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Abstract This study reconceptualizes CMF (Color, Material, Finish) as a design instrument for autonomous logistics service
robots and proposes an integrative design-service strategy suitable for field deployment, developed via a participatory,
service-design process based on the Double Diamond framework [4]. Through surveys, in-depth interviews, field observations,
and workshops, we identified user requirements and environmental constraints and derived design principles centered on the
visual, tactile, and storytelling-related functions of CMF. We designed and prototyped a set of modular robot concepts from
a CMF perspective—robot-arm-integrated, cart-type, lift/roller-type, air-purification/disinfection, and fully integrated units—
and evaluated them with preliminary users and domain experts to assess qualitative and quantitative effects. Results indicate
that a design-driven application of CMF enhances initial user acceptance, improves the intuitiveness of state awareness,
reduces user learning time by an average of 40~45 %, and increases users’ perceived psychological collaboration with the
robot. The paper concludes by presenting CMF design guidelines that account for coordination with logistics environments,
principles for modular design, and practical considerations for implementation and operation.

Key words CMF (Color, Material, Finish), Design strategy, Autonomous logistics service robot, Service design, User
experience (UX), Modular platform
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Design Thinking ‘Double Diamond’ Process Model
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Fig. 1. Double Diamond of UK design council.



18 Sungil Song

Service-Design-Based Research Design Technology Application When Developing

* Document reserch « Existing material—handling robots, existing robot
* Shadowing environments gﬁ
I L L >, . . . . .
Discover « Service safari Domestic and |pternathnal enylronment setting and U \
research (on—site/service environment) /

—* In—depth interviews * Verify robot usability in logistics services and derive needs

b>e F&N Downloading

---------- ++ Share fact needs 5( l
Analysis of i > * Opportunity—factor analysis (safety, convenience, e
opportunity factors - --» scalability, etc.)
Define R > * Validation of usability according to design development
¢ Design direction i . .
| i i direction )
i Analysis< __egt_l_d_lp_o_rgl__rgsg@_rg_n___,i * Additional interviews/field surveys about behavior patterns X «'_:-
(field survey if necessary) * Service design strategy / Identity strategy — —
\ * Visualization strategy
* |dea generatio
Develop A * Design Conception & Development
* Modeling * Design UX/UI, product design development
5 e e v g * Design S/W, CMF design development
i ;
PrOtOtyp ng * Design Decision
Deliver * Produce prototypes * Human—friendly logistics service robot

* Pilot operation of platforms ~design and product development

Fig. 2. Double Diamond research process diagram.
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15t Model

Fig. 5. In-depth interview with a CMF expert.
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Tensile Strength
and Elongation

O The tensile strength of polyurethane or silicone materials is generally in the range of 5~15 MPa, and
elongation has excellent elastic recovery properties at about 200~600 %

© Chemical resistance in laundering environments (ISO 1419 standard)

Chemical
Resistance Grade
+5 points (Shore A)

- Alcohol disinfectants (70% ethanol, isopropyl alcohol), ionic disinfectants (sodium chloride solution
500~1,000 ppm), alkaline detergents (pH 11~13): after 24 hours immersion, hardness change within

Antimicrobial
Coating Compatibility

© When applying antimicrobial treatment using silver (Ag) nanoparticles or ion-exchange methods,
adhesion to the substrate shall be maintained at grade 4B or higher in the tailored wet adhesion test
(ISO 13732-1) or the ASTM D3359 cross-hatch test.
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60° Gloss Value

O In logistics environments: 20~40 GU (Gloss Units). This range minimizes visibility degradation from finger-
prints, soil, and glare/reflection (ISO 2813)

Abrasion Data

O Taber abrasion test (ASTM D4060, 1,000 cycles, 1 kg load): mass loss within 50~100 mg

O The semi-gloss coating top layer is polyurethane- or epoxy-based

- Water resistance: after 24-hour immersion, gloss change within +3 GU

g&f;ﬁ?l - Alcohol resistance: after 1-hour exposure to 70 % ethanol solution, gloss change within £2 GU
ty - Acid/alkali resistance: after 30-minute exposure to solutions in the pH 2~12 range, color change AE <2
(CIE LAB)
Table 3

Chemical composition and duration of effect of antimicrobial coatings

Antimicrobial Active

Efficacy

technology ingredient Mode of action Duration (log reduction) Notes

ﬁa%] opartcles E;ll‘l’s;a(l‘;%fes ﬁgﬂﬁfﬁ: ggi;;g 1218 months 999 % (3 Log) Meets ISO 22196
S)lrll-exchange Sﬁlf(?vevgr(ecu) gﬁ%ﬁf 2:1?1012;25 8~12 months 99.99% (4 Log) ecf(;:gtive
phocaalyst  dioido 1OV readtion >24months  999%+ (brLop) gt

* For logistics service robots, antimicrobial coatings based on silver (Ag) nanoparticles or copper (Cu) ion-exchange technologies are rec-

ommended.

** For disinfection and air-purification robots, concurrent application of titanium dioxide (TiO,) photocatalytic coatings is recommended.

Use in case of
emeraenc:

Roller mechanism

Load-lifting function

Autonomous path
planning

Purchasing
factor

e 4 Convenience

Reliability

Reduced
Labor costs,

Structural change

Fig. 6. Keyword, directional derivation though scenarios.
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Fig. 7. Five product design proposals incorporating CMF applications.

Design concept and CMF design application plan for 5 types of products

ARM-L1: Precision collaborative

A service robot or robotic arm intended solely for simple item pick-up. Because its motions present multiple
hazard factors, operation should be confined to clearly defined/zoned areas. Designed to convey approachability
to general consumers, it is suitable for use in logistics storage and in food-preparation zones where hygiene
must be controlled. Capable of basic inventory tidying and automated end-of-day clean-up/restocking.

CMF: Base_light gray (matte, neutral background). Highlight pastel blue to communicate precision and trust.
Joints_silicone overmold (SoftTouch, Shore A 20~40)

CART-L2: Consumer-interactive cart

A customer-accessible module available during business hours. Offers easy operation via smartphone
integration and provides location and item guidance through navigation features. In emergencies, lighting
functions guide evacuation routes.

CMEF: Base cream tone to evoke approachability. Highlight warm accents. User contact points SoftTouch;
LED status ring with standard green/yellow/red signaling.

LR-L3: Heavy-load handling — lift and roller type

Moves between warehouse and store to minimize unnecessary travel; configurable shelving variants to meet
diverse demand. Autonomous route designation using barcode reader. Simple design for operation in narrow
spaces. Large wheels to traverse cables and other obstacles.

CMF: Base dark gray to emphasize resistance to soiling and durability. Highlight deep yellow as a safety
warning. Contact areas_enhanced texture to provide tactile boundary cues.

AIR-L4: Disinfection & air-purification type

Intended for after-hours use in supermarkets and warehouses: autonomously navigates to perform spatial
disinfection, removes residual chemicals via air-purification functions, and provides sterilization using UV
LEDs to address various virus-related issues.

CMEF: Highlight mint tones to convey cleanliness. Finish_semi-gloss for cleanability. Filter access_hygiene
color coding and clear iconography.

ALL-L5: Modular integrated platform

Minimizes unnecessary travel by moving between warehouse and store. Configurable shelving variants to meet
diverse demands. Autonomous route designation using a barcode reader. Simple design for operation in narrow
spaces. Large wheels to traverse cables and other obstacles.

CMF: Establish a module-identification color/texture handbook (maximum 6-color palette) and docking
standards (alignment markings, color coding, LED docking indicators)
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Pilot evaluation (3 store managers / 7 robot
Sample operators with experience / 5 CMF design
experts)

Experimental ~Robot prototype applying CMF design principles
group — SoftTouch handle, semi-gloss finish

Existing-design robot (no CMF applied),
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Investigation method

User Experience-Based Design and CMF Design
Feasibility Assessment
Survey subjects

Related experts

- Team Leader Kim OO/ OO Design Promotion Institute
- Chief Resercher Na OO0/ 0000 Design

- Back OO, CEO/ OKorea

- Lee OO, OO Foundation

- Han OO, Design Consulrant, OO TechnoPark

Survey scale
Total 15 people

Fieldwork period
2025.11.

Fig. 8. User participation assessment.



CMF-centered design strategy and technology development for autonomous logistics service robots 23

Prototype applying
design principles
and CMF guidelines

S 7L RPSRACS S5 | Eeowifi 35

Fig. 9. Final working prototype with CMF design.
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Table 5
Design principles

Desian Cleanliness & e i 0y i
esig ] e Convey a hygienic feel using mint—tone highlights

principle
,MOdl.Jl,a v & Up to a 6—color palette for immediate identification by module and function
identifiability
M Clearly mark filter and consumable access points with colors and icons;

aintainal : 3
ensure semi—permanent washability

DY i & Use a semi—gloss finish that is durable and washable
cleanability
Safety & visibility Make docking and alignment areas intuitive using color, markings, and LEDs
S;Jallgb(;ratlon & Provide tactile and visual signals for safe human-robot co—working

g N Minimize width for narrow aisles, use a simple silhouette and large wheels to overcome
Spatial suitability e

2.7.2. CMF tjx}¢l 7fol=z}el

Table 6
CMF design guidelines

h

Materials & Fi

CKING
Identification
Ul / Hygiene
Marking
Tests & Chemical resistance, abrasion, UV, LED aging; verify hygiene and standardize modules to
Producti simplify maintenance

Application Disinfection = Mint + Stainless; consumer cart = Accent Ul + Light Gray; medium lift =
RECeNEEESN Dark Gray + Safety Orange; unified platiorm = Dock Blue for docking standard

Base 70-80%, highlight 10—-15%, status indication 10-15%; functional color coating
(warnings, normal, blue, Ul_blue, maintenance_orange); luminance contrast >70%

Contact areas: SoftTouch; risk areas: coarse texture; standard texture depth (e.g., non—
slip 0.2 mm concentric pattern)

Washable, chemical— and UV—resistant polymer or stainless steel; semi—gloss surface;
designate areas for antimicrobial coating

Docking color markings; LED indicators (status—specific colors); maintain physical
alignment tolerance (allowable error =10 mm)

Filters & consumables: mint color; icon labeling; attach washing instructions label; color—
code replacement cycles
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