

20

25

1.2
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2.4.7 Reading Joint State

Use get_states() toread the latestjoint state packet.

PYTHON

state = wave.get_states();

The returned State contains:

timestamp
e sequence

e angles

e velocities

e torques

2.4.8 Reading Joint Position Only

Convenience APIs are available forreading positions only.

PYTHON

err_rad, positions_rad wave.get_joint_position_rad()

err_deg, positions_deg wave.get_joint_position_degree()

2.4.9MCU control

The MCU enable APIs control MCU power/ enable state at the device level through the
PM_CTL power-management channel.

get_mcu_enable() readsthe current MCU enable state.

PYTHON

err, enabled = wave.get_mcu_enable()

if err.code != 0:
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raise RuntimeError(err.message)

set_mcu_enable(bool enable) setswhetherthe MCUisenabled.

PYTHON

from sharpa import SharpawWaveManager

manager = SharpaWaveManager.get_instance()

wave = manager.connect(device_sn)

wave.start()

err wave.set_mcu_enable(True) # Enable MCU

err wave.set_mcu_enable(False) # Disable MCU

2.5 Tactile Data

Sharpa Wave SDK provides tactile data access for supported devices through polling and
callback-based interfaces. Tactile data caninclude raw image data, deformation maps,
force-related features, contact-pointinformation, and other structured outputs depending
ondevice capability and runtime configuration.

2.5.1Capability and Readiness

Before using tactile APIs, check both support and readiness.

PYTHON

supported = wave.has_tactile_support();

ready = wave.is_tactile_ready();

e has_tactile_support() indicates whetherthe connected device supports tactile
sensing.

e is_tactile_ready() indicates whetherthe tactile pipeline has beeninitialized
successfully andis ready to provide data.
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If tactile is not supported or not ready, tactile frame APIls may fail orreturn no valid data.

2.5.2 Tactile Calibration

When tactile signals show drift overtime, tactile calibration can be used toreset the tactile
output tozero. This helps establish a clean reference baseline before tactile sensing is used

in atask.

Itisrecommended to perform tactile calibration before starting a new task, experiment, or

data-collection procedure.

To calibrate tactile zero state:

PYTHON

ok = wave.calib_tactile(num_frames =20, max_retry =10);

Before calibration:

e keep the hand stationary

e ensure fingertips are notin contact with external objects

2.5.3Fetching Tactile Frames

Tofetchatactile frame synchronously:

CPP

frame = wave.fetch_tactile_frame(@, 1.0)
if frame is not None:
raw = frame["content"].get("RAW")
deform = frame["content"].get("DEFORM")
f6 = frame["content"].get("F6")
contact_point = frame["content"].get("CONTACT_POINT")

Where:
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e channel: tactile channel index. For the definition of tactile channel indices, see
Appendix 2, Tactile Channel Mapping.

e timeout: maximum wait time in seconds

Users should not assume that every frame always contains every payload. Always check
whether a key exists before reading it.

2.5.4 Tactile Callbacks

To process tactile data asynchronously:

PYTHON

def tactile_callback(frame):
if frame is None:

return

channel = frame["channel"]

timestamp = frame["ts"]

raw = frame["content"].get("RAW")

deform = frame["content"].get("DEFORM")

f6 = frame["content"].get("F6")

contact_point = frame["content"].get("CONTACT_POINT")

wave.set_tactile_callback(tactile_callback)

Callbacksrunin the data acquisition path and should remain lightweight. Heavy processing
should be offloaded to worker threads ora queue.

2.5.5 Frame Content Model

In Python, tactile frames are exposed as dictionary-like objects. Commonfieldsinclude:

e channel: tactile channel index
e ts: frametimestamp
e content: map from payload name to payload data

e shape: map from payload name to shape information
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The content field may contain payloads such as:

PYTHON

raw_jpg = frame["content"].get("RAW_JPG")

raw = frame["content"].get("RAW")

force = frame["content"].get("F6")

deform_jpg = frame["content"].get("DEFORM_JPG")

deform = frame["content"].get("DEFORM")

contact_point

frame["content"].get("CONTACT_POINT")

Typical payloadsin frame["content"] mayinclude:

TYPE

RAW

DEFORM

Fé6

RAW_JPG/
DEFORM_JPG

CONTACT_POINT

DESCRIPTION

Rawimage

Deformationmap

Force/Tactile features
(e.g., 6-dimensional or
multi-channel
floating-point
features)

JPEG-compressed
image

Contactpoint-related
floating-pointdata

TYPICALSHAPE

[1,HWI]
(H=240,W=320)

[1,H,W]
(H=240,W=240)

[1,1,6]

[1,T,N](Nisnumber of
Bytesof jpeq)

[N, 3]1(Nisnumber of
detectedcontacted
points)

DATA FORMAT

uint8_t

uint8_t

float32

uint8_t

float

The returned payloads can be converted to NumPy arrays when numerical orimage

processing isrequired.

PYTHON

import numpy as np
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raw_data = frame["content"].get("RAW")
if raw_data is not None:
height = frame["shape"]["RAW"][1]
width = frame["shape"]["RAW"][2]
raw_image = np.asarray(raw_data).reshape(height,
width).astype(np.uint8)
deform_data = frame["content"].get("DEFORM")
if deform_data is not None:
height = frame["shape"]["DEFORM"][1]
width = frame["shape"]["DEFORM"][2]

deform_image = np.asarray(deform_data).reshape(height,

width).astype(np.uint8)

2.5.6 Deformation Mapping Helpers

The SDK provides helperfunctions formapping tactile image-space information.

PYTHON

point = wave.deform_map_uv(channel, row, col)

mm = wave.deform_map_value(value_ui8)

These helpers are useful when converting deformation-map coordinates orvalues into
more meaningful geometric or physical interpretations.

2.5.7 Tactile Statistics

Toinspecttactile reception quality:

PYTHON

summary = wave.tactile_summary()

Thiscanbe used toinspect packetreception quality, dropped data, and runtime tactile

streaming behavior.
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2.5.8 Tactile Port Recovery

If tactile startup fails because of host port conflicts, use the recovery helpers:

PYTHON

ok = wave.retry_tactile_alternate_port()
ports = wave.get_tactile_alternate_ports()
port = wave.get_next_available_tactile_port([])

bound = wave.bind_tactile_port(port)

These APIs help recover tactile functionality when the default host portis occupied or

unavailable.

2.5.9 Tactile Raw Image Disabled

Todisable the transmission of tactile raw images while retaining deformationimages and

six-dimensional force.

PYTHON

# after wave.start():

err = wave.set_parameter(json.dumps({
"secret_function": "set_tactile_jpeg_enable",
"enable":false,
"channel": -1,

1))
if err.code != 0;
print(err.message)

time.sleep(0.05)

2.6 Hardware Management & Control

2.6.1MotorUpgrade overview

e Firmware package mustbea .hex file withavalid name:

e Motor: MotorDriver_x.y.z.hex (e.g. MotorDriver_0.0.19.hex)
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e Typical workflow:

TEXT

Connect - Query versions - Upload .hex - Confirm package on device - Start

upgrade — Poll progress - Verify versions

e Precautions

o Keep the TCP/PTC session stable during upgrade. start_motor_update only starts
the job; progress mustbe polled via get_motor_update_process . If the client
disconnects, the device may still be flashing motors. Poll failures or SDK timeouts do
not necessarily mean the upgrade stopped.

e Only one client should control the hand (do not run Pilot and a custom script on the
same device simultaneously).

e Donotruntwoupgrade sessionsinparallel. batch_motor_update returns
OPERATION_NOT_ALLOWED if asessionis already active.

e Donotcall start_motor_update / batch_motor_update while the device reports
busy / recovery window.

e batch_motor_update blocks;for22 motorsit may take along time—do not
disconnect during the call.

2.6.2 Querying Motor Versions

get_latest_motor_version() returnsthe latest motorfirmware version available based

ontheyourdevice’s

PYTHON

err, latest = wave.get_latest_motor_version()
if err.code != 0:
raise RuntimeError(err.message)

# latest example: "0.0.19"
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2.6.3 Get Motor Runtime Version

get_all_motor_versions() returnsthe currently running firmware version forall 22
motors (IDs 0-21).

PYTHON

err, versions = wave.get_all_motor_versions()
if err.code != 0:
raise RuntimeError(err.message)
for motor_id, ver in enumerate(versions):
print(motor_id, ver)
# versions.size() == 22

# versions[i] is motor_id i, e.g. "0.0.18"

get_current_motor_version(motor_id) returnsthe current running firmware versionfora

single motorwithmotor_id

PYTHON

motor_id = 5

err, version = wave.get_current_motor_version(motor_id)

2.6.4 Uploading a Motor Firmware Package

upload_motor_firmware(hex_path, progress_callback) uploadsthe .hex filetothe
device over HTTPS into device. The basename of the file must match the naming rules
above.

PYTHON

def on_progress(percent: int) -> None:

print(f"upload progress: {percent}%")
err = wave.upload_motor_firmware(
"/path/to/MotorDriver_0.0.19.hex",

on_progress,
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)

if err.code != 0:

raise RuntimeError(err.message)

err, latest = wave.get_latest_motor_version()

2.6.5Performing Motor Upgrades

Two upgrade paths are provided:

API

start_motor_update

batch_motor_update

get_motor_update_process

Motor D conventions

e Motors: 0-21

USE CASE

Single motor or strain channel

Multiple motors (0-21)

Usedwith single-motor
upgrade

BEHAVIOR

Asynchronous — starts
upgrade only; you mustpoll
progress

Blocking — SDK pollsinternally
untildone andverifies versions

Query progress and status

e Strainchannels: 32-36 (supported by start_motor_update and

get_motor_update_process only; batch_motor_update supports motors 0-21 only)

MotorUpgradeStatus fields

FIELD

progress

isActive
targetVersion
motor_id

errorMessage

MEANING

-lunknown/notstarted; 100 completed; =101

failed

true while upgrade isin progress

Target firmware version

MotorID currently beingprocessed

Error description whenfailed
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upgrade single motor

PYTHON

import time

motor_id = 5

target_version = "0.0.19"

err = wave.start_motor_update(motor_id, target_version)

if err.code '= 0:

raise RuntimeError(err.message)

while True:

poll_err, status = wave.get_motor_update_process(motor_id)

if poll_err.code '= 0:

raise RuntimeError(poll_err.message)

if not status.isActive and status.progress
break
if not status.isActive and status.progress

raise RuntimeError(status.errorMessage

time.sleep(0.5)

>=

100:

101:

"motor update failed")

err, current = wave.get_current_motor_version(motor_id)

Batchupgrade
PYTHON
targets = [

(0, "0.0.19"),
(1, "0.0.19"),
(5, "0.0.20"),

err, results = wave.batch_motor_update(targets)
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if err.code != 0:

raise RuntimeError(err.message)

for motor_id, ok in results.items():

print(motor_id, "OK" if ok else "FAILED")

3. Troubleshooting and Error Handling

3.1Error Model

Most SDK operations return eitheran Error objectora tuple of (Error, value).

An Errorwith code == O indicates that the operation completed successfully. If code !=
0 ,the operationfailed, and the message field provides additional diagnostic information.

Forthe complete list of error codes and theirmeanings, refer to Appendix 3 Error Codes.

Example:
PYTHON

err = wave.set_control_mode(ControlMode.POSITION)
if err.code != 0:

print(err.message)

ForAPIsthatreturn (Error, value) ,alwayscheckthe Error objectbefore using the
returned value:

PYTHON

err, mode = wave.get_control_mode()
if err.code == 0:

print(mode)

Recommended practice:
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e alwayscheckthereturned Error before continuing
e |logboth Error.code and Error.message during debugging

e donotassume that areturned value is valid unless the associated Error indicates
success

3.2 Faultinspection

Use get_fault_code() toinspectcurrentdevice and software fault conditions.

PYTHON

faults = wave.get_fault_code()

The returned map associates each FaultCode with alist of relevantindices, if applicable.
The meaning of these indices depends on the fault context. Forexample:

e formotion-related faults, the indices may refertojointindices
e fortactile-related faults, the indices may referto tactile channels

o forsome system-levelfaults, no specific index may apply, and the associated vector
may be empty

Forthe complete list of fault codes and theirmeanings, referto Appendix 4 Fault Codes.
Recommended practice:

e checkreported fault codes when device behavioris abnormal
e interpret the associated indices according to the subsystem involved

e use thereportedindices tonarrow down motion, tactile, or other subsystem issues
when available

3.3CommonProblems

3.3.1 No device discovered
Check the following:

e thedeviceispoweredon
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e the hostand device are onthe same subnet
o firewall orendpoint security software is not blocking required traffic
e heartbeat packets canreach the host

3.3.2 Connectionfails

Check the following:

e the serialnumberis correct
¢ the selected hand side uniquely identifies one device
e the deviceisreachable onthe network

e the SDKruntime library is correctly installed

3.3.3The device does not respond to motion commands
Check the following:

e is_hand_ready() returns true

control source is set to SDK

the correct control mode has been selected

the deviceisenabled

command vectors use the correct DOF order and length

3.3.4 Tactiledatais notreceived

Check the following:

the device supports tactile sensing
e tactileisenabled andready
e the host portrequired fortactile receptionis available
e the configured hostIP and target port are correct
e anotherapplicationis not occupying the tactile port
3.3.5Port occupied or tactile bind failure

Use the tactile portrecovery helpers:

e retry_tactile_alternate_port()
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e get_next_available_tactile_port()

e bind_tactile_port()

3.3.6 Device becomes unreachable after IP change

Check the following:

e the device hascompleted reboot
e the host computeris onthe same subnet asthe new device IP

e the applicationreconnects afterthe reboot

3.3.7 Recommended Debugging Practices

e alwayslog Error.code and Error.message

e waitforreadiness before issuing commands

¢ |ogdiscovered devices and their IP addresses during startup

¢ validate command vector sizes before sending motion commands
e Kkeep tactile callbackslightweight

e disconnect cleanly before application exit

C++ SDKGuide

1. Quick Start

This section provides the shortest recommended path to a working integration.

1.1Before You Start
Before running the example:

e poweronthe SharpaWave
e connectthe host and the device to the same subnet

e confirm that the SDKruntime library isinstalled correctly

Forphysical hardware connection, safety handling, and device startup instructions, referto

the product user manual.

114 /175



1.2 Minimal C++ Example

CPP

#include "SharpawWaveSDK.h"
#include <chrono>
#include <iostream>
#include <thread>

#include <vector>

int main() {
auto& manager = sharpa::SharpaWaveManager::get_instance();
std::this_thread::sleep_for(std::chrono::seconds(1));
auto sns = manager.get_all_device_sn();
if (sns.empty()) {
std::cout << "No device found" << std::endl;

return 1;

auto& wave = manager.connect(sns[0]);

if (!wave.start()) {
std::cerr << "Failed to start device" << std::endl;
manager .disconnect_all();

return 1;

while (!'wave.is_hand_ready()) {

std::this_thread::sleep_for(std::chrono::milliseconds(200));

auto err_source = wave.set_control_source(sharpa::ControlSource: :SDK);

auto err_mode = wave.set _control_mode(sharpa::ControlMode: :POSITION);

if (err_source.code !'= 0 || err_mode.code != 0) {

std::cerr << "Failed to initialize control state" << std::endl;

wave.stop();
manager .disconnect_all();

return 1;
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// Get current state
auto state = wave.get_states();
std::cout << "Current joint count: " << state.angles.size() <<

std::endl;

// Move all joints to O degree
std::vector<float> target_angles_deg(22, 0.0f);

auto err = wave.set_joint_position_degree(target_angles_deg);

if (err.code '= 0) {
std::cerr << err.to_string() << std::endl;
} else {
std::cout << "Command sent: move all joints to O degree" <<
std::endl;
}

std::this_thread::sleep_for(std::chrono::seconds(1));

wave.set_control_mode(sharpa::ControlMode: :ZERO_FORCE);
wave.stop();
manager .disconnect_all();

return 0;

1.3 Compile and Run

Assuming the SDK has beeninstalled to the default system paths, you can compile the
example with:

CPP

g++ -std=c++17 sharpa_wave_quick_start.cc -I/opt/sharpa-wave-sdk -
L/opt/sharpa-wave-sdk -1lsharpa-wave-sdk -1d1l -W1l, -rpath, /opt/sharpa-wave-

sdk -0 sharpa_wave_quick_start
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Thenrun the program with:

CPP

./sharpa_wave_quick_start

Formore examples, please referto /opt/sharpa-wave-sdk/sample .

2. APl Usage Guide

2.1Device Discovery and Connection

2.1.1 Getting the Manager Instance

Use the singleton managerto discoverand connect devices.

CPP

auto& manager = sharpa::SharpawWaveManager::get_instance();

2.1.2 Discovering Devices

To obtain all discovered serial numbers:

CPP

auto sns = manager.get_all_device_sn();

To obtain complete information for all discovered devices:

CPP

auto devices = manager.get _all devices();

get_all_devices() returnsalist of Devicelnfo structures.
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2.1.3 Connecting by Serial Number

CPP

auto& wave = manager.connect(device_sn);

Use this overload when the target serial numberis known.

2.1.4 Connecting by Hand Side

CPP

auto& wave = manager.connect(sharpa::HandSide: :RIGHT);

Use this overload when you want to connect by logical hand side instead of serial number.

2.1.5 Connecting with Configuration

Use SharpaWaveConfig whentactile behaviororstartup behavior must be customized.

CPP
sharpa: :SharpawaveConfig config;
config.disable_tactile = false;
config.disable_sync_time = false;

config.tactile_config_file = "";

auto& wave = manager.connect(device_sn, config);

2.1.6 Checking Connection State

CPP

bool connected = manager.is connected(device_sn);
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2.1.7 Disconnecting
CPP

manager .disconnect(device_sn);

manager .disconnect_all();

Afterdisconnecting, references to the old SharpaWave object must not be reused.

2.2 Device Lifecycle

2.2.1 Waiting for Readiness

After connecting, wait until the device is ready before sending commands.
CPP

while ('wave.is_hand_ready()) {

std::this_thread: :sleep_for(std::chrono::milliseconds(200));

If tactile is enabled, you may also check:
CPP

bool tactile_ready = wave.is_tactile ready();

2.2.2 Explicit Start and Stop

After obtaininga SharpaWave objectfrom SharpaWaveManager::connect(
application should call start() before using tactile-related functionality.

CPP

bool started = wave.start();

...) ,the
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Use stop() whenhand operationortactile data transmission and receptionneed tobe

stopped without fully disconnecting the device.
CPP

bool stopped = wave.stop();

2.2.3 Destroying the Device Object
CPP

wave.destroy();

bool destroyed = wave.is destroyed();

After destroy() ,internal resources are released. The object reference should be treated

as invalid until the managerreconnects the device.

2.2.4 Rebooting the Device
CPP

auto err = wave.reboot();

Afterreboot, wait again until the device becomesready.

2.3 Device Information and Configuration

2.3.1Reading Device Information

Use get_device_info() whenyouneed structured metadata.

CPP

auto info = wave.get_device_info();
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Use get_device_info_json() whenyouneed aserialized JSON representation.

CPP

std::string json = wave.get device_info_json();

Typical fieldsinclude:

e serialnumber
e firmware version
e handside

e devicetype

e |Paddress

e TCP/UDPports

e runtime status

2.3.2 Synchronizing Time

CPP

auto err = wave.sync_time();

Time synchronizationis typically handled during startup unless disabled by configuration.

2.3.3 Settingthe Device IP Address

CPP

auto err = wave.set _device ip("192.168.10.30");

Changing the device IP address causes a device reboot. After the reboot:

e update host network settingsif needed
e make sure the hostis on the same subnet

e reconnectthe device
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2.3.4 Current and Speed Coefficients

These interfaces can be used to scale the effective currentlimit and speed limit of the
device during operation, without changing the application-level motionlogic.

The current coefficient controls the upperscaling applied tojoint current output.

CPP

auto err_set = wave.set_current_coeff(0.6f);
if (err_set.code !'= 0) {

std::cerr << err_set.to_string() << std::endl;

auto [err_get, coeff] = wave.get_current_coeff();
if (err_get.code == 0) {

std::cout << "Current coefficient: " << coeff << std::endl;

Use a smaller coefficient when lower output force or more conservative behavioris desired.

The speed coefficient controls the upper scaling applied tojoint angular speed.

CPP

auto err_set = wave.set_speed_coeff(0.5f);
if (err_set.code '= 0) {

std::cerr << err_set.to_string() << std::endl;

auto [err_get, coeff] = wave.get_speed_coeff();
if (err_get.code == 0) {

std::cout << "Speed coefficient: " << coeff << std::endl;

Use a smaller coefficient when slower motionis required for testing, demonstration, or safer

interaction.
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Safety Recommendation :
When adjusting current or speed coefficients:

e start from the recommended default values
e increase them only when the application has beenvalidated sufficiently

o verify the effectin a controlled environment before task execution

For applications with uncertain control quality orincomplete tuning, itis strongly
recommended to keep these coefficients conservative. Excessive values may lead to
unstable motion, excessive mechanical load, orhardware damage.

2.3.5Hardware Live Time

These interfaces query cumulative online time (in seconds) forhardware components on
the device.

e Motors: 22 entries( MotorLivetimeEntry ). Use is_valid() and uid_hex() ;anall-
zero UID means the slotis invalid or offline.

e Fingertips: 10 channels ( FingerLivetimeEntry ). Right hand: channels O-4;left hand:
5-9. channel_id == -1 meansthe slotisinvalid (notinstalled orunsupported).

CPP

#include "SharpaWaveSDK.h"
#include <cstdio>

#include <iostream>

auto [err, livetime] = wave->get_hardware_Tlivetime();
if (err.code '= 0) {
std::cout << err.message << std::endl;
} else {
for (size_t i = 0; 1 < livetime.motors.size(); ++1i) {
const auto& m = livetime.motors[i];
if (m.is_valid()) {
std::string uid_hex;
char buf[3];
for (uint8_t b : m.uid) {
std::snprintf(buf, sizeof(buf), "%02x", b);
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uid_hex += buf;
X
std::cout << "Motor[" << i << "] uid=" << uid_hex

<< " Tlive=" << m.live_secs << "s" << std::endl;

} else {
std::cout << "Motor[" << i << "] (dinvalid / offline slot)" <<
std::endl;
}
}

for (const auto& f : livetime.right_hand_fingers()) {
std::cout << "Right finger ch" << static_cast<int>(f.channel_id)

<< " " << f.live_secs << "s" << std::endl;

for (const auto& f : livetime.left_hand_fingers()) {
std::cout << "Left finger ch" << static_cast<int>(f.channel_id)

<< " " << f.live_secs << "s" << std::endl;

2.3.6 Reading Backlash History

Backlash calibration history on the device is stored as JSON recordsinfile 8x0004 . Use
json_store_stat togethow manyrecords exist,then json_store_read tofetchthem

page by page.
Step 1— Get the numberof records
CPP
constexpr uint16_t BACKLASH_JSON_STORE = 0x0004;
auto [err_stat, total] = wave->json_store_stat(BACKLASH_JSON_STORE);
if (err_stat.code !'= 0) {

std::cout << err_stat.message << std::endl;
} else {
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std::cout << "Backlash history records: " << total << std::endl;

Step 2 —Read all records (paged)

CPP

#include <nlohmann/json.hpp>

constexpr uintl6_t BACKLASH_JSON_STORE = 0x0004;

auto [err_stat, total] = wave->json_store_ stat(BACKLASH_JSON_STORE);
if (err_stat.code '= 0) {
std::cout << err_stat.message << std::endl;
} else if (total == 0) {
std::cout << "No backlash history on device." << std::endl;
} else {
const uintl16_t page_size = 50;
uintl6_t offset = 0;
while (offset < total) {
auto [err_read, store_total, records] =
wave->json_store_read(BACKLASH_JSON_STORE, offset, page_size);
if (err_read.code !'= 0) {
std::cout << err_read.message << std::endl;

break;

for (const std::string& raw : records) {
auto record = nlohmann::json::parse(raw);
int64_t ts = record.value("ts", 0);
auto backlash = record.find("backlash_data");
std::cout << "timestamp=" << ts << ", backlash_data="
<< (backlash !'= record.end() ? backlash->dump()
"null")

<< std::endl;

if (records.empty()) {
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break;

3

offset += static_cast<uint16_t>(records.size());

EachrecordisaJSON object. Fields used forbacklash history:

e ts — Unixtimestamp (seconds) whenthe record was saved.

e backlash_data — Array of per-joint backlashvaluesindegrees; null means thatjoint

was not stored inthat record.

If total isO,thereisnobacklash historyinthe JSON store yet (forexample, before any

successful backlash commit on supported firmware).

2.3.7 Generic Parameter Access

Advanced settings canbe controlled with a generic JSON interface.

To set parameters:

CPP

auto err = wave.set_parameter(R"({"key":"value"})");

To get parameters:

CPP

auto [err, json_str] = wave.get parameter({"keyl1", "key2"});

Further parameter definitions will be provided where applicable.
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2.4 Motion Control

2.4.1 Enable State

Before motion control, it is necessary to ensure that the state is enabled.

CPP

auto [errl, enabled] = wave.get _enable_state();

auto err2 = wave.set_enable_state(true);

Invoking the set_control_mode or set_control_source interface willautomatically
transition the device to the enabled state.

During a callto a hardware settings modification interface, the device willautomatically
switch to the disabled state; upon completion, it willautomatically revert to the enabled
state.

2.4.2 Control Source
Applications that drive the hand through the SDK should explicitly set SDK control source.

CPP
wave.set_control_source(sharpa::ControlSource: :SDK);

auto [err, source] = wave.get_control_source();

2.4.3 Control Mode

Set the required control mode before sending commands for that mode.

CPP

wave.set _control_mode(sharpa::ControlMode: :POSITION);

auto [err, mode] = wave.get_control_mode();
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Available public control modesinclude:

e Z/ERO_FORCE
e POSITION

o ADMITTANCE
o MIT

2.4.4 Position Control

To send joint positionsin radians:

CPP
wave.set _control_mode(sharpa::ControlMode: :POSITION);

std::vector<float> angles_rad(22, 0.0f);

auto err = wave.set_joint position(angles_rad);

Explicitradiansinterface:

CPP

auto err = wave.set_joint_position_rad(angles_rad);

Tosend joint positionsin degrees:

CPP

std::vector<float> angles_deg(22, 0.0f);

auto err = wave.set_joint_position_degree(angles_deg);

For all full-hand vector-based motioninterfaces, the input vector must follow the SDK-
defined joint DOF ordering.

This applies to position commands and any other APIs that use full-hand joint vectors.
Forthe complete ordering definition, referto Appendix 1Joint DOF Ordering.
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2.4.5 Admittance Control

In Admittance mode, the controller regulates the robot's dynamic response to external
interaction forces. Admittance control accepts external force as input and generates
motion commands (position) as output, emulating a virtual mass-spring-damper system.

Md(firef - wd) + Bd(a.?ref - xd) + Kd(xref - xd) — Fext

Where:

e Fi.t: Measured external force/torque (N-m)
e M,: Virtual mass/inertia (kg-m?2)

e By Virtual damping (N-m-s/rad)

e K : Virtual stiffness (N-m/rad)

e x,; Nominaltarget trajectory (rad)

e I.f: Modified reference trajectory (rad)

To utilize this mode, first switch the control mode to ADMITTANCE and establish the nominal
target trajectory using the joint positioninterface:

CPP

wave.set_control_mode(sharpa::ControlMode: :ADMITTANCE) ;
std::vector<float> angles_rad(22, 0.0f);

auto err = wave.set_joint_position(angles_rad);

Once the mode is active, you can configure the virtual dynamic characteristics (mass,
damping, and stiffness) for eachjoint via the parameter setting interface. This allows you to
tune the robot's "softness"” or "heaviness" during interaction:

JSON
std::string json_str = R"({
"stiffness_coeff": 0.5,

"stiffness": [3.6, 3.6, 2.4, 2.4, 2.4, 3.6, 3.6, 2.4, 0.8, 3.6, 3.6,
2.4, 0.8, 3.6, 3.6, 2.4, 0.8, 3.6, 3.6, 3.6, 2.4, 0.8],
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"mass": [0.001, 0.001, 0.001, 0.001, 0.001, 0.001, 0.001, 0.001, 0.001,
0.001, 0.001,
0.001, 0.001, 0.001, 0.001, 0.001, 0.001, 0.001, 0.001, 0.001,
0.001, 0.001],
"damping": [0.25, 0.25, 0.25, 0.25, 0.15, 0.25, 0.25, 0.15, 0.05, 0.25,

828,
0.15, 0.05, 0.25, 0.25, 0.15, 0.05, 0.25, 0.25, 0.25, 0.15,
0.05],
"torque_threshold": [0.8, 1.0, 0.5, 1.0, 0.08, 0.5, 1.0, 0.08,
0.08, 0.5, 1.0, 0.08, 0.08, 0.5, 1.0, 0.08,
0.08, 0.24, 0.5, 1.0, 0.08, 0.08]
"

auto err_param = wave.set_parameter(json_str);
if (err_param.code '= 0) {

std::cerr << err_param.to_string() << std::endl;

Parameter Definitions:

2.4.6 MIT Control

In MIT mode, the position loop and velocity loop are arranged in parallel. Their outputs are
summed togetherwith the feedforward torque ¢ ¢  to generate the reference torque 1. ¢:

Tref = Kp * (ptarget - pactual) + Kd * (vtarget - Uactual) + tff

Where:

o T,.s:Referencetorque,inN-m

e Kp:Positiongain

e Kd: Velocity gain

® Diarget: Targetjoint position,inrad

® Dactual: ACtual joint position,inrad

* Uirget: 1argetjoint velocity, inrad/s

® Vuctual: Actual joint velocity, inrad/s
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e ts¢: Feedforwardtorque,inN.m
CPP

std::vector<float> pos(22, 0.0f);

std::vector<float> vel(22, 0.0f);

std::vector<float> tau(22, 0.0f);

auto err = wave.set_mit_control(pos, vel, tau);

// Alternatively, if velocity and torque are constantly zero, use:

auto err = wave.set_joint_position(pos);

In MIT control mode, a set of default kp and kdparametersis provided. If these defaults do
not suit your application, you can use set_parameterinterface to modify them.

CPP

std::string json_str = R"({

"torque_source": [0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, O, O, 0, 0, O,
0, 0, 0, 0],

"mit_kp": [20, 20, 8, 25, 4, 5, 25, 4, 1, 5, 25, 4, 1, 5, 25, 4, 1, 2,
5, 25, 4, 1],

"mit_kd": [0.5, 0.5, 0.2, 0.25, 0.1, 0.2, 0.25, 0.1, 0.01, 0.2, 0.25,

0.1, 0.01, 0.2, 0.25, 0.1, 0.01, 0.01, 0.2, 0.25, 0.1, 0.01]

Y

auto err_param = wave.set_parameter(json_str);
if (err_param.code !'= 0) {

std::cerr << err_param.to_string() << std::endl;

Parameter Definitions:
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PARAMETER TYPE SIZE DESCRIPTION UNIT

mit_kp float 22 Stiffness N-m/rad
(adjustable per
joint)

mit_kd float 22 Damping N-m-s/rad

(adjustable per
joint)

Note: Improper kp and kd values may cause system oscillation.

ltisrecommended tokeep Kd atits defaultvalue, and tune joint stiffness by adjusting Kp .
The recommended Kp range is as follows(applicable only when torque_source issetto
current(default); otherwise, oscillation may occur):
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JOINTINDEX

0

10

1

12

13

14

15

16

17

18

19

20

21

KP_MIN

10

10

10

10

0.2

10

0.2

10

0.2

10

0.2

KP_MAX

40

40

20

25

20

25

1.2

20

25

1.2

20

25

1.2

20

25

1.2
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2.4.7 Reading Joint State

Use get_states() toread thelatestjoint state packet.

CPP

auto state = wave.get_states();

Thereturned State contains:

e timestamp
e sequence

e angles

e velocities

e torques

2.4.8 Reading Joint Position Only

Convenience APIs are available forreading positions only.

CPP

auto [err_rad, positions_rad] wave.get_joint_position_rad();

auto [err_deg, positions_deg] wave.get_joint_position_degree();

2.4.9MCU control

The MCU enable APIs control MCU power/ enable state at the device level through the
PM_CTL power-management channel.

get_mcu_enable() readsthe current MCU enable state.

CPP
auto [err, enabled] = wave.get_mcu_enable();
if (err.code == 0) {

// enabled == true -> MCU enabled
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// enabled == false -> MCU disabled

set_mcu_enable(bool enable) setswhetherthe MCUisenabled.
CPP
#include "SharpaWaveSDK.h"
auto& manager = sharpa::SharpawWaveManager::get_instance();
auto& wave = manager.connect(device_sn);
wave.start();
sharpa::Error err = wave.set_mcu_enable(true); // Enable MCU

if (err.code '= 0) {

// handle error

err = wave.set_mcu_enable(false); // Disable MCU

2.5Tactile Data

Sharpa Wave SDK provides tactile data access for supported devices through polling and
callback-based interfaces. Tactile data caninclude raw image data, deformation maps,
force-related features, contact-pointinformation, and other structured outputs depending
ondevice capability and runtime configuration.

2.5.1Capability and Readiness

Before using tactile APIs, check both support and readiness.

CPP

bool supported = wave.has_tactile_support();

bool ready = wave.is_tactile_ready();
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e has_tactile_support() indicateswhetherthe connected device supports tactile

sensing.

e is_tactile_ready() indicateswhetherthe tactile pipeline has beeninitialized
successfully andis ready to provide data.

If tactile is not supported or not ready, tactile frame APls may fail orreturn no valid data.

2.5.2 Tactile Calibration

When tactile signals show drift overtime, tactile calibration canbe used toreset the tactile
output tozero. This helps establish a clean reference baseline before tactile sensing is used

in atask.

Itisrecommended to perform tactile calibration before starting a new task, experiment, or
data-collection procedure.

To calibrate tactile zero state:

CPP

bool ok = wave.calib_tactile(/*num_frames =*/20, /*max_retry =*/ 10);

Before calibration:

e keep the hand stationary

e ensure fingertips are notin contact with external objects

2.5.3Fetching Tactile Frames

The SDK provides two ways to fetch tactile data synchronously.

Tofetch afull tactile frame:

CPP

auto frame = wave.fetch_tactile_frame(/*channel=*/0, /*timeout=*/1.0);

if (frame) {
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// use frame->content

Tofetchacompacttactile frame:

CPP

auto frame = wave.fetch_tactile_frame_compact(/*channel=*/0,
/*timeout=*/1.0);
if (frame.frame_id > 0) {

// use compact vectors

Where:

e channel: tactile channel index. For the definition of tactile channel indices, see
Appendix 2, Tactile Channel Mapping.

e timeout: maximum wait time in seconds

Use fetch_tactile_frame() whenyouwant the most general datarepresentation.
Use fetch_tactile_frame_compact() when you want a simplified structure with commonly
used outputs unpacked intovectors.

2.5.4 Tactile Callbacks

To process tactile data asynchronously:

CPP
wave.set tactile_callback([](sharpa::tactile::Frame::Ptr frame) {
if (!frame) return;

// lightweight processing only
1);

Forcompact frame callbacks:
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CPP

wave.set tactile_callback compact([](const sharpa::tactile::CompactFrame&
frame) {
// lightweight processing only

1)

Callbacksrunin the data acquisition path and should remain lightweight. Heavy processing
should be offloaded to worker threads ora queue.

2.5.5Frame Content Model

The frame datareturned by fetch_tactile_frame() ordelivered through
set_tactile_callback() containsa content field:

CPP

// Type:

std: :map<std::string, sharpa::tactile::DataBlock::Ptr>

Frame: :content isamap from payload name to payload data block.

e The keyisthe name of the tactile datatype, suchas "RAW" , "DEFORM" , "Fé6" ,or
"CONTACT_POINT" .

e Thevalueisaninstance of sharpa::tactile::DataBlock ,which storesthe underlying

tensor-like data buffertogetherwithits shape information.

This means that a tactile frame is notlimited to a single image or a single numeric vector.

Instead, it is a container of one or more tactile outputs generated forthe same frame.
A DataBlock isthe generic datarepresentation used fortactile payloads. It provides:

e shape() - dimensions of the payload,forexample [1, H, W] or [1, 1, 6]
e size() — numberofelements
e nbytes() - totalbytesize

e data() - raw pointertothe underlying buffer
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Example:

CPP

auto frame = wave.fetch_tactile_frame(0, 1.0);

if (!frame) return;

auto raw_jpg = frame->content["RAW_JPG"]; // get original image in JPG
format

auto raw = frame->content["RAW"]; // get original image in matrix format
auto force = frame->content["F6"]; // get 6-DOF force

auto deform_jpg = frame->content["DEFORM_JPG"]; // get deformation depth
map in JPG format

auto deform = frame->content["DEFORM"]; // get deformation depth map in
matrix format

auto contact_point = frame->content["CONTACT_POINT"]; // get contact point

in matrix format

Because data() returns araw pointer, the application must castit to the correct element
type, suchas uint8_t* or float* ,depending onthe payload being read.

Typical payloadsin Frame::content may include:
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TYPE DESCRIPTION

RAW Rawimage

DEFORM Deformationmap

Fé6 Force/Tactile features
(e.g., 6-dimensional or
multi-channel
floating-point
features)

RAW_JPG/ JPEG-compressed

DEFORM_JPG image

CONTACT_POINT Contactpoint-related

floating-pointdata

TYPICALSHAPE

[1,HWI]
(H=240,W=320)

(1, H,W]
(H=240,W=240)

[1,1,6]

[1,1,N](Nisnumber of
Bytesofjpeq)

[N, 3]1(Nisnumber of
detectedcontacted
points)

DATA FORMAT

uint8_t

uint8_t

float32

uint8_t

float

Users should not assume that every frame always contains every payload. Always check

whether a key exists before reading it.

A CompactFrame exposescommonly used payloads through direct vectors and shape

objectsratherthanageneric content map . Use CompactFrame whenyouwantasimpler

access path to standard tactile outputs, and use the full Frame representationwhenyou

need flexible payload lookup.

CPP

auto frame =
if (frame.frame_id <= 0) {

return;

// Access compact payloads directly

const auto& raw = frame.raw_data;

const auto& deform = frame.deform_data;
const auto& f6 = frame.f6_data;

const

wave.fetch_tactile_frame_compact(0, 1.0);

auto& contact_points = frame.contact_point_data;
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// Access shape metadata

auto raw_shape = frame.raw_shape;

auto deform_shape = frame.deform_shape;
auto f6_shape = frame.f6_shape;

auto contact_shape = frame.contact_point_shape;

2.5.6 Deformation Mapping Helpers

The SDK provides helperfunctions formapping tactile image-space information.

CPP

auto point = wave.deform_map_uv(channel, row, col);

float mm = wave.deform_map_value(value_ui8);

These helpers are useful when converting deformation-map coordinates orvalues into
more meaningful geometric or physical interpretations.

2.5.7 Tactile Statistics

Toinspecttactile reception quality:

CPP

std::string summary = wave.tactile summary();

Thiscanbe used toinspect packetreception quality, dropped data, and runtime tactile
streaming behavior.

2.5.8 Tactile Port Recovery

If tactile startup fails because of host port conflicts, use the recovery helpers:

CPP

bool ok = wave.retry_tactile_alternate_port();

auto ports = wave.get_tactile_alternate_ports();
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int port = wave.get_next_available_tactile_port({});

bool bound = wave.bind_tactile_port(port);

These APIs help recover tactile functionality when the default host portis occupied or
unavailable.

2.5.9 Tactile Raw Image Disabled

To disable the transmission of tactile raw images while retaining deformationimages and
six-dimensional force.

CPP

// after hand.start():
const std::string kDisableJpeg =

R"
({"secret_function":"set_tactile_jpeg_enable", "enable":false, "channel":-1})

n.
4

auto err = hand.set parameter(kDisableJdpeg);
if (err.code '= 0) {

std::cerr << err.to_string() << std::endl;

}

std::this_thread::sleep_for(std::chrono::milliseconds(50));

2.6 Hardware Management & Control

2.6.1MotorUpgrade overview

e Firmware package mustbea .hex file withavalid name:
e Motor: MotorDriver_x.y.z.hex (e.g. MotorDriver_0.0.19.hex)

o Typical workflow:
TEXT

Connect - Query versions - Upload .hex - Confirm package on device - Start

upgrade - Poll progress - Verify versions
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e Precautions

o Keep the TCP/PTC session stable during upgrade. start_motor_update only starts
the job; progress mustbe polled via get_motor_update_process . If the client
disconnects, the device may still be flashing motors. Poll failures or SDK timeouts do
not necessarily mean the upgrade stopped.

e Only one client should control the hand (do not run Pilot and a custom script on the
same device simultaneously).

e Donotruntwoupgrade sessionsinparallel. batch_motor_update returns
OPERATION_NOT_ALLOWED if asessionis already active.

e Donotcall start_motor_update / batch_motor_update while the device reports
busy / recovery window.

e batch_motor_update blocks;for22 motorsit may take along time—do not
disconnect during the call.

2.6.2 Querying Motor Versions

get_latest_motor_version() returnsthe latest motorfirmware version available based
ontheyourdevice’s

CPP
#include "SharpaWaveSDK.h"
auto [err, latest] = wave.get_latest_motor_version();

if (err.code != 0) {

// handle error

}
// latest example: "0.0.19"

2.6.3 Get Motor Runtime Version

get_all_motor_versions() returnsthe currently running firmware version forall 22
motors (IDs 0-21).

CPP
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auto [err, versions] = wave.get_all_motor_versions();
if (err.code '= 0) {

// handle error

}

// versions.size() == 22

// versions[i] is motor_id i, e.g. "0.0.18"

get_current_motor_version(motor_id) returnsthe current running firmware versionfora
single motorwithmotor_id

CPP

uint8_t motor_id = 5;

auto [err, version] = wave.get_current_motor_version(motor_id);

2.6.4 Uploading a Motor Firmware Package

upload_motor_firmware(hex_path, progress_callback) uploadsthe .hex filetothe
device over HTTPS into device. The basename of the file must match the naming rules
above.

CPP

std::string hex_path = "/path/to/MotorDriver_0.0.19.hex";

sharpa::Error err = wave.upload motor_firmware(
hex_path,
[1(int percent) {
std::cout << "upload progress: " << percent << "%" << std::endl;
1)
if (err.code '= 0) {

// handle error
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// Optional: confirm the device sees the uploaded package

auto [ver_err, latest] = wave.get_latest_motor_version();

2.6.5Performing Motor Upgrades
Two upgrade paths are provided:
MotorID conventions

e Motors: 0-21

e Strainchannels: 32-36 (supportedby start_motor_update and
get_motor_update_process only; batch_motor_update supports motors 0-21 only)

MotorUpgradeStatus fields

upgrade single motor

CPP

uint8_t motor_id = 5;

std::string target_version = "0.0.19";

sharpa::Error start_err = wave.start _motor_update(motor_id,
target_version);
if (start_err.code '= 0) {

// handle error

while (true) {

auto [poll_err, status]
if (poll_err.code !'= 0) {

wave.get_motor_update_process(motor_id);

break;

if (!status.isActive && status.progress == 100) {

break; // success

}
if (!status.isActive && status.progress >= 101) {

// failed: status.errorMessage
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break;

std::this_thread::sleep_for(std::chrono::milliseconds(500));

auto [ver_err, current] = wave.get _current_motor_version(motor_id);

Batchupgrade
CPP

std::vector<std::pair<uint8_t, std::string>> targets = {
{6, "0.0.19"},
{1, "0.0.19"},
{5, "0.0.20"}, // different target version is allowed

e

auto [err, results] = wave.batch_motor_update(targets);
// results[motor_id] == true -> verified success

// results[motor_id] == false -> failed or skipped

3. Troubleshooting and Error Handling

3.1Error Model

Most SDK operations return either sharpa: :Error or std::pair<Error, T>.

An Error with code==0 indicates that the operation completed
successfully.

If code!=0 , the operation failed, and the message  field providesadditional
diagnostic information.

Forthe complete list of error codes and theirmeanings, referto Appendix 3 Error Codes.

Example:
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CPP

auto err = wave.set _control_mode(sharpa::ControlMode: :POSITION);
if (err.code '= 0) {

std::cerr << err.to_string() << std::endl;

ForAPIsthatreturn std::pair<Error, T> , alwayscheckthe Errorobjectbefore using the
returned value:

CPP

auto [err, mode] = wave.get_control_mode();
if (err.code == 0) {

// use mode

Recommended practice:

e alwayscheck the returned Error before continuing
e |log both Error.code and Errormessage during debugging

e donotassume that areturned value is valid unless the associated Errorindicates
success

3.2 Faultinspection

Use get_fault_code() toinspectcurrent device and software fault conditions.

CPP

std: :map<FaultCode, std::vector<int>> faults = wave.get fault _code();

The returned map associates each FaultCode withalist of relevantindices,if applicable.
The meaning of these indices depends on the fault context. Forexample:

o formotion-related faults, the indices may refertojointindices
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o fortactile-related faults, the indices may referto tactile channels

o forsome system-levelfaults, no specific index may apply, and the associated vector
may be empty

Forthe complete list of fault codes and theirmeanings, referto Appendix 4 Fault Codes.
Recommended practice:

e checkreported fault codes when device behavioris abnormal
e interpret the associated indices according to the subsystem involved

e use thereportedindices tonarrow down motion, tactile, or othersubsystem issues
when available

3.3CommonProblems

3.3.1No device discovered
Check the following:

e the deviceispoweredon

e the hostand device are on the same subnet

o firewall orendpoint security software is not blocking required traffic
e heartbeat packets canreach the host

3.3.2 Connection fails

Check the following:

the serial numberis correct

the selected hand side uniquely identifies one device

the deviceisreachable on the network

the SDKruntime library is correctly installed

3.3.3 The device does not respond to motion commands

Check the following:

e is_hand_ready() returns true
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e control sourceissetto SDK
e the correct control mode has been selected
e thedeviceisenabled

e command vectors use the correct DOF orderand length

3.3.4 Tactiledatais not received

Check the following:

the device supports tactile sensing

e tactileisenabled andready

e the host portrequired fortactile receptionis available
e the configured hostIP and target port are correct

e anotherapplicationis not occupying the tactile port
3.3.5Port occupied or tactile bind failure

Use the tactile port recovery helpers:

e retry_tactile_alternate_port()
e get_next_available_tactile_port()

e bind_tactile_port()
3.3.6 Device becomes unreachable after IP change

Check the following:

e the device has completed reboot
e the host computeris onthe same subnet asthe new device IP

e the applicationreconnects afterthe reboot

3.3.7 Recommended Debugging Practices

e alwayslog Error.code and Error.message
e waitforreadiness before issuing commands
e |ogdiscovered devices and their IP addresses during startup

¢ validate command vector sizes before sending motion commands
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e Kkeep tactile callbackslightweight

e disconnectcleanly before application exit

Appendix

1. Joint DOF Ordering

Forvectors thatinvolve all joint DOFs, the elements are ordered as follows:
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INDEX

10

1

12

13

14

15

16

17

18

19

20

21

JOINTNAME
Thumb CMCFE
Thumb CMC AA
ThumbMCP FE
ThumbMCP AA
ThumbIP
IndexMCPFE
IndexMCP AA
IndexPIP
IndexDIP
Middle MCP FE
Middle MCP AA
Middle PIP
Middle DIP
RingMCPFE
RingMCP AA
Ring PIP

Ring DIP

Pinky CMC
Pinky MCP FE
Pinky MCP AA
Pinky PIP

Pinky DIP

FINGER
Thumb
Thumb
Thumb
Thumb
Thumb
Index
Index
Index
Index
Middle
Middle
Middle
Middle
Ring
Ring
Ring
Ring
Pinky
Pinky
Pinky
Pinky

Pinky

TYPE

FE

AA

FE

AA

FE

FE

AA

FE

FE

FE

FE

FE

FE

AA

FE

FE

FE

FE

AA

FE

FE
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2. Tactile Channel Mapping

The tactile channel ranges are organized by hand side as follows:

CHANNEL HAND SIDE FINGER
0] Righthand Pinky

1 Righthand Ring

2 Righthand Middle
3 Righthand Index
4 Righthand Thumb
5 Lefthand Pinky
6 Lefthand Ring

7 Lefthand Middle
8 Lefthand Index
9 Lefthand Thumb

Examples:

o wave.fetch_tactile_frame(O,1.0) means fetching tactile data from right-hand channel
O, with a maximum wait time of 1.0 second.

e wave.fetch_tactile_frame(5,1.0) means fetching tactile data from left-hand channel 5,

with a maximum wait time of 1.0 second.
Notes:

e Applications should use the correct tactile channel for the target finger or sensing
location.

3. ErrorCode (APl Level)

The following table lists the result codes returned by API functions. These codes primarily
focus on the success of communication, data integrity, and protocol validation for
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individual instructions.
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ERRORC
ODE

0x00

0x01

0x02

0x03

0x04

0x05

0x06

0x07

0x08

0x09

OxO0A

0x0B

0x0C

0x0D

LEVEL

Info

Error

Error

Error

Critic
al

Warni
ng

Critic

al

Error

Error

Error

Error

Error

Error

Warni
ng

CATEGO
RY

Succes
S

Input

Networ
k

Networ

System

Version

System

System

System

Protoco
[

Protoco
[

Protoco
[

Protoco
[

State

DESCRIPTION

Operation
successful
Invalid parameter

Connectionfailed

No datareturned

Memory insufficient

Unsupported

command

Internal

communication

failure

Internal systemerror

Flash write failure

Invalidheader

Payloadtoolarge

Incomplete payload

Checksumfailed

Operationnot
allowed

ACTION

Check APl arguments (type, length, range)
andretry

Check power, IP/port, cables, and firewall;
retry

Ensure deviceisonline and active; check
command expectations;retry orincrease
timeout

Reducerequestload;retry;restartif
needed

Check SDK/firmware compatibility; update
oravoid API

Restartdevice;if persistent, collectlogsand
contactsupport
Recordlogs;restartandretry; contact

supportif persistent

Ensure device allows parameter saving;

retry orcontactsupport

Check cable integrity and protocolversion

Reduce datasize

Check network stability

Check EMI or cable quality

Check device state (e.g., busy or protected)
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ERRORC
ODE

0x10

Ox11

Ox12

LEVEL

Error

Error

Error

CATEGO
RY

Networ
k

Networ
k

Protoco
I

DESCRIPTION

TCPsendfailed

TCPreceive failed

Malformed
response

4. FaultCode (Device Level)

ACTION

Check network link andhost TCP/IP

Check network load and device response

Check SDK/firmware compatibility

The following table provides detailed descriptions of the device’s internal health and safety

status. These codes are reported by the firmware to indicate system warnings, hardware

failures, or environmental protection triggers.
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FAULTC
ODE

0x010

1

0x018

0x018

0x024

0x028

0x028

0x03

02

0x034

0x034

0x034

0x034

0x034

0x034

0x034

LEVEL

Warnin

g

Critical

Critical

Error

Critical

Critical

Warnin

g

Error

Error

Error

Error

Error

Error

Error

CATEGO
RY

System
Calibrat

on

Calibrat
ion
Power
Power
Power
Motor
Motor
Motor

Motor

Motor

Motor
Motor

Motor

DESCRIPTION

CPUoverload

Zero-positionerror

Calibrationload
failed

Undervoltage

Overcurrent

Overvoltage

Abnormalmotor
angle

Motor software
error

Motorovervoltage
protection

Motorundervoltage
protection

Motor
overtemperature
protection

Motor startuperror

Speedfeedback
error

Encodererror (high-
speed)

ACTION

Contactsupport

Contactsupport

Contactsupport

Check power supply; contact supportif
persistent

Check power supply; power cycle; contact

supportif persistent

Check power supply; power cycle; contact

supportif persistent

Power cycle;contact supportif persistent

Contactsupport

Contactsupport

Contactsupport

Stop operation; allow cooling

Contactsupport

Contactsupport

Contactsupport
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FAULTC
ODE

0x034
9

0x034

0x035

0x035

0x04
01

0x04
02

0x044

0x044

0x05

01

0x05

03

0x060

0x060

0x060

0x064

0x070
1

LEVEL

Error

Error

Error

Error

Warnin
g

Warnin
g

Error

Error

Warnin
g

Warnin
g

Warnin
g

Warnin
g

Warnin
g

Error

Warnin
g

CATEGO
RY

Motor
Motor

Motor

Motor
Force
Force
Calibrat
ion
Force
Motion
Motion
Thermal
Thermal
Thermal

Thermal

Tactile

DESCRIPTION
Encodererror (low-
speed)

Motor alignment
error

Motor
communication
abnormal/offline

Motorangle error

Possible sensor
damage

Force/torque limit
exceeded

Calibration
parametererror

Sensor sampling
error

Jointangle limit
exceeded

Jointtorque limit
exceeded

70-80°C

80-90°C

>90°C

Coolingsystem

error

Configreaderror

ACTION

Contactsupport

Contactsupport

Power cycle; contact supportif persistent

Contactsupport

Contactsupport

Check forexternalload/collision; contact

supportif persistent

Contactsupport

Contactsupport

Check controlmode;ignore ifinZero-force

manualmovement

No actionif underload; otherwise contact

support

Stop operation; allow cooling

Stop operation; allow cooling

Stopimmediately; allow cooling

Contactsupport

Retry; power cycleif persistent
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FAULTC
ODE

0x070
2

0x070

0x070

0x070

0x070

0x074

0x074

0x074

0x074

0x08
00

0x08
01

0x08
02

0x08
03

0x081

0x081
2

LEVEL

Warnin
g

Warnin
g

Warnin
g

Warnin
g

Warnin
g

Error

Error

Error

Error

Error

Error

Warnin
g

Warnin
g

Warnin
g

Warnin
g

CATEGO
RY

Tactile

Tactile

Tactile

Tactile

Tactile

Tactile

Tactile

Tactile

Tactile

System

System

System

System

System

System

DESCRIPTION

Configwrite error

Flashreaderror

Flashwrite error

Configparse error

Invalid config

Sensornot
detected

MCU
communication
error

Missing NPU model

[2C communication
error

Lifecycle config
error

Device connection
error

Runningerror

Stoperror

Hand construction

error

Initialization error

ACTION

Retry; powercycleif persistent

Retry; powercycle if persistent

Retry; powercycleif persistent

Resend config; power cycle if persistent

Check configparameters

Check connection; power cycle; contact

supportif persistent

Check connection; power cycle; contact

supportif persistent

Contactsupport

Check cable andEMI

Contactsupport

Check connection;retry; contact supportif

persistent

Restartsystem;contactsupportif persistent

Restartsystem; contact supportif persistent

Contactsupport

Restartsystem;contactsupportif persistent
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FAULTC  LEVEL CATEGO DESCRIPTION
ODE RY
Ox081 Warnin  System  Touchconstruction
5 g error
0x081 Warnin  System  Touchinitialization
6 g error
0x081 Warnin  Networ InvalidhostIP
7 g k
0x081 Warnin  Networ  Portoccupied
8 g k
0x081 Warnin  Networ  Hostlistenfailure
9 g k
0x082 Warnin  Functio = Controlmode not
1 g n supported
O0x082 Warnin Networ Heartbeatsend
2 g k failed
0x083 Warnin Version  Hardware version
0 g mismatch
0x083 Warnin Version  Firmware mismatch
1 g
Ox083 Warnin Version  Versionconfig
2 g missing
Teleoperation
MANUS MetaglovesPro
Coming Soon
Support
Troubleshooting

ACTION

Restartsystem;contact supportif persistent

Restart system; contact supportif persistent

CheckIP/subnetsettings

Checkportusage (e.g., netstat)

Check network and portconfiguration

Check controlmode setting

Check connections and cables; contact

supportif persistent

Use compatible SDK/firmware

Use compatible SDK/firmware

Update SDK/firmware

This section helps you quickly diagnose and resolve common issues when using Sharpa

Wave. Follow the steps below based onyourobserved symptom.
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1. Quick Diagnosis
When anissue occurs, follow this order:

1. Check the indicatorlight onthe back of the hand
2. Check whetherthe device appearsin Sharpa Pilot
3. Check ErrorCode (APl / communicationissues) in Sharpa Pilot

4. Check FaultCode (hardware / safety issues) in Sharpa Pilot

2. Indicator Light Guide

The back-of-hand indicator provides the fastest way to assess system status.

STATUS MEANING ACTION

Breathingcyan  Deviceinitializedandready = Noactionrequired

Solidwhite Device enabledand No actionrequired
operating
Solidyellow Warning present Check FaultCode
Solidred Errorpresent Stop operationand check FaultCode
Flashingred Criticalfault Stop operationimmediately and check FaultCode

Cyan White Yellow Red
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3.

Device Issues

3.1Device Not Discovered

Symptom

Sharpa Pilot cannot detect the device.

Stepstocheck

1.
2.

W

N O 0 b~

Confirm the device has completed startup (wait ~20 seconds)

Check power connection and use the official poweradapter

. Ensure that the host PC network settings are configured according to Section 5.1,

Default Network Settings.

. Temporarily disable firewall on the host PC
. Connect the device directly to the PC (avoid switches/routers)
. Check Ethernet cable and port

. IfIPis unknown, restore factory network settings (press rear button 3 times

consecutively)

3.2 Device Detected but Cannot Be Controlled

Symptom

Device appears in Sharpa Pilot but does not respond to commands.

Stepstocheck

1.
2.
3.

Check the Control Source, and Control Mode in Sharpa Pilot.
Look forwarning banners in the Ul and resolve them.

Check thejoint data frequency (about 500 Hzis expected).
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L rTIAR ik 100 %
ACTION Opacity o0 %

Replay

4. If the frequency is O Hz, the device may be offline
Check firewall settings:

e Temporarily disable firewall and test:

TEXT

sudo ufw disable

5. Restart Sharpa Pilot and try again.

4. Motionlssues

4.1Single Joint Abnormal

Symptom
nAjoint does not move or behaves abnormally.

Stepstocheck

1. Check FaultCode for motor-related errors
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2. Powercycle the device

3. If the issue persists, contact Sharpa Support

4.2 Homing / Zero Position Incorrect

Symptom
Joint does not returnto correct zero position.

Stepstocheck

1. Checkthe current angle in Sharpa Pilot.
2. If the angleis near O° but the physical positionisincorrect, recalibrate the joints.

3. Ifthe angleisfarfrom O°, see Section 4.1, Single Joint Abnormal.

4.3 Large Tracking Error

Symptom
Actual joint motion does not follow commands.

Stepstocheck

1. Ensure that the command frequency is within the supported range.
2. Avoid large step changes greaterthan 20° perframe.
3. Check forhardware issues if only one jointis affected.

4. If multiple joints are affected, contact Sharpa Support.

4.4 Weak Grip Force

Symptom
Grasping force isinsufficient.

Stepstocheck

1. Increase the joint current coefficientin Sharpa Pilot within the range of 0.5t01.0.
2. Check forthermal warnings (see Section 6.2).

3. Allow the device to cool downif overheating is present.
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5. Tactile Sensing Issues

5.1No Tactile Data

Symptom
Noresponse in tactile visualization or SDK data.

(126.68, 143.89)

noresponse normal response

Basic checks

1. Check the FaultCode in Sharpa Pilot.
2. Verify the network connection by pinging the device IP address.

3. Confirm that the IP address and subnet settings are correct.
Advanced checks

1. Use Wireshark to verify the UDP data stream on port 50001.
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Ethernet-3

192.168.1.22
192.168.1.22
192.168.1.22
192.168.1.22
192.168.1.22

@ Help

IPv4-2 | IPv6 = TCP

Address A ™ PortA Address B

39221 192.168.1.240
52956 192.168.1.240
44289 192.168.1.240
39286 192.168.1.240
43045 192.168.1.240

UpP-5

Port B
50001
50001
50001
50001
50001

Limit to display Filter

Wireshark - Conversations - enp7s0

Packets Bytes  PacketsA-—B

4725 6,923k
5385 8,072k
4635 7,000k
2,805 3,922k
6,990 10M

Absolute start time

Copy

4,725
5,385
4,635
2,805
6,990

Bytes A - B
6,923 k
8,072k
7,000 k
3,922k

10M

Packets B — A Bytes B -

[=N=Nelee]

b

Conversation Types ~

 close

2. Confirm that all five tactile sensors are transmitting.

5.2 Abnormal Tactile Data

Symptom

Non-zero force or deformation without contact.

Stepstocheck

1. Perform tactile calibrationin Sharpa Pilot
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| Pinky - Tactile (Force:

calib
@

Update

Admittance Parameters Smoathing Parameter

0.50

@or

Tactile

Tactile (Force

. U W

Firmware Version: 2.0.0 (@ Enable % apP 38 Position Mode ) Tactile (& PTC

:

2. Powercycle the device.

3. Ensure that no contact occurs within the first 20 seconds after startup.

5.3LowFrame Rate

Symptom
Tactile visualizationis slow or <30 Hz.

Stepstocheck

1. Verify that the Ethernet link speed is Gigabit.
2. Check the Ethernet speed by running:

TEXT

ethtool <interface>
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3. Confirm that the reported speedis 1000Mb/s.

4. Check the device temperature and cooling condition

6. ErrorCode vs FaultCode

6.1ErrorCode (APl Level)

e |ndicates command success orcommunicationissues
e Example causes:

¢ Invalid parameters

e Network failure

e Protocol mismatch
Use ErrorCode when:

¢ Commands fail
e SDK/APIreturns errors

e Errorcodes are reported in Sharpa Pilot

Error

[1] Invalid input parameter for current_coeff

For the full list of ErrorCodes, referto the Sharpa Wave SDK.
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6.2 FaultCode (Device Level)

e [ndicates hardware orsafety status
e Example causes:

e Overcurrent/overvoltage

e Motororsensorfailure

e Overtemperature
Use FaultCode when:

e Indicatorlightisyellow/red
e Device behavesabnormally

e Faultcodes are reportedin Sharpa Pilot

499Hz ACTION Opacity: Tactile: s Tex

0x501 - Motion Control: Joint Angle Limit
Exceeded

o

Sliders

index MCP_AA  index PIP  index DIP

&

middle PIP middle DIP | ring DIP  pinky PIP

] 0x817 - Tactile: IP setting mismatch. Please
change the tactile target IP or host IP and

i restart

Host IP: 19216811
Change target IP to host IP?

[k

Yes Cancel
Record d

FaultCodein SharpaPilot

Forthe full list of FaultCodes, referto the Sharpa Wave SDK.
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7. General Recovery Actions

Use the following actions to resolve most commonissues.

7.1Quick Recovery Checklist

Try the following stepsin order:

e Retry the operation

e Restart Sharpa Pilot

e Powercycle the device

e Recalibrate joints ortactile sensors

e Check cablesand network configuration

7.2 Button-Based Reset & Restart

The back button supports quick restart and configurationreset.

Actions

e Press2 times: Restart the device

e Press 3 times: Reset configuration and restart

Tip:

Anatural “double-click” or “triple-click” rhythm works well.

Configuration Reset Scope

A configuration reset restores the following settings:
1. Network Settings

See Section 5.1, Default Network Settings.
2. Control and System Parameters

e Controlmode
e Control source

e Motorcurrent / speed coefficients
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e Admittance control parameters

e MIT control parameters
Notes

e [fthe presses are too slow, the action may not be triggered
e Resetwill overwrite current network and control configurations

o Useresetonly whennecessary (e.g.,device notreachable)

Contact Support

Contact supportif:

e Afault persists after2 powercycles

e Critical faults (flashing red) occur

e Motor/encoder/ sensorerrors are reported

e Calibration fails or parameters cannot be loaded

e Unknown orundocumented fault codes appear

Support: support@sharpa.com

Best PracticesforReliable Use

Coming Soon
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Legal

1. Legal Notice

This notice applies to the use of this product, unless otherwise specified ina separate
writtenagreement.

Users are advised to thoroughly read and understand this legal notice before using the
product. Continued use of the product constitutes acceptance of and agreement tobe
bound by the following terms.

1. Noguarantees

Unless otherwise agreed in writing, this product is provided “asis”, without any express or
implied warranties, including but not limited to warranties of merchantability, fithess fora
particular purpose, uninterrupted operation, or performance.

The userunderstands and agrees that, as this productis under continuous development,
Sharpareserves the right to modify its functionality, structure, or performance at any time,
and makes no guarantees regarding the product's stability orexpected resultsinany
specific application scenario.

Confirm product development maturity with Sharpaif needed.
2. Prohibited uses

Unless otherwise explicitly authorized in writing, the user shall not use this product for any of
the following purposes, including but not limited to:

e Critical mission systems (such as the main control systems inindustrial automation)
o Traffic safety control systems (such as autonomous driving decision-making modules)
e Medical devicesorlife-support systems

e Any otherscenarios where failure could resultin personal injury or death, significant
property damage, orrisks to public safety

3. Limitation of liability

To the maximum extent permitted by applicable law, Sharpa shall not be liable forany
direct, indirect, incidental, special, or consequential losses (including but not limited to
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dataloss, business interruption, orloss of profits) arising from the use orinability to use this
product, provided that Sharpa has not engaged in gross negligence or willful misconduct.

4. Export control and sanctions compliance

This product and its related technologies may be subject to applicable export control and
sanctions regulations of relevantjurisdictions. The user shall comply with all such
regulations and shall not export, re-export, or transfer this product to any sanctioned or
embargoed countries, regions, individuals, entities, military end-users, orlaw enforcement
agencies. Users shall also refrain from using this product for military end use or any other
prohibited end-uses.

5. Intellectual property statement

This product, including its software, firmware, design, appearance, and technical
documentation, is the property of Sharpa orits licensors, and is protected by copyright law,
patentlaw, and otherapplicable laws. Without prior written permission from Sharpa, users
may not reproduce, modify, distribute, decompile, reverse engineer, oruse it for
commercial purposesinany form.

Allrights reserved by Sharpa. Without prior written authorization from Sharpa, no part of this
manual may be used, copied, reproduced, ordistributed in any form.

Sharpa Wave and its logo are registered trademarks of Sharpa. All othertrademarks, service
marks, and company names in this manual or on Sharpa's official website are the property
of theirrespective owners.

6. Warranty terms

Sharpa warrants that its products and accessories, as manufactured and delivered, are free
from defects in materials and workmanship, and conform to the specifications agreed in
writing. Unless otherwise specified in writing, Sharpa provides a warranty period of twelve
(12) months, starting from the date of delivery.

During the warranty period, if you discover any defectsin the product, please contact
Sharpatechnical supportinwriting. Upon confirmation that the issue falls within the scope
of the warranty, Sharpa will repair orreplace the product free of charge.

7. Exclusions
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The following cases are NOT covered by Sharpa's warranty service, and any resulting
responsibilities and costs shall be borne by the user:

e Disassembly, modification, orrepair of the product without Sharpa’s authorization,
whether by the user or a third party

e Failure toreasonably store, install, operate, or maintain the productin accordance with
industry best practices and the relevant instructions provided in this manual, resulting in
malfunctions

e Malfunctions caused by exceeding the inherent operating limits of the product orits
accessories

8. Revisionnotice

Sharpareserves the right to update, modify, orreplace the contents of this manual, and to
release the latest version without prior notice.

Itisrecommended that users contact Sharpa to obtain the latest version of this manual
before using the product. Unless otherwise agreed, the latest version shall prevail.

2. Repair

Do not disassemble, repair, modify, or alter the product by yourself or through any third
party without Sharpa’s explicit written consent, except forreplacing fingertip accessories.

Unauthorized disassembly, repair, modification, or alteration:

e may resultinproductdamage, property loss, and/or personal injury;

e constitutes abreach of warranty.

Forrepair-related support, contact Sharpa or an authorized Sharpa service provider.

2.1When Operating the Product

e Follow all instructionsin this manual.

e Failure tocomply may resultin product damage, property loss, personal injury, and/or a
breach of warranty.

e Seektechnical support whenneeded at support@sharpa.com.
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2.2 After Upgrading the Product
Afterthe productis upgraded, obtain the latest version of this manual.

Do one of the following:

e Contactyour Sharpa salesrepresentative.

e Contact Sharpa technical support at support@sharpa.com.

2.3 When Integrating the Product into Your Application

e Provide this manual, oraccesstoit, to the intended users of your product.

e Thisdexterous handisintended tobe used as acomponent of an end product.

e The end-product supplierisresponsible for:

e assessing therisks of use inaccordance with applicable standards;

e informingintended users of safety-related information.
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