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UNMANNED SYSTEMS REQUIRE MORE THAN AUTONOMY—
THEY REQUIRE CONTROL

When discussing robots, drones, or autonomous vehicles, attention is often focused on sensors,
mechanical structures, or onboard intelligence. However, behind every successful mission is a control
system that translates human intent into precise, repeatable action.

The Ground Control Station (GCS) serves as the operational core of unmanned and robotic systems. It is
the interface where mission objectives, operator decisions, and system feedback converge. As unmanned
platforms expand into industrial, governmental, and mission-critical environments, the effectiveness of the
GCS becomes a decisive factor in operational success.

KEY CHALLENGES IN TRADITIONAL CONTROL INTERFACES

Many existing robotic control systems are derived from consumer-grade devices or fixed, generic controller
layouts. While adequate for basic operation, these approaches introduce limitations in professional deployments:

Limited adaptability to different mission roles and platforms
Insufficient tactile feedback in touch-only interfaces

*Increased cognitive load during complex or time-critical operations
*Inconsistent control layouts across different systems

*Reduced usability in environments involving harsh conditions

These challenges highlight the need for control interfaces that are designed around mission workflows
rather than constrained by fixed hardware assumptions.

FROM GENERIC CONTROLLERS TO MISSION-ORIENTED GCS DESIGN

As unmanned systems become more capable, the demands placed on operators increase accordingly.
A well-designed GCS must minimize operator workload while maximizing control precision and reliability.

Effective control interface design is guided by several principles:
*Mission-oriented layout planning instead of one-size-fits-all interfaces
*Tactile differentiation between control functions to support muscle memory
*Ergonomic placement of frequently used inputs to reduce fatigue
*Consistency across platforms to simplify training and redeployment

Physical control elements—such as joysticks, toggle switches, and roller inputs—remain essential in
achieving reliable and repeatable operation under real-world conditions.
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TOGGLE SWITCHES FOR DISCRETE, SAFETY-CRITICAL,
OR MODE-SELECTION FUNCTIONS

CONFIGURABLE PHYSICAL CONTROL INTERFACES

At the heart of the GCS platform is a highly configurable physical control interface. Rather than forcing
operators to adapt to a fixed layout, the control interface can be tailored to specific mission workflows.
Supported control elements include:

*Joysticks for continuous and proportional control of movement and orientation
*Roller switches for fine-grained adjustment of parameters such as speed, zoom, or gain
*Toggle switches for discrete, safety-critical, or mode-selection functions

Control quantity, type, and placement can be customized at the mechanical and layout level while
maintaining a standardized electronic interface.

Ingress Vibration Shock / Impact . . P
Interface Type Protection Resistance Resistance Mechanical Life Qualification
EMC immunity up to
1,000,000 operations 100V/m
Roller Switch (+0.5° mechanical error) ESD protection up to
MIL-STD-810H 15k
P65 Method 514.8, MIL-STD-810H Method
516.8, Proc. |
Proc. Stopper: 3 kgf
100,000 cycles pper: Skg
Joystick (#3° return-to-center) Pull: 5 kef
Yy - Push: 9.8 kgf (= 3 sec)

Multiple joystick grip options to accommodate different

Roller switch enabling high-precision control preferences and operating styles

control and fine adjustments

A variety of toggle switches to
support different use cases
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STANDARDIZED SYSTEM INTEGRATION WITH USB HID

All physical control inputs are integrated using an industry-standard USB Human Interface Device (HID)
protocol. This approach allows the GCS to be recognized by the operating system as a generic control
device without requiring proprietary drivers.
The standardized HID architecture enables:

*Broad compatibility across Windows, Linux, and Android platforms
*Seamless integration with third-party GCS software such as QGroundControl and Mission Planner
*Application-level access for in-house software development

By separating physical customization from electronic integration, the GCS platform maintains system
stability and long-term software maintainability.

A STRUCTURED APPROACH TO CUSTOMIZATION

Customization is most effective when approached as a controlled and structured process. The GCS
platform supports different levels of customization to align with project scope and operational needs:

*Standard configurations for rapid deployment and evaluation
*Semi-custom configurations focused on control layout and ergonomics
*Full custom configurations for specialized missions with defined system validation

This tiered approach enables flexibility without introducing unnecessary complexity or risk.

Modern robotic operations demand more than generic control solutions. As missions diversify across aerial,
ground, and articulated robotic platforms, the ability to adapt the human—machine interface becomes a
defining factor in system effectiveness.

By combining rugged computing, standardized system integration, and configurable physical control
interfaces, the GCS platform provides a scalable foundation for current and future robotic control
applications. This approach enables operators to focus on mission execution with confidence, precision,
and reliability.
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About Us

With over 30 years of industry experience, Winmate is a global leader in rugged computing and
intelligent edge solutions. From rugged tablets and rugged laptops to panel PCs, industrial displays,
Edge Al systems, and robotic controllers, our products are built to support demanding environments
across industries. We specialize in providing tailored solutions and hardware customizations to meet the
unique needs of customers in sectors such as industrial automation, defense, logistics, automotive, and
more. Backed by in-house testing laboratories and a strong global distribution network, Winmate ensures
reliable performance, long-term support, and proven durability.

For more information about Winmate, please visit our website: www.winmate.com
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Winmate Inc.

No. 18, Zhongxing S. 5t.,
Sanchong Dist.,

New Taipei City 241017 , Taiwan
Tel +886-2-8511-0288

E-mail sales @ winmate.com.tw
Website www.winmate.com

Winmate USA Inc.

2640 Mathews Street,

Smyrna, GA 30080, USA

Tel +1 678-653-8800

E-mail NASales@winmate.com.tw
Website www.winmate-rugged.com

TTX Canada Inc.

E- y E 150 Werlich Drive, Units 5&6
Cambridge, Ontario, N1T 1N6 Canada
Tel +1-519-621-1881

El E-mail Sales@ttx.ca

Website www.ttx.ca

Winmate Switzerland
Primelco Visual Data AG
Meuhofstrasse 25

6340 Baar

Tel +41 41 767 01 70

E-mail product@primelco.ch
Website visualdata.primelco.ch

Winmate Germany

TL Electronic
Bgm.-Gradl-Stralke 1

85232 Bergkirchen-Feldgeding
Tel +49 8131 33204-0

E-mail info@tl-electronic.de

Website ywww tl-electronic.de
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Tel +86-512-6826-6696/6829-6696
E-mail sales@winmate.com.cn

Website www.winmate.com.cn

Winmate Japan

HPC Systems Inc.

LOOP-X 8F,3-9-15 Kaigan,
Minato-ku, Tokyo 108-0022, Japan
Tel +81-3-5446-5535

FAX +81-3-5446-5550

Website www.hpc.co.jp
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